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PREFACE 
To the Forty-fifth Edition. 

Tue First Edition of this work, consisting of 284 pages, 
was submitted to the Mechanics and Engineers of the United 

States by one of their number in 1843, who designed it for 

a convenient reference to Rules, Results, and Tables con- 

nected with the discharge of their various duties, 

The Twenty-first Edition was published in 1867, consisted 
of 664 pages, and, in addition to the original design of the 

work, it was essayed to embrace some general information 

upon Mechanical and Physical subjects. 

The Tables of Areas and Circumferences of Circles have 

been extended, and together with those of Weights of Metals, 

Balls, Tubes, Pipes, etc., of this and some preceding editions 

were computed and verified by the author. 

This edition is a revision and an entire reconstruction of 

all preceding, embracing amended and much new matter, as 

Masonry, Strength of Girders, Floor Beams, Logarithms, etc., 

etc. 

To the young Mechanic and Engineer it is recommended 

to cultivate a knowledge of Physical Laws and to note re- 
sults of observations and of practice, without which eminence 
in his profession can never be attained; and if this work 
shall assist him in the attainment of these objects, one great 

purpose of the author will be well accomplished. 
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EXPLANATIONS OF CHARACTERS AND SYMBOLS 

Used in Formulas, Computations, etc., ete. 

= qual to, signifies equality; as 12 inches= 1 foot, or 8 x 8 = 16 xX 4. 

+ Plus, or More, signifies addition; as 4 + 6+ 5=15. 

— Minus, or Less, signifies subtraction; as 15 — 5=10. 

x Multiplied by, or Into, signifies multiplication; as 8 x 9=72. ax d, 
a.d, or ad, also signify that a is to be multiplied by d, 

+ Divided by, signifies division ; as 72 ~g=8. 

: Is to, :: So is,: To, signifies Proportion, as 2. 4.:: 8: 16; that is, as 2 ts 
to 4, 0 1s 8 to 16. 

+. signifies Therefore or Hence, and » Because. 

———~ Vinculum, or Bar, signifies that numbers, ete., over which it is 

placed, are to be taken together; as 8 —2+6= 12,013 X 5+3= 24. 

. Decimal point, signifies, when prefixed to a number, that that number 

has some power of ro for its denominator; as .1 is +, .15 is &, ete. 

oo Difference, signifies, when placed between two quantities, that their 
difference is to be taken, it being unknown which is greater, 

V Radical sign, which, prefixed to any number or symbol, signifies that 
square root of that number, ete., is required; as 9, or Va+-b. The degree 
of the root is indicated by number placed over the sign, which is termed 
index of the root or radical; as /, VY , ete. 

>1, <L signify Inequality, or greater, or less than, and are put between 
two quantities ; as a"|b reads w greater than b, and a|,6 reads a less than 6, 

() [] Parentheses and Brackets signify that all figures, ete., within them 
are to be operated upon as if they were only one; thus, (3+ 2) xX 5=25; 
[8—2] x 5=30. 
+ = signify that the formula is to be adapted to two distinct cases, as 

¢=- v=c, either diminished or increased by v. Here there are expressed 
two values: first, the difference between c and v; second, the sum of ¢ and v. 

In this and like expressions, the upper symbol takes preference of the lower. 

p or 7 is used to express ratio of circumference of a circle to its diameter 

= 3.1416; 7 p=.7854, and = p=.5236. 
or" ™ sionify Degrees, Minutes, Seconds, and Thirds. 

’” set superior to a figure or figures, signify, in denoting dimensions, Meet 
and Inches. 

a’ a” a’” signify a prime, a second, a third, ete. 

x, 2, added to or set inferior to a symbol, reads sub x or sub 2, and is used 
to designate corresponding values of the same element, as h, hx, ho, etc. 

7,3, 4, added or set superior to a number or symbol, signify that that num- 
ber, etc., is to be squared, cubed, etc.; thus, 47 means that 4 is to be multi- 
plied by 4; 43, that it is to be cubed, as 43 = 4X 4 X 4=64. The power, 
or number of times a number is to be multiplied by itself, is shown by the 
number added, as *, 3, 4, 5, etc. 
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, 3, ete., set eer to a number, signify square or cube root, etc., of the 

number; as 2 signifies square root of 2; also 3, *, #, %, ete., set superior 
toa number, signify two thirds power, ete., or cube root of square, or square 

or cube root of 4th power, or cube root of sixth power; as 83 = V8 or 

= (v8) 
1.7, 3-6, etc., set superior to a number, signify tenth root of 17th power, etc. 
02, .059, set superior to a number, signify hundredth root of 2d power, or 

thousandth root of soth power, the numerator indicating power to which 
quantity is to be raised, and denominator indicating root which is to be ex- 
tracted. 

oo slenitiee. Infinite, as * = or a quantity greater than any assignable quan- 

tity. Thus, © =100 signifies that o is contained in any finite quantity an in- 
a 

finite eared of times: - = a, 10% ete. 
I : 

ce signifies Varies as. Thus, M « Dx V signifies that mass of a body in- 
creases or diminishes in same ratio as product of its density and volume, or 
8 « ¢7, signifies § varies as ¢*. 

Z. signifies Angle. + Perpendicular. A Triangle. © Square, as O 
inches ; “and & cube, as cube inches. 
Nores.—Degrees of temperature used are those of Fahrenheit. 
g is common expression for gravity = 32.166, 2g = 64.33, \/29 = 8.02 feet. 

&% signifies Dead Flat, denoting dimensions or greatest amidship section 
of hull of a vessel. 

ALGEBRAIC SYMBOLS AND FORMULAS. 

1 ELennenning length, h' representing h prime, v representing versed sine 
? 

breadth, ¢ ie chord, h. = h sub 
‘f depth, a area, ce sine, 

height, r ! radius, g i gravity. 

? 

1+-b 
Bi =sum of length and breadth divided by depth. 

a 

a 
h 

ain 
lb Pia 
7= product of length and breadth divided by depth. 

l—b 
a = difference of length and breadth divided by depth. 

= product of square of length and cube of breadth. 

= square root of length divided by cube root of breadth. 

= square root of sum of length and breadth divided by depth. 

Pas Sede root of difference of k prime and h sub, divided by 

square Ay of 29. 

V/ a+(c—r)?= a. Add square of difference between the chord and ra- 
dius to the area, and extract the square root; the result will be equal to x. 
Norr.—It is frequently advantageous to begin interpretation of a leie at its 

right hand, as in the above case. 
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7. /bety)” Ne 
U oe —1=2 Divide square of sum of x and y by square of y; 

subtract unity from quotient; e3 ; iply i featicand Daeg a oe g ee square root of result; multiply it by 

2(sin. 75°)? 

1+ Gin. 73°)" 
of sine of the angle of 75° added to unity. 

Divide twice square of sine of the angle of 75° by square 

COME Pires hy Dee SV 2gh—b 
Gia? } ie: (Vh— Vi) +2.303 c. log. SV ghd 

S by the V of 29, and this product by difference between square roots of 4 
and h prime; add this to 2.303 times common logarithm of quotient arising 

from dividing product of S into V2gh diminished by b by product of 8 

into V 2gh prime diminished by 6, and multiply this sum by the quotient 

of 2a divided by square of product of 8 into V 2g, which will be equal to ¢. 

t =t, Multiply 

2a a 3 cos. 98° = 2a —3 cos. 82° =twice a diminished by three times 
cosine of 82°, 

Cosine of any angle greater than go° and less than 270° is always — or negative, 
but is numerically equal to cosine of its supplement, 7. ¢., remainder after subtract- 
ing angle from 180°, 

39-127 — .099 82 cos. 2 L=/, Assuming L less than 45°, as 42°, this equation 
becomes 39.127 —.099 82 COs. (2 X/429°= 84°) = 1; and also, L greater than 45°, as 
50°, it becomes 39.127 + .ogg 82 COS. (1809 —2 K 509 = 80°) = 1, 

_L— 10° N=L + 10° §, as a negative result furnished by a formula in- 
dicates a positive result in an opposite direction. 

CG (B—}).v+2BV 

i B+6 
2 times BV, divided by B plus 3, is equal to y. 

=y. Minus, the fraction B minus 6, times v, plus 

Sin. —t a, tan. —" z, cos. —* z, signifies the arc, the sine, tangent or cosine 
of which is « Thus, if ¢=.5, this is 30°, as 30° is the are, the sine of 
which is .5. 

pa 
Tae 

oi 7 —= 5? ne, d rf t maa 
sin. ca b 

aaseh) an ph — poe 

Raise r to nth power, i. ¢., multiply 7 by itself and this result by 7, and so 

on, until 7 appears in result as a factor, as many times as there are units 

in x. Multiply this result by J, diminish this by 7; divide remainder by r 

raised to the mth power, diminished by 7 raised to a power whose exponent 
is n diminished by 1, and quotient = or is value of 8, 

: z I I 
(oilac) “2 SS 

—1 /I ok nt i x/ oa Divide J by a and extract that root of the quotient, index 

of which is x diminished by 1, and this root is= or value of 7. 

Logarithm of a Number is.exponent, of the power to which a particular 

constant quantity must be raised in order to produce that number, 

Constant Quantity is termed the base of the system. 

Common (or Brigg’s) Log. is the logarithm the base of which is ro, 

Hyperbolic Log. is the logarithm the base of which is 2.718 28, 

Com. Log. = Hyp. log. X .434 294. 

Hyp. Log. = Com. log. X 2.302 585 052 994; ordinarily 2.303 or 2.3026, 
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ILLUSTRATION.—When a number, hyp. log. of which =a given figure or number, 
is required. 

Multiply figure or number (hyp. log.) by . 434 294 (modulus of com. log.) = com. log. 
of figure. 

Thus, Required the number, hyp. log. of which=.o2. .o2 X .434 294 =.00 868 588, 
com. log., and 1.0202 = number. 

Log. 100 '°59== 059 X log. of 100.059 X 2=.118; the number corresponding to 

log. .118, is 1.3122; hence, 100°°59= 1.3122. That is, if 100 is raised to 59th power, 
and the roooth root is extracted, the result will be 1.3122. 

In Equation, u=3 x — 27, u is termed a function of z, If it is desired 
to indicate the fact that w thus depends for its value upon the value of z, 
without expressing exact value of u in terms of z, following notation is 

used : == (x), u=F (zx), or w=). 

Fach of these notations is read, uz isa function of z. If in such function 
of x the value of x is assumed to commence with o and to increase uniformly, 
the notation indicating rate of increase is dz, and is read “the differential 
Ona 

Differentiation. d is its symbol, and it is the process of ascertaining the 
ratio existing between the rate of increase or decrease of a function of a 
variable and the rate of increase or decrease of the variable itself. If 
y=3",y or its equal 327 is the function of z, and x is the independent 
variable, while the exponent of the variable or the primitive exponent is 2. 
By the operation of Calculus, such expressions are differentiated by di- 

minishing the exponent of the variable by unity, multiplying by the prim- 
itive exponent, and attaching the d x. 

Hence, dy=2xX3¢edx=6xdz. This indicates the relation between 
the differential of y, the function of 2, and the differential of « itself. : 

Assume that @ increasing at rate of 3 per second becomes 4; that is, x= 4, 
and dwt=3; hencedy=6X4X3=72. That is, if 2 is increasing at 
rate of 3 per second, at the time that «= 4, the function itself is increasing 
at rate of 72 per second. 

To differentiate an expression of two or more terms, it is necessary to 
differentiate them separately and connect the results with the signs with 
which the terms are connected. 

Thus, differentiating u= 3 2* — 2a, we have du=d (32°—227)=62adz 
—2dzxz=(6e%—2) dx. 
Assuming «= 4. and d~= 3, we havedu= (6 X'4—2) X 3=66. This 

indicates that when «= 4, and & increasing at rate of 3 per second, the fune- 
tion uw, or 3z° — 22, is at same instant increasing at rate of 66 per second. 

Integration. Its symbol f was originally letter S, initial of swm, the 
symbol of an operation the reverse of differentiation; and when the oper- 
ation of integration is to be performed twice, thrice, or more times, it is 
written ff, fff, ete. 

By the operation of Calculus, expressions are integrated by increasing the 
exponent of the variable by unity, dividing by the new exponent, and de« 
taching the da. 

Hence, integrating the differential 62da,we have f6c%dx=32". This 
result is the function, the differential of which is 6” da. 

To integrate an expression of two or more terms, it is necessary to inte- 
grate the terms separately and connect the results with the signs with which 
the terms are connected. 

Thus, integrating (62-2) da, we have f (6x—2) de= f (62dz—2d2) 
=32°—22, This result is the function the differential of which is (6z 
— 2) dx or (6x —22°) da. 
, Notz.—A quantity with the exponent °, as 7° or 3°, is equal to unity. 
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The operation of summation may also be illustrated in use of the sym- 
bol f. Assuming «= 4, the former of the preceding results becomes 
fordx=3x7 = 48, the latter ( (6x2 — 2) dw =327—22%= 0. 
Here « is assumed to commence at o and to continue to increase by in- 

finitely small increments of dz until it becomes 4. The summation is the 
addition of all these values of x from o to 4. 

Arithmetically.—The first formula may be written 
6(@ +2"+2" + etc.)dax. If then a is to advance from o to 4 by in- 

crements of 1, we have 6 (o+1+2+3+4) X 1=60, which exceeds 48. 
If dz is assumed to be .5, the result is 54. ‘The correct result is obtained 
only when dz is taken infinitely small. By Arithmetic this is approximated, 
but it is reached by the operations of Calculus alone, 

The second formula may be written 
(6 [a' + x + a + ete.) — 2[a% + 7°” + 2°" ete.]) dx. Assuming z= 

4, and dz =1, we have (6[1+2+3+4]—2[1+1+1-+41]) xX 1=52, 
which exceeds 4o. If dz=.25, the result would be 43, and if .125 it would 
be 41.5, ever approaching but never reaching 40, so long as a finite value is 
assigned to dz, 

A, Delta, when put before a quantity, signifies an absolute and finite in- 
crement of that quantity, and not simply the rate of increase, 

=, Sigma, signifies the summation of finite differences or quantities. Thus, 
Sy Ac=(y?+y?+y'? + etc.) Az, Assume y' =6, y!=8, y” = 4, and 
Az the common increment of e=5, then Dy? Aw = (30+ 644 16) X 5= 
580. 

NOTATION. 

i i 20 = XX. 1000 = M, or CID, 
2 Ue 30 = XXX, 2000 = MM, 
Zip) 40= XL, 5,000 = V, or IDO. 
Aa Some, 6000= VI. 

sa V. 60= LX. 10 000 = X, or CCINO. 
6= VI. 70 = LXX. 50 000 = J, or INNN. 
7 — 80 = LKXX. 60 000 = LX. 

3.25) VLE noo Cs 100 000 = G, or COCINOND. 
(opt roo.—= @. I 000 000 = M, or CCCCIO9900. 
Ola oN 500 = D, or. ID. 2000 000 = MM. 

As often as a character is repeated, so many times is its value repeated, 
as CC = 200, 

A less character before a greater diminishes its value, as IV= V — I. 

A less character after a greater increases its value, as XI= X + I. 

For every 0 annexed to I) the sum as 500 is increased ro times. 

If C is placed on left side of I as many times as 0 is on the right, the 
number is doubled, 

A bar, thus —, over any number, increases it 1000 times. 

Illustration 1.—1880, MDCCCLXXX. 18560, XVUIDLX. 

2.—I0= 500. CIO=500xX2= 1000, I00 = 500 X 10 = 5000, 

CCION = 5000 X 2=10000. IND00=500 x10 X 10= 50000. CCCION0 
= 50000 X 2 = 100000. 

C 



26 CHRONOLOGICAL ERAS.—MEASUBES AND WEIGHTS. 

CHRONOLOGICAL ERAS AND CYCLES FOR 1884. : 

The year 1884, or the rogth year of the Independence of the United States of America, 
corresponds to 

The year 7392-93 of the Byzantine Era; 
a b299 of the Julian Period; 
We 5044-45 of the Jewish Era; 
‘2660 of the Olympiads, or the last year of the 665th Olympiad, commenc- 

ing in July (1884), the era of the Olympiads being placed at 775.5 
years before Christ, or near the beginning of July of the 3938th 
year of the Julian Period; 

‘« 2637 since the foundation of Rome, according to Varro; 
‘« 2196 of the Grecian Era, or the Era of the Seleucide; 
“1600 of the Era of Diocletian. 

The year 1301 of the Mohammedan Era, or the Era of the Hegira, begins on the 
7th of February, 1884. 

The first day of January of the year 1884 is the 2,409,178th day since the com- 
mencement of the Julian Period. 

Dominical Letters.........00.0e00 F, E | Lunar Cyele or Golden Number..... 4 
Bpacty o. « sieiee siejs ony oie siaid «(gia tale Wlefulees 3 (olan, Cycle a uigaicree sae sek hs 17 

Roman Indiction was a period of 15 years, in use by the Romans. The precise 
time of its adoption is not known beyond the fact that the year 313 A.D. was a first 
year of a Cycle of Indiction. 

Julian Period is a cycle of 7980 years, product of the Lunar and Solar Cycles and 
the Indiction (19 x 28 X 15), and it commences at 4714 years B.C. 

6513 + (given year— 1800) = year of Julian Period, extending to 3267. 

~ Nore.—If year of Julian Period is divided by 19, 28, 15, or 32, the remainders will 
respectively give the Lunar and Solar Cycles, the Indiction, and the Year @f the 
Dionysian. * 

MEASURES OF LENGTH. 

Standard of measure is a brass scale 82 inches in length, and the 
yard is measured between the 27th and 63d inches of it, which, at tem- 
perature of 62°, is standard yard. 

Lineal. 

12 inches =r foot. Inches. Feet. Yards. Rods, Furl. 

3) paeet =1 yard, 30s Bs 
5.5 yards =r1rod. aie of — Be pS 

40 rods =1 furlong. 7.920 “660 = * 220" == AO, 
8 furlongs= 1x mile, 63 360 == 5 280 -"== 1760 "== 320 ==3. 

Inch is sometimes divided into 3 barleycorns, or r2 lines. 
A hair’s breadth is .o20 83 (48th part) of an inch, 

1 yard =.ooo 568, and x inch =.ooo0158 of a mile. 

Gunter’s Chain. 

7-92 inches=1 link, | 100 links =1 chain, 4 rods, or 22 yards. 
80 chains =1 mile. 

Ropes and Cables. 

1 fathom = 6 feet. | _ x cable’s length = 12c fathoms. 

Geographical and Nautical. 

x degree, assuming the Equatorial radius at 6974 532.34 yards, as given 
by Bessel, = 69.043 statute miles = 364 556 feet. 

x mile= 2028.81 yards or 6086.44 feet. 
I league = 3 nautical miles. Tee 
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Log Lines. 

Estimating a mile at 6086.43 feet, and using a 30” glass, 
xr knot= 50 feet 8.64 inches. | 1 fathom = 5 feet .864 inches, 

Tf a 28” glass is used, and 8 divisions, then 

x knot = 47 feet 4 inches, | 1 fathom = 5 feet 11 inches. 
The line should be about x50 fathoms long, having xo fathoms between chip and 

first knot for stray line. 

Norr. —This estimate of a mile or knot is that of U.S. Coast Survey, assuming 
equatorial radius of Earth to be $974 532-34 OS: and a meter to be 39.368 505 35 
inches of the Troughton scale at 62°. 

Cloth. 

1 nail= 2.25 inches. | 1 quarter=4 nails. | 5 quarters=1 ell. 

Pendulum. 

6 points = x line. | 12 lines = 1 inch. 

Shoemakers’. 

No. 1 is 4.125 inches, and every succeeding number is .333 of an inch. 
There are 28 numbers or divisions, in two series or numbers—viz., from 1 

to 13, and 1 to 15. 

Miscellaneous. 

12 lines or 72 points =1 inch, 1 hand = 4 inches. 
1 palm = 3 inches. I span =g inches, 

1 cubit = 18 inches. 

Vernier Scale. 

Vernier Scale is +4, divided into 10 equal parts; so that it divides a scale 
of roths into rooths when two lines of the two scales meet. 

Metrie, by Act of Congress of July 28, 1866. 

Unit of Measurement is the METER, which by this Act is declared to be 39.37 ins. 

Denominations. Meters. | Inches. | Feet. Yards. Miles. 

Millimeter,......-.... - 100 +0394 _ — ps 
Centimeter ..ccccences +10 +3937 — — — 

- Necimeter. .. sve de orn» A 3-937 +328 083 — _— 
WW CbCI So wats. s 0 shalele\sinicre I. 39: 37 3.280 83 1.093 61 _ 
Dekameter.... ' 10. 393-7 32, 808 33 10.936 11 — 
Hektameter... of 100, _ 328.083 33 10g. 361 14 _ 
Kilometer. .5..). fee 1000. — 3280.833 33 | 109361111 | .62137 
Myriameter .....% ... 10.000. — — _— 6.2137 

In Metric system, values of the base of each measure—viz., Meter, Liter, Stere, 
Are, and Gramme—are decreased or increased by following prefix. Thus, 

Milli, roooth part or .oor. Deci, roth part or .x. Hekto, roo times value. 
Centi, rooth ‘ .or. Deka, 10 times value. Kilo, 1000 ue 

Myria, 10000 times value. 

Notr,—The Meter, as adopted by England, France, Belgium, Prussia, and Russia, 
is that determined by Capt. A. R. Clarke, R. E., F.R. os 1866, which at 320 in terms 
of Imperial standard at 62° F. is 39,370 432 ‘inches oF 1.0 3.62311 yards, its legal 
equivalent by Metric Act of 1864 being 39.3708 inches, t © same as adopted in 
France. 

Captain Kater’s comparison, and the one formerly adopted by the U.S. Ordnance 
Corps, was = 39-370 797 1 tnches, or 3.280 899 76 feet, and the one adopted by the 
U.S. Coast Survey, as above noted, is = 39.368 505 35 inches. 

$ 



28 MEASURES AND WEIGHTS, 

Equivalent Values in Metric Denominations of U. S. 

Denominations,- Value in Meters. | Denominations. Values in Meters, 

173) Ne j 0254 Red-wies.007.0 5-029 209 9 
HPO OU. «5/6 sin/<imainioe 304 800 6 Furlong ......... 201.168 396 
YE ONBESanoneocs = -914 401 8 if MEO SE SS SSE oe 1609. 347 168 

Approximate Equivalents of Old and Metric U.S. 
Measures of Length. 

x Kilometer....== .625 mile. 
i Mile ........==1.6 kilometers. x Furlong ...=200 | “ 
x Pole or Perch. = 5 meters. 5 Furlongs...= 1 kilometer. 

rt Foot ....... = 3 decimeter's or 30 centimeters. 
x Metre ...... = 3.280833 feet = 3 feet 3 ins. and 3 eighths. 

1x Meters ..... =12yards. | 1 Decimeter... =4 inches. 
t Millimeter .. =1 thirty-second of an inch. 

1 Chain .....= 20 meters, 

To Convert Meters into Inches.—Multiply by 40; and to Convert Inches 
into Meters.—Divide by 40. 

Approximate rule for Converting Meters or parts, into Yurds——Add one 
eleventh or .ogog. 

Inches Decimally = Millimeters. ; 

Milli- Milli- j Milli- Milli- Milli- 
Inches.| meters. || Inches. | meters. || Inches. | meters, || Inches. | meters. Inches.| meters, 

a 
-O1 .25 2 5.08 -48 12.2 76 | 19.3 2 50.8 
.02 “51 22 5.59 5 12.7 78 19.8 3 76.2 
03 +76 24 6.1 +52 13:2 8 20.3 4 101.6 
-04 | 1.02 .26 6.6 +54 13-7 82 | 20.8 5 127 
ROS, |) 27 .28 7-11 +56 14.2 -84 21.3 6 152.4 
+06) |, 2.52 ao 7.62 58 14:7 86 21.8 7 177-8 
.07 | 1.78 +32 8.13 6 15-2 -88 22.4 8 203.2 
.08 | 2.03 34 8.64 -62 15-7 “9 22.9 9 228.6 
+09 | 2.29 +36 Q.14 -64 16.3 +92 23-4 Be) 254 
I 2.54 +38 9-65 -66 16.8 -94 23-9 ir 279-4 
+12 | 3.05 +4 10.2 »i|- 68 17-3 +96 24.4 12 304.8 
-14 | 3.56 +42 BR. WN a7 17.8 -98 24.9 =1 foot. 
-16 | 4.06 44 112) 72 18.3 rs 25.4 
~18 | 4.57 +46 IL.7 74 18.8 

Inches in Fractions = Millimeters. 

4) gigéle2e PS] else 22 | 2] else) ae) 2 lel seas 
BASES) S38 LS | HEPES] SS PB |HSl Fe] Ss | SIRS SE Ss 

— — s s 

I 79 7-14 17 || 13-5 25 |} 19.8 

xr | — |] x59 Seal 708 9 | — |] 4:3 13 | — || 20.6 
3 ||.2.38 II 8.73 1g || 15.1 27 || 20.4 

xr }—|— | 3-27 13 | —|—|| 9529 5 |—|] —i x59 #7 | — | — || 222 
5 || 3:97 13 || 10.32 2x || 16.7 29 || 23 

3 | — || 4-76 7 | — |}ax3z mx | — |] 17.5 15 | — || 23.8 
7 \I 5.50 15 || 11.91 23 || 18.3 31 || 24.6 

2/—|—|} 635 § 4 |—{ —|)s27 § 6 | —| — |] 19 8 | —| — |] 25-4 

By means of preceding tables equivalent values of inches and millimeters, 
equivalent values of inches in centimeters, decimeters, and meters, may be 
ascertained by altering position of decimal point. 

ILLUSTRATION. —Take x millimeter, and remove decimal point successively by one 
figure to the right; the values of a centimeter, decimeter, and meter become 

In. Ins. 
1 millimeter.... .o394 | x decimeter....... 3-94 | .32 inch = 8.13 millimeters. 
1 centimeter.... .394 |x meter...........39.4 | 3.2 inches=81.3 ue 

6 



MEASURES AND WEIGHTS. 29 

MEASURES OF SURFACE. 

144 Square inches = 1 square foot. | g square feet = 1 square yard, 
Architect's Measure, 100 square feet = 1 square. 

and. 

30.25 square yards =r square rod. “Yards. Rods, Roods. 
40 squarerods =1 square rood. 1210. 
4 square roods 2 __ iiss. 

10 square Trois =r acre, 4840 = 160. 

640 ~— acres =I square mile. 3.097 600 = 102 400 = 2560. 

208.710 326 feet, 69.570 109 yards square, or 220 by 198 feet square =x Acre. 

Paper. 

24 sheets = 1 quire, | 20 quires=1 ream. | 21.5 quires=1 printer’s ream. 
2 reams = 1 bundle. | 5 bundles = x bale. 

Drawing. 

Cape Ue.) shite 23) K 16 inches. Columbier .... 23 X 34 inches, 
Demy s:s/s(ctds.auei FG \Xi2o Atlasiicisierias, 9220 X03 340), 
Mediutiy gai isi 176 22ers Theorem...» 28: 34.) 
ROY alse 612 wha nk xk Soe il Doub. Elephant, 27 x 4o ‘ 
Super-royal... 19x27 “ Antiquarian... 31x 53. * 
Imperial..... + 22X30. Emperor...... 40X 60 * 
Elephant .....23% 28 “ Uncle Sam....48 xX 120 

Peerless........ 18 X 52 inches. 

Tracing. 

Double Crown ..... 20 X 30 inches, | Grand Royal...... 18 X 24 inches, 
Double D. Crown .. 30 X go“ Grand Aigleé....%:.27x%40 * 
Double D. D. Crown, 40 x 60“ Vellum Writing, 18 to 28 ins, in width. 

Mounted on cloth, 38 ins. in width, 

Miscellaneous. 

. x sheet = 4 pages. 1 duodecimo = 24 pages, 
T Quartos= 9. -+5 1 eighteenmo= 36 “ 
x octavo = 16° 1“ 1 bundle = 2 reams, 

I piece wall-paper, 20 ins. by 12 yards. 
wa? “ French, 4.5 sq. yards. 
Roll of Parchment = 60 sheets, 

Copying. 

roo Words = x Folio. 

Metric, by Act of Congress of July 28, 1866. 

Unit of Surface is Are or Square Dekameter. 

A square meter (39.372) = 1549-9969 Sq. ins., but by this Act is declared to be 
1550 Sq. ins. 

Denominations, Sq. Meters. | Sq. Inches, Sq. Feet. Sq. Yards. Acres. 

Centimeter ........, - OOO +155 _— — — 
Decimeter.......... ros 15.50 -107 638 = = 

Centare or Square Noten I. 1550. 10.763 838 1.196 — 

ATONE. Cos Geienie's 100. — 1076.388 88 119.6 024 71 
Hectare.........+208 30000. _ _ 11 960, 2.47% 

C* 
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Equivalent Values in Metric Denominations of U. S. 

Denominations. Sq. Meters. || Denominations. | Sq. Meters. | Sq. Hectares. Sq. Ares. 

Sq. Inch..... .000 64516 || Sq. Chain ... | 404.686 47 — 4.046 865 
SC Foot:. 2... +092 903 23 || ** ; Rood. a LOII.716 175 _— 10.117 162 
CR VENI Sees .836 129 07 Acre. 4046.864 699 -404 686 40.468 647 
EOS RO fericee 25.292 904 ue : Mile Eval ate _ 258.999 34 | 25 899.934074 

Approximate Equivalents of Old and Metric U. 8S. 
Square Measures. 

i 5 square centimeters= 1 sq. inch. 1 acre =1.16 per cent. Over 4000 sq. meters. 
co meter. = 10.75 sq. feel. | x1 square mile = 259 hectares. 

MEASURES OF VOLUME. 

Standard gallon measures 231 cube ins., and contains 8.338 8822 
avoirdupois pounds, or 58 373 Troy grains of distilled water, at temper- 
ature of its maximum density (39.1°), barometer at 30 ins. 

Standard bushel is the Winchester, which contains 2150.42 cube ins., 
or 77.627 413 lbs. avoirdupois of distilled water at its maximum density. 

Its dimensions are 18.5 ins. diameter inside, 19.5 ins. outside, and 8 
ins. deep; and when heaped, the cone must not be less than 6 ins. high, 
equal 2747.715 cube ins. for a true cone. 
A struck bushel contains 1.244 45 cube feet. 

Liquid. 
- : Cube Ins, 

qos” == 7 pint. 28.875 Gills. Pints. 
2pints =r quart. 57°75 8. 
4 quarts = 1 gallon. 231. 32=18, 

Dry. 
nd Cube Ins, 

2pints =r quart. 67.2006 Pints. Quarts, Gals, 
4 quarts == 1 gallon. 268.8025 8. ° 
2 gallons = x peck. 537-605 ZOs=\ S. 
4 pecks =r bushel. 2150.42 642-0218. 

Cube. 

1728 cube inches = r foot. Inches. 
27 cube feet =r yard. 46 656 

Nors.—A cube foot contains 2200 cylindrical inches, or 3300 spherical inches, 

HM luid. 

60 minims = 1 dram. Minims. Drams, Ounces, 
8 drams = 1 ounce, 480. 

16 ounces =1 pint. 7 680 = 128. 
8 pints =x gallon. 61 240 = 1024 = 128, 

Nautical. 

zr ton displacement in salt water........... = 35 cube feet. 
xr |“ registered internal capacity. 1.1.0... =40° * ** 

Dimensions of a Barrel. 

Diameter of head, 17 ins.; bung, x9 ins.; length, 28 ins. ; volume, 7689 cube ins, 
= 3.5750 bushels, 
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Miscellaneous. 

TE CUDC LOObingeateeie cee satereacns ae sate 7-4 S015) CAllons, 
mbushel¥s cr .cr- eclersieieites's.« «in. vp O09 1S. gallons, 
1 chaldron = 36 bushels, or......... 57.244 cube feet. 
HE CONG OL; WOOO! octers seis ei cisheinss) «0 +++. 128 cube feet. 
TE Perehsok StONE! <'s<s.< ns aaa'ors.s veianis 24.75 cube tect, 

I quarter = 8 bushels. | x load hay or straw = 36 trusses. 

Galls. Galls. 
© Barely dnd nas mepienentaas oe 32 | Puncheon of Scotch Whisky..110 to 130 
DUCE CO ere rein) io cients nsmralenctete, sheielsteysiatnse 42 | Puncheon of Brandy 34X52..110 to 120 
Butt of Sherry.......... 3550--.. ro8 | Puncheon of Rum........... roo tO 110 
BiperomPort 2... scr acento 34X58.... 115 | Hogshead of Brandy 28X40.. 55 to 60 
Ping of Teneriiie.. .:. ces eccitvane coe oo. f Pipe Of Madea iiicciccciccce oss emen'e 92 
Butt of Malaga.......... 33<532m0 205} Hogshead of Claret........0...0-4- 46 

A Hogshead is one half, a Quarter cask is one fourth, and an Octave is one eighth 
of a Pipe, Butt, or Puncheon. 

Metric, by Act of Congress of July 28, 1866. 
Unit or Base of Measurement is a cube Decimeter or Liter, which is declared to be 

61.022 cube ins. 

Cube Measures. 

Denominations. Values. Cube Inches. Cube Feet, | Cube Yards, 

Cube Centimeter...... -oor Cube milliliter .061 022 — — 
« Decimeter....... TLCUDEMNGET aye... <1. 61.022 035 313657 _ 
COTM OLOK cc a) algae Kiloliter or stere.. _ 35-313 657 1.308 

Dry Measures. 

Denominations. Values. | Cube Ins. | Quarts. | Pecks. Bushels. |Cube Yards, 

Milliliter...... x cube centimeter.] .o6z _ _ _ — 
Centiliter..... roe tf a -6102 — _ — — 
Deciliter...... .x ‘* decimeter,.| 6.1022 — — —_ — 

BRUM a= onesie ale re rs «2|,01.022 | .gos® |, .1235 — — 
Dekaliter..... roms s aa — 9.08 1.135 28375 _ 
Hektoliter....) .x “* meter....-. — =. ||. 11.35 2.837 57 +1308 
Kiloliter ee if mia = 

or Stere \ Po en ey ee _ 28.375 1.308 

* Or .227 gallon. + 3.531 365 7 cube feet. 

Norn. —In practice, term cube Centimeter, abbreviated to cc, is used instead of 
Milliliter, and cube Meter instead of Kilometer, 

Hquivalent Values in Metric Denominations of U.S. 

Dry Measures. 

Denominations, Centiliters. Deciliters. Liters, Dekaliters. 

UG Ano canon COME UE COAT _ — — _— 
PATI Ue atscictcialeis. « 0/0 0: atuldintelatd _— _ _ — 
QUATE asin hans ene saenae _— +110 125 I. 10125 II.O125 
(CEN Niqhiceripadeneneacnel = +4405 4.405 44.05 
OCU. te istelacislelsan celbeimaarie .088r -88r 8.81 88.1 
IBIGN EM acre mintaln sisieieietereieiose +3524 3-524 35.24, 352-4 

Liquid Measures. 

Denominations. Liters. Drams. Ounces, | Pints. Quarts. Gallons, 

MillMiter:. .. w-ianiec -OOL ak — — — —_ 
Centiliter.....-.-..0» -O 2.7 +338 | — — — 
Deciliter: 0.2... it I 27 3.38 211 34 — = 
bE sore sei AE OD OLICC I _ 33.8 2.113 4 1.0567 -26417 
Dekaliter......... 10 — = 21.134 10.567 2.6417 
Hektoliter........ 100 = = = _ 20.417 

1000 _ — _ _ 264.17 Kiloliter 
or Stere f°*;*°" 
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Approximate Equivalents of Old and Metric U.S. 
Measures of Volume. 

1 Gallon.cc.0i6 20 =45 liters. E.cube Meter o... siice cece = 1.33 cube yards. 
X Liter... «je -== .26 gallon. 5 ee ee ae = /.75 f° meter. 
x cube foot...... = 28.3 liters. es kiloliter = 2240 lbs. nearly of water. 

MEASURES OF WEIGHT. 

Standard avoirdupois pound is weight of 27.7015 cube inches of dis- 
tilled water weighed in air, at (39.83°) barometer at 30 inches. 
A cube inch of such water weighs 252.6937 grains. 

Avoirdupois. 

16 drams =r ounce. Drams. Ounces. Pounds, 
16 ounces = 1 pound. 256. 

112 pounds = 1 ewt. 28672= 1792. 
2ocwt. =1 ton. 573 440 = 35 840 = 2240. 

1 pound = 14 02. 11 duts. 16 grs. Troy, or 7000 grains. 
1 ounce = 18 dvts. 5.5 grains Troy, or 437-5 grains. 
r dram = 1x dwt. 3.343 75 grains Troy, or 53.5 grains. 
xi stone = 14 pounds. 

WTPoy.< 

24 grains = 1 dwt. Grains. Dwt. 
20 dwt. =1 ounce. 480. 
12 ounces = 1 pound. 5760 = 240. 

j7ooo §=Troy grains = 1/)1b. ayoirdupois. 
AQT se . ae t0%. = 
27.343 75 Troy grains = ridram ‘“ 

175 ‘roy pounds = 144 lbs. ee 
175 “ounces == T9207, * 

I «ounce = 480 gers. xe 
I “pound == ' 6822857 Ib. 
I avoirdupois pund= 1.215 278 lbs. Troy. 

Apothecaries. 

20 grains =1 scruple. Grains, Scruples, Drams. 
3 scruples = 1 dram. 60. 
8 drams =I ounce. 480 = 24. 

12 ounces = 1 pound, 5760 = 288 = 96. 
45 drops 1 teaspoonful or a fluid dram. 
2 tablespoonfuls = 1 ounce, 

The pound, ounce, and grain are the same as in Troy weight. 

Diamond. 

I grain = 16 parts. 4 grains = 3.2 grains, 
16 parts = 8 grain. I carat =4 grains. 

15.5 carats = 1 Troy ounce. ; 

Lead. 
A Fodder of lead = 8 pigs. 
Sheet lead rolls =6.5 to 7.5 feet in width and from 30 to 35 feet in length, 

Grain, 

Standard Weights per Bushel. 
Lbs, Lbs. Lbs. t Lbs. 

Wheat.... 60 |Corn.... 56 and 58 | Rye..... 56 | Oats..... = Barley... 48" 
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Miscellaneous. 
COAL, 

Anthracite Bele t mae oe sree <7 CUNO ROO a= Kom Droke;nt 
DateeeLN «)«l e[hieiereiatate a: 5O1U0! 56 1DNa Or Cube, TOO. 
eeceeesevees 41 to 45 cube feet = 1 ton broken. 

Bituminous............... 70 to 78 lbs. per heaped bushel. 

“ce 

se Pa necee sce sirisiea- « 40-40-50, lbs, per cubedoot, 
3 Camberlantictaa ating ee Sat ott 
& Cannel................ 50.3 lbs. per cube foot. 
Us Welsh wartiacicls ane a sas 3 4Qrcube Leeti== wy tons 
ot Mianengitiz ers 2 4. )sts sie ere< . 44.28 hima 
se New cHstlet st tc. «lcci. eg Sle SOAS Se eeue sn. =a mI 
ee BCOECH oie cross cyais of ieie c,h ete ae, Ott ne StS es 
“ RB. N. allowance ..... 00... 48 fre iT ay oS 

Charcoal, hardwood ............... 18.5 lbs, per cube foot. 
‘ork piney COUN aI te. dist sarees 2.) Fe TOI Fo Gah ag 

Woop. 
Virginia pine .. 2700 lbs.=1 cord. | Southern pine . 3300 lbs.=1 cord. 

EARTH. 

River sand ..21 cube feet==1 ton. Marl or Clay, 28 cube feet = x ton. 
Coarse oravel p23 Ks outs gi hy 4 Mold sicie teh een Meme 

Metric, by Act of Congress of July 28, 1866. 

Unit of Weight is the Gram, which is weight of one cube centimeter of pure water 
weighed in vacuo at temperature of 4° C., or 39.2° F., which is about its tem- 
perature of maximum density = 15.432 grains: 

Denominations. Values, Grains, Ounces. Lbs. Ton, 

Milligram......... x cube millimeter _— — — — 
Centigram......... 10 S: mS -154 32 — _ _— 
Decigram......... x‘ centimeter) 1.5432 _ _ — 
COUCH BAATS Prarie sec I OY ES 15-432 1035 27 _ _ 
Dekagram......... 50 yall ef — +3527 — _ 
Hektogram........ zr deciliter ........3 _— 3.527 .220 46 -- 
Kilogram or Kilo..| x liter............. — 35-27 2.204 6 — 
Myriagram........ ite Pgh VRP a 3 aS — mo 22.046 — 
Quintal rs ome ve 1 hektoliter........ = — 220.40 .098 419 
Millier or Tonneau.| x cube meter...... — -—~ 2204.6 984 196 

Kilogram = 2.679 17 lbs. Troy, or 2 lbs. 8 0z. 3 duwts. .3072 grain. 

Equivalent Values in Metric Denominations of U.S. 

Denominations, Grams, | Dekagrams. Denominations, | Grams. Kilograms. 

Ohne Ba tinco deepen 0648 — OUNCE aeehe <= « | 28,3502 028 35 
SGLUples in. aaesins's so 1.296 — ESOS UNE ot 31.1042 :O3L'I 
Pennyweight....... I ae 2 —_ POUDAR 2 F-50500 453-6028 +4536 
DPACHM AA lere sree « 7187 | 17.7187 MLOWs oes + 373+ 2504, +373 25 

te. (Apoth.)) a4. is “Bs 38.88 Money ree ae yess « — 1016,057 28 

Approximate Equivalents of Old and New U.S. 
Measures of Weight. 

_ The ton and the gram are at nearly equal distances above and below the 
kilogram. Thus, 

r ton ....=1016057.28 grams, | 1 kilogram .....= 1000 grams, 

I gram is nearly 15.5 grains (about .5 per cent. less). 
x kilogram about 2.2 pounds ayoirdupois (about .25 per cent. more). 
1000 kilograms, or a metric ton, nearly x Engl, ton (about 1.5 per cent. less). 
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Electrical. (British Association.) 

Resistance.—Unit of resistance is termed an Ohm, which represents resist- 
ance of a column of mercury of 1 sq. millimeter in section and1.0486 meters in 
length, at temp. o° C. Equivalent to resistance of a wire 4 millimeters in diameter 
and xoo meters in length. 

1000000 Microhms........ = 1 Ohm. : 
I <3 2 aan = ro absolute eleetro-magnetic units. 
y Ohm... 2: aaa =, 10. 000 000 rad au ae se 

1000000 OhMS......--+++. = 1 Megohm ori033 * “ oe ne 

Electro-motive Force.—Unit of tension or difference of potentials is 
termed a Volt. 

1000000 Microvolts..... = x Volt or .x of an absolute electro-magnetic unit. 
SAV OL erekete ass = “= Fr68 ee as As #@ “ 
1 Megayolt...... = 1000000 Volts. 

Current.—Unit of current is equal to 1 Weber per second, or the current in a 
circuit has an electro-motive force of one Volt and a resistance of an Ohm. 

Volume.—Unit of volume is termed an Ampere, and represents that volume 
of electricity which flows through a circuit having an electro-motive force of one Volt 
anda resistance of one Ohm ina second, or it represents a Volt diminished by an Ohm, 

1000 000 Microvolts or roo absolute units of volume...... = 1 Ampere. 
OOD COOMA TIVORESs: « tp «tara sinine lemons ai. =m clctemirae aaeece = 1 Megaweber 

Capacity.—Onit of capacity is termed a Farad. 
1000000 Microfarads or 10 000 000 absolute units of capacity...... = 1 Farad. 
LOCOCO WATAIB. Os ve sa cel wnevle wile eicc pooNie ski's UNTER clee oe eeem = 1 Megafarad. 

Heat.—Unit of heat is quantity required to raise one gram of water to 1° C: 
of temperature. 

Weights of Grain and Roots. 

Following weights have been fixed by statute in many of the States; and 
these weights govern in buying and selling, unless a specific agreement to 
the contrary has been made. 

Pounds in a Bushell. 

3| 3 i\| |e 
Ee iie| -la} 3h cheb 12] ele €|= ae 
CRO) > Siiaias].. 2|\% S/S) s/s) 8 

ARTICLES. e/8|slal¢ 18) lei gl elsiei sis ale aisles 
S/ a) 2) 2\ 2) ¢) 2 |S/2/2/S/2| 8/5] elsls| Seis els s 
Ss) Braise] 3 18) S] |S) Sin SI/SISIS) S15) 214 
SSAA SlS/ elses |SSlSlalaizioloielzle |e le 

Barley Phoceaee 50|—|— 48 4848 48 32\—|46 48 48|48 “148 # 48/46147|—|46]45|48 
BATS picicieeisiva.. —|—|—|60)60/60)60 |—|—|— —|— 60|—|—|62|—|—|—|—|—|—|— 

Blue Grass Seed. |—|—|—|14!14/14/14 |—|—|—|—| —|14]—|—|—|—| —|—| —|—|—]— 
Buckwheat. ++ |40]45/— ‘ 58 Fe 52 |—|— 46 42 il —}50|48|—|42/48|}—| 46] 42/42 
8 eee oll at al Oe 

Clover Seed... —|+|—|60 60'60|60 |—|—|—|60|60!60|—|64|60]60|60|—|—|—|60| 60 
Dried Apples. ...}|—|—]—|24!25/24| — |—|—|—|28}28) 24|—| —|—|—|28| —|—|—|28|28 
Dried Peaches . .|—|—/—|33/33/33| — |—|—|— 28] 28/33|—|—|—|—|28|—| —|—_|28 |28 

—|=|59|59|56/56 |—|—|— |_| 56} —|55|55|56| || | | |56 
—|—|44l44l44]4g (—|—|—|-|—|44/—|—| —| | -| -|—| |] — 
56)56|52 Paes 50 |56)—|56 56)56 52|—|56|58|56|56|56|—|56|56|56 
—|—}70 = J || S| —| —)| —| — —|—|—|—|—} — 

—|-—|48]50/—|50 5} 5) pp eed yf 
—|—|80}70/—}| — |—|—|—|—|—|80|—|—|—|—|—|—|— |—| | — 

28 —|32/32/35|33% 32/30/30) 32| 32/35|30|30| 32|32|34|32|—|32|36)32 
Tl f87)48)97)87_ [54 SATII EIS 59] — 
—|—|—|— | — | — | —| —| —|—| —| —|—|— }60| —]|— | —| — | — | — | — 

60|—|60|60!60/60 |—}60]—|—|]—|60]60|60|60| —!60|—|60|60|/60|60 

56|—|54)/56/56|56 |60]—|56|56|56|56|/—|56|56|56|56|56|—|56|56|56 
—|—|—|—|—-| — |—-|5°|590|—|—|—]—|—|—|—| —|—|se]—|-| — 
—|—)—|50]50|50 |—|—|—|/—|—|50|—|—}56}—|—|—| —|—| —|— 

|=-|45]45)45|45: |—-|—|—|—|—|45| | —144| | ||| |—146 
Wheatsiccicisihes 60)56|60|60)60|/60|60 |60|—|60|60|60|60|—|60|60|60|60|60| —|60|60l60 
Wheat Bran ....|—|—|—|20/—|20]20 |—|—|—|—|—l2o/—|—|—|—|—|— 



MEASURES AND WEIGHTS. 3 5 

Weight of Men and Women. 

Average weight of 20000 men and women, weighed in Boston, 1864, was 
—men, 141.5 Ibs. : 3; women, 124.5 lbs. Average of men, women, and chil- 
dren, 105.5 lbs. 

Weight of Horses.—(U. S.) 
“Weight of horses ranges from 800 to 1200 Ibs. 

WEIGHT OF CATTLE. 

To Compute Dressed Weight of Cattle. 

Ruty.— Measure as follows in feet : 

1. Girth close behind shoulders, that is, over crop and under plate, 
immediately behind elbow. 

2. Length from point between neck and body, or vertically above 
junction of cervical and dorsal processes of spine, along back to bone at 
tail, and in a vertical line with rump. 

Then multiply square of girth in feet by length, and multiply product 
by factors in following table, and quotient will give dressed weight of 
quarters, 

; Heifer, Steer, | | Heifer, Steer, 
Condition. | or Bullock. Bull. Condition. or Bullock. Bull, 

LC OC) a ae 315 3-36 | Very prime fat... 3.64 3.85 
Moderate fat F 3.36 35 || WXATA Tate, stele a's roieie 3-78 4.06 
PIMC PAE. occ wae | 3-5 3-64 | 

InLusTRATION.—Girth of a prime fat bullock is 7 feet 2 ins., and length measured 
as above 4 fect 5 ins. 

7! 2!'=7.17, and 7.177=: 51.4, which X 4’ 5 and by 3.5= 7094.5 lbs, Exact 
weight was 799 lbs. 

Norr.—x. Quarters of a beef exceed by a little, half weight of living animal. 
2. Hide weighs about eighteenth part, and tallow twelfth part of animal. 

Comparative Weights of Live Beeves and of Beef. 

Lbs. Per cent. tlk Up | Per cent. 

Bullocks.2-.'-<ieie/s/- 2800 72 to 78 Bullocks......... 1550 Gita 
Heifers jen cs ss 2600 LOG GUISES ie c.g ¥ie e's 1550 4 
Bullock sec css «5 2600 |f 7° 7 Bullocks ctles.(-10 1260 ? “75 5 } 58 to 61 
(eG eine aemor 2400 EGtOnG PECHOTS <6 ccs sic-ciee 1200 
Bullocks 2400 7 Bullocks......... 1050 \ dives 
Heifers... 2100 64 10168 FROUCT Bs aisjamscc acne 1050 57 105 
Bullocks. . 2100 } 4 Bullocks......... 980 } 3466 
Heifers jtshaess 1800 | 63 t066 || Heifers.......... gso. |f 90 1S 

Weight of Offal in a Beef and Sheep. 
BEEF. SHEEP, BEEF. SHEEP. 
Lbs. Lbs. H Lbs. Lbs. 

Hide and Hair.... 56 to 98 8 to 16* | Kidneys, Heart, 
DAN OW seraieriaha’oosapnin Aa AOUE ale Tid Liver, vote... sili, eho perso J 8101S 
Head and Tongue. 28‘ 49 6 ‘ x17 | Stomach, Entrails,ete., 126 ‘196g “18 
WGGtee hs gets snates rr eee Senta Mone IE SOOC S's 4-5 eo! sve'sis alathiolane Aa SOU GUE 6 

* Including 2 to 6 lbs; for fleece. + Including 2 to 5 lbs, for horns, 



| 36 MEASURES, WEIGHTS, PRESSURES, ETC. 

| 
To Compute Hquivalents of Old and New U. S. and 

; of Metric Denominations, 

By Act of Congress, July 28, 1866. 

Rute. -— Divide fourth term by second, multiply quotient by first 
term, and divide product by third term. 

Or, Ascertain relative ratio of first and second terms, and multiply 
result by ratio of third and fourth terms. 

Norte. — When result is required in French or other Metric denominations than 
those of U.S., use exact denominations, as, 61.025 387 for 61.022, 39.370 432 for 39.37, 
etc. 
EXAMPLE x.—If one gallon (zst), per sq. foot, yard, acre, etc. (2d); how many liters, 

(3d), per sq. foot, yard, acre, etc. (4th) ? 

= DO 2Gn = 6x.022. - siusiotarg = 3.7851 liters or 3.7848 litres. 

231 144 f F Or, ire 1.604, and a 2.3598; hence, 1.604 X 2.3598 = 3.7851 liters. 

Nore.—In computing ratios, first term is to be divided by second, and fourthby third. 
EXAMPLE 2.—If one ton per cube foot, how many kilograms per cube decimeter? 

61.022 
X 2240 2.2046 = 35.88: Liters, or 35.882 litres. 

1728 

MEASURES. 

By Act of Congress of U.S. By Metric Computation. 
x Liter per sq. foot, ete. .2642 Gallon per sq. foot, or .2642 gallon. 
x Liter per sq. meter . .0245 Gallon per sq. foot, or .0245 gallon. 
x Gallon per sq. foot .== 40.746 Liters per sq. meter, or 40.745 4 litres. 
1 Sq. foot per acre ... 2296 Sq. meters per hectare, or 2.296 09 metres, 

WEIGHTS AND PRESSURES. 

By Act of Congress of U.S. By Metric Computation. 
Per sq. inch. Per sq. inch. 

x Centimeter... . va ee FOZO Os OF. LOZ 0240: 
x Atmosphere .... = 6.6679 Kilograms, or 6.6678 kilogrammes. 
x Inch mereury .. = 2.54 Centimeters, or 2.54 centimetres. 
MT RAOUING arate siiet cles = 453.6029 Grams, Or 453.592 6 grammes, 
1 Kilogram...... = 317.4624 Lbs. per sq. foot, or 317.465 lbs. 
NorE.—3o ins. of mercury at 62° = 14.7 (bs. per sq. inch ; hence, 1 lb. = 2.0408 ins., 

and a centimeter of mercury = 30+ .3937 for U. S. computation, and 30+ .393 704 32 
for French or Metric. 

POWER AND WORK. 

1 Horse - power = Cheval or Cheval- vapeur = 4500 k X m= 33 000 + 

(4500 X 2.2046 X 39.37 + 12) = 1.013 88 chevauz. 

1 Cheval or Cheval-yapeur (75 & x m per second) = hor'se-power. 

(4500 X 2.2046 X 39.37 + 12) + 33 000 = .9863 horse-power. 

By Act of Congress of U. 8. By Metric Computation. 

1 Foot-pound = Kilogrammeter k x m= 7.233 foot-lbs. ; hence, 
I+ (2.2046 X 3.280 833) = .138 26 Kilogrammeter, or .138 25 hilogrammetre, 
1 Cube foot per PB ....=.0279 Cube meter per cheval, or .0279 cheval. 
tPound “ “ .,=.44738 Kilogram per cheval, or .447 38 kilogramme, 
x Cube meter per cheval = 35.8038 Cube Jeet per EP, or 35.8058 B.S 



PRESSURES, ETC.—MEASURES OF TIME. 37 

TEMPERATURES. 

1 Caloric or French unit = 3.968 Heat-units, and 1 heat-unit = 1 + 3.968 
cena? Seat ae eee eth ‘ 

. 1 -U.S. Mechanical equivalent (.772 foot -lbs. ) = 772 —- 7.233 = 106. 
Kilogrammeters and eo Eeghehetren aaa? ey wine 

1 French Mechanical equivalent (423.55 k x m) = 3.280 833 X 2.2046 X 
423.55 = 3063.505 foot-lbs., or 3063.566 foot-lbs. Metric. 

x Heat-unit per pound = 15556 Kilogram, or .5556 kilogramme. 
x Heat-unit per sq. foot = .2715 Caloric per sq. meter, or .2713 per sq. metre. 

VELOCITIES. 

x Foot per second, minute, ete. = .3047 Meter per second, or .3047 metres. 
1 Mile per hour........ Ae Sey) Neth Sor 4a a 

MEASURES OF TIME. 

60 thirds =r second. 60 minutes = 1 degree. 
60 seconds = i minute. 30 degrees = I sign. 

360 degrees = I circle. 

. True or apparent time is that deduced from observations of the Sun, 
and is same as that shown by a properly adjusted sun-dial. 

Mean Solar time is deduced from time in which the Earth revolves 
on its axis, as compared with the Sun; assumed to move at a mean 
rate in its orbit, and to make 365.242 218 revolutions in a mean Solar 
or Gregorian year, 

Sidereal time is period which elapses between time of a fixed star 
being in meridian of a place and time of its return to that place. 

Standard unit of time is the sidereal day. 

Sidereal day = 23 h. 56 m. 4.092 sec. in solar or mean time. 

Sidereal year, or revolution of the earth, 365 d. 5 h. 48 m. 47.6 sec. in solar 
or mean time = 365.242 24 solar days. 

Solar day, mean = 24h. 3 m. 56.555 sec. in sidereal time. 

Solar year (Equinoctial, Calendar, Civil or Tropical) = 365.242 218 solar 
days, or 365 d. 5 h. 48 m. 47.6 sec, 

Civil day commences at midnight. Astronomical day commences at 
noon of the civil day, having same designation, that is, 12 hours later 
than the civil day. 

Marine or sea day commences 12 hours before civil time or 1 day 
before astronomical time. 

New Style was introduced in England in 1752. 

Nors. —In Russia days are reckoned by Old Style, and are consequently 12 days 
behind Gregorian record. 

D 
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3 8 MEASURES OF VALUE. 

MEASURES OF VALUE. 

to mills = 1 cent. to dimes =1 dollar. 
Io cents = 1 dime. ro dollars = 1 eagle. 

Standard of gold and silver is goo parts of pure metal and roo of 
alloy in rooo parts of coin. 

Fineness expresses quantity of pure metal in rooo parts. 

Remedy of the Mint is allowance for deviation from exact standard 
fineness and weight of coins, 

Nickel cent (old) contained 88 parts of copper and 12 of nickel. 
Bronze cent contains 95 parts of copper and 5 of tin and zinc. 
Pure Gold 23.22 grains =$100. Hence value of an ounce is 

$20.67.183 +. 
Standard Gold, $18.60.465 + per ounce. 

WEIGHT, FINENESS, ETC., OF U. 8. COINS. 

Gold. 
Weight Weight 

Denomination, of Coin oarare Denomination. ciColn 7 fee 
e 5 . Metal, 

Oz. Gra. Grs, Oz. Grs, Grs. 
Dollar/< erwivet +053.75 25.8 | 23.22 || Half Eagle..... -26875 | 129 | 116.1 
Quarter Eagle..| .134375 | 64.5 } 58.05 |} Eagle.......... +5375 258 | 232.2 
Three Dollar...{ .16125 | 77.4 | 69.66 || Double Eagle...| 1.075 516 | 464.4 

Silver. 
Dime; i... 6 .080 375 | 38.58 | 34-722|| Half Dollar..... -401 875 | 192.9 | 173.61 
20 Cent......., -16075 77.16 | 69.444 || Trade Dollar....| .875 420 | 378 
Quarter Dollar .| .200 937 5 | 96.45 | 86.805 || Silver Dollar...| .859375 | 412.5 | 371-25 

Copper and Nickel. 

Weight. | Copper. Teed Weight. | Copper. te ad 

Grains, | Per cent. | Per cent. Grains, | Per cent. | Per cent. 
One Cent.... 48 95 5 Three Cents.| 30 75 25 
Two Cents... 96 95 5 Five Cents..| 77.16 5 25 

Tolerance.—Gold, Dollar to Half Eagle, .25 grains. Eagles, .5 grains. 
—Silver, 1.5 grains for all denominations. — Copper, 1 to 3 cents, 2 grains; 
5 cents, 3 grains. 

uegal Tenders.—Gold, unlimited. — Silver. Dollars of 412.5 grains 
unlimited ; for subdivisions of dollar, $10. (Trade dollars [420 grains] are 
not legal tender.) —Copper or cents, 25 cents. 
Norr.—Weight of dollar up to 1837 was 416 grains, thence to 1873, 412.5. Weight 

of $rooo, @ 412.5 gr. = 859.375 02. 

Bririsu standards are: Gold, 32 of a pound,* equal to 11 parts pure gold 
and 1 os alloy ; Silver, 323 of a pound, or 37 parts pure silver and 3 of alloy 
= .925 fine. 
Ne Troy ounce of standard gold is coined into £3 17s. rod. 2f., and an 

ounce of standard silver into 5s. 6d. 1 lb. silver is coined into 66 shillings. 
Copper is coined in proportion of 2 shillings to pound avoirdupois. 
£ Sterling (1880) $486.65; hence sty of this value of 1 penny = 

2,027 708 33 cents. 

* A pound is assumed to be divided into 24 equal parts or carats, hence the pro- 
portion is equal to 22 carats. 



FOREIGN MEASURES OF VALUE. 39 

To Compute Value of Coins. 

Rute. — Divide product of weight in grains and fineness, by 480 
(grains in an ounce), and multiply result by value of pure metal per 
ounce. 

_ Or, Multiply weight in ounces by fineness and by value of pure metal 
per ounce. 

ExaMPLe 1.—When fine gold is $20.67.183-+ per oz., what is value of a British 
sovereign ? 

By following tables, p. 40, Sovereign weighs .2567 0z., and .2567 X 480 = 123.216 
grains, and has a fineness of .9165. 

123.216 X.916 5 

480 

ExaMPLe 2.—When fine silver is $1.15. 5 per oz., what is value of U.S. Trade dollar? 

By table, p. 40, Dollar weighs .875 oz. and has a-fineness of .goo. 

Hence, .875 X .goo X 1.15.5 = 90.956 25 cents. 

ExAmPLe 3.—A 4-Florin (Austrian) weighs 49.92 grains and has a fineness of .goo. 
What is its value? 

Hence, X 20.67.1834 = $4.86.34. 

49-92 X-900 4 480 X 20.67.183-++ = $1.93. 49. 

To Convert U.S. to British Currency and Contrari- 
wise. 

Rute 1.—Divide Cents by 2.027 71— (2.027 708 33), or, Multiply by 
.493 12— (.493 118 26), and result is Pence. 

2. Multiply Pence by 2.027 71—, or divide by .49312—, and result 
is Cents. 
ExampLe.—What are roo cents in pence? 

100 X .493 12— = 49.312— pence = 48. 1.3120. 

2. What is a Pound sterling in cents? 

20 X 12 = 240 pence, which X 2.027 71— = $4 86.65. 

FOREIGN MEASURES OF VALUE, 

Weight, Fineness, and Mint Values of Foreign 
Silver and Gold Coins. 

By Laws of Congress, Regulations of the Mint, and Reports of its Directors. 

Current Value of silver coins is necessarily omitted, as the value of 
silver is a variable element. Hence, in order to compute current value 
of a silver coin, the price of fine or a given standard of silver being 
known, 

Proceed as per above rule to compute value of coins. 
The price of silver should be taken as that of the London market for 

British standard (925 fine), it being recognized as the standard value, 
and governing rates in all countries. 

Exampie.—lIf it is required to determine value of a Mexican dollar in cents. 

Weight 867.5 02. .903 fine, Value of Silver in London 52.75 pence per ounce = 
106.9616-+ cents. 

Then £07:5X:993 __ 846 867— and 106.9616 X .846 867 = 90.5822 cents. 
925 



40 FOREIGN MEASURES OF VALUE. 

Weight and Mint Values of Foreign Coins. 

\ Countries given in Italics have not a National Coinage. 

Pure | VaLue. 

Country and Denomination. Weight. arg Rivet | Current oes ' 
Gold. | Nominal. U.S. British, 

Qz. |Thous’s.| Grains.| Cents. | $ c £m. a, 

Arabia. 
Piastre or Mocha Dollar. .... _ — — | 83.14 — = 

Argentine Republic. 
Dollar = roo Centisimos.. << — — | 50.69 — ee 
(Employs South American and 

Foreign Coins.) 
Australasia. 

Same as British. 

Australia. 
Sovereign, 1855 ..-.+--+--- 256.5 | 916 — _ 4.85.7 19 11.5 
Pound, 1852..++-+++++eee sees *.28r° | 916.5 — _ 5232.97 x L.10:5 

Austria. 
Kreutzer (copper) ........+ _— — _ +41 co -2 
Florin, NeW... ....ee-eeeeee +397 | 900 171-47,  — pon 7 
Dollar, ‘‘ -596 |Q00 257-47| — — — 
4 FIOTINS.........006 seweree| «104 | 900 _— _ 1.93 Ir 
peat --| -112 | 986 _ ~ ie Af 4.6 
IGTVORGUD <01= cin'nia'ain eivinis eootats -363 foe} —_ — 6.75. 4 

Belgium. = : BA ray 
Same as France, 

Bolivia. 
Centeha...... Beh Seve eef — — _ A _ 
DOMAY;MOW <.0:00 00a sleinceen's -8or = 346.03 ad _ Pas e 
Doubloon, 1827-36...... yeep bh pe ° 62.06} — 4 Bipazil, ) 7 ys 3 15-593 |3 4% 

Rei — isieieraleteietaletais's slalctertialerntees — 547 — +27 
Milreis 16.66} 12.6 — 
Double Milreis........ eSB or 5 Jone = san (gone 
20 Milreis, 1854-56 ......... -575 |9I7-5 — _— 10.90.6 8 , ) 90:0, 1 Z..4 9:04 
sone 40oo Reis........ _ -26r | 914 — — 4-92 tT ‘o 263 

MU starlings erase tseee rs «et tees = = : = 
Wepnt 2 SS oe pietunteiniateeaere _ — — ee —_— i 
20 Cent, currency BRAS eo <5. 925 66.6 _ _ ay 
TN eh ill Ga i PRE ic we XO 83. _ — —_— 
Penny 3 >. waR sips = e oi os 1.52 _— 
Shilling 9 TIDITIIN a VERA TA Ee = sae 
Dollar, sterling... 2... .... 60% _ _ ~ —_ I 42 
SS BO shillings, currency — — — _ 3-97-43| 16 4 

Pound = nc aoe eee CO07: |r OMes 25 
Cape of Good Hope. 

Same as British. 
Central America. 

4 AROBUG |.) 5/0.sisjeia)ain'ein sereseee| 1027. | 875 It (= — — 
WOLTER ies ence beeen eee eee es 866 | 850 353° 5 _ _ —_ 
papers Ne oT bee 853.1 _ — 3-68.8 Is 1.88 

chil, Ee. +| +869 | 833 as — |14-96.39|3 3 5.97 

Centaro..... seeeareeeeen eee _ _ 9 — 
ee) new. goo.s | 346.22) — Si uP45 

ARN Boa goo SP L984 pt tz 7645 
VOUDIOON.. +... eee 870 — _ 15-50:3'13.4 2 

China. 
Cash, Le....... is dialele setalee _ — _ I 
10 Cents, Leang............| «087. | gor, 37:98 ao aa =_ a 
DOHA ieee eee a See soeennte -.| .866 | gor 374-63; — _ =_= 

Cochin China. 
Mas, 60 Sapekse.........0.- — — _ oe 
To MAST Quan se ccck cate Cree — os — me _— 2 oo 



FOREIGN MEASURES OF VALUE. 

Weight and Mint Values. 

Country and Denomination. 

Cuba. 
Same as Spain. 

Colombia. 
Centaro...... poe mhbrncacade 
Peso, new becceccee 
Escudos..... weisivials's elsie\e lag 

Doubloon, old...-.........5 
Costa Rica. 

Same as Mexico, 
Denmark. 

Mark, 16 Skilling......... ae 
WOW Eo eiascieiatcto cis Z 

2 Rigsdaler as 
Or PUALCI @ «1c ctu) o c/sie alsin casts 

East Indies. 
_ See Hindostan and Japan, 

Ecuador. 

Shilling, new...... 
Ke average.... 

Half Crown......... Brodie 
PORN (cinscretalelelors |< o.0isio/e/0s sik» 
Sovereign or Pound, new. 

PE average, 
Egypt. 

Piastre, 40 Paras......... . 
Guinea, Bedidlik.. 

Purse, 5 Guineas.........«+ 
France. 
Centime.......06 we tenneves 
Sou, 5 Centimes.......... “s 
Franc, roo Centimes...... cle 
GH YANCS, « « piaedeieisuepaisieleds 
20 Francs, Napoleon, new. 

25 Francs 20 ycentimes—£1 Stg. 
Germany. 

Groschen, ro Pfenning...... 
Mark, 10 Groschen......... 

Greece and fonian Islands, 
Same as France, 

Drachma, roo Lepta........ 
5 Drachmas...... a o(orarele Goch 
zo Drachmas..... AGRECOATER 
WOON ere vicina ruses meisieiad.s 

Guatemala. 
Same as Mexico. 

Guiana, British, French, and 
Dutch. 

Same as that of their Countries, 

Hanse Towns. 
Mark. ..d,ccccscceces sie'e ge 

Holland. 
Cent... ..cccrercrssccercccce 

41 

Pure VALUE. 
Weight. Fine- | Silver | Current Gold 

we | gold, |Nomihel.| U.S. | British. 
Oz. |Thous’s,| Grains.| Cents. | $ c. & & Gb 

— = — |r.or — BG) 
80r | goo | 346.03) — _ piss 
433. | 844 —_— — 7-555 |rir 058 

867 | 870 1 || Sept: 5055" eran 

a = | |: 1804 = 4.39 
025 | goo _— — 26.8 13-22 
927 | 877 | 390.23) — = - 
427 | 895 _ _ 7-90 112 5.6 

1.0 _ ai 

2.02--* — I 

-6| 925 : — — ae 
256.7 | 916.5 _ _ 4.86.65|1 0 0 
256.2) 916.5 — a 4.85.1 |t 0 0 

04 755 14:5 =z 04.9 = 
275 | 875 a aa 5 0.52/10 6.84 
275 | 875 = _— 407-4 |I 9 5:3 

1.375 875 Sp _ 25,20 lS 21202 

032 —_ = «2 _— ‘= 

161 — — |1.01 es a 
161 | goo 69.55| — — = 
804 | 900 | 347.76, — = a 
+207.5 | 899 _— - 3.85.8 15 10,26 

— _ — |2.38 — 1.175 
012.8 | goo —_ _ 23.8 11.74 
128 | goo _ — 2.38.24 9 95 

595 | 900 |.257.04| — ee, oad 
+112 | 986 — — 2.28.38 9 4.63 

010.4} goo _— — 19:3 95 
“719 | 900 |310.61) — _— _ 
.185 | goo _ _— 44.2 14 1-75 
ae ot eh 5 5. 611/1 0 9.6 

.012,8] goo — =_ 23.8 11.74 

-_ — — | 4 — +2 
* 2,027 71 cents, 

* 
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Weight and Mint Values. 
P Pure Vatve. 

Country and Denomination. Weight. ine sizer —— Gold 
, Gold. | Nominal. U.S. British, 

Oz. |Thous’s.) Grains.| Cents. | $ c. £s. d. 

Holland. 
Florin or Guilder, roo cents.| -o21.6 | 900 — _ 49.49 1 8 
TONGUILGACTS oso cisieidiers «2 oa a -215 | 899 — = 3-99-7 16 5.11 

Hindostan. ‘ 

| ROG a dncateaselsidu.s 6 ceisiside +374 | 916.5 | 164.53 _— _ 110.5 
Honduras. 

Same as Mexico. 

| Italy. 
Same as France. 

| Lira, roo Centimes......... 16 835 65.12 — — == 
Soudo srt... tavee does seeees| +864 |-Q00 [| -373-24}-.— oa — 

Indian Empire. 
Pic; nominal s+. ..3...20...< = _ _ +25 _ +125 
CADNDS Pac Gk cee eee ene — — _— 3-03 — 1.5 
Rupee,* 16 Annas.......... +375 | 916.5 | 165 _— — — 
zo Rupees, and 4 Annas....)| — = — —_ 4.86.65|r 0 0 
Mohur, rs Rupees........ se[ 02375) | 9265, | — — | 6.84.36)1 8 15 

Japan. 
Deietectaeiinicieiciea dees siecle _ = — I = 5 
Itzebu, new. . -279 | 890 | 119.19 a — — 
Yen, roo Sen. -866.7} 900 | 374.4 — — — 

& (ON soho dee aenene +053-6 | goo — — 99-72 fuer ete) 
Cobang, old..........205. .-| «289 | 572 — ~ 3:57-6 | 14. 8.35 
EMO seca cu a5: « BOC: +362 | 568 — _ 4-44 18 2,96 

20 KEN. . selec ses sis iesialeleiereiers 1.072 | 900 — — °|19.94-4 |4 111.6 
Java. 

Same as Holland. 
Liberia. 

U.S. Currency. 
Malta. 

12 Scudi =x Sovereign.....] ~— — —- — 4.86.65|x 0 0 
Mexico, 

POBOPNEW. Roce vecee coerce -867.5 | 903 377-17 _ — 4 2 
Soe Ma xXiMINANs <ccc anisine -86r |,902.5 | 372.98 — _ — 

Doubloon, new..........6.. -867.5 | 870.5 _ we = | er 600 «oe 88 
20 Pesos, Republic ......... 1.081 | 873 _ — |19.5%5 |4 0 24 

Morocco. 
Ounce, 4 Blankeels......... = — _ 4 = — 
zo Ounces, Mitkeel......... _ _— — = at je 

Naples. 
Scudo........ Sisitiviclsielstsicialete 844 | 830 | 336.25 — — 
6 Ducati...... Bitcmatele siaietera.s 245 6 _ _ © O12 o, 

Netherlands. x Svat sis 
Same as Holland. 

New Brunswick. 
Same as Canada. 

Newfoundland. 
Same as Canada. 

New Granada. 
Dollar, 1857......ssesseee+.| +803 | 896 pS ell — ee ees 
Doubloon, Popayan......... +867 | 858 — — °|15.37-8 13 3, 3:39 

Norway. 
Alike to Denmark. 

Mark, 24 Skillingen........) — _ — 21.63 — 10.66 
Nova Scotia. 

Same as Canada, 
Persia. 

Keran, 20 Shahis......... eo 2 — = 22.81 _ II.25 
to Keran, Toman......... tet eee = _ _ — =. 

Paraguay. Foreign coins, 
* 092 76 of a £ Stg., nominal value = 2 shillings sterling. 
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Weight and Mint Values. 
VAaLvug 

FrAncr.—Bronze coins 9.5 copper, 4 tin, and x zinc. 
HAnsE Towns.—Monetary system same as that of German Empire, 
SwITzERLAND.—The Centime is termed a Rappe. , 
Sparn.—25 Peseta piece is 19s. 9.5d. Stg.; Real vellon was 2.5d, Stg. 
Iraty.—All coins same weight and fineness as those of France. 
Matra.—y7 Tari and 4 Grani='r Shilling Sterling. ; 
Eayrrt.—A Para = .061 5d. Sterling, and 97.22 Piastres = x Sovereign. 
InpIAN Emprre.—xz Lac Rupees=£r10000 Sterling. In CEyLon, Rupee=zoo Cents, 

Pure 

Country and Denomination, Weight. Bites Silver epprent rONeh 
2 Sl) (GaiaealeNominal li, Upise British, 

Oz, |Thous’s,| Grains..| Cents. $c £8.. 4, 
Peru. 

Dollar, 1858 -766 | goo | 341.01 _— _ — 
DOU ois ainielaisieminlaratere a ate «--| .802 goo 346.46 = as = 

Doubloon, old.............. -867 | 868 —_ — |15-55-7 13 342m22 
Portugal. 

Coroa, 1838, 10000 Reis..... +308 | g12 — — 5.80.66}2 4 5.5 
EOOUERCIB) «a ot cerevereraloedlere sale rotate +095 g12 —_ — 10.8 — 

Roumania. 
PAULLGM syalcteiataiataialsaaate stelelaiaterelsia 322) '| Sec 129.06 — _— — 

Russia. 
Copek.. 2.22. cule seie ceca ee — = — 77, _ +38 
too Copek, Rouble..........| 667 | 875 | 277-73 =. > —_ 
COURIC 07s cle. oup aieinie ce acne .21 916.6 Ss — 3-97-6 16 4.8 

Sandwich Islands. 
U.S, Currency. 

Sardinia. 
Peete eM a: alsis, shoal ¥oielava.eig,ov\nin .16 835 65.12 a ae pas 

Spain. 
Bee COTE Ontererciatn ere olere! slewinasalole — — — 19 _ +095 

zoo Centimo, Peseta........ -16 835 64.13 = — 
Dollar, 5 Peseta iiiiees sess 8 goo | 345.6 — — 
too Reals..... +| .268. | 896 _ _— 4.96.4 |x 0 4.8 
LOMESCUCOS! cicleieisinlorcieisiejeterelere +270.8 | 896 _— Ce Be MES UNO ype32 

20 Reals vellons=x U.S. Dollar. 
Sweden. 

Riksdaler, roo Ore.........- +273...|.750 98.28 _ _ _ 
HR EAMAON GUE aslo \alolsial el s\sialpieie/aicisis 1.092 | 750 | 393.12 a <— —_— 
Carolin, ro Francs........++ 104 | goo = _ 1.93-5 7 11.42 

Switzerland. 
Same as France. 

St. Domingo. 
Gomdes, roo Cents.........+ — = — 6.33 _ 3.125 

Tunis. 
Piastre, 16 Karubs.......... — — — 11.83 —_ 5.83 
BU PAESELO cic 0 oicfela lnlaelnideic'e » « 51x | 898.5 | 220.38 _ _ — 
ZEPAABLTO, «0 ce vdccccesceses +161 | goo — _ 2.9955 12 3.7 

Turkey. 
Piastre, 40 Paras s..... 60006 — — -- 4-39 — 2.16 
ZOPIASULE: . lines » =o} odes G7. 830 | 306.77 aa — =a 
roo Piastre, Medjidie........ +231 | gI5 — — 4.36.9 18 0 

Tuscany. 
Zecchino,Sequin........... 112 | goo — — 2.31.3 9 6x 

Tripoli. 
zo Piastres, Mahbub........ _ — — 74:3 _ 3 0.89 

Uruguay. 
Dollar, roo Centimes....... . — ~ — — — _ 

West Indies, British. 
Same as England. 

Venezuela. 
COMPAL Oa teint al els clelaielsi-laietelejere _— _ oa I = +S 
Bolivar) wETANCY c/s «a6 = _ _ = — aa 

Memoranda. 
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ENGLISH AND FRENCH MEASURES AND WEIGHTS. 

MEASURES OF LENGTH. 
Enouisu.—Imperial standard yard is referred to a natural standard, 

which is a pendulum 39.1393 ins. in length vibrating seconds in vacuo 
in London, at level of sea; measured between two marks on a brass 
rod, at temperature of 62°. 

Norte. —In consequence of destruction of standard by fire in 1834, and difficulty 
of replacing it by measurement of a pendulum, the present standard is held to be 
about 1 part in 17 230 less than that of U. S., equal to 3.67 ins. in a mile. 

Miscellaneous, 

Land.—Woodland pole or perch or Fen...........= 18 feet. 
Honest POle.2..re cksattese's sini ei 'elare geese =e ae 

Trish mile.......== 2240 yards. | Scotch mile .....= 1984 yards. 

Sea.—to cables, or 1000 fathoms, or 6086.44 feet, or 1.1528 statute miles 
= 1 Admiralty or Nautical mile or knot. 

3 miles=1 league. 60 Nautical or 69.168 Statute miles or 20 Leagues = 
1 degree. : 
Mean length of a minute of latitude at mean level of the sea= 1.1508 

statute miles. 
Nautical mile is taken as length of a minute at the Equator. 
Nautical fathom is roooth part of a nautical mile, and averages about 

- 0125 longer than the common fathom. 

Frencu,—Standard Metre or unit of measurement is defined as the 
ten millionth part of the terrestrial meridian, or the distance from the 
Equator to the Pole, passing through Paris. Actual standard is a plat- 
inum metre, deposited in the Palais des Archives, Paris. 

Metric Length in Inches, Feet, etc. 
Denomination. Metres. Inches. Feet. Yards. Miles. 

x Millimetre........ 00x +039 37 = = = x Centimetre a or +3937 ae = = 
z Decimetre........ az 3-937 04 _ _ = 
TMETRE.. 0.05 c see I 39-379 43 3.280 87 1.093 62 = 
1 Dekametre ....... 10 — 32.808 69 10.936 23 _ 
x1 Hektometre....... 100 — 328.086 9 109. 362 31 — 
x KILOMETRE..... «|. 1000 — 3280. 869 1093.6231 | .62138 
xr Myriametre....... I0 000 _ — 10936.231 6.213 77 

Norr.—For length of metre see p. 27. 

Old Measure. 

Toise ......== 1.949 metres. 1 Terrestrial league = 4.444 kilometres. 
Mille ......= 1.949 kilometres. | 1 Nautical league .= 5.555 Se 
Noeud (knot). = 1.855 ee x Arpent ........==900 sq. toises, in ian) 

MEASURES OF SURFACE. 

Encuisu.—Same as that of United States of America. 

Miscellaneous. 
Builders. 1 superficial part ............== 1 sguare inch. 

L2“PALES Bins wicvels vs miei enete ale is RISE C Ie 
T2 INCHES. oo) aie, aig Uayatateas Assia: «ala SOUANC Wf 00k. 

Boards.—Boards 7 inches in width are termed battens, 9 inches deals, and 
12 inches planks. 
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FRENCH. » 
Metric Surfaces in. Square Inches, Feet, etc.- 
Denomination, Sq. Inches. | Sq. Feet. . .Sq, Yards. Sq. Acres, 

1 Square millimetre........... +001 55 — _— = 
wing 'h” : centimetres: 54 steloels o +155 003 - a _— 
zr $< ‘decimetre:.......- wees} 15-500 309 -107 641 — a 
I \ were a: Centiare ....|1550.030916| 10.764 104 1.196 or _ 
I ekametre or areé..... — 1076. 410358]  r19.60: 
I ) pees or hectare —_ 2 as ee II 968. Te o 2 a 298 
I Hlometre: oes. s _ — —_ : 
xr ‘% ‘Mmyriametre*®. .. 032% — _ — 24 ae rg ee 

* Equal 38.610 908 sq. miles. 

Old System. 

1 square inch = 1.135 87 inches. 
1 toise F = 6.394 6 feet. 
1 arpent (Paris) = 900 square toises = 4089 square yards. 
1 arpent (woodland) = too square royal perches = 6108.24 square yards. 

MEASURES OF VOLUME, 

Imperial gallon measures 277.123 cube ins., but by Act of Parliament 
1825 its volume is 277.274 cube ins., equal toro lbs. avoirdupois of 
distilled water, weighed in air, at temperature of 62°, barometer at 30 
inches. . 6.2355 gallons in a cube foot. 

Imperial bushel, 18.5 ins. internal diameter, 19.5 external, and 8.25 
in depth, contains 2218.192 cube ims., and when heaped in form of a 
right cone, at least .75 depth of the measure, must contain 2815.4872 
cube ins. or 1.6293 cube feet. 

Grain.—x quarter = 8 bushels or 10.2694 cube feet. 

Vessels. —1 ton displacement = 35 cube feet; 1 ton freight by measure- 
ment = 40 cube feet. 

x. ton internal capacity = 100 cube feet, and 1 ton ship - builders = 94 
cube feet. 

English standard No. 5 is .oo8 grain heavier than the pound, and U. 8. pound is 
.oor grain lighter than English. 

Wine and Spirit Measures. 

4 quarts (231 cube ins.) .......+... == .8333 Imperial gallon, 
TO PAMOUS A sieeclcta sieges seid PL st Tancher. 
190" (18' imperial)... 0.30)... ==/1 runlet. 
gue (Oo Ia6aee ie eceeeeees = barrel. 
420% 35 Hs Wi hole de vita San I -tLOTCes 
Ga 52.5 : beccececes ==iehogshead. 
Cae 70 At Seieseeesss == I puncheon. 

126° eu 105 of Do). dh oe se pipe or butt, 

arieey cr Voc eccseteseeeeeeees x tun, 
3 puncheons 

Ale and Beer Measures. 

Imp’l gall’s. : Imp’l gall’s. 
4 quarts (282 cube ins.) ..—= 1.017 2 kilderkins = 1 barrel = 36.612 
9 gallons=1 firkin .....= 9.153 | 54 gallons=1 hogshead = 54.918 
2 firkins = 1 kilderkin...=18.g06 | 108 ‘“ =x butt....= 109.836 
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Apothecaries’? or Fluid Measures. 

r drop’. f cele Mae evan, 
60 drops .....+....==1 drachm. 

4 drachms.........==1 tablespoon. 
2 ounces (875 grains) = 1 wineglass. 

Coal Measures. 

50 pounds ....=1 cube foot. 
83) Se ..==1 bushel. 
SEES eae vat, tind 

1 London or 
80 or 84 pounds = { Newcastle bushel. 
goorgg “ =r Cornish US 
93 pounds ....==1 Welsh bushel. 
3 heaped bush. = 1 sack. 

12 sacks........== 1 chaldron. 
1 chaldron ..... = 58. 6548 cube ft. 
5-25 chaldrons ..= 1 room. 
1 London chaldron= 26.5 cwts. 
1 Newcastle “ 
7%, ton 4x. <- «++. ==44.5 cube feet. 
i LOOM % i... 0 cc=) 7 tONS. 

21 chaldrons.....= I score. 
TOISACES'.. 5: /s/siaas EF 1C0%e 1 barge or keel .. = 21.2 tons. 

Miscellaneous. 

1 last corn....... == 80 bushels. | 1 truss old hay.....== 50 pounds, 
Teton Watetn = cxenize 35.9 CHoGetta |= hi) MeWer-i. eaters) Oia 
x dicker hides... . = 10 shins. 1 bushel oats\......= go “ 
z last hides ......==20 dickers. rt) SOs. barley... gages 
x barrel tar......== 26.5 gallons. OEE + CAWRERE Jc oi nea OO! eee 
6 bushels wheat .. = 1 sack flour. I cube yard new hay= 84 “ 
T C1OVE .f.0)0.0 >» 40 7 pounds, Tit. 261d See oe 
TASCOLG ciate hicuewn|sssa2O [mee aL OPUEERIGHD,” & ng once ere eC ee 
T SACK HOUNe Gin ers cae 25.8 6-4 EDULE wradese ore ASS vie tos 
1 truss:straw.....=36 * T'sack wool doe Aces S04g 20S 

35-9 cube feet = 1 ton water. 

Li 

I wine gallon = 231 cube ins. 
xt beer “S Wesa8a- eye 
tlitre......== .22009 gallon. 
rgallon....== 4.544 litres. 
x cube foot..= 6.2321 gallons, 
MOUKCL .5 peo | O.333 : 

QUID. 

t hogshead wine ..= 52.5 gallons. 
I 4 beera 4S Hogi 
I puncheon wine..= 70 se 
I pipe or butt wine = 105 
Tpi) | Tebs beer sa—erags so) 
1 tun -= 210 

1 ton water 62° = 224 gallons. 

BUILDERS. 

12 cube ins. t solid part....... 
“inch.” 12) MAS\ parts .sie 

r2 “inches ” teense 

1 load timber, rough = 4o “ feet, 
I a “e hewn = 50 “ce “ 

rt “4 limes. s,..e ime Gaoushels. 
ro sand. Jette go:- .‘ 

Metric Volumes in 

xt cube foot, 

T square. ..4..2.. == 100 8q. feet. 
r bundle laths .....= 120 laths. 
x rod brickwork ...= 306 cube feet. 
r rood masonry ...=648 “ 
Batten, in section ..= 7 X 2.5 ins. 
Deal, ¢ te oe ee 

Plank, 2s | hs Rela Sis 

Cube Inches, Feet, ete. 

Denominations. | Litres. | Gills. Pints. | Quarts. | Gallons. Bushels. | Quarters. 

Centilitre.......... -or | .0704| .0176 = _ _— _ 
Decilitres. cs... . EP +7043 | «1761 — — —_— — 
EGRET EC teantatoboveleis ais tate I 7.0429 | 1.7607 | .8804 2201 _— _ 
Dekalitre......... 10 _ — | 8.8036 2.2009 -275 11 _ 
Hectolitre......... 100 3 — == 22.0091 | 2.75113 | .343Q 
Kilolitre........ ++ | 1000 _— =— — | 220.0908 | 27.511 35 | 3.4389 

* Equal 61.025 24 cube ins, 
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Wood Measure. 

r Stere or cube metre = 35.3150 cube feet or 1.308 cube yards. 
1 Voie de bois (Paris) = 70.6312 cube feet ; 1 voie de charbon (charcoal) 

= 7.063 cube feet; 1 corde = 4 cube metres = 141.26 cube feet. 

MEASURES OF WEIGHT. 

Brivisn.—1 Troy grain =  .003 961 cube inches of distilled water. 
I Troy pound = 22.815 689 cube inches of water. 
1 Avoir. drachm = 27.343 75 Troy grains. 

Avoirdupois. 

16 drachms, or ae 8 pounds .. =1 stone (for meat). 
437-5 grains } $5 fee Sete A, Ole ee TA ee +. = 1 stone, 

16 ounces, or ae ola Nala «. =I quarter, 
oon ceatne pons. Sass. pound, Tia) «+ = 1 ewt. 

zo hundredweights......==1 ton. 

The grain, of which there are 7000 to the pound avoirdupois, is same as 
Troy grain, of which there are by the revised table 7000 to the Troy pound. 

Hence Troy pound is equal with the Avoirdupois pound. 
In Wales, the iron ton is 20 ewt. of 120 lbs, each. 

Troy. 

Ae 16 ounces ..+++.++++- =I pound, 
20 pennyweights, or ae dite 25 pounds,.......... == quarter: 

437-5 grains cs Sy "| 4quarters, or 100 pounds = 1 ewt. 

By this are weighed gold, silver, jewels, and such liquors as are sold by 
weight. 

The old Troy ounce to the Avoirdupois ounce was as 480 grains, the 
weight of the former, to 437.5 grains, weight of the latter; or, as 1 to .g115. 

A h . 24 grains ...... 

Apothecaries.* 

437-5 grains = 1 ounce. | 16 ounces = 1 pound, 

FRENCH. 
Metric Weights in Avoirdupois. 

Denominations. Grammes. Grains, Ounces, Pounds. Ton. 

Milligramme......... ore) 4 ,O15 43 _ _- _- 
Centigramme......... :OL +154 32 — —_ — 
Decigramme ......... Ie I 543 23 — — _ 
GH OMIIRE a incre dainssic bes I 15-432 35 _ _ _ 
Dekagramme........- 10 154-323 49 +3527 _ _ 
Hektogramme.,...... 100 I 543-234 87 3.5274 .22046 | — 
Kilogrammet.....++++ 1.000 15 432.348 74 | 35-2739 2.20462 | — 
Myriagramme........ 10 000 _ _— 22,04621 | — 
Quintal; carsisncy ces +++s| 100000 — _— 220.40212 | — 
Millier or Ton......... I 000 000 — — 2204.021 25 | .9842 

+ Kilogramme = 2 lbs. 3 02. 4 drachms, 10.4734 grains. 

Norr.—For the values of the prefixes, as Milli, Centi, etc., see p. 27. 

Old System. 

I grain..= 0.8188 grains Troy. I ounce = 1.0780 02, Avoirdupois. 
I gross .. = 58.9548 st 1 livre = 1.0780 lbs. 

* As by revised Pharmacopaia, 
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FOREIGN MEASURES AND WEIGHTS. 

‘Tt being wholly impracticable to give all the denominations of measures 
and weights of all countries, the following cases are selected as essential and 
as exponents. 

With parent countries, as England, France, etc., their denominations ex- 
tend to their colonies and dependencies. Thus, the denominations of England 
extend to Canada, a large portion of the East and West Indies, and parts of 
South America, and those of France to a part of the West Indies, Alziers, ete, 

Abyssinia. 
Pic, Stambouili........... 26.8 ins. 

se geometrical.......... BO: 37. $e 

Also, same as in Egypt and Cairo. 

Africa, Alexandria, Cairo, 
and Hgypt. 

GUD tisisieieicinicisscns +.» 20,65 ins, 
MEA eiteislelstele osiueiowsies 25.49 ‘S 
DPC {CLOUIS a-saiojnininie’ alessioisie 2016 see 
“geometrical 2553 se 

K 11.65 ft. 
Mile 2146 yds. 
Feddan al-risach -552 48 acre, 
Roobak 1.684 galls, 
Ardeb. 4.9 bush 
Rottol 9821 Ib 

A Maragha = 15 Déréghé or x hour. 

Aleppo and Syria. 
Dra NIOSTOUP<\\sce:\slersiaie os pysis 21.845 ins 
EAU Telaie scsi e'> = «bafetetatsiaistarsinte/aietese 26.63 * 
Road Measures are computed by time. 

Algeria. 
PROD HUIS... « swisie sicieinleiets 3.11 ins 
Pic, SaMENDa(ele s «sels ete etter AOR. <P 

MAL TED ICH oieisie dis «u's a 'siwialeiele on 18.89) ‘¢ 
Also Decimal System. 

Alicante. 
LAN NiMe} GacdtOin. 336 neo INDO OOS 8.908 ins 
MANES R Oi idic COROQUS CORES ONO 35.632), $ 

Amsterdam. 
Voet..i.. Piislarsislereislels tive se TLerad INS, 
BE). oss enietalejaleie eee eeneeles 21.979: ‘* 
WAGON day siete Rice's 5.57 tt. 
LAC CRMBNSINEE Sra cs SAS 6.383 yds. 
MASE, 2.2% cc ce neenie 1.6728 acres 
BEOV GON. vc ...icie vieleere Melee 2.0095 ‘* 
VCD GBOAS AG esr be! +++» 40 cub. ft. 

Also Decimal System. 

Antwerp. 
PMBS isis cick b sine <phtp oles BIV276 ANS, 
Elle, cloth. oss S04 uae 
Corde...... +. 24.494 Cub. ft. 
BONWION ci leejorejsieicieiaies sees 3.2507 acres. 

Also Decimal System. 
. 

Arabia, Bassora, and 
Mocha. 

Wonk Aranic. . 62...6 cos aces 1.0502 ft. 
COVIte MOchan. 2. ..ecs owes 1g ins. 
Guz, ge agate 
ASSAUE coc vices s cies Penk 12.3 fb. - 
Mile, 6000 feet. 2146 yds. 
Baryd, 4 farsakh . «321 320 °° 
Weduait. a. ser emines a oen 57 600 sq. ft. 
Noosfia, Arabic. .......... 138 cub. ins. 
G09 Foe anes gehen emer 2 galls. 
DIPUEDL, 5 w:n's wrote snia s areretare cfaxe Ibs. 
Yomand!:? .Sitas iecesstos 168 “f 

Other Measures like those of Egypt. 

Argentine Confederation, 
Paraguay,and Uruguay. 
VEN a SEG SS SSE 1.5 bush. 
TATTODAL. oo. eck ate té..%° 25.35 Ibs. 
Quintal,. ......- .s.Weenate wong» {Sxe 
Also Decimal System in Argentine Con- 

federation and Paraguay. 

Australasia. 

Land Section? . 3.002 ao... oe 80 acres. 

Other Measures same as English. 

Austria. 
LON cnr sete Cembren eee 1.0371 ins, 
Fuss soo « Ww eehnan) . “1.0371 ft. 
SLRS BSE ais 24000 ft. 
Klafter, quadrat......... 35-854 Sq. yds. 
POCDOTE, hoe si. nc stanieigline 88 ES 
CURE USS: ciccweccsieiets z.1155 cub. ft, 
ACD LOMA ies. daiwin ie one 1.692 galis. 
EFimer...... S5go Fat 35s 12.774 ~* 
Wiertels ).cccucsucs eee 3, 1143 0% 
MGUZOe itn iisisacicienes 1.6918 bush. 
UZ, tsa wick hater eemaed .8642 grains. 
Pfund(1853, 500 grammes), 1.2347 Ibs. 
Centnere tens meines ces 123.47 11 166 

Also Decimal System. 

Babylon. ' 
Pachys Metrios ........4 +s. 18.205 ins. 

Baden. 
QUEERS Sapo ac Biter fem aicrelar slate 11.81 ins. 
Kilaftor i. 38 ch oor +. 5.9055 ft. 
RODD OE Bests iwlieieielae is lass ale 9.8427 ‘ 
Stunde... 0... 4860 yds. 
Morgen....... Hees aneee .  -8896 acre. 
Stutzes.. ses. Sicucnins ee SOLA ea, 
Malter........ 00% aot .. ‘4.1268 bush. 
LOG cislisteee ee OO ++ 1,1023 lbs. 

Also Decimal System. 
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Bagdad. 
GUA gates o's aritenn gue + 31.665 ins. 

; Barbary States. 
PIGS EURIS MMC Dic cs\eiein\ wes) sistas , 18.62 ins. 

rs te cloth. : 4 
SO ETipOli., sieiansaet s 

Batavia. 
OO aetersteiete marathi clnictetatatetabetale 
GOVIG ere fee eresiciers sist Sejatstetaels 27 
Erect. = eee sienna ais sie 27.75 --* 

Bavaria, 
USSie ateisteie ini» a'ele sforssle'ee 11.49 ins. 
WOPaitGhian s/acieie so ee done de 5-745 30 ft. 
FROG woe elt an wee «infu nswnis 3-1918 yds 
Shes eas o60—s** 
Ruthe, quadrat.......... 10.1876 sq. yds. 
Morgen or Tagwerk...... 8416 acre. 
Klafter, CUDGa sar sarsero neta 4.097 cub. yas. 
ONG ea ad tadeoe nacre o 15-058 56 galls. 
Siig 10 Kens Seine crcncciics 6.119 
LAS, ALS pa ope eS RE A 1.0196 bush, 
PTR rarest si a ies af sfare!«; 8642 grains. 

Also Decimal System. 

Belgium. 
DBTETIO’ sv beds «inje eje'0.einse.sieiiiate mie 2.132 yds 

Also Decimal System. 

Benares. 
VAEARTAUO’ Sy iaictnicsleysnamgia vieie's 33 ins. 

Bengal, Bombay, and Cal- 
cutta. 

PECK ere 2a: wtele) A1ehat dno alte nies a 3.1ns. 
SIAN: < sat hleelein's' s/o eisisie ss 
oh Mala ba uciiee a +0100 10.46 ins 

A Ass Sic Hee eerenat 18 FS 
Gus WBOMIUAY aia cleniersleseie « 27 EC 

6" Bengal ond. eceds 36 66 
Corah, minimum ....... 3.417 ft. 
Coss, Bengal........0+-. 1.136 miles. 

Cal@uitta ....cscces 1.2273. 6 
POEL Vebleralal ale ocunrmelalanaiale 9.8175 sq. yds. 
Biggah, Bengal......... 3306 acre, 

ss Bombay......-. »BxrTA yt 
SeerpBactory.. ...cccceas -68 cub, ins. 
Covit, Bombay...... sees 12.704 Cub. ft. 
Seer Bombay... «00s, 1.234 pints. 
WAU ara lyinio a ase lole'e a ee 4.4802 galls. 
MOOGSl. F2 his5 00 i. ah Me 112.0045 ‘S 

Liquids and Grain measured by weight. 

Bohemia. 
Foot, Prague........secsecees 11.88 ins, 

GS PEA SHIAL, 08 051 0,0.5.0,04058,9,0)8 12.45) $° 

Also same as Austria. 

Bolivia, Chili, and Peru. 
A i a apayelanerdeea betas tee 33-333 ins. 
Fane gada.eccaceneciecece 1.5888 acres. 
Gallon......... eencntone 74 gall. 
AMORA slatite.e « via’u'as/¢/s'sla.e'es 1.572‘ 
MAUNA he asin’ s\e niaiaielel des aerats 1.014 lbs. 
ATTODA\ «0's 0c oie ac nieiecises 25.308. * 

Originally as in Spain; now Decimal 
System in Chili. and Peru. 
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Brazil. 
Palmo, Bahia.....v... - 8.5592 ins. 

4 Vara caei on - 3.566 ft. 
Bracartyy styae s3 ssh Sane ee Weige.s 
COL eats: sisivie.c.a + eee 16448 Acres, 
Also’ same as Portugal, and sometimes 

as in England. 

Buenos Ayres. 
2.84 ft. 

meetelets 3.226 miles. 
Suertes de Estancia....27 000 sq. varas. 

Also same as Spain. 

Burmah. 
SANTI AY tevore covets apr veietater terrae x inch. 
LED So Gait SOD ARAt A Boss 4.277 yds. 
M6 CESAR ppaniinieno. sn eapesciss 3-6 lbs 
UO UR BADADR OA As Anne ost ues 
Saadinge. jens cee Be NG 

Also same as England. 

Canary Isles, 
OZ ssw sipiaain oa nie A eae 927 inch. 
Pic, Castilian o.....6..000 11.128 ins. 
A DaWde cctisiasisismeo ee sisie see acre. 
POMC RAGA caaclelete etialeir claln al 
LAT) NEL Fai fketels a oxsbatatpharaiers otatgle i soci lbs, 

Also same as Spain. 

Cape of Good Hope, 
11.616 ins. 

fae nig. air s\bTareretote ofp 2.116 54 acres, 

Also same as in England. 

Ceylon. 

China. 
Talis leteiave ete are Giviain oye etd -486 inch 
Chih, Engineer’s......... 12.71 ins. 

Kator Covid..42. sess a3 ;n25 
“c “ 14.1 “ 

Changi... <2 reset Wk 
‘ “legal 14 sie 

Ps... 00 edees 4.05 ft 
Chang, fathom 10.9375 ft. 

DE ee a Oc ee en ka ge) 486 yds. 
Pa OF UDR No Pe rera%tie-s ore 3.32 8q. yds, 
King, 100 Mau........4.. 16.485 acres, 
TAU isa deeeacatweeiss r.13 galls. 
Taelts. «aie aes BaP a oere's's 1.333 OZ. 
Catt yc. ass Wal atatyidrs aia RE ets 1.333 lbs. 

Cochin. China. 
Thuoce or Cubit.......+.++- 19.2 ins. 
IS Sia ph atau stersss)«\vipip lave caie(e’eieiabary 64 sq. yds. 
MO ge ioe « sicig:sio:a'e vinie #/0/4inie'eiepe 1.32 acres. 
VO Se cise ow ASSL! beter 6.222 galls. 
STA hl si oi oe vieieeinye aeieyaae Tedad ist 
NOD 62/25, seine tle's ave a aiaje Sastre -8594 Ib. 

Colombia and Venezuela. 
ELD UO ois nce: s, ain a siaisinceralasator stale 1.102 lbs, 
OBCNA so. oy ciclsariglestnue eee 25 fi 

Also Decimal System. 
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Denmark,* Greenland, Ice- 
land, and Norway. 

Tomme...........+.0 1.0297 ins. 
Odi ciearccisele ore wletzieteiets 1.0297 ft. 
Fayn, 3 Alen bt1 16.1783 “* 
MaRS SSIS). fale. sia Persie, he 64098 miles. 
“ nautical....')... Hane 4.61072 <° 

ANKEY.. 0. eee eeeeeeee 8.0709 galls. 
SCP PCy, wsiccrionie vase -478 bush, 
Fjerdingkar -9558 “* 
PYRG giceeee ae 1.1023 Ibs. 
Lispund 17.4070 <= 
Centner,..j.n.ec on. es? 410,23'- “ 

* Also Decimal System. 

Ecuador. 

Decimal System. 

Genoa, Sardinia, and 
BOF vs @ awe 

PANE OR at folnterno masts ani siole 9.8076 ins. 
Piede, Manual, 8 oncie... 13.488 ‘* 

SPeliiprando, 22.s oo. ...20le3) sar 
Trabuco or Tesa.......... 10.113 ft. 
MAGHOA is. ovis vveey ewes 1.3835 miles. 
Starello . nc ssecssessee +9804 acre. 
GIOMADA seek oe wenee ween ORG. & 

Germany. 

The old measures of the different States 
differ very materially ; generally, how- 
ever, 

Foot, Rhineland .......... 12.357 ins. 
WiGHG\S Sha pang onne ons 4.603 miles. 

Decimal System made compulsory in x872. 

Greece. 
MUACIULIN "Se shoctahtse mee teers -6155 mile. 

Also Decimal System. 

Guinea, 

UPACHUANG tmiace esr poe tess Moree nate 12 ft. 

Hamburg. 

11.2788 ins. 
5.6413 ft. 

, 2.386 acres. 
Cube FUsss cst errese -831.1 cub. ft. 
TORS pcan eb pie 99-73 3 
VieRels tcisipselans pee isciee 1.5047 galls. 
Pfund (500 grammes),.. 1.102 32 Ibs. 
LOD yWtalefofaaisictae Ss aieete » 2135.8 lbs. 

Also Decimal System. 

Hanover. 
Busse. UGh ss ac dredges 1r.5 ins. 
Morgen. 0. c2i3seeneeese -6476 acre. 

Hindostan. ¢ 
J.2z1 ins. 
2.387. -“* 

19.08 a 

29.065 ‘ 
3.65 miles. | 
1.184 cub. ft. 

«14.209 ‘ 

FOREIGN MEASURES AND WEIGHTS. 

Hungary. 

BUSS. Ciuc s ceserserserdece 120445 INKS: 
LCM er oacccusceciseers 30.67 ‘ 
MONG. Sooo cscs cence cseerenss 9-139 yds. 

Also as in Vienna. 

Indian Empire. 
27-125 ins. 

x 1 8q. yd. 
. 61.025 39 cub. ins. 

2.204 737 lbs. 

Uniform standard of multiples of the Sen 
adopted in 1871. 

Ltadye. 

Milan and Venice. 
Decimal System. 

The Metre is termed Metra, the Are, Ara; 
the Stere, Stero; the Litre, Litro; the 
Gramme, Gramma, and the Tonneau, 
Tonnelata de Mare. 

Naples and Two Sicilies. 
Panis ..5 coat ees poems 106.381 Ins, 

PCADDAL .-.1~, aos e eiaels weirs ae 6.921 ft. 
ROMEIGLIO. ...< «sss sap aero 1.1506 miles. 
DIGUOAGO. ... . vccicisin ces om we -7467 acre. 
WE OBIE. win <a aeig aelaly .86 wy 
Penzas ROWAN. os. cece ese -6529 “ 

Roman States. 
Old Measure. 

OOK a0 « AMET Sin em Clo Nes 11.592 ins. 
Architect's » Less 

Braccio...%.. sabe 30:73> <a 
Pal Sik alc de octet cate 8.3475! 
MEI ZNO SoS dete amet: eiace 1628 yds. 
NQUBTER or oia.c aithers sicie ve ietern 1.1414 Acres. 

PIG ich athe Ro bshy helenae 11.94 ins, 
Palmoik Sainte co saeevee tay KE 

| BFACCIO!. COVE. vase es odes B2:90I° 
|"PASSCUNR O63. eon neneocle 3.829 ft. 
PASSION Th civic cdected dared Sugai St 
DRO Nee are vi nieyajors sie elevate 1.0277 miles, 
QUAATANOS. CSS cs cevie eee cise -8413 acre. 
Sacvator. SU Ris ccseacses r.geqitl 6 

Japan. : 

Sun, -303 03 Metre,... 1.193* ins 
Shaku, 3.0303 Metres.... 11.9305* ins. 

+ 9.9421* ft. 
5.9053* “* 

+++ 2.4403 miles, 
6080 feet. ¢ 

erates yslilade -971* feot. 
Momme.......«+ a 7565217 grammes Fr. 
PLY AUEMICS i pteretelesicielajeie\> -828 17 Ibs. 
Kwam-me...... Ric cine On eOnemce 
Ni yak ke site stcteise cree 132.507 32 * 
ManiSond hire. cvenesres 57-972 hee 
AKO, reve telco eeertciete 331.208 31 ‘f 

| Hiyak-koku 33.126.8308 
* These are as equivalent as they are practi- 

cable of reduction, 

+ Admiralty knot. 



FOREIGN MEASURES AND WEIGHTS. 

-328 galls. 
Seaf= ate(ataiatier data sip areeatareys 593-6 grains. 

+ 61.034 lbs. 
. 122.068 

Malabar. 
OY chp an eeineias niin see sss 10. 46 ins. 

Malacca, 
Hasta or Covid.... on. ccwnces 18.125 ins 
BCA wo) cisinin. siere' sp pice gineniard 6 ft. 
OPTION <.0.0ce dw racterisnvece 80 yds 

Malta. 
PaIMOWs hk osdoecascsadernes 10.3125 ins 
PGi eis ohisic's 4 sid cedssssets T1070 
Canna.... Go sid Melale'y Las 102, bl 
PICT 010 stein'e(slvip se «.a'els)5\0 aeis 4-44 acres. 

Also as in Sicily. 

Moldavia. 
MOOt Mas oiensctimacacas av aise . 8 ins. 
ROUBRING OS asa. coeae cdadadetdie 24.86 ins. 
WOUWHOMDR Seciice i ctcked estates ft. 

Molucea Islands. 
Covid é..... ocr scicint Duo 18.333 ins. 

Morocco. 
POWIN IA Ts cweiewiorr eierere 2.810 25 ins. 
CRAB OL e tess Sure retermreiereriaste 20.34 ins, 
Cubit..... Fick=Ken mens 2 % 
MUG Ft215.3. os ne0ee 3.081 35 galls 
Kula, oil 

PANIC tele slencteiaig siuieit’celais, «(4/2 6's 2.12 ins. 
Haut....... FMBOO oieie nately ale Oy gee 
MZ atreretale eh SOONTDOOOLIT ICO se. cee 
(Oh bot Wigner ota Udhac ceOroe ao 500 lbs. 

Netherlands. 4 
NSIC ab statcisileteipicietelavetalale/ ate 39-370 432 ins. 

Decimal System since 1817. 

Persia. 
Gerenassccsts Sette ctetnieiststs 2.375 ins. 
Gueza, common.......+ eal25 0 

sO)" Monkelrer. .. can@s ares ie 

7-015 acres. 
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Archin, Schah .........5. 31.55 ins. 
‘Go =-Arish .. oebiGoce7e Sf 

Parasang....... Seana a yds. 
Qhoairar are er preee +,» 80,26 cub. ins. 
Artaba 1.809 bush. 
Miscal...... aft. 3 CHA 71 grains. 
Ratel.:. 252... . 2.1136 lbs. 
Batman Maund 6.49 nt 

Liquids are measured by weight. 

Poland. 
TECWICE Sc. Sewtine acne os 

PretOw si seasend 
Mile, short. 
Morgens: s.....4505243%5% 

Portugal and Mozambique. 
BOOKS nite. e gabe anine 13 ins. 
Milipy tetcc soe eee ene 1.2788 miles 
AlMUAe <ei5. pcsweeweeenet 3-7 galls. 
DEP Erg eae BE 554 95455 755 1.488 bush. 
Algwtievice a: .-\-\-~eseienwie's 3.6 sh 
Librand.s Aaetaat obs veel 1.or2 Ibs. 

Also Decimal System. 

Prussia. 
FUULSSE . sehialcaisiaiviep eles wh om 12.358 ins 
RUEHG sensed mele om soled © 4.1192 yas. 
Meilesui <i.8..e es, +++ 24,000 feet. 
Quadrat FUSS. .......000% 1.0603 sq. ft. 
MONSON ra arrest laiacn ee. .63103 acre, 
Cube Fuss. +++ 1.092 Cub. ft. 
SOHGIME] 255.5 ssopopsereieis pe setah z.5721 bush. 
RDB ere cle tacit teal athe 7.559 galls. 
BOUNN cin cgcestmaiislats .++ 7217 grains, 
Zollpfund,...... aati sits 1.1023 lbs. 
COME OT: iyo slejatsteuslaiaiaa toss 113.43 Ibs. 

Russia. 
Morsholke weetisiss tesacsety 1.75 ips, 
BOO srepeis's vis ec coueate +e 12 iD8, 
Arschine. bic ese 
Rhein Fuss.. 1,03 ft 
BAJEDE »-sccesye erecenes 7 ft. 
WWiGTAD'c x'0:0) siete ceive sielt ice 3500 ‘ 
Miley oc tsiacottet anne od cet 5.5574 miles, 
Dessatina......... Coeeeee 2.4954 acres, 
VOOLOS iss sels ss cecccssees: 27049 Galls, 
Tschel-werha.....sseesee 1.4424 ‘S 
PAA Lia fe «0.0 seeeeee 1.4426 bush, 
Tschetwert..... seceeee 57704 | * 
Ln Pn aemrrennop ede 6317 grains. 
RONG orca staiardsdiinete. dssls nis clyse .go2 85 lbs. 

Decimal System adopted in 1872. 

Siam. 
9.75 ins. 

18 ins, 
“ce 

.098 48 mile. 
2.462 miles. 

Mele. ..2% edarbioie cfeia aids 7086 yds. 
MOL eD inn die» oeicis.e visinsawas . 163925 ACER 
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Singapore. Tunoland. ../-..vseieees 1.2198 acres, 
Hasta or 'Cabit.2..<.. we fveds. 18 ins, | Ankef...........ss6s0..2° 8.642 galls. 

z SPanE.. ives es secaas +s. 1.962 bush. 
BOMAGR S26. Fal es csssae 112.05 lbs. 

Also Decimal System. 

Switzerland. 
Fuss, Berne). ..2.sccs0s 00 11.52 ins. 

a“ 

ae 

Spain, Cuba, Malaga, Ma- ein ft. 
nilla, Guatemala, Hondu- 4.8568 miles, 
ras, and Mexico. .85 acre. 

PAO ta tetae aernaprecss alse § 11.128 ins. 2.6412 pints. 
Wala ciccve dceub re ras sess 33-384 ‘ 8.918 galls. 
SMUG tg atsteratersacdls/alevole'a/ slap 6 -865 mile 4.1268 bush, 
Legua, 8000 varaS........ 4.2151 miles. “sf 1023 lbs. 

Fanegada, 1.6374 acres. Also Decimal System. 
Vara, cubo 21.531 cub. ft. : 
CUM ge. «ore sin ae sini .888 gall. Tripoli. 
Arroba, Castile........... 3-554 galls. | Pik, 3 palmi............-- 26.42 ins. 
Fanega........ ca eeeeeees 1.5077 bush. | Almud..........s+eee0s 319.4 cub. ins, 
VANS IY BR Scone pe anon “Asn c 1.0144 lbs, Killow... é 2023 eT 
TORGIAGAs. cos aca ssene 2028.2 lbs. Banle.-* . ++. 14-267 galls, 

Also Decimal System. MCMC sine: aioce nee tie aane -7383 bush, 
. Rottol 7680 grains. 

Stettin. ; ISG et Sc. Sao 2.8286 Ibs. 
TOUSS ie cnisjeyeinis olaaeinre's ae «nie 11.12, ins, 
Foot, Rhineland.......... 12.357 Turkey. 
IBING! Ss. State's sintoiejore. see's goes + 25-6 ins. BIC ROU ve,z ce toeauee cen 27.9 ins. 
MOrgenivrniv. cae Balinese wi s7aovaeres..1 “S small... eet eetn. <6 27.06 “* 

AEP 5B sak okesn ain siaieininisesinieis 1.828 yds. 
Sumatra. FAMIRGES hebrew dw eldalache sau 1.154 galls. 

Jankalior Span... ..eccecesenes g ins. Also Decimal System.. 
LOW wteiccin jew acca cece ade 18 * 2 
Hatlonnen. ict witcisier tacidaictennes 36. )< Wiurtemberg. 
RAURODIN SIG ci cratavererete visita stable eee 6 ft. Puss. .....0...22220005 11.29 ins 
Tung HH, Ehis RA dave wot eee 4 yds. PMID ce cous eek eweee 2.015 ft. 

MIGUOR en dates vasiic- 8146.25 yds. 
MOTION i os cia ns cesicisesys 7793, acre. 

Tussoo, cloth . cueeRe are wees FeTOT INS.) CUDGPNES esos nc deen: 83045 cub. ft. 
GUZEN as aa 27. BGR Bl EAEDOR vote cleiclc ce lexis sh 64.721 galls. 
LQUING ciejais cersieaid vice da aetiate BOLO’ “SE Nl SChenohan Le efselste wi ft ees 4.878 bush. 
ee afapaia le; die dian wan wletaret ale AS Tn Mendpea p02 Uae se Sea See 7217 grains. 

iggaliede scatee,s Hele SARS NRC TE 
Be ues) Zurich. 

Sweden. QW | Russe pec. 2c .o.s Beatie 11.812 ins. 
Fot..... ADA A Reese cssees 11.6928 ins. 23.625, ‘f 
ROP sy iateralaibce winin' oi Barasisis 32.4703 yds. 5.9062 ft. 
Wa eniye wernt esa ee aences 5.845 ft. 4.8568 miles, 
LOagne...sccsceces Warsisis 3.3564 miles, ..  -808 acre. 
MGlOsra pos amen anaaan 6.6427 144 144 cub. ft. 

LENGTHS OF ENGLISH RACE-COURSES. 

Course. Miles. Course, Miles. Course. Miles. 

NEWMARKET, DONCASTER. GOODWOOD. 
Across the Flat Circulars ......... 1.915 || Cup Course........ 2.5 
BeOaCON cane dey Fitzwilliam........ I LIVERPOOL. 

Cambridgeshire. . 5 Red House......... ‘71 |! New Course. % 
Cesarewitch........ : StMeger,.. occu. qiBas ieee Ie. GNA, : 
Round. uch. sass : Cup Course........| 2.634 || NEW Castim....... ee 
Rowley Mile........ .| 1.009 EPSOM. OXFORD:.......- ose | 2 
Summer Course ....| 2 Craven encn ms ..| 225 YORK. 
Two-year old, new..) .702|| Derby and Oaks....|x.5 |] Stakes Course......| 1.75 
Yearling....... .-++| -277|| Metropolitan.......| 2, 25 || Two-mile..........| 1.923 
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SCRIPTURE AND ANCIENT LINEAR MEASURES. 

: Scripture, 

Migitoowes, esice hs z -g12 inch. | Span, 3 palms..........4....-z0. ins, 
Palm, 40 digits ...0.2.000.6. 3-648 ins. Cubit, 2 spans.......... : Ab 21.888 te 

Fathom, 4 cubits............ 7 feet 3.552 ins. 

Hebrew and Egyptian. 

Nahud cubit.........-..-.. 1.475 feet. | Babylonian foot........ 
Royal ~*t 4.2... phbosod T. 720. Hebrew CE 9G ufo el vee ce 
Egyptian finger........... -061 45.‘ Hilt cubits. kei seeeeeee 1.817 ¢ 

Hebrew sacred cubit....,........ 2.002 feet. 

Grecian. 

Decade d came s,s. Poece +.» -7554inch, | Ancient Greek foot 
Potisn(faos)asisgs - vee erase 1.0073 feet. | (16 Egyptian fngersy} Ct -984x foot. 
(S101 Doe ARE gen eo ctascne ri1332 Arabian foot. 770 eee. -. 1.095 feet. 
Pythic or natural foot...... -814 foot. | Stadium......7. A, 6oiiox7é ‘ 
Attic, or Olympic,"  .. 5c). 1.009 feet. idoegt stadium......... 606.29 Lon 

Mile, 8 stadium......... 835 feet. 
Alexandrian or Phileterian stadium (600, Phil, feet) = 708.65 feet. 

Volwme.—Keramion or Metretes. ivi. veces eens 8,488 gallons. 

Jewish. 

Dubit:.6.. Prt) oe +--+ 1.824 feet. | Mile, 4000 CUDIEB A sip nsetoe 72096 feet. 
Sabbath day’s journey... . 3648 ME MAY’ S JOUTNCY . sfnsiaieeiciess « 33-164 miles. 

Roman Long Measures. 

DHOAC acta cost Ae Bal we cits -72875 ins. | Cubit..........sseeeeeeeeee 1.4505 feet. 
Uncia (inch)......... since’ « 1G07 (¢ | PASSUS.....sseissece WaNis nate 4.835. 4S 
Pes (foot). .2.0... ceeseocs 11.604 «¢ | Mile, milliarium,........ 4842 “ 

ANCIENT WEIGHTS, 

Hebrew and Egyptian. 

Troy grains: Troy Broinss 
i 8.2 ‘ 51.9 

Attic obolus......... bE aeoeeHe { g.tt Denarius, Roman............ { b2.8t 
; INCLOlngaalaagnvau tv e's 544 

OP” drachmMa@ ...oLecdedee oo. CeAOT = | BhEKel. op dessicy ene mana etidietete 92.62 
(a Bone 

Wesser mina fs... ce 3892 | OUNCE... sees sees eeeee renee 437-21 
Greater mina...........+ ie , 43L- 24 
Egyptian mina ; i Drachm, eelcens error 146.5 
Ptolemaic «85g adiveweees 8.985% | LIDTA.. ce er nennnnnnetevereue 4086.1 
Alexandrian. “: .......08.-. °9:992* | Pound.........+....- 12 Roman ounces. 
OBOE Aa Medveacpebeee. AtOF ie | PALUD I. does ciseeiciccin aces 581.71 ounces, 

Talent (60 MIN)... 2.1... dese ele ee ee 2. 56 lbs. avoirdupois. 

Grecian. 
; Troy grains. Troy ounces, 

Obolus, ancient ,.........--++++ 8.33 MUTT) see alate! fre sia.c\« oie\olshevsisisr>jsiviaiats 10.4 
eb Oe (cia chess) agin aletatl ora Anaisl a s\> inks 11.57 MST RTCAL vec ae sce wsiainie Bonciipn 14.472 

GEL A.) (ctainlaleietalsiviese'gaaieia’s a. 23.15 VALOR Ua ed aiciete aicis. 0 eto cusiersisieritars 125.19 
DIAC Age: s ccleraicisslerciars «joj niece: « 50.01 CITE AGUIC «/s «0101s »1040 Viruses oo. S 2 

st PTOAtRT wet. a 69.47 

: Roman. 

Ounce... ..%': Pacifiers 416.82 grains. | POUNd..0....sceseeveess 10.41 OUNCES. 

* Christiani, + Arbuthnot. } Paucton, 
K* 
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GEOGRAPHIC MEASURES. AND DISTANCES. . 

To Reduce Longitude into Time. 

Roure.—Multiply degrees, minutes, and seconds by 4, and product is 
the time. 
Exampie.—Required time corresponding to 50° 31’. 50° 31’ XK 4=3h. 22m. 48. 

To Reduce Time into Longitude. 

Rute.—Reduce hours to minutes and seconds, divide by 4, and quo- 
tient is the longitude. Ov, Multiply them by 15. 
ExampLe.—Required longitude corresponding to 5h. 8m. 11.28. 

sh. 8m. 11.28. = 308m. x1.28,, Which > 4=77° 2! 45.5”. 

Or, multiplying by 15: 5. 8m. 11.28. X 15 = 77° 2! 45.5". 

Table of Departures for a Distance run of 1 Mile. 
Course. Departure. Course, Departnre. | Course. Departure. 

3.5 points. 773 4.5 points. -634 5-5 points. +471 
4 x +797" 5 x +556 6 . +383 
Thus, if a vessel holds a course of 4 points, that is without leeway, for distance 

of x mile, she will make .707 of a mile to windward. 
Or, a vessel sailing E.N.E. upon a course of 6 points for roo miles will make 38.3 

(x00 X .383) miles of longitude, 

Degrees, Minutes, and Seconds of each Point of the 
Compass with Meridian. 

Nort. Sourn. Points. ea aa) Sin. A.* | Cos, A.* | Tan. A.#* 

+25 2 48 45 -0489 -9988 -O4Q1 
INGE iciaiarstcerbiers Sais h ac “5 5 37 30 -098 -9952 -0985 

of is] 8. 26 15 -1467 -98Q4 +1484 

I II 15 195 -9808 -198 
Noby Bic iikn Siby By, ccc 1.25 14 3 45 +2429 -97 pe 
INSbY Wisc ois NIV. Wissis aoe 1.5 16 52 30 +2963 +9569 +3034 

1.75 19 41 15 +3368 +9415 +3578 
: 2 22 30 3827 +9239 +4142 

ONIN Elalesn.j «0s S.S.E Eaisitre ates 2.25 25 18 45 +4275 -904 +4729 
ANESNSAUYs! sieis.>'s SSF Weare suten 2.5 27. 7 30 +4714 8819 5345 

2.75 | 3056315 | .5r4x | .8577 +5994 
3 33 45 +5556 8315 -6682 

N.E. by N.... | S.E. by s. ate 325 36 33 45 5957 8032 +7416 
N.W. by N... | S.W. by S.... Bud. 39 22 30 6344 773 .8207 

3:75 42 II 15 -6715 +7409 _ +9063 

4 45 17074, |. -7o7x, |= 
NUEK Sch hiesns 8. BSE vatat eto: vin J] 4:25 47 48 45 +7404 -6715 I.103 
IN WWarceintats nieve SOON Meretst eel sin ie 4.5 50 37 30 773 -6344 1.218 

4:75 53 26 15 +8032 +5957 1.348 
5 56 15 8315 +5556 1.497 

N.E. by E. .. S.E. by E 1 5-25 50 3: 45 8577 - 5141 1.668 
N.W. by W... | S.W. by W. 5.5 61 52 30 8819 “4714 1.871 

5°75 64 4x 15 904 +4275 2.114 
6 67 30 9239 -3827 2.41 

\ENINGI Ra ARON E.S.E saienies J 6.25 70 18 45 +9415 +3368 Bo 
IWeINE Worse isis Wes We iano 6.5 73 <9.30 9569 +2903 3.296 

| 6.75 75 56 15 97 +2429 3:941 

7 78 45 -9808 +195 5.027 
Bm byi Nines E. by s. ars J) 728 8x 33 45 9891 1467 6.741 
Wabi Nive yo We DyaSecapine 15 84 22 30 9952 -098 10.153 

7.75 87 11 15 9988 -0489 | 20.555 

East or West. | East or West...| 8 go I +0000 | 09 
* A, representing course or points from the meridian. 
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GEOGRAPHIC LEVELLING. 

Curvature and Refraction. 

Correction for Curvature of Earth, to be subtracted from reading of 
a levelling-staff, is determined as follows : 

Divide square of distance in feet from level to staff, by Earth’s aan 
torial diameter—viz., 41 852 124 feet. 

Or, Two thirds of square of distance in statute miles equal the cur- 
vature in feet, 

Correction for Refraction is to be added to reading, and as a mean 
may be taken at about one sixth of that for curvature, 

Correction for Curvature and Refraction combined, is to be subtracted 
from reading on staff. 

Fornuulas of Capt. T. J. Lee, U. 8. Engineers. 

D? ? D? : c 
— correction for curvature, E7= correction for refraction, and 

2 
Tp)? 

G@— 2m) oko correction for curvature and refraction. D representing 

distance, R radius of earth, and m a coefficient of refraction = .075, all 
in feet. 

InLusTRATION, —A distance is 3 statute miles, what is correction for curvature 
and refraction? 

ox 

eres = -85 X 5.996 = 5.097 feet. (t—2 X .075) 

Approximately, 2 D2 = curvature in Sect. 
3 

Levelling by Boiling Point of Water. 

To Compute Height Above or Below Level of Sea. 

517 (212° — T) + (212° — T)? = Height. 

ILLusTRAtiIoN.—What is height of an elevation, when boiling point of water is 182°? 

517 X Faas see A gaph 5820 517 X 30-+ 307 = 16 410 feet. 

Corrections for Temperature to be made in Connection with Formula. 

orrec- orrec- orrec- orrec- lorrec- Correc- 
Temp. peel Temp. rag Temp. fa Temp. ‘en ‘Temp. pitt Temp.| tion, . 

° ° ° ° ° ° 
o | .936 18 972 || 36 | 1.008 |} 54 | 1.046 |] 72 | 1.083 go | 1.12 
|.) °O4: 20 -976'|| 38 | 1.012 56 | 1.05 74 | 1.087 g2 | 1.124 
4 | -944 22 -98 40 | 1.016 58 | 1.054 |} 76 | 1-091 94 | 1.128 
6 | .948 24 -984 || 42 | 1.02 60 | 1.058 || 78 | 1.096 96 | 1.132 
Gail, <O52 26 -988 || 44 | 1.024 || 62 | 1.062 80 | 1.1 98 | x.136 

10 | .956 28 -992 || 40 | 1.028 64 | 1.066 82 | 1.104 || 100 | 1.14 
12 -96 30 -996 || 48 | 1.032 || 66 | z.071 84 | 1.108 || 102 | 1.144 
14 +964 B20) 2 50 | 1.036 || 68 | 1.075 86 | x.112 || 104 | 1.148 
16 | .968 34 | 1.004 |] 52 | z.041 |] 70 | 1.079 || 88 | x.116 || 106 | 1.152 

ILLUSTRATION. —Assume temperature in preceding illustration to have been 80°, 

Then 16 410 X 1.4 = 18 051 feet. 
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GEOGRAPHIC LEVELLING.—MAGNETIC VARIATION. 5 ji 

ILLUSTRATION, — Curvature of Earth independent of refraction is computed at 
_ 667 foot = 8.004 ins, for x1 geographical mile, and as refraction on land is taken as 
-104 foot or 1.248 ins., and on ocean at .og9 "foot or 1.188 ins., relative visible dis- 
tances of an object, including curvature and refraction, for an elevation of 

-667 foot is x.0g miles on land, and _x.08 miles at sea. 
I “se 1.33 “ oe 4c ae 1.32 “ ch 

9 — “ec 4 “ “cc “cc ce 3:98 “ a 

Ir mile “ce 104.03 “ce “ “ 103.54 ce “e 66 

Difference between two levels in feet is as square of their distance in 
miles, 

ILLUSTRATION. —At what elevation can an object be seen, at surface of ocean, when 
it is 2 miles distant? 

1? ; 27 3: .568 : 2.272 feet = 2 feel 3.254 ins. 

Difference between two distances in miles is as square root of their heights 
in feet. 

ILLUSTRATION I. —At an elevation of 9 feet above level of sea, at what distance 
can an object be seen upon its surface? 

Vf -568 =.754: 1224/9: 3.98 miles. 

2.—If a man at the fore-topgallant mast-head ofa vessel, 100 feet from water, sees 
another and a large vessel ‘‘ hull to,’’ how far are the vessels apart? 

A large vessel’s bulwarks are at least 20 feet from water. 
Then, by table, roo feet TEAR seb cae = 13:27 

BO cpa ccincgnasiacee = 5.93 

Distance........ 19.20 miles, 

When an observation for distance is taken from an elevation, as from 
a light-house, a vessel’s mast, etc., of an object that intervenes between 
observer and horizon, or contrariwise, observer being at a horizon to 
elevated object, distance of observer from intervening object can be 
determined by ascertaining or estimating its elevation from horizon, and 
subtracting its distance from whole distance between observer and 
point from which observation is taken, and remainder will give distance 
of object from observer. 

IntustRATION.—Top of smoke-pipe of a steamer, assumed to be 50 feet above sur- 
face of water, is in range with horizon from an elevation of roo feet; what is dis- 
tance to steamer from elevation ? 

TOO 16Gb 0'¢ Moise on Ve pritec icc = 13.27 
SOMES oo cinke e's Mav adie Gaje.sie's = 9.38 

Distance........ 3.89 miles, 

Approximately.—Curvature less Refraction = .566 D? for land and .563 D? for sea 
D representing distance in miles. 

MAGNETIC VARIATION OF NEEDLE. 

America, — Needle reached a Westerly maximum in 1660, and then 
varied to East until 1800, when it reversed to West. 

London (Eg. ). From 1576 to 1815 variation ranged from 11° 15, 
East to 24° 27’ West, when it receded gradually to 21° in 1865. 

Jamaica (W. I.).—No variation from year 1660. ‘ 

Diurnal Variation,—There is a small diurnal variation, being greatest 
in summer (15’), and least in winter (7' 30’), added to which a change 
of temperature affects a needle. 



58 . MAGNETIC VARIATION OF NEEDLE. 

Variation in U. S.— Professor Loomis concludes that the Westerly 
variation is increasing and Easterly diminishing in every part of United 
States; that this change occurred between 1793 and 1819, and that 
present annual change is about 2’ in Southern and Western States, from 
3/ to 4’ in Middle States, and 5’ to 7’ in Eastern States. 

Rules for computation of variation are empirical, except in each 
particular locality, as the annual and diurnal variations of the needle, 
added to local attraction, render it altogether unreliable. 

Decennial Variation of Needle. 

Mr. Schott, U. S. Coast and Geodetic Survey. 

From January 1, 1790, to January 1, 1880. 

LOoATION, 1790. | 1800. | 1810, | 1820. | 1830. ] 1840.| 1850. | 1860.) 1870.| 1880. 
| —_——| 

W. Vue W. W. W. W. W. W. W. w. 
° ° ° ) ° ° ° ° ° ° 

Halifax, N.S. ..../15.2 [15.9 |16.7 |17-4 | 182 | 187 |219.3 |19.8 | 20.1 | 203 
Quebec, Can. . — —— |1z-2 | 12.3. | 13.4 } 34-4 [15-3 | 26 16.4 — 
Portland, Me. 85 | 89 | 9-4 '|10  |10.6 | 1x.23)] 17.82/12.35] 12.8 | 13.15 
Burlington, Vt....|..7.7. | 7-52} 7-39| 7-53| 8.17) 8-94] 9.62 | 10.21 | 10.97 | 21.97 
Newburyport, M’s.| 7.2 | 7-4 | 7-8 ba Tu g-6 | 10.23 | 10.83 | 21.4 | 22.8 
Portsmouth, N. H.| 7.8 | 8 8.4 | 88 | 09.35} 9.94] 10-55) 22.15 ]/11.7 | 12.2 
Rutland, Vt. .....| 6.5 | 62 | 614) 6.39] 69 | 7.64) 8.53]. 9.53} 10.54) 11.49 
Salem, Mass...... 6.2 | 62) 6.5 [7 7-8 | 8.7 | 9.8 |10.9 |x11.9 |12.8 
Boston, Mass. .... 6.7 | 7 7-4 | 7-9 | 843] 9-05] 9.69] 10.32} 10.9 | 12.42 
Cambridge, Mass..) 6.9 | 7.x | 7-5] -8 8.64] 9.33 | 10.03 | 10.67 | 11.21 | 11.63 
Providence, R.I...| 6.24] 6.37} 6.45| 6.73] 7-43 31| 9.09] 9.65 | 10.21} 10.94 
Hartford, Conn...) 5.2 | 5.16! 5.24] 5.46| 5.8 | 6.24! 6.77] 7.36] 7.9 2 
New Haven, Conn.| 4.8 | 4.7 | 4.8 | 5 5-43 | 5-09| 6.67] 7.41} 8.18] 8.9 
New York, N.Y. .|,.4.29| 4-28). 4-3 | 4:47] 4.91| 5-59] 6.34! 6.96] 7-43] 7.84 
Philadelphia, Pa,.}.2.4 | 22 | 22 | 2-28) 27x] 3.33] 412] 4:99] 5-89] 6.76 
Baltimore, Md....| — — -6 StS al pias rl We ey Aa ine beg 2 al UR — 
Albany, N. Y....., — “a 5-4 | 5-79] 632) 6.97} 7-7 | 847] 9.2 | 99 

Buffalo, N, Y. ..., uit -O1 ae? R 74| 1-33.| 2.05} 2.85}..3:68] 4.49 

Brie, Pa. ......0e #03 fe 635, ) 849 43 17 =o Aig, 1.5 | 2.23] 2.96 

Cleveland, 0...... 22 | 2 Too SS. ees la 204) oe SE Lan 92 teO7 
E. E. 

Dotroit, Mich..... — .18| 3.2x| 2 2.55| 2.09] 1.56] . I I es ww (wl wel ww lw le) 
ashington, D.C.| «x — ee) 6.) 1 1.49| 1. 2. z. 26 

E. EK. E. E. E 2 ae E = i 
Acapulco, Mex....} 7.2 | 7.8 | 83 | 8.68] 8.88) 8.91] 8.79] 85 | 8.06]. 7.5 
Charleston, 8. C...} 5.1 | 4.9 | 4.5 | 4.04] 3.44] 2.78] 2.12] 1.52] 2 -62 
Havana, Cuba....] — | 6.2 | 6.26] 6.22] 6.12] 5.94| 5.71] 5-44] 5.2 — 
Kingston, W.I....| 6.3 | 6 5-7 | S415 4 vines |) ab 3.4 | — 
San Diego, Cal....| xz 1.x |11.3 [1x6 [11.9 | 12.2 |12.54| 12.88] 13.2 | 13.5 
Savannah, Ga.....| — — 4.9 | 4.8 | 4.5 | 4-14] 3-65] 3.08] 2.48] 1.89 
Mobile, Ala.....0.)0— 7.45] ze | 73) 9.2 [77.0 | 7 8.8 | — | 6.3 
Key West, Fla....| — _ _— 6.9 | 6.52] 6.03] 5.47] 4.86]. 4.24] 3.65 
Monterey, Cal. .../iz4\'| 12 12.6 | 53.3 | 13-9 |24.44) 14.95 | 15.42] 15.79 | 16.08 
Mexico, Mex......] 7.4 499-7. | 83 | 8.6::| 8.8 g | 876) 8.48 04} 7.46 
New Orleans, La..| 7 7-5.| 7-9 | 8x | 82 | 814] 7.94| 7-61] 7-15] 6.62 
San Blas, Mex. ...| 7.41] 7.88] 8.28) 8.61} 8.84] 8.97] 9.9 | 8.91] — _— 
San Francisco, Cal. | 12.8 )}.13.4:)|.13-9 |-14-42 | 14.92] 15.38 | 15.78 | 16.11| 16.36 | 16.52 
Sitka, Alaska..... — | 26.12 | 27.11 | 27.89 | 28. 48 | 28.88 | 29.08 | 29.08 | 28.88 }.28. 5 
Vera Cruz, Mex...| 8.37| 8.95! 9.321 9.48! 9.421 9.141 8.661! 7.981 7.151 — 

For variation in other locations in United States and North America, 
see Treatises of J. B, Stone, C.E., New York, and Heller and Brightly, 
Philadelphia, 1878. , yxy 



“MAGNETIC VARIATION OF NEEDLE. 

Table for Reducing Observed Daily Variation of Needle 
to Mean Variation of the Day. 

U. S. Coast and Geodetic Survey, 1878. : 
Needle East of Mean Mag- 

AM.) A.M. | A.M.) A.M. |A.M, 
netic Meridian. 

Needle West of Mean Magnetic 
Meridian. 

A.M. | NOON, |P.M.| P.M, |P.M.|P.M.|P.M.[P.M, 

Autumn. ot 
Winter. 2. ..5.. 

SErAson. 

h. | he | he 
6ata7H| 8 
1 t t 

Spring...) F 4 4 
Summer.......] 4] 5 | 5 

2.63 ] 3 
I I ae 

h. 

HNNAW ~O 

h. 
Io 

f, 

= 

E 

I 

h. Relea Fees biylee 
rz |Noon.|. x 2 3 4h 
t , , ' ‘ , 

I 4 5 5 4 3 
2 4°77 O15 1 413 
QO St ame Seen ack 
— 2 3 5 2 I HHND ~H > 

h 
6 
' 

I 
I 

Variation of Needle at Locations in United States and 
Canada, 1875. 

U.S. Coast and Geodetic Survey. 

Location. 

Astoria, W. T....sesecccasens 
Augusta, Ga.....cceceeseeess 
Austin, Tex. .... BBs! eisinie nis ok 
Bismarck, Dak. 
Chicago, Ill..... 
Cincinnati, O10. . 05. J eee tees 
Colorado Springs, Col. ....... 
Columbia; SiOn ye iettee secs 
Columbus, 0..... Pivceciasseve 
Deadwood, Dak....... nggeobe 
Denver, Col...... sees ac cao 
Detroit, Michi.....¢..ceceene 
Duluth, Min... 
Galveston, Tex.. 
Green Bay, Wis 
Houston, TOX...-sesesveccens 
Indianapolis, Ind. ........... 
MACKSON, MISS... ccccesececs 
Jacksonville, Fla............ 
Kranrsas; Kame ciate ctnstb « eisieeitie 
Keokuk, Ia..... 
Little Rock, Ark.. Bo 
Louisville, Ky....... Soaddane 
Milwaukee, Wis. ........0.6% 

AUSUBIA, Mer area's saralvnas er 
Bangor, Me. ... Aalst 
Batavia, N. Y. ae 3 
Belfast, Mex. Ream Lk 
Bridgeport, Conn, piven o oiadeser sists 
Calais, Morn: feria dag Se icide 
Concord, BONS ee CAME cscs 
Moyer, Dele: ts ebraere daichye el 
Fall River, Massi.c. 0.0.3 20s 
Hamilton, Can... 
Harrisburg, Pa....... 8éic 
Findson, NvcYor ii te as df oes 
Lewiston, Me... 
Lowell, Mass. . to 5s.e es cm aes 
Montpelier, Vt..1...%. 6 cece eee 
Montreal, Can. ........ 
New Bedford, Mass. ... 
New London, Conn, . 
Newark, N. Tie 

EAST. 

Variation, Location. Variation, 

fe} V4 e} td 

21 30 Montgomery, Ala...,.... are gry 
2 26 Natchez, Miss. ............. 726 
9 15 Nebraska, Neb. ....s...<4..| “rr 20 

16 6 New Orleans, La..... APOSecC 6 50 
5 Olympia, W. T......5 <dfo vdeee| 22 8 
2 55 Omalia, Neb.s0. Se iie. a0 500 Iz 

14 18 Oregon City, Or.............| 20 55 
I 45 Paducah: Kam oe cece ens 62 
ru 8 Portland, OT. xs ccteisjensisiareieroie 2m 4 

16 20 Port Townsend, W. Ti....33.. 23 
14 45 Sacramento, Cal........06 L740 we 

3 Salt Lake City, Utah........ 17 
IO 12 San Antonio, Tex......... oF Q) 127 
8 13 Santa Barbara, ‘ 14° 58 
6 Santa Fé, N. Mex... 13 18 

27 Springtield, TN wees siclereis Gunes 
3 38 St. Augustine, Fla. ....... Af 255 
7 SE OUI NEON). otelaciers aste eee 6 30 
3 St. Paul) Minyiye.s ch.ice% ccc.e « Io 30 
g 20 Tallahassee, Fla. ......+..++ 4 14 
Wh LOTEMOW OT. etainisiols area ciateisiitels i 2 
8s Topeka, Kani ii. soos eee. IO 12 
4 Vincennes, Ind.,...,.....+- 5 
5 48 |) Yazoo, Miss...... SUADUOULCE ’ ae 

WEST. 

14 34 Newburghy No Wiis esen'es oe 8 
16 Newport; R. Discos wes 16 | 4 
4 40 Norfolk, Va. 2 35 

15 22 Ogdensburgh, N. 9 25 
8 12 Oswego, 6738 

18 Ottawa, Can........ Weeaterele's 9 38 
ix 422 || Pittsburgh, Pawgis.......6. xr 28 
4 12 Raleigh, N. €. ft es. t ee oe 24 

10 30 Richmond, Vas.......-++4+ x 48 
2 55 Rochester, N. Y. 5 20 
4 18 Saratoga, N. Y....- 9 40 
& 48 Stamford, Conn. é 8 

14 Synacusetn. Y. |.sicledocveeas 7 
Il 15 Toronto, Can. ...... leidieteteias) 3 50 
Re 8 Trenton, WN. J. 0. ibe sede ee ws 67) 58 
12 20 Troy, N.W. s)..cai Geese jel 9 25 
10 30 Utica, NY, 0:50 0 otha sale sip.08 8 
9 15 Wilmington, Del.. 4 52 
7 18 Wilmington, N. C.......s006 18 
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Dip of Horizon. 

Barn fame <a 574 VH= fp in seconds, varying with temperature of 
H representing height of observer's eye in feet. 

ae ras 86 -498 8° = 1.42VH=s: 1.23 V7H=—n. 
n representing distance in geogeespiiteal miles and in statute, 

Measurement of Heights with a Sextant. 

er | Angle. eel Angle. aoe Angle. || er. | Angle. | pier. Angle. 
eo , ° , ° , ° 4 

I 45 © || 25 | 68:1x || 4 75 ee | 5-5 | 79 42 8 | 82 s2 
15 | 5678 || 3 7% 34 || 45 | 77 29 || 6 + | 80 32 9 | 83 40 
2 63 26 || 35 | 74 4-11 5 78 42 | 7 81 52 || ro | 84 17 
Operation. —Set sextant to any angle in table, and height will equal distance 

multiplied by number opposite to it. 

ILLUSTRATION. — When sextant is set at 80° 32’, aud horizontal distance from ob- 
ject. in a vertical line is roo feet, what is its height? 

100 X 6 = 600 feet. 

By Trigonometry: 1 : 100 3: 5.997 (tan. angle) : 599.7 feet. 

To Reduce a Sounding to Low Water. 

180% 
I = cos, Jee: h representing vertical rise of tide, and h’ sound, 

ing or depth at low water, both in feet ; t time between high and low water, and 
t 
<90°, 

‘ - c ‘ ; I 
t' time from time of sounding to low water, in hours. — cos. when 

and + cos. when >9g0°. 

Intustration. — Low water occurring at 3.45, and high water at ro.15 P.M., a 
sounding taken at 5.30 P.M, was 18.25 feet; what was depth at low water, vertical 
rise being ro feet? 

h=1o feet ; t =sh. 30m. — 3h. 45m, = rh. 45m. = 1.75 hours. 
t=r1oh. 15m. — 3h. 45m. = 6h. 30m. = 6.5 hours. 

8 y 
Then = (: I =F Cos. OXeT8) = 5 (1 — 48° 27’ 24") = 5 X (1—.663 186) = 1.684 07 feet. 

Sounding 18.25 feet — Reduction 1.684 07 feet = 16.565 93 feet. 

Iuengths of a Degree of Longitude on parallels of Lati- 
tude, for each of its Degrees from Equator to Pole. 

Lat, Miles. |] Lat. | Miles. || Lat. | Miles. || Lat. | Miles. |; Lat. | Miles. || Lat. | Miles. 

19 | 59.99 16° | 57.67 319 }.52-43 || 46°] 41.68 || 61°] 20,09 |], 76° | x4.52 
2 | 59.90 17 | 57-38 32 4} 50-88 || 47 | 40.92 || 62 | 2837 || 77 | 13.5 
z 59:92 18 | 57.06 33 | 50.32 || 48 | 40.15 || 63 | 27.74 || 78 12.48 

4 | 59-85 || x9 | 5673. |} 34 | 49-74 |] 49 | 39-36 || 64 | 263 |] 79 | 22-45 
5 | 59:77 || 20 | 56.38. |] 35 | 49-75 || 50 | 38.57 || 65 | 25.36]! 80 | 10.42 
6 59-67 2x | 56.01% 36 | 48.54 || 5x | 37.76 || 66 | 24.4 8r 9-38 

7 | 59-55 |] 22 | 55-63. |] 37 | 47-92 |] 52. | 36.94 || 67 | 23.44 ||. 82 | 8.35 
8 59:42 23 | 55.23. || 38 | 47-28 |] 53 | 36.11 |] 68 | 22.48 || 83 7-31 

9 | 59-26 |} 24 | 54-8x |} 39 | 46.63 |] 54 | 35.27 || 69 | 25. || 84 | 6.27 
IO | 59-09 |} 25 | 54-38 |] 40 | 45:96 || 55. | 34-4z || 70 | 20.52 |) 85 | 5.23 
II 58.89 26 | 53.93 || 42] .45.28 || 56 | 33.45 || 7x | 19.53 || 86 4.18 
12 | 58.69 || 27 | 53-46 i] 42 | 44:50 || 57 | 32.68 || 72 | 18.54 |} 87 }\ 3.74 
13. | 58.46 || 28 | 52.97 |) 43 | 43:88 || 58 | 32-79 || 73 | 27-54 |] 88:] 2 
14 58.22 29 | 52.48 44. | 43-16 || 59 | 30.9 74 | 16.54.) 89 1.05 

15 | 57-95 || 30 | 51-96 || 45 | 42-43 | 60 | 30 75 | 15-53 || 9° +00 
Nott. — Degrees of longitude are to each other in length as Cosines of their 

latitudes. ; 
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Elements of Figure of the Earth. 

Capt. A. R. Clarke, 1866. 
Feet. Miles. 

Major semi-axis of Equator ott 15. 34) Bi Mra eres 20 926 350 3.963.324. 
Minor 56) ethos “ees 105734) Hi.) 22552 20 919 972 3.962. 115. 
120) Fy eee AT ose aBoneOn Soncerseoneadanee tels ln 20 853 429 3.949.513. 
Mauatorial SOMW-AKISs cele «ve ciaisieiricle sislelniviela s ¥.c viele sleisie 20 926 o62 3.903.269. 
Circumference, TREAD «200s eceeeteesereerestec eee’ 24 898.562. 
Diameter, Sen accinenccciciceseine Pinsstalea aie —_ — 7916. 

BOARD AND TIMBER MEASURE. 

* BOARD MEASURE. 

In Board Measure, all boards are assumed to be 1 inch in thickness. 

To Compute Measure or Surface. 

When all Dimensions are in Feet. 

Rvte.—Multiply length by breadth, and product will give surface in 
square feet. 

When either of Dimensions are in Inches. 

Ruie.—Multiply as above, and divide product by 12. 

When all Dimensions are in Inches. 

Rovrz.—Multiply as before, and divide product by 144. 
Exampre, — What are number of square feet in a board rs feet in length and 16 

inches in width? 
15 X 16= 240, and 240-12 =20 feet. 

TIMBER MEASURE. 

To Compute Volume of Round Timber. 

When all Dimensions are in Feet. 

Ruiy.—Add together squares of diameters of greater and lesser ends, 
and product of the two diameters; multiply sum by .7854, and product 
by one third of length. 

Or,a+a' +a" xia, and et hae Moose x =. aand 

a representing areas of ends, a’ area of mean proportional, Z length, and c 
and c' circumference of ends. 
Norrz.—Mean proportional is square root of product of areas of both ends. 

InLustRATION.—Diameters of a log are 2 and 1.5 feet, and length 15 feet. 

2?-+ 1524+ 2.2542 X 1.59.25, Which X .7854 and 75 46,32 cube feet. 
3 

When Length in Feet, and Areas or Circumferences in Inches. 

Ru.re.—Proceed as above, and divide by 144. 

When all Dimensions are in Inches. 

Rutr.—Proceed as before, and divide by 1728. 
Nore. — Ordinary rule of Hutton, Ordnance Manual of U.S., and Molesworth, of 
ne 

Ux c+ 4, gives.a. result of about .25 less than exact volume, or what it would be 
if the log was hewn.or sawed toasquare. ec representing mean circumferences. 
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To Compute Volume of Squared Timber. 

When all Dimensions are in Feet. 

Ru.e.—Multiply product of breadth by depth, by length, and product 
will give volume in cube feet. 

When either Dimension is in Inches. 

Rute.—Multiply as above, and divide product by 12. 

When any two Dimensions are in Inches. 

Rute.—Multiply as before, and divide by 144. 
ExamPLe.—A piece of timber is 15 inches square, and 20 feet in length; required 

its volume in cube feet. 
15 X15 X 20 

144 
Allowance is to be made for bark, by deducting from each girth from 

.5 inch in logs with thin bark, to 2 inches in logs. with thick bark. 

= 31.25 cube feet. 

Measures of Timber.—(English.) 

roo superficial feet } __ 50 cube feet of squared 
of planking = ee timber 

120 deals.,......+,.==1 hundred. 40 feet of unhewn timber =1 load. 

600 superficial feet of inch planking = x load. 

Deals. 

Deals. — Boards exceeding 7 ins. in width, and if less than 6 feet in 
length, are termed deal ends. 

Battens ave similar to deals, but only 7 inches in width. 
Balk.— Roughly squared log or trunk of a tree. 
Planks are boards 12 ins, in width. 

Local Standards. 

=1 load. 

Country. Long. | Broad, | Thick. |Volume.|| Country. Long. | Broad. | Thick. |Volume. 

Ft. Ins. Ins. | Cub. ft. Ft. Ins. Ins. | Cub. ft. 
Russia and Norway ..] 12 Ou 2125 
Prussia, .| 12. | x12 I.5 | 1.375 ||Christiana} 11 FF PL-25F We B5q 

Sweden...| 14 roy mins 2,625 ||Quebec,..] x2.| 1r | 2.5 | 2.292 

too Petersburgh standard deals equal 60 Quebec deals. 

SPARS AND POLES. 

Pine and Spruce Spars, from ro to 4.5 inches in diameter inclusive, 
are to be measured by taking their diameter, clear of bark, at one third 
of their length from abut or large end. 

Spars are usually purchased by the inch diameter; all under 4 inches 
are termed Poles. 

Spars of 7 inches and less should have 5 feet in length for every 
inch of diameter, and those above 7 inches should have 4 feet in length 
for every inch of diameter. 

I.oss or Waste in Hewing or Sawing of Timber. 
(C. Mackrow.) 

Oak, English........ ++... 200 percent. | Yellow Pine from planks.. xo per cent. 
sc African . ie oon URC AUK: felaratsss) a) visyehaietatotete fara qi MS 
REMAN LZAG Sects. citiclare olels FROMM IES Elm, English.. ot 
GS AMOTICAD WS Riese ead LOOMIS 7 American...s.ssseee RESO es” 
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CISTERNS. 

Capacity of Cisterns in Cube Heet and Gallons. 

For each 10 Inches in Depth. 

Diam. | Cub. ft. | Gallons.|| Diam. | Cub. ft. | Gallons. | Diam. | Cub. ft. | Gallons, 

Feet. Feet. Feet. 

2 2.618 | 19.58 9:5 | 59.068] 441.8 17 189.15 | 1414.94 
2.5 4.091 | 30.6 10 65.449| 489.6 17-5 | 200.432 | 1499.33 
3 5.89 | 44.07 || 10.5 | 72.158] 539.78|| 18 212.056 | 1586.28 

3-5 | 8.018] 59.97 || 11 79-194 | 592.4 || 19 | 236.274 | 1767.45 
4 “10.472 | 78.33 || 11-5 | 86.558] 647.5 20 261.797 | 1958.3 
4.5 | 13-254] 99.141| 12 94.248 | 705 2I 288.632 | 2159.11 
5 16.362 | 122.4 12.5 | 102.265] 764.99 || 22 | 316.776 | 2369.64 
5.5 | 19.798 | 148.1 13 110.61 827.4 23 346.23 | 2589.97 
6 23-5062 | 176.24 || 13.5 | 119.282] 892.29|| 24 376.992 | 2820.09 
6.5 | 27.652 | 206.84 || 14 128,281 | 959.6 25 ~ | 409.062 | 3059.8 
7 32.07 | 239.88 || 14.5 | 137-608 | 1029.38 || 26 | 442.44 | 3309.67 
7-5 | 30.816 | 275.4 15 147.262 | 1101.6 27. |471.13 | 3569.17 
8 41.888 | 313.33 || 15-5 | 157-243 1176.26 | 28 513-126 | 3838.44 
8.5 | 47.288 | 353-72 || 16 167.552 | 1253.37 || 29 550.432 | 4117.51 
9 53-014 | 396.55 || 16.5 | 178.187 | 1332.93 || 30 589.048 | 4406.08 

Excavation and Lining of Wells or Cisterns. 

For each 10 Inches in Depth. 

- g » g | 

3 = Bricks, Masonry. 2 Bricks, Masonry, 
= 2 be 

g é Num-| Laid |8 inches! x foot a g Num-| Laid /8 inches] x foot 
a is] ber. | dry. | thick. | thick. e 4] ber. | dry. | thick. | thick. 

Feet, |Cub. ft. Cub. ft.|Cub. ft.| Cub. ft.|| Feet. | Cub. ft. Cub. ft.|Cub. ft.|Cub.ft. 
3 12.29 | 126] 5.24] 6.4 | 10.47 8.5 | 63.29 | 356 | 14.83 | 16 24.87 
S15, | 15-29) 147 | 6.11 | geez") 15.78 9 69.89 | 377 | 15-71 | 16.87 | 26.18 
4 18.62 | 168 | 6.98] 8.14 | 13.09 9:5 | 76.81 | 398 | 16.58 | 17.75 | 27-49 
4-5 | 22.27 | 188 | 7.85] 9.02 | 14.4 10 84.07 | 419 | 17-45 | 18.62 | 28.8 
5 26.25 | 209 | 8.73] 9.89 | 15.71 || 10.5 | 91.65 | 440 | 18.33 | 19.49 | 30.11 
5.5 | 30.56] 230] 9.6 | 10.76] 17.02 || rx 99-56 | 46x | 19.2 | 20.36 | 31.42 
6 35-2 | 251 | 10.47 | 11.64 | 18.33 || 12 116.36 | 503 | 20.94 | 22.11 | 34.03 
6.5 | 40.16 | 272-] 12.34 | 12.51 | 19.63 || 13 134.46 | 545 | 22.69 | 23.85 | 36.65 
a. 45-45 | 293 | 12-22 | 13.38 | 20.94 || 14 | 153.88 | 586 | 24.43 | 25-6 | 39.27 
7-5 | 51.07 | 314 | 13-09 | 14.25 | 22.25 || 15 174.61 | 628 | 26.18 | 27.34 | 41.89 
8 57-02 | 335 | 13-96 | 15.13 | 23.56 || 16 196.64 | 670 | 27.92 | 29.09 | 44.51 

Number of bricks and width of curb are takensat dimensions of ordinary 
brick—viz., 8 by 4 by 2.25 ins, = 72 cube ins. 

In computing number of bricks required, an addition of 5 per cent. should 
be added for waste. It is to be considered, also, that diameter of excavation 
necessarily exceeds that of masonry. 

SHINGLES. 

_ Usually of white Cedar and Cypress; 27 inches in length and 6 to 7 
inches in width, dressed to light .25 inch at point and .3125 inch at 

~ abut. : 

Laid in three thicknesses and courses of about 8 inches, so that less 
than .33 of a shingle is exposed to air, or about 2.25 shingles are re- 
quired per square foot of roof. 

Shingles, alike to Slates, are laid upon boards or battens. 
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SLATES AND SLATING. 

A Square of Slate or Slating is roo superficial feet. 
Gauge is distance between the courses of the slates. 
Lap is distance which each slate overlaps the slate lengthwise next 

but one below it, and it varies from 2 to 4inches. Standard is assumed 
to be 3 inches. y 

Margin is width of course exposed or distance between tails of the 
slates. 

Pitch of a slate roof should not be less than 1 in height to 4 of length. 

To Compute Surface of a Slate when laid, and Num- 
ber of Squares of Slating. 

Ruie.— Subtract lap from length* of slate, and half remainder will 
give length of surface exposed, which, when multiplied by width of 
slate, will give surface required. 

Divide 14 400 (area of a square in inches) by surface thus obtained, 
and quotient will give number of slates required for a square. 

Exampie. —A slate is 24 X 12 inches, and lap is 3 inches; what will be number 
required for a square? 

24 —3—= 21, and 2x~2=10.5, which X 12 =126 inches; and 14 400126 = 
114.29 slates, ’ : : 

Dimensions of Slates. 
[ AMERICAN. ] 

Ins, Ins. Ins. | Ins. | Ins. Ins. | Ins, 

4X7 14 X 10 16 X IO ro xX IL 20X31 | 22X12 I 24 Mae 
Ta xX:8 | TOX 8°)" 18 <S OF 18 x ie “eo crs! 22 5¢1g 4 24 Xomg 
14X9 | 16X 9 18 X IO 20X10 | 22X11 | 24X12 | 24X16 

ENGLISH. 
| Ins. Tns. Ins. 

Doubles ......} 13X10 (|12X 8||Marchioness ..| 22x22 
“ec Bian) ||14X 8|} Duchess .....| 24X12 

Small doubles ./-11x 6 Badics 14X12 || Imperial .....| 30x24 
Bas Weio ee) sexe acl LOoG 5 VS) er oS Rages i ktats simi BOA 

. 12X10 ; | 16x 8]| Queens ......| 36X24 
Plantations. . 13X10 | 16x ro |} Empress ..... | 26x15 
Viscountess .../|18X10|| Countess .....| 20X10] Princess .....] 24X14 

Thickness of slates ranges from .125 to .3125 of an inch, and their weight 
varies from 2 to 4.53 lbs. per sq. foot. 

Weight of One Square Foot of Slating. 

-125 in. thick on laths........ 4-75 lbs, .25 in. thick on laths........ 9.25 Ibs. 
PROCS. CONT eR ORTGS . © 10,775 alice CO each acter dia. HOoRCS sre pail. 25 eee 

-1875 in. thick on laths....... 7 se 3125 in. thick on laths...... LS ae 
“ “es ae “yin. boards. a Corin. boards x4.x0 mr 

Slate weighs from 167 to 181 lbs. per cube foot, and in consequence of 
laps, it requires an average of nearly 2.5 square feet of slate to make one of 
slating, 

Weights per 1000 and Number Required to Cover a Square. 
Lbs. No. Lbs. No. 

Doubles......13 X 6 | 1680 | 480 || Countess... 20 x 10 | 6720 | 171 
Ladies .......15 X 8 | 2800 | 240 || Duchess ... 24 x 12 | 4480 | 125 

* Length of a slate is taken from nail-hole to tail. 
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PILING OF SHOT AND SHELLS. 

To Compute Number of Shot. 

Triangular Pile. Rute.—Multiply continually together, number of shot 
in one side of bottom course, and that number increased by x, and again by 
2, and one sixth of product will give number. 

ExampLe.—What is number of shot in a triangular pile, cach side of base contain- 
ing 30 shot? 

= 4960 shot. 
30 X 30-+1 X 30+2 — 29760 

6 PG 

Square Pile. Rute.—Multiply continually together, number in one side 
of bottom course, and that number increased by 1, double same number in- 
creased by 1, and one sixth of product will give number, 

Exampie.—How many shells are there in a square pile of 30 courses? 

30 X 30+1 X30X24+1 56730 
6 Pa 

= 9455 shells. 

Oblong Pile. RuLe.—From 3 times number in length of base course sub- 
tract one less than number in breadth of it; multiply remainder by number 
in breadth, and again by breadth, increased by 1, and one sixth of product 
will give number. 

Examptn.—Required number of shells in an oblong pile, numbers in base course 
being 16 and 7? 

29 X3—7—= 1 XK x __ 2352 
6 tee 6 

= 392 Shells. 

Incomplete Pile. Rute.—From number in pile, considered as complete, 
subtract number conceived to be in that portion of pile which is wanting, 
and remain:ler will give number. 

FRAUDULENT BALANCES, 

To Detect Them.—After an equilibrium has been established between 
weight and article weighed, transpose them, and weight will preponder- 
ate if article weighed is lighter than weight, and contrariwise if it is 
heavier. 

To Ascertain True Weight. Ruie.—Ascertain weight which will produce 
equilibrium after article ‘to be weighed and weight haye been transposed ; 
reduce these weights to same denomination, multiply them together, and 
square root of their product will give true weight. 

Exampie, —If first weight is 32 lbs., and second, or weight of equilibrium after 
transposition, is 24 Ibs. 8 oz., what is true weight? 

24 lbs. 8 0z. = 24.5 lbs. 

Then 32 X 24.5 = 784, and y/784 = 28 lbs. : 

Or, when a represents longest arm, A greatest weight, and 
b re shortest arm, B least weight. 

Then Wa = Ab, and Wb—=Ba; multiplying these two equations, W2ab = ABab, 

or W2= AB, and W=/AB. 

InnusTRation.—A = 32; B= 24.5; W=28. Assume length of longest arm = 10. 

Then 32: 28 :: 10: 8.75. 

Hence, a = 10, b = 8.75, or 28° = 32 X ae and V 32 X 24.5 = 28. 
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Weighing without Scales. 

To Ascertain Weight of a Bar, Beam, etc., by Aid of 
a known Weight. 

OPERATION.—Balance bar, etc., over a fulcrum, and note distance between 
it and end of its longest arm. Suspend a known weight from longest arm, 
and move bar, etc., upon fulcrum, so that bar with attached weight will be 
in equilibrio; subtract distance between the two positions of fulcrum from 
longest arm first obtained; multiply this remainder by weight suspended, 
divide product by distance between fulcrums, and quotient will give weight. 

EXAMPLE. —A piece of tapered timber 24 feet in length is balanced over a fulcrum 
when 13 feet from less end; but when the body of a man weighing 210 lbs. is sus- 
pended from extreme of longest arm, the piece and weight are balanced when ful- 
crum is x2 feet from this end. What is weight of the timber? 

13—12=1, and 13—1=12 feet. Then 12 X 210-1 = 2520 lbs. 

PAINTING. 

r pound of paint will cover about 4 square yards for a first coat and about 
6 yards for each additional coat. 

x A fem | 34 
Ss | oe St rae eae 

Cotors. Cotors. Be | £2 |eejealesies 
BS | Sa |2si86|> Glan 

White...... roo | — |—|—|—|—}}-Lead...... 8b 2h Se 
BACK. cece. — | 100 | —|—}]—|—||] Red....... — | — | 50] 50] — | — 
Green sr je 25| — |—|—1|75|—]| Chocolate..| — 4 al, — | 96 

These are the colors alone, to which boiled linseed oil, litharge, Japan varnish, 
and spirits turpentine are to be added according to the application of the paint. 

Lamp-black and litharge are ground separately with oil, then stirred into the 
lead and oil. 
Thus for black paint: Lamp-black 25 parts, litharge x, Japan varnish 1, boiled lin- 

seed oil 72, and spirits turpentine r. 

Tar Paint.—Coal tar g gallons, slaked lime r3 Ibs., turpentine or naphtha 2 
or 3 quarts. 

ficial S ficial 
A GALLON OF PAINT WILL COVER maar | A GALLon oF PAINT WILL COVER pce 

On stone or brick, about...... 190 to 225]| On well-painted surface or iron 600 
On composite, etc., from ...... 300 ‘* 375/| One gallon tar, first coat...... 90 
ON WOO LOM ieee cee ee wee 375 Sigel “s  ** “second coat ... 160 

Boiled Oil.—Raw linseed oil gx parts, copperas 3, and litharge 6. 

Put litharge and copperas in a cloth bag and suspend in middle of a kettle. Boil 
oil four hours and a half over a slow fire, then let it stand and deposit the sediment. 

White Paint. 

Inside work. Outside work. Inside work. Outside work. 
White lead, in oil... 80 ..... 80 Rawoil’, htt aes Bs asm iaeae eg) 
Boiled toil eyempre EAs5 wisn s 9 Spirits turpentine. 8 ..... 4 
New wood-work requires x lb, to square yard for three coats. 

Coats for 100 Square Yards New White Pine. 
White | Raw |Turpen- 7 White | Raw | Boiled |Turpen- 

IvsIpE. lead. oil. tine, | Drier. OurtsipE. lead. oil. oil. tine, 

: Lbs. Pts. Pts. Lbs, : Lbs. Pts. Pts. Pts. 
Priming....| 16 _ 6 .25 || Priming....| 18.5 2 2 _ 
2d coat... 15 3B LS .28 || 2d and 3d ' : 
SCENES Tattle 13 2.5 1.5 25 coats | tS 4 2 22, 

.1 lb. of drier with priming and coating for outside. 



" HYDROMETERS, 67 

HYDROMETERS. 

U. 8. Hydrometer (Tralle’s) ranges from o (water) to 100 (pure spirit) ; 
it has not any subdivision or standard termed “ Proof,” but 50, upon 
stem of instrument, at a temperature of 60°, is basis upon which com- 
putations of duties are made. 

In connection with this instrument, a Table of Corrections, for differences in tem- 
perature of spirits, becomes necessary; and one is furnished by the Treasury De- 
partment, from which all computations of yalue of a spirit are made. 

ILLUsTRATION.s— A cask contains roo gallons of whiskey at 70°, and hydrometer 
sinks in the spirit to 25 upon its stem. 

Then, by table, under 70°, and opposite to 25, is 22.99, showing that there are 22.99 
gallons of pure spirit in the zoo, 

Commercial Hydrometer (Gendar’s) has a “ Proof” at 60°, which is 
equal to 50 upon U.S. Instrument and its gradations, run up to 100 
with it, and down to ro below proof, at o upon U.S. Instrument; or o 
of the Commercial Instrument is at 50 upon U. 8. Instrument, from 
which it progresses numerically each way, each of its divisions being 
equal to two of latter. 

In testing spirits, Commercial standard of value is fixed at proof; 
hence any difference, whether higher or lower, is added or subtracted, 
as case may be, to or from value assigned to proof. 

A scale of Corrections for temperature being necessary, one is fur- 
nished with a Thermometer. 

Application of Thermometer.—EHlevation of the mercury indicates correction to 
be added or subtracted, to or from indication upon stem of hydrometer. 
When elevation is above 60°, subtract correction; and when below, add it. 

IttustRAtion.—A hydrometer in a spirit indicates upon its stem so below proof, 
and thermometer indicates 4 above 60° in appropriate column, 

Then 50—4 = 46 =strength below proof. 

To Compute Strength ofa Spirit, or Volume of its Pure 
Spirit, by Commercial Hydrometer, and Convert it to 
Indication of a U. S. Hydrometer. 

When Spirit is above Proof. Rute.—Add roo to indication, and divide sum by 2. 

When Spirit is below Proof. Ruiz. —Subtract indication from roo, and divide 
remainder by 2. 

EXAMPLE. — A spirit is rx above proof by a Commercial Hydrometer; what pro- 
portion of pure spirit does it contain ? 

11-1002 = 55.5 per cent. 

To Compute Strength, etce., by a U. S. Hydrometer, 

When Spirit is above Proof. RvuitE.—Multiply indication by 2, and subtract 100, 

When Spirit is below Proof. Ruin. — Multiply indication by 2, and subtract it 
from 100. 

Exampie.—A spirit is 55.5; what is its per centage above proof? 

55:5 X 2—100=11 per cent. 

Commercial practice of reducing indications of a hydrometer is as follows: 

Multiply number of gallons of spirit by per centage or number of degrees above 
or below proof, divide by roo, and quotient will give number of gallons to be added 
or subtracted, as case may be. 

ILLUSTRATION. —5o gallons of whiskey are rr per cent. above proof. 

Then so X 11+ 100 = 5.5, Which added to 50 = 55.5 gallons, 
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Dew-point.—When air is gradually lowered in its temperature at a 
constant pressure, its density increases, and ratio of increase is sensibly 
same for the vapor as for the air with which it is combined, until a point is 
reached at which the density of the vapor becomes equal to the maximum 
density corresponding to the temperature. 

This temperature is termed dew-point of given mass, and any further re- 
duction of it will induce the condensation of a portion of the vapor in form 
of dew, rain, snow, or frost, according as temperature of pee is above or 
below freezing point. 

Mason’s or like Hygrometer. 

To Ascertain Dew-point. 

Rus. — Subtract absolute dryness from temperature of air, and remainder is 
dew-point. 

ExampLe.—Temperature of air 57°, and absolute dryness 7°. 
Hence 579 — 7° = 50° dew-point. 

To Ascertain Absolute Existing Dryness. 

Ruir.—Subtract temperature of wet bulb from temperature of air, as indicated 
by a dry bulb, add excess of dryness from following table, multiply sum by 2, and 
product will give absolute dryness in degrees. 

ExamPie.—Temperature of air 57°, wet bulb 54°- 

Then 57° — 54° = 3°, and 3°-+-.5° (from table) xX 2= 7° absolute dryness. 

Observed (Excess of ||Observed | Excess of ||Observed Excess of||Observed| Excess of ||Observed| Excess of 
Dryness. | Dryness. |} Dryness, | Dryness. I Dryness. Dryness. || Dryness.) Dryness. |, Dryness. Dryness, pea eS) | { 

° ° ° ° \| ° ° ° ° dee ° 

5 .083 5 -833 9-5 | 1.583 14 8.333 | 18.5, | 3-083 
I .166 5.5 -9165 || 10 1.666 14.5 | 2.4165 || 19 3-166 
1.5 +2495 6 I 10.5 | 17495 || 15 2.5 | 19-5 | 3.2495 
2 +333 6.5 | 1.083 Ir 1.833 15-5 | 2.583 20 3-333 
2.5 «4165 7 1.166 1x.5 | 1.9165 |} 16 2.666 20.5 | 3.4165 
3 +5 7-5 | 1.2495 || 12 2 16.5 | 207495 || 22 3-5 
3:5 +583 8 1-333 12.5 | 2.083 17 2.833 21.5 | 3.583 
4 -666 8.5 | 1.4165 || 13 2.166 17-5 | 2.9165 || 22 3-666 
4:5 7495 9 1.5 \l. 13.5. | 22495 || x8 3 22.5 | 3.7405 

To Compute Volume of Vapor in Atmosphere. 

By a Hygrometer. 
When temperature of atmosphere in shade, and of dew-point are given.—If temper- 

ature of air and dew-point correspond, which is the case when both thermometers 
are alike, and air consequently saturated with moisture, then in table* opposite to 
temperature will be found corresponding weight of a cube foot of yapor in grains. 

ILLUSTRATION. —Assume temperature of air and dew-point 70°. Then opposite 
temperature weight of a cube foot of vapor = 8.392 grains. 

But if temperature of air is different from dew-point, a correction is necessary to 
obtain exact weight. 

ILLUSTRATION. —Assume dew-point 70° as before, but temperature of air in shade 
80°, then the vapor has suffered an expansion due to an excess of 109, which re- 
quires a correction. 
In table of corrections for 10° is 1.0208. Then divide 8.392 grains at dew-point— 

viz., 70° by correction corresponding to degrees of absolute dryness—viz., 10°. 
8.392 ; Bee . 
2 = 8.221 grains of existing vapor, which, subtracted from weight of vapor 

corresponding to temperature of 80°, will give number of grains required for satu- 
ration at that temperature, 

11.333 grains at temperature of 80° —8.221 contained in the air = 3.112 required 
for saturation. 

* For table, see Mason’s as published by Pike & Sons, New York, and compared with Sir John 
Leslie’s and Professor Daniel’s. : 
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To ascertain relations of these conditions on natural scale of humidity (complete 
_ Saturation being rooo), divide weight of vapor at dew-point by weight at tempera- 
ture of air, and quotient will give degrees of saturation. 2 ata ig x 

ILLustration.—Dew-point = 70°, weight — 8. 392. 
Then 8.392 + rr.333 (at 80°) =.7405 degrees of humidity; saturation = x000, 

To Compute Weight of Vapor in a Cube Foot of Air. 
See Pressures, Temperatures, Volumes, and Density of Steam, p. 708. 
Thus, Required weight of vapor in a cube foot of saturated air at 212°, 
At a temperature of 212° density or weight of 1 cube foot of air = .038 1d. 
Tf density is required for any temperatures not in table, see rule, p, 706. 

Humidity.—Condition of air in respect to its moisture involves amount of 
vapor present in air and ratio of it to amount which would saturate it at its 
temperature, and it is this element which is denoted by term humidity, and 
it is expressed as a per centage; thus, if weight of vapor present is .7 of that 
required for saturation, the humidity is 7o. 

Dry Air is air, humidity of which is below zero, but it is customary to 
term it dry when its humidity is below the average proportion. 

Nortr.—Air in a highly heated space contains as much vapor (when weight of it 
‘is equal) as a like volume of external air, but it is drier as its capacity for vapor 
is greater. 

SUN -DIAL. 

To Set a Sun-dial. 

Set column on which dial is to be placed perpendicular to horizon. Ascertain by 
spirit level that upper surface is perfectly horizontal; screw on plate loosely by means 
of centre screw. and bring gnomon as nearly as practicable to its proper direction. 

On a bright day set dial at 9 A.M. and 3 v.M, exactly, with a correctly regulated 
watch; observe difference between them, and correct dial to half difference. Pro- 
ceed in same manner till watch and dial are found to agree perfectly. Then fix 
plate firmly in that situation, and dial will be correctly set. 

This is obvious; for, if there were any defects, the Sun’s shadow would not agree 
with time indicated by watch, both before and after he passed meridian. Take 
care, however, to allow for equation of time, or you may set dial wrong. Best day 
in the year to set a dial is r5th of June, as there is no equation to allow for, and no 
error can arise from change of declination. A dial may be set without a watch, by 
drawing a circle around centre, and marking spot where top of shadow of an upright 
pin or piece of wire, placed in centre, just touches circle in a.m., and again in P.M, 
A line should be drawn from one spot to the other, and bisected exactly; then a 
line drawn from centre of dial through that bisection will be a true meridian line, 
on which the XII hours’ mark should be set. 

CHAINING OVER AN ELEVATION. 

1C=L, and C=cos. angle. 
1 representing length of line chained, C cos. angle of elevation with horizon, 

and L length of line reduced to horizontal. 
ILLUSTRATION. —Length of an elevation at an angle of 30° 17’ is 100 feet; what is 

horizontal distance ? 
By Table of Cosines, 30° 17’=.863 54. Hence, 100 X .863 54 = 86.354 feet. 

To set out a Right Angle with a Chain, Tape-line, etc. 

Take 4o links on chain or feet of line for base, 30 links or feet for perpendicular, 
and so for hypothenuse, or in this ratio for any length or distance. 

UsEeruL NumBrers IN SURVEYING. 

For Converting Multiplier.| Converse, For Converting Multiplier. | Converse, 

Feet into links..| 1.515 -66 Square feet into acres..| .cooc229| 43 560 
Yards 08 ic. fails | ide 845 +22 Square yards ‘‘ © ..|.0002066] 4840 



70 CHRONOLOGY. 

CHRONOLOGY. 

Solar day is measured by rotation of the Earth upon its axis with respect 
to the Sun. 

Motion of the Earth, on account of ellipticity of its orbit, and of perturba- 
tions produced by the planets, is subject to an acceleration and retardation. 
To correct this fluctuation, timepieces are adjusted to an average or mean 
solar day (mean time), which is divided into hours, minutes, and seconds. 

In Civil computations day commences at midnight, or A.M., and is divided into 
two portions of r2 hours each. 

In Astronomical computations and in Nautical time day commences at M., or 
12 hours later than the civil day, and it is counted throughout the 24 hours. 

Solar Year, termed also Equinnclial, Tropical, Civil, or Calendar Year, is the 
time in which the Sun returns from one Vernal Equinox to another; and its average 
time, termed a Mean Solar Year, is 365.242 218 solar days, or 365 days, 5 hours, 48 
minutes, and 47.6 seconds. 

Year is divided into r2 Calendar months, varying from 28 to 3x days. 

Mean Lunar Month, or lunation of the Moon, is 29 days, 12 hours, 44 minutes, 
2 seconds, and 5.24 thirds.* 

Bissextile or Leap Year consists of 366 days; correction of one year in four is 
termed Julian ; hence a mean Julian year is 365.25 days. 

In year 1582 error of Julian computation of a year had amounted to a period of 
ro days, which, by order of Pope Gregory VIII., was suppressed in the Calendar, and 
sth of October reckoned as 15th, 

Error of Julian computation, .oo7 76 days, is about 1 day in 128.79 years, and adop- 
tion of this period as a basis of intercalation is termed Gregorian Calendar, or New 
Style,t Julian Calendar being termed Old Style. 

Error of Gregorian year (365.2425 days) amounts to 1 day in 3571.4286 years. 

New Style was adopted in England in 1752 by reckoning 3d of September as r4th. 

By an English law, the years 1900, 2100, 2200, ete., and any other rooth year, ex- 
cepting only every gooth year, commencing at 2000, are not to be reckoned bissex- 
tile years. 

Dominical or Sunday Leiter is one of the first seven letters of alphabet, and is 
used for purpose of determining day of week corresponding to any given date. In 
Ecclesiastical Calendar letter A is placed opposite to rst day of year, January ist; 
B to second; and so on through the seven letters; then the letter which falls oppo- 
site to first Sunday in year will also fall opposite to every following Sunday in that 
year. See table, p. 73. 
Norr.—In bissextile years two Dominical letters are used, one before and the other © 

after the intercalary day. 

In Ecclesiastical Year the intercalary day is reckoned upon 24th of February; 
hence 24th and 25th days are denoted by same letter, the dominical letter being set 
back one place. 

In Civil Year the intercalary day is added at end of February, the change of letter 
taking place at 1st of March. 

Dominical Cycle is a period of 400 years, when the same order of dominical letters 
and days of the week will return. 

Cycle of the Sun, or Sunday Cycle, is the 28 years before same order of Dominical 
letters return to same days of month, and it is considered as having commenced g 
years before the era of Julian Calendar. 

To Compute Cycle of the Sun. 

RULE.—Add 9 to given year; divide sum by 28; quotient is number of cycles that 
have elapsed, and remainder is number or years of cycle. 

Norr.—Use of this computation is determination of dominical letter for any given 
year of Julian Calendar for each of the 28 years of a cycle. 

* Ferguson, _ + Now adopted in every Christian country except Russia and Greece. 



CHRONOLOGY. 71 

By adoption of Gregorian Calendar, order of the letters is necessarily interrupted 
by suppression of the century bissextile years in 1900, 2100, etc., and a table of Do- 
AMninical letters must necessarily be reconstructed for following century. 

Lunar Cycle, or Golden Number, is a period of rg years, after which the new 
moons fall on same days of the month of Julian year, within x.5 hours. 

Year of birth of Jesus Christ is reckoned first of the Lunar Cycle. 

To Compute Lunar Cycle, or Golden Number. 

Ruie.—Add x to given year; divide sum by x9, and remainder is Golden Number. 

Nore.—If o remain, it is 19. 

ExamPLe.—What is Golden Number for 1879 ? 

1879+ 1+ 19 = 98, and remainder = 18 = Golden Number. 

Epact for any year is a number designed to represent age of the moon on rst day 
of January of that year. See table, p. 73. 

To Compute the Roman Indiction. 

RvuLE.—Add 3 to given year; divide sum by 1s, and remainder is Indiction. 

Norr.—If o remain, Indiction is 15. 

Number of Direction is the number of days that Easter-day occurs after 21st of 
March. . 

Baster-day is first Sunday after first full moon which occurs upon or next after 
21st of March; and if full moon occurs upon a Sunday, then Easter-day is Sunday 
after, and it is ascertained by adding number of direction to arst of March. It is 
therefore March N+ 21, or April N — xo. 

InLusTRATION. —If Number of Direction is 19, then for March, 19 4+ 21 = qo, and 
40 — 31 =9 = th of April ; 

again for April, 19 —10=9 =9gth of April. 

Nore,—Moon upon which Easter immediately depends is termed Paschal Moon, 

Full Moon is 14th day of moon, that is, 13 days after preceding day of new moon. 

Days of the Roman Calendar, 

Calends were the first 6 days of a month, Nones following 9 days, and Jdes remain- 
ing days. 
in March, May, July, and October, Zdes fell upon 5th and Nones began upon 7th. 

In other months Zdes commenced upon 13th and Nones upon sth, 
For Roman Indiction and Julian Period see p. 26, 

B.C Chronology. 

4004s Creation of World (according to Julius Africanus, Sept. 1, 5508; Samaritan 
Pentateuch, 4700; Septuagint, 5872; Josephus, 4658; Talmudists, 5344; Sca- 
liger, 3950; Petayvius, 3984; Hales, 5411). 

2348 Deluge (according to Hales, 3154). 576. Money coined at Rome. 
2247. Bricks made and Cement first used. | 562. First Comedy performed at Athens. 

Tower of Babel finished. 480. First recorded Map by Aristagoras. 
2203. Chinese Monarchy. 420. First Theatre built at Athens, 
2090. First Egyptian Pyramid and Canal. | 336. Calippus calculates the revolution of 
1920, Gold and Silver Money first intro- Keclipses, — 

duced, 320. Aristotle writes first work on Me- 
1891. Letters first used in Egypt. chanics. : : 
1822, Memnon invents the Egyptian Al- | 310, Aqueducts and Baths introduced in 

phabet. Rome. / i 
1490. Crockery introduced. 306. First Light-house in Alexandria, 
1240. Axe, Wedge, Wimble, Lever, Masts | 289. First Sun-dial. 

and Sails invented by Daedalus | 267. Ptolemy constructs a Canal from the 
of Athens. Nile to the Red Sea, 

1180. Troy destroyed. 224, Archimedes demonstrates the Prop- 
1120. Mariner’s Compass discovered in erties of Mechanical Powers and 

China. the Art of measuring Surfaces, Sol- 
753. Foundation of Rome. ids, and Sections, 
640. Thales asserts Earth to be spherical. | 219, Hannibal crossed the Alps. 
605. Geometry, Maps, etc., first intro- | 219. Surveying first introduced. 

duced, - 202. Printing introduced in China. 
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B.C. 

198. 

170. 
168, 

162. 

CHRONOLOGY. 

Books with leaves of vellum first 
introduced by Attalus. 

Paper invented in China. 
An eclipse of the Moon which was 
predicted by Q. S. Gallus. 

Hipparchus locates the first degree 
of Longitude and the Latitude at 
Ferro. 

. Destruction of Jerusalem. 

. Destruction of Herculaneum and 
Pompeii. 

. Grist-mills introduced. 
. Year of Hegira, commencing 16th 

July; Glazed windows first intro- 
duced into England in this cent’y. 

667. Glass discovered. 
670. Stone buildings introduced into Eng- 

land. 
842. Lands first enclosed in England. 

1522. 

1530. 
1545: 
1586. 

1599. 

1616. 

. Printing said to have been invented 
by the Chinese. 

. Arabic Numerals introduced. 

. Battle of Hastings. 
. Mariner’s Compass discovered. 
. Destruction of Troy. © Mariner’s 

Compass introduced in Europe. 
. Chimneys first introduced into 

Rome from Padua, 
. Cannon introduced. 
. Woollens first made. 
. Printing invented at Mayence. 
. Wood-engraving invented and First 

Almanac, 
. Printing in England by Caxton. 
. Watches first introduced at Nurem- 

berg. 
. America discovered. 
. Vasco de Gama discovers passage 

to India. 
. Variation of Mariner’s Compass ob- 

served. 
F. de Magellan circumnavyigates the 

Globe. 
Incas conquered by Pizarro. 
Needles first introduced. 
Potato introduced into Ireland from 
America. 

Telescopes invented by Jansen and 
used in London in 1608. 

Tobacco first introduced into Vir- 
ginia. 

1620. Thermometer invented by Drebel. 
1627. 
1629. 

Barometer invented. 
First Printing-press in America. 

1639. First Printing-office in America at 
Cambridge. 

1647. Otto Van Gueriche constructed first 
electric machine. 

1650. Railroads with wooden rails intro- 
duced near Newcastle. 

1652. First Newspaper Advertisement. 
1704. 
1705. 

First Newspaper in America, 
Blankets first made at Bristol, Eng- 

land. 

= 2 

159. Clepsydra, or Water - clock, invent- 
ed. 

146. Carthage destroyed. 
zo. First Water-mill described. 
51x. Cesar invaded Britain. 
45. First Julian Year by Cesar. 
8. Augustus corrects the Calendar. 

A.D. 
1752. Benjamin Franklin demonstrated 

identity of the electric spark and 
lightning, by aid of a kite. 

1752. New Style, introduced into Britain; 
Sept. 3 reckoned Sept. 14. 

1753- First Steam-engine in America. 
1769. James Watt—First design and pat- 

ent of a Steam-engine with sepa- 
rate vessel of condensation. 

1772. Oliver Evans—Designed the Non- 
condensing Engine. 1792. Ap- 
plied for a patent for it. 1801. 
Constructed and operated it. 

1774. Spinning-jenny invented by Robert 
Arkwright. 

1776. Iron Railway at-Sheffield, England. 
1783. First Balloon ascension,and Vessel’s 

bottoms coppered. 
1790. Water-lines first introduced in mod- 

els of Vessels in the U.S. 3 
1797- John Fitch—Propelled a yawl-boat 

by application of Steam to side- 
wheels, and also to a screw-propel- 
ler, upon Collect Pond, New York. 

1807. Robert Fulton — First Passenger 
Steamboat. 

1824. Compound marine steam-engines 
first introduced by James P. Al- 
lan, New York. 

1825. Introduction of steam towing by 
Mowatt, Bros. & Co., of New York, 
by steam-boat ‘‘ Henry Eckford,”’ 
New York to Albany. * 

‘1826. Voltaic Battery discovered by Alex. 
Volta, and First Horse-railroad. 

1827. First Railroad in U. S., from Quincy 
to Neponset. 

1829. First Lucifer Match and first Loco- 
motive in America. 

1830. Liverpool and Manchester Railroad 
opened. First Steel Pen and first 
Iron Steamer. 

1832. S. F. B. Morse invents the Magnetic 
Telegraph. 

1836. Robert L. Stevens first burned An- 
thracite Coal in furnace of boiler 
of steamboat ‘‘ Passaic.” i 

1840. First steam-boiler constructed for 
burning Anthracite Coal in steam- 
boat ‘‘ North America,’’ N. Y. 

1844. Telegraph line from Washington to 
Baltimore, Md. 

1846. First complete Sewing - machine. 
Elias Howe, inventor. 

1866. Submarine Telegraph laid from 
Valencia to Newfoundland, N.S. 

* Witnessed by author, 
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Dates of Day of Weelx, corresponding to Day deter- 
mined by following Table. ; 

Februar . February,* < 

March, ‘ts , tA May. January, ear September, ‘ 

November. | August. October. July. December, ORES 
__ 

3 i 3 4 5 6 7 
8 9 10 Ir 12 E 13 ch 

15 16 17 18 19 Zp, a 

22 23 24 25 36 27 28 

28 30 31 

Thus, if Monday is the day determined by the year given, the following dates are 
the Mondays in that year. 

Hipacts, Dominical Letters, and an Almanac, from 
1800, to 1901. 

Use or TaBLe. —To ascertain day of the week on which any given day of the 
month falls in any year from 1800 to rgor. 

ILLUSTRATION. —The great fire occurred in New York on 16th of December, 1835; 
-what was day of the week? 

Opposite 1835 is Sunday; and by following table, under December, it is ascertained 
that 13th was Sunday; consequently, 16th was Wednesday. 

Dom.| ¢ Dom.| $ Dom.| 4 
Years. Days. Let- | & || Years. Days. Let-| 2 ||Years, Days. Let-| 3 

ters. | & | ters. | A ters. | 

1800 | Saturday. | E 1834 | Saturday. E_ | 20|/1868| Sunday.* | ED 6 
1835 | Sunday. D 1 || 1869 | Monday. C /17 
1836 | Tuesday.* | CB | 12|| 1870 | Tuesday. B } 28 

7 || 1837 | Wednesd. A | 23/| 1871 | Wednesd. A 9 
18 || 1838 | Thursday. | G | 4|/1872| Friday.* | GF | 20 
29 || 1839 | Friday. F | 15 || 1873 | Saturday. E I 
11 |/1840 | Sunday.* | ED | 26/|| 1874 | Sunday. D | 12 
22|| 1841 | Monday. C 7 || 1875 | Monday. C } 23 
3 || 1842 | Tuesday. B | 18} 1876 | Wednesd.*| BA | 4 

14 || 1843 | Wednesd. A’ |29}| 1877) Thursday. | G | 15 
25 || 1844 | Friday.* G 11 || 1878 | Priday. F | 26 

6}| 1845 | Saturday. 1 |22||1879| Saturday. | E | 7 
17 || 1846 | Sunday. D | 3]/1880} Monday.* | DC | 18 
28 || 1847 | Monday. C | 14/| 188x | Tuesday. B | 29 
9|| 1848 | Wednesd.*} BA | 25 || 1882 | Wednesd. AM TT re 

20 || 1849 | Thursday. + | 6|/ 1883} Thursday. | G 
1|| 1850 | Friday. I | 17|/ 1884 | Saturday.*/ FE] 3 

1851 | Saturday. E_ | 28]) 1885 | Sunday. D | 14 
23 ||1852 | Monday.* | DC'| 9|| 1886 | Monday. Cf 25 

4|| 1853 | Tuesday. B -} 20|/ 1887 | Tuesday. B46 
15 ||1854 | Wednesd. | A | 1|/1888|Thursday.*! AG | 17 
26 || 1855 | Thursday. | G | x2|| 1889 | Friday. 
7 || 1856 | Saturday.* | FE | 23 || 1890 | Saturday. 

18 || 1857 | Sunday. D | 4}|189x | Sunday. 
29 || 1858 | Monday. C | 15/| 1892 | Tuesday. * 
11 || 1859 | Tuesday. B_ | 26/| 1893 | Wednesd. 
22||1860.| Thursday.*} AG | 7/1894 | Thursday. 

3||\ 186x | Friday. F | 28]| 1895 | Friday. 
E 
D 
CB 
A 
G 
F 

r8ox | Sunday. 
1802 | Monday. 
1803 | Tuesday. 
1804 | Thursday, * 
1805 | Friday. 
1806 | Saturday. 
1807 | Sunday. 
1808 | Tuesday. * 
1809 | Wednesd. 
1810 | Thursday. 
18rz | Friday. 

r8x2 | Sunday. * 
1813 | Monday. 
1814 | Tuesday. 
1815 | Wednesd. 
1816 | Friday.* 
1817 | Saturday. 
1818 | Sunday. 
1819 | Monday. 
1820 | Wednesd. * 
18x | Thursday. 
1822 | Friday. 
1823 | Saturday. 
1824 | Monday.* 
1825 | Tuesday. 
1826 | Wednesd. 
1827 | Thursday, 
1828 | Saturday.* 
1829 | Sunday. 
1830 | Monday. 
1831 | Tuesday. 
1832 | Thursday. * 
1833 | Friday. 

bw Qu 

14 || 1862 | Saturday. 29 || 1896 | Sunday. * 
25 || 1863 | Sunday. 11 || 1897 | Monday. 
6 || 1864 | Tuesday. * 22 || 1898 | Tuesday. 

17 || 1865 | Wednesd. 3 || 1899 | Wednesd. 
28 || 1866 | Thursday. 14 || 1g00 | Thursday. 
9 || 1867 | Friday. 25 || 1g0x | Friday. Cie ke} =) 

atoOUgor waniakouss> wakaarSumskway 

8 

gar waka Soma 

> 

* In leap-year, January and February must be taken in columns marked *, 
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To Ascertain Year or Years of Coincidences of a given 

Day of the Weelx with a given Day ofa Month. 

Look in preceding table and ascertain day of week opposite to year of 
occurrence, and every year in which same day is given will be year of coin- 
cidences required. 

ILLUSTRATION.—If a child was born on Saturday, r9th Sept. 1829, when could and 
can his birthdays be celebrated, that occurred or are to occur on same day of week 
and date of month? 

Opposite to 1829 is Sunday, and in preceding table the Sundays for September of 
that year were 6th, 13th, 2oth; hence, if 20th was Sunday, the x9th was Saturday. 

Hence, every year in table opposite to which is Sunday are the years of the coin- 
cidence required, as 1835, 1840, 1846, 1857, 1863, 1868, 1874, 1885, etc. 

MOON’S AGE, 

To Compute Moon’s Age. 

Ru.tr.—To day of month add Zpact and Number of month; from sum 
subtract 29 days, 12 hours, 44 min. and 2 sec., as often as sum exceeds this 
Perce and result will give Moon’s age approximately at 6 o’clock A.M. in 

nited States, east of Mississippi River. 

Numbers of the Months. 

d. h. d. h. d. h. d, h. 

January...... 51 (Aprils: cata BOTA IU asst carn ssesche 4 7 October ov... 7 16 
February..... Foe) Mayas sonar 2 8| August.......5 18} November....9 4 
March........ Or] JUNE Soule cesta 3 19 | September...7 5] December....9 15 

EXxAMPLe.—Required age of Moon on 25th February, 1877 ? 

Given day 25 + epact r5 + number of month r.22= 41 d. 22 h. —29 d. 12h. 44m. 
2 sec. =12d.g h. 15 min. 58 sec. 

In Leap-years add x day to result after 28th February. 

To Compute Age of Moon at Mean Noon at any other 
Location than that Given. 

Rute.—Ascertain age, and add or subtract difference of longitude or time, 
according as place may be West or East of it, to or from time given. 

Or, when time of new Moon 1s ascertained for a location, and it is required 
to ascertain it for any other, add difference of longitude or time of the place, 
if Kast, and subtract it if it is West of it. 

Moon's Southing, as usually given in United States Almanacs, both Civil and Nau- 
tical, is computed for Washington. 

To Compute Time of High-water by Aid of American 
Nautical Almanac. 

Rure.—Ascertain time of transit of Moon for Greenwich, preceding time 
of the high-water required. 

For any other location (west of Greenwich), multiply the time in column 
“diff. for one hour” by longitude of location west of Greenwich, expressed 
in hours, and add product to time of transit. 

Nore.—It is frequently necessary to take the transit for preceding astronomical 
day, as the latter does not end until noon of day under computation. 

EXaMPLy.—Required time of high-water at New York on esth of August, 1864. 

Longitude of New York from Greenwich = 4 hk. 56 m. 1.65 sec., which, multiplied 
by 2.17 min., the difference for x hour = ro.71 min. for correction to be added to time 
of transit, to obtain time of transit at New York, 
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Time of transit, 18 hk. 38.8 m.; then 18 h. 38.8 m. + 10.71 m. = 18 hours 49.51 min. 
Time of transit at New York, 24 d. 18h. 50 m. 

_ Establishment of the Port, Setrs 

ed 25d, 3h. 3m.=time of high-water. 

Nore. —Time of 25th at 3 2. 3 m. Astronomical computation = 25th at 3h. 3m. 
p.m. Civil Time. 

To Compute Time of High-water at Full and Change 
of Moon, 

Time of High-water and Age of Moon on any Day being given. 

Ru.LE.—Note age of Moon, and opposite to it, in last column of following 
table, take time, which subtract from time of high-water at this age of 
Moon, added to 12 h. 26 m., or 24 h. 52 m., as case may require (when sum to 
be subtracted is greatest), and remainder is time required. 
ExaMpLe.—What is time of high-water at full and change of Moon at New York? 

Time of high-water at Governor’s Island on 25th of Jan. 1864, was 9 h. 20 m. 4.M. 
civil time. Age of Moon at x2 mM. on that day was 16 d. 8h. 59 m. 

Opposite to 16 days, in following table, is 13 h. 28 m.,and difference between 16 d. 
and 16 d. 12h. =(16.5 — 16, or 13.53 —13-28) is 25 m.; hence, ifr2zh.=25m., 16d. 
8h. 59 m. —16 d. =8h. 59 m. = 18.71 OF 19 m., Which, added to 13 h. 28m. =13h, 
47 ™. : 

Then 9 h. 20 m. + 12 h. 26 m. (as sum to be subtracted is greater than time) —13 h. 
47 m. =2rh. 46 m. —13h. 47 mM. =7 h. 59 m. 

This is a difference of but 13 minutes from Establishment of Port. 

Time after apparent Noon before Moon next 
passes Meridian, Age at Noon being given. 

(S. H. Wright, A. M., Ph.D.) 
Age of | Moon at || Age of | Moon at || Age of | Moon at || Age of | Moon at || Age of | Moon at 
Moon. | Meridian. || Moon. | Meridian. |} Moon. | Meridian. || Moon. | Meridian. |) Moon. |Meridian, 

Days. H. Fig Days. HW. M. Days. H. M. Days, HM, Days. He M 
P. M. Pp, M. Pr. M. A. M. A.M. 

:0 ° 6 Tene 12 10 6 18 15 8 24 20 11 
“5 25 6.5 28 12.5 | 10 31 18.5 | 15 34 || 24.5 | 20 37 5 

SS aaiig te 10 56 |} 19 15.59 || 25 era 
L5 I 16 7.5 6 19 13-5 II 21 19.5 16 24 25.5 | 21 27 

8 6 44 14 Il 47 20 16 49 || 26 2I 52 
M, 

2.5 2 6 8.5 7 9 14.5, |. 22) 12 20.5 | 17 15 || 26.5 | 22 17 

3 2 31 9 7 34 ‘|| 15 12 37 || 21 17 40-|| 27 22 43 
3.5 257 9-5 7 59 15.5 | 13° 2° )| 21.5 | 2285 -|] 27-5 | 23° 8 
4 3 22 10 8 25 16 13 28 22 18 30 || 28 23 33 
4.5 3.47 10.5 8 50 16.5 23) 53 22.5 18 56 28.5 | 23 58 
ed a ae 11 9 15 17 14 28 || 23 19 21 || 29 24 24 
55 | 438 j] 15 | 9 40 |] 17-5 | 14 43 |] 23:5 | 29 46 |] 29.5 | 24 48 

Tidal Phenomena. 

The elevation of a tidal wave towards the Moon slightly exceeds that of the op- 
posite one, and the intensity of it diminishes from Equator to the Poles. 

The Sun by its action twice elevates and depresses the sea every day, following 
the action of the Moon, but with less effect. 

Spring Tides arise from the combined action of the Sun and Moon when they are 
on ‘both sides of the Earth. 
Neap Tides are the consequence of the divided action of the Sun and Moon, when 

they are on opposite sides of the arth, and the greatest elevations and depressions 
do not occur until the 2d or 3d day after a full or a new Moon. 
When Sun and Moon are in conjunction, and the time is near to the Nquinoxes, 

the tides are fullest. The mean effect of the Moon on the tidal wave is 4.5 times 
that of the Sun. If, therefore, the Moon caused a tide of 6 feet, the Sun will cause 
one of 1.33 feet ; hence a spring tide will be 7.33 eet, and a neap tide 4.67 feet. 

Particular locations as to contour of shores, straits, capes, and rivers, lengths and 
depths of channels, shoals, etc., disturb these general rules, 
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LATITUDE AND LONGITUDE. 

Latitude and Longitude of Principal Locations 
and Observatories. 

Compiled from Records of U.S. Coast and Geodetic Survey and Topograph- 
ical Engineer Corps, Imperial Gazetteer, and Bowditch’s Navigator. 

Longitude computed from Meridian of Greenwich. 

., represents Academy; Az., Azimuth; A.S., Astronomical Station ; C., College ; 
abate Capitol ; Ch., Church ; "OH. City Hall ; "GS. , Coast Survey; Ct. ’ Court- house : 

Cy., Chimney; ES. | Flagstaff; GS. , Geodetic Station ; Hos., Hospital ; 
house ; Obs. , Obser vatory ; Sikiy State- house ; 

L. Light 
Sp. Spire ; Sq., Square ; S.S., Signal 

Station ; Te Telegraph ; Pat hag Town Hail ; U. , University ; Un., Union ; B. Baptist ; 
E. , Episcopal ; P. |, Presby Ye 5 and M.Ch. » Meth. Churches. Con, , Congr ‘egational ; 

Location. Latitude. |Longitude. + Location. | Latitude..| Longitude. 

NORTH AND SOUTH N. W. NORTH AND SOUTH N. w. 
AMERICA. Vee id cola cay, pepe a TON MOY SO.” ot 

Acapulco’......: Mex. 16 50 19] 99 49 9/||Canandaigua....N.Y.|/42 54 9| 77 17 
Albany, P.Ch.... N.Y.!42 39 3] 73 45 24||Cape Ann, S. L..Mass.|42 38 11| 70 34 10 
Ann Arbor...... Mich. 42 16 48) 83 43 3//Cape Breton...... Va. |45 57 59 48 5 
Annapolis........ Md. |38 58 42| 76 29 6||Cape Canaveral. ..Fla.|28 27 30] 80 33 
Apalachicola, F.S. Fla.|29 43 30} 84 59 Cape Cod, L.P.L...Ms.|42 2 70 9 48 
Astoria, F.S...../. Or. |46 1x 19|123 49 42||Cape Fear C.|33 48 77 57 
Atlanta, C.H...... Ga. }33 44 57| 84 23 22||Cape Flattery, L.. 48 23 15/124 43 54 
‘Auburn.........N.Y.|42 55 | 7628. ||Cape Florida, L...Fla.j25 39 54| 80 972 
AUGUSTA Hides mys Ga, |33 28 8x 54 Cape Hancock, Colo,R.|46 16 35)124 1 45 
Augusta, B.Ch.... Me.|44 18 52| 69 46 37||Cape Hatteras, L.,N.C.|35 15 2| 75 30 54 
NUBE Bic ycciee in ecinie Tex. 30 16 21] 97 44 12||Cape Henlopen,L. ,Del./38 46 6) 75 4 7 
Bahizot io. Uke a.|29 8 5] 89 x 4|/Cape Henry, L....Va./36 55 30] 76 o 42 
Baltimore, Mon’t . Md./39 17 48] 76 36 59||Cape Horn, S. Pt., Her- z 
Bangor, Tho’s Hill. Me, 144 48 23] 68 46,59|] mit’s Island.....,.. 5559 67 16 
Barbadoes, S.Pt..W.L|13. 3 59.37 N. 
Barnegat, L...... N. J.|39 46 74 6 Cape May,L...... N.J./38 55 48) 74 57 18 
Bath, W.S.Ch..... Me. |43 54 55| 69 49 Cape Race....... N.S.|46 39 24] 53-4 3 
Baton Rouge,..... La.) 30 26 gr 18 Cape Sable....... N.S. |43 24 65 36 
Beaufort, Ct...... N.C.\34 43° 5| 76 39 48)|Cape Sable, C.S...Fla.j25 653) 81 15 
Beaufort, K,Ch...8.6./32 26 2| 80 40 27 S. 
Belfast, M.Ch.....Me.|44 25 29] 69 =19)|Cape St. Roque, Brazil) 5 28 35 17 
Benicia, Ch...... Cal./38 3. 5/122 9 23 N. 
Benington ........ Vt.|42 40 73 18 Carthagena...... N.G.|10 26 75 38 
Bismarck, 8.5 ...Neb.'46 48 jroo 38 CASEING. . ear ame + 5 ong Me.|44 22 30] 68 45 
Boston, iva 4, ‘Mass |42 19 6] 7053 6/|Cedar Keys, Depot Isl.|29 7.30) 83 2 45 
Boston, S.H..... 0 '¢ 142 21-30] 71, 3 30]/Chagres.......... = G.| 9 20 80 1 21 
Brazos Santiago. .Tex.|26 6 97 12. |/Charleston,C.Ch.,S.C./32 46 44) 79 55 39 
Bridgeport...... Conn.|41 ro 30) 73.1554 Charlestown,Mon. Ms 42 22 36) 71.318 
TRESS Rg oben R. I.}4r 40 rr} 71 16 5||Cheboygan, L...Mich. 45 40 9] 84 24 37 
Brooklyn, C.H...N.Y.|40 41 3x] 73 59 27||Chicago, C.Ch..... Ill. 4x 53 48] 87 37 47 
Brownsyille, 8.8. .Tex. }26 | 97 30 Chickasaw...... Miss. /35 53 30| 88 6 25 
Brunswick, A..... Ga.|3x 8 5x| 8x 29 26)|Cincinnati, Obs..... 0.!39 6 26) 84 29 45 
Brunswick, O.Sp..Me.|43 54 29] 69 57 24||Cleveland, Hos.....‘*|41 30 25| 81 40 30 
Buffalo, Li... 2... N.Y 42 50 78 59 Colorado Springs..Col.|38 50 |104 49 8 
Burlington...... N.J.J40 4 52| 74 52 37||Columbia, 8.H....S.C./33 59 58] 81 2 3 
Burlington, C......Vt.|44 28 52] 78 10 Columbus, Caples ae 0.|39 57 40] 82 59 40 
Burlington, Pub. Sq, la. 40 48 22/ gt 6 25|/Concord,S.H....N.H.|43 12 29] 71 29 
Bushnell o.oo) Neb.|4x 13 54/103 52 57/||/Corpus Christi... Tex. 27 47 18| 97 27 2 
CANORA S Sees saa! Ill. ]36 59 48] 89 xx x4||Council Bluffs. -Neb.T. 41 30 9548 | 
Calais, C.S. Obs... Me.|45 xx 5] 67 16 5)/Crescent City, L...Cal.j41 44 34/124 11 22 

; Si Cumberland. ..... Ma.|39 39°14] 78 45 25 
Callao, F.S.......Perujr2_ 4 77.13, ||Darien, W.H..... +Ga.|3r 21 54) 8x 25 39 

N. ¥ | Davenport, S.8....Ta.J4x 32 =| go 38 
Cambridge, Obs. eS 42 22 52! 71 7 43||Dayton............ 0.)39 44 84 xx 
Camden. . Se ee. 34a ee 33 Deadwood, 8.S...Dak.}44 22 |103 34 | 
Campeachy .. Yucatan 19 49 go 33. «SN Decatur, S.S.....Tex.|33 ro 97 30 



LATITUDE AND LONGITUDE. 

Latitude and Longitude—Continued. 

77. 

Location. Latitude. | Longitude, Locatron. Latitude, | Longitude, 

NORTH AND SOUTH N. Ww. NORTH AND SOUTH N. Ww. 

ee CS TRY ip RON AEE eels oy AY SE fal Kos AT) 
Denver, S. H.Sp..Col.|/39 45 = /104 59 33||Lockport........ N.Y.|43 12 78 46 
Des Moines, C.H...Ia.|41 35 93 37 16\|Los Angeles...... Cal./34 3 5/118 14 32 
Detroit, St. P.Ch. )Mich. 42 19 46| 83 2 23 Louisville........ Ky.|38 3 85 30 
POVer cs sieases a2 Del. |39 10 75 30 Lowell, St. Ann’s Ch., 
Dover erererelelsaistere N. H.}43 13 7S 5h Mass. 42 38 46] 71 19 2 
Dubuque. .....2%. Ta.|42 29 55| 90 39 57||Machias, Th....... Me.|44 43 1| 67 27 2x 
Duluth, 8.8...... Min.|46 48 92 8 Macon, Arsenal....Ga.|32 50 25] 83 37 36 
Eastport, Con.Ch..Me.|44 54 15| 66 59 14/|Madison, Dome... Wis./43 4 33) 89 24 3 
Edenton, C.H....N.C.|36 3 24] 76 36 31||Marblehead, L...Mass.|42 30 14] 70 50 39 
Elizabeth City, ‘Ct. 36 17 58| 76 13 23)|Martinique,S.P’t.W.1.|14 27 60 55 
PSEC or Wiaveip a) -tali a Penn.|42. 8 43) 80 4 12\|Matagorda, G.S...Tex.|28 41 29] 95 57 56 
Eureka, M. Ch....Cal.|40 48 11/124 9 4x||Matamoras....... ‘* |25 52 50] 97 27 50 
Falls St. Anth’ ied Minn. 44 58 40| 93 10 30||Matanzas........ Cubal23 3 8r 40 
Fernandina, A.S..Fla.)30 40 18) 81 27 47||Memphis, 8.S...Tenn.|35 7 90 7 
FBlorence.......2% Ala.|34 47 13) 87-41 40||Mexico.......... Mex.|19 25 45] 99 5 6 
Fort Gibson. ...Ind. T.|35 47 35| 95 15 10||Milwaukee...... Mich.|43 2 24] 87-54 4 
Fort Henry..... Tenn. |36 30 22| 88 3 40|| Minneapolis, U.C. ae 44 58 38] 93 14 8 
Fort Laramie..Neb.T.|42 12 10|104 47 43/|| Mississippi City, G E 
Fort Leavenworth, Ks.|39 21 14| 94 44 Misg 30 22 54| 89 1 57 
Frankfort........ Ky./38 14 84 40 Mobile, E.Ch..... Ala.|30 41 26| 88 2 28 
Frederick........ Md./39 24 77 18 Monterey, Az.S...Cal.|/36 35 21/121 52 59 
Fredericksburg, E. Ch., 5. 

Va.|38 18 6| 77 27 38)| Montevideo... Rat Is’d}34 53 56 13 
Fredericton......N.B.|46. 3 66 38 15 N. 
Galveston,Cath’l,.Tex.|29 18 17| 94 47 26||Montgomery,S.H., Ala./32 22 45) 86 18 
Georgetown...... Ber. |32 22 2| 64 37 6)|Montreal........ C. E.\45 3x 73 3256 
Georgetown, E.Ch.,S.C.|33 22 8] 79 16 49||Mound City....... Ill.|37 4 47| 89 12 
Gloucester, U.Ch.. Ms. 42 36 46| 70 39 59|| Nantucket, L....Mass.|41 23 24| 70 2 24 
Grand Hay en, 8. S., Nantucket, 8. Tower 

Mich.|43 5 86 18 Mass.|41 16 57) 70 5 57 
Halifax, Obs......N.5./44 39 4} 63 35 Nashville, U Tenn.|36 9 33| 86 49 3 
Harrisburg..... Penn.|40 16 70 50 Nassau, Li. ..sde N. Palas 5) pier7ienene 
Hartford, S.H...Conn.}41 45 59| 72 40 45)|Natchez........ Miss. /31 34 Ox 24 42 
Havana, Moro... .Cuba 23 9 82 21 23)|Nebraska, Junction of 
Hole in the Wall, Es, Forks of Platte Riv.|41 5 5}xox 21 24 

Bahamas/25 51 5] 77 10 6||New Bedford, B. Ch., 
Holmes'’s Hole,Ch.,Ms.|41 27 13] 70 35 59 Mass.|41 38 10] 70 55 36 
Hudson.......4. N.Y. 42 14 73 46 New Haven, Col.,Conn.|4r 18 28] 72 55 45 
Huntsville. oo... Ala.|34 36 86 57 New London,P.Ch. ‘ |4r 21 16] 72 5 29 
Indianapolis..... Ind. 39 55 86 5 New Orleans, Mint, La.|29 57 46| go 3,28 
ndianola,G.S....Tex. 2 Gieiae x 7 A 
jae alae crafs “Miss. : a i - °3 Nuw York, C:H.,N.Y.|40 42 44] 74 24 
Jacksonville, M. Ch., Newbern, E.Sp,..N.C./35. 6 21|-77. 5 

Fla, 30.19 43] 8x 39 14||Newburg, A. Sp,, N.Y./4x 30 6] 74 33 
Talapa sic .iccates Mex.|19 30 8] 96 54 30||Newburyport,L.,Mass.}42 48 30] 70 52 28 
Jefferson City ....Mo.}38 36 g2 8 New Castle, E,Ch.,Del.|39 39 36] 75 33 48 
Jersey City, Gas Ch’ y.|40 43 28] 74 2 24||Newport, Sp...... R. I.|41 29 12| 71 18 49 
Kalama, M.Ch...W.1T.|46 26 {122 50 39||Norfolk, C.H.,.... Va./36 50 47| 76 7 22 
Keokuk, 8.8....... Ta.|40 23 QI 25 Norwalk ...... Conn. |41 2 50] 73 25 35 
Key West, T.Obs., Fla.}24 33 31| 81 48 31||Norwich,....... SE Wise ei) 72 7 
Kingston..... Jamaica|17 58 76 46 Ocracoke, L,..... N.C./35 6 28] 75 58 53 
Kingston, 0. H...0.W.|44 8 76 28 37||Ogdensburg, L...N.Y.|44 45 | 75 30 
Knoxville...... Tenn.|35 59 83 54 Old Point Comfort, Va.|37 2| 7618 6 
La Crosse, Ct.S...Wis./43 58 50] 9x 14 48|/Olympia...... Wash.T. 47 3 «+|122 55 
Lancaster...... Penn.|40 2 36] 76 20 33//Omaha, P. Ch....Neb.}41 15 43] 95 56 14 
Lavaca, A.8...... Tex. |28 37 36] 96 37 21||Oswego,8.S..... N.Y.|43 28 32] 7635 5 
Leavenworth, S.S..Ks. |39 e 94 58 Ottawa HBA csi Can.|45 23 75 42 
Lexington: ......%. Ky. |38 84 18 Panama, Cath’l...N.G.} 857 9| 79 27 17 

Pi Parkersburg. ...W.Va.}39 16. 2] 81 34 12 
STM ae iahele «10 ais'erale Peruj12 3 77,6 Pascagoula...... Miss.}30 20 42] 88 32 45 

N. Pensacola, Sq’re.,Fla.|}30 24 33] 87 12 53 
Little Rock,..... Ark. /34 40 92 12 Petersburg, C.H.. .Va.|37 13 471 77 24 16 

G* 
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Location. Latitude. Longitude. | Location. Latitude. | Longitude, 

NORTH AND SOUTH N. W. NORTH AND SOUTH N. Ww. 

pecs OCT, ih Oe ne sobs Of arte Ft. UL 
Philadelphia, 8S. H., Pa.|39 56.53| 75 9 3)\St. Augustine, P. Ch., 
Pike’s Peak, 8.S..Col.|38 48 [104 59 Fla. |29 53 20| 81 18 41 
Pittsburg.....8. . Penn. |40 32 Oo 2 St. Bartholomew, &.| 
Plattsburg, Sp....N.Y.|44 41 57| 73 26 54|| Point......... W. I.!17 53 30| 62 56 54 
Plymouth, Pier ...Ms.|4z 58 44! 70 39 12||St. Gurintophes, MP 
Point Hudson. ...W.T. 48 7 3/122 44 33 5 lay 24 62 50 
Port au Prince... W. 1.|18 33 7216 3)\St. Croix, Obs.... hie 17 44 30] 64 40 42 
Port Townshend, A.S., St. Domingo..... 18 29 69 52 

Wash. T, 48 6 56|122 44 58||St.Eustatia,Town. “* {17 29 63 
Portland, C.H..... Me.|43 39 28} 70 15 1||St. Jago de Cuba, En- 
Portland, §.S....... 0.145 30° |x2227 30|| trance........ W. 1 j19 58 75 52 
Porto Bello...... N.G.|.9 34 79 40 St. John......... ~ B.|45 14 6] 66 330 
Porto Cabello, Mara- St. Joseph........ Mo.|23 3 13\109 40 44 

caibo|ro 28 68 7 ||St. Louis, W.U.. 6° 138 8 3] 9012 -4 
Portsmouth, L...N.H.j43. 4 16} 70 42 34) St. Mark’s, Fort. “Fla. |30 9 1| 84 12 30 
Prairie du Chien:.Wis.|43 2 gr 8 35|/St. Martin’s, Fort, W. 1.118 5 63 3 
Princeton, 8.Cap., N.J.|40 20 40) 74 39 55||St. Mary's, M. HL. -Ga.}30 43 12) 81 32 53 
Providence, U.Ch.,R.1. |4x 49 26| 71 24 19/|St. Paul........ Minn. |44 52 46] 95 4 54 
Provincetown, -Sp., |St. Thomas, Fort ee 

Mass. |42 3 7O 11 18)| W. 1/38 2x 64 55 18 
Puebla de los Angelos, \St. Vincent’s, S. Point, 

Mex.|19 15] 98 2 21]| WL 139 61 14 
‘Quebec, Citadel. .Can’a/46 49 12| 71 12 15|)Staunton.......... 38 851) 79 415 
Queenstown.... ‘ |43 9 79 8 Stockton, S.S... 3 130 50 ~-|102 50 
Raleigh, Square..N.C.|35 46 50) 78 38 5||Stonington, L...Conm.|41 19 36] 71 54 
Richmond, Cap. ...Va.|37 32 16} 77 26 4||Sweetwater River, 

8. | Mouth of.. ..Neb.T. 42 27 18/107 45 27 
Rio de Janeiro, S. Loaf. |22 56 43 9 |Sydney, SaS: Ai.a N.S. |46 12 60 12 

N. Syracuse... N.Y. 143.3 76 9 16 
Rochester, R.H..N.Y.|43 8 17] 77 52 Tallahassee....... Fla. |30 28 84 36 
Rockland, E.Ch...Me.|44 6 6) 69 6 52||\TampaBay,E.Key “ |27 36 82 45 15 
Sackett’s Harbor, N.Y.|43 55 75 57 Tampico, Bar....Mex.|22 15 30] 97 51 51 
Sacramento....... Cal. |38.34 41/121 27 44|/Taunton,T.C.Ch.,Mass.|41 54 11] 7x 5°55 
Salem, Soi. .o... Mass. |42 31 ro] 70 53 58||Tobago, N. E. P’r. W. L.j11 20 60:27. * 
Salt Lake City, Obs., Toronto: ......... Can. |43 39 35] 79 23 2 

Utah|40 46 4|1xx 53 47)|Trenton, P.Ch ...N.J.|/40 13 10] 74 45 50 
Saltillo ics ts 2s Mex. |25 26 22\101 4 45/ Trinidad, Fort...W. I. |r0 39 61 32 
San Antonio..... Tex.|29 25 22} 98 29 15||Troy, D. Cb. ke N.Y.|42 43 73. 216 
San Buenaventura, Tuscaloosa....... Ala. |33 12 87 42 

Sh SOQ aOR Cal! 34 15 46/119 15 56|| Utica, Dut.Ch....N.¥./43. 6 49] 75 33 
San Diego, A.S.... “* |32 43 68/117. 9 4o 8. 
San Francisco, ¢ Valparaiso, Fort. .Chilij33 2 qi 42 

Station......... cal 37.48  |122/23 19 N. 
San José, Sp...... ‘€ 137 19 58|r2r 53 39|| Vandalia.......... Til.|38 50 89 2 
San Luis Obispo.. ‘ |35 10 38|120 43 31/| Vera Cruz....... Mex. |19 11 52| 96 8 36 
San: Pedro. ...5 0. “ 133 43 20/118 16 3|| Vicksburg, S.S... Miss. |32 23 9° 54 
Sandusky, L........ 0.|41 32 30| 82 42 15]| Victoria.......... Tex. |28 46 57] 97 x 
Sandy Hook, L...N.J.|40 27 40) 74 || Vincennes.. - Ind. |38 43 87 25 
Santa Barbara, M. on Virginia City,S. 8. »M.T.145 20 [x12 3 

Jal. 26 r0|119 42 42 % 
Santa Clara,C.Ch.. es 20 49 Sat 26 % WASHINGTON. . .Capitol)38 53 20] 77 36 
Santa Cruz, F.8.. ‘ |36.57 31/122 1 29||Watertown, Ars’l.,Ms.|42 21 41| 71 9 45 
Santa Fé...... N. Mex.|35 41 6|106 x 22||West Point...... N.Y. |4x1 23 26) 73 57.2 
Savannah, Sp...... Ga.|32 4 52| 8x 5 26)|Wheeling......... Va.j4o 7 80 42 
Schenectady..... N.Y. |42 48 73 55 Wilmington, E. Ch., 
Sherman, R.R.D.,Wy.|4x 7 50|105 23 33 N.C. 34 14 2] 77 56 38 
Shreveport, S.S....La.|32 30 93 45 || Wilmington, T.H. .Del.|39 44 27| 75 33 3 
Smithville, G.S...N.C./33 54 58] 78 x 8|| Worcester, Ant.H..Ms.|42 16 17| 71 48 13 
Springfield...... Mass, Yankton, 8.8... . Dak. 42 45 97 30 
Springfield, 8. H....Ill./39 47 57} 89 39 20||Yazoo.......... Miss.|33 5 go 20 
Springfield, S.S....  |42 6 72 36 MO Me BRastods 31 Penn. |39 58 768 40 
St. Augustine....,Fla.|29 48 30) 81 35 Yorktown........Va[37 73-1 76 34 
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Location. Latitude. | Longitude. Location. Latitude. | Longitude, 

EUROPE, ASIA, AFRICA,| N, EB. EUROPE, ASIA, AFRICA,| N, BE. 
AND THE OCEANS. |, ) 16 7%, AND THE OCEANS. a raeue 

Aleppo... .2&. Ras oe 36 11 37 10 (GENOA'S . Miss Asie See's 0 44 24 ies 53 sn 
Alexandria, L......... 3I 12 29.53 i 
Algiers, L. .... AL ooh 36 47 3 4 Gibraltar... vce a6 929 (30 97. 5 22 
Amsterdam .77..0+..s 453 Glasgow ....+ 2.06 22/55 52 4 16 
Antwerp:......-. 2. Archana ge big 7s ae GREENWICH .........- sz 28 38] — 
Athens..... 23 44 E. 
Bareélona....f...+-26 211 Hamburg...... tageeer|53 39 9 58 

FLOVEC:. ola ctaos a creg ave 49 29 6 
Batavia, Obs. 106 50 aS: W. 
Bencoolen, Fort, Su’a.| 3 a 102 19 Hawaii or Owyhee.,.,/20 23 {155 54 

N. N. KE. 
BerbinVOHs.|.th. Hes. 52 30 16] 13 23 45||Hongkong........... 22 16 30/114 14 45 
Bombay, F.S......... 18 56 72 54 Hotolulu.. .c.d.see% 21 18 12/157 30 36 

I W. 
Botany Bay, C. Roads.|34 2 |151 13 Hood Isl’d,Gallapagos.] x 23 89 46 

N. Hood’s Island, Mar-| S. ik. 
BESOMON: |. c'. sbiccleh'e ss Stes 8 4 QUEBAS Lr. oes scigcets 26 138 Ww 9 N. 3° 57 

MSU ISEORtaloleieletestereit oi « 51 27 2 35 Jeddo or Tokio....... 35 40 |139 40 
KE. JerHsalem ..cd.5 sere 31 48 37 20 

Brussels, Obs. ........ 50) 51, rng ze, || weghorn) Lats. .5sisjc01 43 32 ro 18 
Bussorah ..........5- 30 30 48 Beipsics jijestrsspepras 51 20 20] 12 22 

We OV GON. is'cja'clordielainla ste 52 28 29 1 
Cai Merete slclaiseisletoin'sio%s 36 32 6 18 : Ww : 

E. PASBOM: |.) es) paseo 8 42 9 9 
Caitee oe tatciaies 3 otssiee's 30 3 31-18 |;/Liverpool, Obs........ 53-24 48] 3 
(971) 5 Oe een See 50 58 I 51 E. 
BICUUTE Fi. 0. tise» 3G 22 34 88 20 Madras ot vee on ve sidulZ4 4 G) SOLS 45 
OGnGiayy J... ste ob 35 31 25 8 W. 
MUON, o.oo cat ote BF ake p 23°97 - |r13° 14" ||Madrid..... 2.00% 40 25 3 42 

We E. 
Cape! Clear ..i7.0..%, 51 26 9 29 Majorca, Castle....... 39-34 2:23 

s. E. We 
Cape of G. Hope, Obs..|/33 56 3} 18 28 45||Malaga.........00.%. 36 43 4 26 
Cape St. Mary, Mad’r. .)25 30 45°79 E. 

fi Malta, Valetta........ 35 54 I4 30 
Ceylon, Port Pedro...| 9 49 80 23 Mei eiate. ere:a'se iste nlelele 14 30° \12n 2 
Christiana .........../59 55 10 43 Marseilles. .......4... 43 18 5 22 

5 Messina, L. .....- 38 12 15 35 
Congo River......... 6 8 12 9 Mocha. 4.5% 13 20 43 12 

N. MOSCOW: ck vain Acct 6 55 40 35 33 
Constantinople, St.S../41 x 28 59 MUSA Ss . 1... .inb gece ts 23.37 58 35 
Copenhagen.......... 55 41 I2 34 Naplesr Ect cc. bee gs his 40 50 14 16 
COMnt es aesee alee cs 37/54 22 52 W. 
Cronstadt.......6..2./59 59 29 47 New Castle........... 4 58 I 37 
DOW OTH ie)0) coviclere ete ots 51 38 I 19 New Hebrides, Table} 5. i. 

W. PSA 630 tet os ots 15 28 167. 7 
101 bh REE Bone Seer 53 23 12| 6 20 30||Niphon, Cape Idron,| N. 
Edinburgh........... 5 57 3.12 JAPAD Laie veeiebcees 34 36 3/138 50 35 
Falkland Islands, St. Ss. [UVC OP) 4 46 28 30°44 

Helena, Obs. ....... 1555 5 45 Palenmo; Iii... %.. 73.56 38 8 13.22 
N. PP EUDLSA OVS Mes araless\s' oie 48 50 13] 2 20 

Fayal,S.E. Point..... 38 30 28 42 GIG a ais sioietinie he's ls 39 54. |116 28 
Feejee Group, Ovolau, bOan ‘ W. 
OB Oiaielsints <lelelatoltters ae 17 41 = |178 Plymouth....6..2860 50.21 4 

CNSR OTe Petal ames 
TOKEN CO se. cincleicicee 43 46 rr 16 Port Jackson..N.S.W./35 51 32/151 18 

W. Porto Praya,Cape Verd| N. W. 
Funchal, Madeira..... 32 38 16 53 Islands... . +0. alee |i4. 54 23 @ 

‘ f S. i 
Geneva. ........++++5|46 12 59] 6 9 15||Princeof WalesIsland.|10 46  |142 12 
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Latitude and Longitude—Continued. 

Location. Latitude. Longitude. | Location. Latitude. | Longitude 

EUROPE, ASIA, AFRICA,| N, Ww. EUROPE, ASIA, AFRICA,| N, EB. 

ESM ARES OSES Og a Ou a ath BRD ne CCEA artes 72) mer mary 
Queenstown.......... IS 47 8 19 St. Petersburg........ 59 56 30 19 

E. BUCRs. peices s dab Adee ns 129 59 32 34 
Rome, St. Peter’s..... 4I 54 I2 27 Surat, Castle ......... 21 11 72 47 
Rotterdam... vic... 5 54 42 Ss. 

W. Sydney........ N.S. W. 133 33 42/151 23 
Santa Cruz..... Ten’fe'28 28 16 16 B 
Scilly, St. Agnes, L..../49 54 6 21 Tahiti or Otaheite....|17 45 {149 30 
Senegal, Fort......... \16. 16 32 N. E. 

E. WANG1CT 5-5 see Sea eie 35 47 554 
Sevastopol........... 144 37 33 30 TOWGR oso ce «ens oe as 5 22 
SSvaer skew e es 36 59 5 58 ripalisocs oc doe dee ome 34 54 13 15 
RSTO peter (pis sieeve olsiuis\oce 1455  |100 Tunis, City....0.......136 47 ro 6 

W. Venicere.teccs sane |40 50 14 26 
Sierra Leone......... 8 30 13 18 Vienwar 2... th Geen. 48 13 16 23 

N. E. Warsaw, Obs. ©. -.3..- (52.23 “Sper 29 
Singapore........ ele} e aF 103 50 s. 
MODGVINE ne oe vate oie one 0198 26 neh Wellington...New Z’d/41 14/174 44 

Southampton ........ 51 : I 30 Yokohama....... Pie, Se = 139 39 

St. Helena ...... Secs (E595 545 Zanzibar Island, Sp...| 6 28 39 33 

Observatories.—WNot included in previous Table. 

Longitude giver in Time. 
Locatron. Latitude. | Longitude. || Location. Latitude. | Longitude. 

N. W. N. E. 
14ers] MS Oe a ws 4p se 

Albany, Dudley . aie 39 49-55/4 54 59-52)| Madras.......... TZ. 4, 8.2.| 5zolgpeg 
Alleghany, Penn.. 40 27.36..|5 20 2.9 || Marseilles,....... 43 17 50 21 29 
Birr Castle, Earl Wi 

of Rosse... is). a 53. 5 47 31 40.9 || Mitchell's, Ciu.,O.) 39 6 26 | 5 37,59 

Cambridge, U.S...|42 22 52. |4.44 30.9 || Moscow........-. 55 45 19.8| 2 30 16.96 
E. Munich, Bogenh’n) 48, 8 45 46 26.5 

Cambridge, Eng...|52 12 Ere 6 22.75||Palermo..... Powel 38) 6.44 fae! 

Cape of G. Hope. .|33 He 3 3 oi erg aes Portsmouth. ..... 50.48 3 4 23.9 
N. ; Quebecois. nai 146 4830 | 4 44 49.02 

Copenhagen, Un’y.}55 40 53 50 — 8 E. 
Crescent City, A. Rome, College....| 41 53 52.2 49 54-7 

SeCalen i. anes 41 44 43. |8 aa 49: x ||Salt Lake City, W 
LD Nhel Mls Sr amgins cs 53-23 13 25 22 Utah! 40 46. 4. | 7 27 35.1 
Edinburgh....... 55 57 23-2 | 12 43.6 ||\San Francisco,Sq., 

E. Cale ioeicinis's cere «2137 4 55 8 9382 
BIOTEN COs ee v2.00 43 46 41-4 | 45 3.6 
GONCVA sine: seis 46 11 59.4.| 24 37-7 ||Santiago de Chili.) 33 = 24.8| 4 42 18.9 

N. 
Georgetown, U.S. 138 53 39 {5 8 12.5 |/St. Croix, W.1....| 17 44 30 4 18 42.8 
Gibbes’s, Charles- BE. 

ton, U.S. ian 32.47 7 |5 19 44.7 |/St. Petersburg, A..| 59 56 29.7| 2 1 13.5 
Stockholm....... 59 20 31 I 12 24.8 

GREENWICH ...... 5x 28 38 _ Ss. 
E. \Sydneyaweoe. cere 33 51 41.4 ]10 4 59.86 

Hamburg........ 53 395 39 54.1 || Tifft’s, Key West. Ne W. 
BVOUDSIC I is acon fetace's 51 20 20.1 | 49 28.5 La). \ciascnre tepals 24 33 31 | 5 oe zt x 
boeh oleyoks SRB anna 52 9 28.2 | 17 57.5 || Unkrechtsberg, Ol- 

TD VUU Zi ais yi olel ore ° O.1 
Liverpool........ 53 24 47.8 | 12° O11 noe an 7 
L. M. Rutherfurd, Washington...... 138 53 39 | 5 8 12.03 
New York .....|40 43 49 (4.5557 || West Point, N.Y..| 41 23.26 | 455 48 



1.6 sec., but in following table 2 seconds are given when the decimal in any 

-DIFFERENCE IN TIME, 

DIFFERENCE IN TIME. 

Difference in Time at following Locations. 

Longitude computed both from New York and Greenwich. 

Exact Difference of Time between New York and Greenwich is 4h. 56m. 

reduction exceeds .5 seconds, 

F representing Fast, and S Slow. 

Sir 

Location, New York. | Greenwich. Location. New York. | Greenwich. 

h. m. 8: h. m, 3. hom. 8. hom. 8; 
Acapulco.......5.. I 43 15°S.| 6 39 178.||Cedar Keys....... 36 9S.| 5 32 118. 
Albany 2.2... hh. ot. m+ Ba)i4/55'o" |||Chagres.. 20.05. 24 3 5 20 "+5 
Alexandria. .Egypt| 655 34 | 1 59 32 F.||Charleston........ 23 41 5 19 43 
Algiers: b. 3.02. 75. 5 818 12 16 ||Charlestown...... tr 48F | 4 44 13 
Amsterdam ....... 516 5 19 32 ||Cheboygan........ 41 378: | 5 37 38 
Antwerp.......... 5 13 38 17 36 ||Chicago........40. 54 30° | 5 50 32 

43 548.| 5 39 56S.||Chickasaw........ 56 24° | 5 52 26 
31917 | 81519 ||Cincinnati........ 4uh7? hy 7 lg 

Al 32 5 37°33" || Cleveland:.. 3.24. 30 40 «6| 5 26 42 
9 50 15 ee He Colorado Springs..| 2 3 15 6 59 17 

31 34 5 27 36 ||Columbia......... 28 7 5 24° 8 
1655F.| 439 6 |/Columbus......... 35 57__| 5 31 59 

I 34.558.| 6 30 27 ||Concord........... to 6F.| 445 56 
1026 |5 628 |/Constantinople....| 651 58 | 155 56F. 
20 54F.| 435 8 /||Copenhagen......, 5 40 18 50 16 
57 34°. | 3 58 28 ||Corpus Christi..... I 33 475.| 6 29 488, 

Barnegat, L... 228.| 45624 ||Council Blufts.. 12710 | 62312 
Bathip & <2 -| 16 46F.) 4 39 16 ||Crescent City.. 32044 |8 16 45 
Baton Rouge...... £9 108.0" 5 22 > || Darien. «7. ...eiiedtes 29 4m | 5 25 43 
Beaufort...... N:C.| 1038 |5 639 ||Davenport........ TE 30" 2 +116 2032 
Beaufort...... 8.C 2639° | 5 2240 ||Dayton........... 40 42 \ 5 36 44 
Belfast...60... 02. 20 1F.}-4 36° x ||Deadwood........ 1 58 30 6 54 32 
Bewicia sd, 0 22h... 3 12368.).8' 838 ||Denver......0..0. 2 357 | 6'59 58 
PDOMIIDM ine onal chile clei 5 49 37F.) 53°35 F.|| Detroit........... 36 76 5 32 10 
Bismarck..... 1 46 308.| 6 42 328.||Dover........ Del 3558 |5 2 
Bombay, § 9 47 38 F.|-4 51 36F || Dover..-..... N.H. 12 26F.| 4 43 36 
Boston, 5S. H 11 47.6|'4'44'148.||Dublin............ 4 30 40 25 22 
Bremen?. ....'.% Selsge 18 45 16 F || Dubuque.......:.. xr 6388.16 240 
Bridgeport.......: 317-°|'4°52°448.||Duluth.......)...2. 1iz10- |6 8 32 
Brooklyn, N. Yard, 455'58 ||Hastport....-..... 28 GF.) 4 27 56 
Brunswick ....Me.| 16 12°: |4'39'50 |/Edenton........4. to 2458.|5 6 26 
Brunswick..... Ga.| 29568.|'5 25 58 || Edinburgh........ 443 14F 12 48 
BYUSSCIBS ein oes oes 51330F.| 17 28F || Elizabeth City,N.C. 8 528.15 4°54 
Buenos Ayres..... D2 34) 1159S R288, || MICS 0. oc cde eal 2415: ||'$120°%7 
Buffalo, L. 7.1. o. 19 548.15 15 56 ||/Kureka........:.. 3 20 37 8 16 39 
Burlington..... Ta.| 1 824 426 ||FallsSt.Anthony..| 11640 | 6 12 42 
Burlington....N. J. 329 | 45930 ||Fernandina....... 29 50 | 5 25 5% 
‘Burlington..... Vt.|' 16 38 5 12 40 |/Fire Island, L..... 3 10F.| 4 52 54 
Bushnell...... Neb.| 1 5930 | 655 32 /||Florence...... Ala.| 54 458.| 5 50 47 
CAGIZE ere cis srvtel crete 4 3050F.| 25 12 ‘||Fort Gibson....... I 24 59 2I 1 
CRIT cae dis afete ae.» 7 V%4 2 5 12F ||Fort Henry..Tenn.| 56 13 5 5215 
CATO atste ee sles Ill.|-x §°438.] 5 56 458.|/ Fort Laramie,..... 2) 3) *0) = FOr 
Calais? -Kistoas> « e@ 2657F.| 4 29 4_ ||Fort Leavenworth.| 1 22 54 6 18 56 
Calcutta... 2.0... 10 49 22 5 53 20F'|| Frederick......... 13 10 5 g12 
CAMAOL | ace ojo cree 12 508.| 5 ‘8 52S.||Fredericksb’g..Va.}| 13 49 |5 9 51 
Cambridge. ..Mass. tr 30F.| 4 44 31 ||Fredericton...N.B.| 29 29 F.| 4 26 33 
Cantons. a)ajatateaae 122858 | 7 32'56F.||Funchal.......... 3 48 22 I 7.40 
Cape Girardeau....| x 2108./ 5 58 128.||Galveston......... 1 23 88.| 6 19 10 
Cape of Good Hope.|} 6 9 57F.| 1 13 55 ¥.||/Geneva..........- 5 20 39 k 24 379. 
Cape Horn.:...... 2658 |429 48.||Geneva....... N.Y.| 12 148./ 5 -8 168, 
Cape May......... 2568.| 45858 ||Genoa......--.665 5 3r 34 F 38 329. 
Cape Race........ 1 23 46F.| 3 32 16 ||Georgetown...Ber.| 3733 | 4 18 288. 
Carthagena..... pay 6308.| 5 232 |/Georgetown...S.C.| 2: 68.!5 17 7 
Caktine 2.4.5: hits Ay eee OL salu day Gibraltar.......5 -»| 434 34F.[ 21 28 



82 DIFFERENCE IN TIME, 

Difference in Time—Continued. 

Location, New York. | Greenwich. Location. New York. | Greenwich, 

hy Me 8 A. m. & hem. 8. bh. m. 8. 
Glasgow’......... 438 58F.| 17 4S.||Milwaukee.......) 55 35S.) 5 51 368. 
Gloucester . 13 22 | 4 42 40 "|| Minneapolis. 11655 6 12 57 
Grattonn... 6: «we + « 24 58.1.5 20 7 ,|\Mississippi City..| x 6 556 8 
Grand Haven.....}° 49 10 5 45 12 aaa nae 56 7 7 552 9 

Montauk Point... 18 22 4 37 4° 
GREENWICH....... 456 1-6) — Monterey........| 3 11 308.| 8 7 32 
TIBOR oh eae eo <5 41 42F.) 4 14 40 Montevideo...... 111 10 F.| 3 44 52 
Hamburg........ 5 35 54 39 52 F.|| Montgomery..... 49 108.) 5 45 12 
Harrisburg. ...... 1r 188.| 5 7 20S.||Montreal......... 1 50F.| 4 54 12 
Hartford......... 5 19 F.| 4.50 43 Montserrat...... 47 14 4 848 
Havana, Morro...| 33 248.| 5 29 26 || Moscow.......... 7318 4 22212F. 
ANE C orice = ce i =naiv 4.56 26 F. 24 F.|| Mound City...... xr 26S.| 5 56288 
Hawaii or Owyhee] 5 27 34S. |x0 23 36S.|| Nantucket....... 15 38 F.| 4 40 24 
Hongkong........ 12 27_1F.| 7 36 59 F.|| Naples... 
Honolulu........|15 27 30 |1031 28 || Nashville 
FANIGSOD). less ee «05 I 12 4.54 40S.|| Nassau........--. 
Huntsville. ....s.. 51 468.| 5 47 48 Natchez... .ss<s= 
Indianapolis...... 48 18 5 44 20 Nebraska 64 
Indianola E30ne 626 4 || New Bedford 44 
Jackson...... I. 430 6 032 New Haven...... 419 4 51 43 
Jacksonyille.. 30°35 5 26 37. || New London..... 7 4° 4 48 22 
Jalapa. acai as x I 31 36 6 27 38 || New Orleans..... R4 12'5.() 6) pera: 
Jeddo or Tokio.../14 16 2F.) 920 Fiji. - 
Jefferson City.... aces é Siege Oe ee 47625 
Jersey City....... 8 456 x0 ||Newbern......... 12 18 5 820 
Jerusalem........ 7 23 22F.| 2 29 20 F.|| Newburg......... I 45672 
LGIES Ta Regeae 3.15 218.| 8 rx 238.||Newburyport.....| 12 32F.| 4 43 30 
Keokuk... . 1.9 38 6 5 40. || New Castle....... 449 34 6 2 
KGyAW Ctr sw ccecer|, | QunS 5 27 14 || New Castle. .. Del. 6138.| 5 215 
Kingston... .Can. 953 5 w5egaek || Newport. .. .s0sies 10 46F.| 4 45 15 
Kingston....Jam.| xz 2 BINT CAPT UN OELOUK.. 5. 2is:9 + ase 9. 88.105 2509 
Knoxville. ....... 39 34 5 35.360 || Norwalk....:.... 219F.) 4 53 42 
La. Crosse........ r 858 6 459° ||Norwich......... 7 34 4 48 28 
La Guayra....... 27 54F.| 428 8 || Ocracoke......... 7548.) 5 355 
Lancaster. .....+. Ig 2x8.| 5 15 22 OGESEA.. 2h ovine 658 58F.) 2 256F. 
DB VACR.\. «is mis aie I 30 27 6 26 29 || Ogdensburg...... 5 588s) 5 20:8. 
Leavenworth..... 12340 | 619 52_ ||/Old Point Comfort g Ir ee 
Leghorn......... 5 37314F.) 41 12 F.|| Olympia 8 11 40 
Lexington........ 41 108.| 5 37. 12S8.|/Omaha...... 6 23 45 
WAM Aisets. 5 Ye) brass cs aro 12 22 5 824 || Oswego..... : 5 620 
DISDOM. . .scjei ene. 419 26F.| 36 36 F.|/ Ottawa........... 5 248 
Little Rock...... 112 468.) 6 8 48S.||Paducah..... maine SO 22 5 54 24 
Liverpool........ 4 44 2 xe Palermo 5 4930F.|) 53 28F. 
Lockport.........| zg 258.| 515 4 || Panama r 21 488.| 5 17 49S. 
Los Angele 256 16 7.5218 || Paris 5 522F. 9 20F. 
Louisville. . 45 58 5 42 Parkersburg. 30 15 S.| 5 26 37.8. 
Lowell... esis 10 45K.) 4:45 16°) || Peking... o.veees 12 41 54F.| 7 45 52 F. 
Machias Bay..... 26 12 429 49 ||Pensacola........ 52 508.| 5 48 528. 
MACON ai .0.0. 2095. sh0.0 38 288.| 5 34 30. ||Petersburg....... Ta/35% 5 937 
Madison.....-.++ I hi35 5 57 36 Philadelphia 4346|5 ~ 36-2 
Mprid cet sisters «| 4.41 14F.). 14 48. |}Pike’s, Peak. 2 350 6 59 52 
Malaga.....sesees 4 38 18 17 44 Pittsburg... 24 6 520 8 
Malta. ..... + snc 554 2 58  F.|| Plattsburg..... 214F.| 4 53-48 
Manila... .).0+ 00 si 13a) £0 83164185) 4| | PL VAOUGE. oF icin, of jo 4 39 26 16 36 
Maracaibo ....... 9 2 447 §.|/Plymouth...Mass.| 13 25 4 42 37 
Marblehead, L....}. 12 41 | 4 43 2z__||Port Au Prince, | 
Marseilles........ 5.17 20 21 28 F. St.Domingo} 16 34 4 39 28 
Martinique....... 52 22 4 3 408.|/Port Townshend. .| 3 14 588.) 8 xz 
Matagorda....... 1 27 50S8.| 6 23 52 ||Portland......... 15 2F.|.4 41 
Matamoras....... I 33 50 6 29.51 |/Portland...... Or.| 3 13 48S.| 8 9 50 

5 2040 ||Porto Praya......| 3 23 50F.| 1 32 12 
6 028 ||Porto Rico..... neil) 3S p20, 4 22 36 
6 36 20. ||Portsmouth......| 13 12 44251. 
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Difference in Time—Continued. 

83 

Location, New York. | Greenwich. Location, New York. | Greenwich. 

i. hem. 8 hem. 8. hom, & hy 1% 8 
Prairie du Chien.| x 8 338.] 6 4 248.|/St. Louis......... 4475.| & 488, 
Princeton........ 2 38 45840 '|/St. Mark’s 40.48 5 36 50 
Providence...... : to 24 F.| 4.45 37. |/St. Mary’s. ied 30 10 5 26 12 
Provincetown.... 15 16 4 40 45 SUNLESS Ee oe Ir 24 18 6 20 20 
QupH eC: s. .cicleintn ate FETS 444.49 |/St. Petersburg....| 6 57 18 F.| 2 1 16F 
Queenstown, L....} 4 42 46 33 16 ||St. Thomas, Fort..| 36 20 419 418, 
Raleigh 2) rele seca 18 31 S.| 5 14 32 |/Staunton......... 20 15.8.| 5 16 17 
Richmond....... £3 43 5 9 44 ||Stockholm....... 6 8 26F.) 112 25F 
Rio de Janeiro...| 2 3 26 25230 ||Stonington....... 8 26 4 37 308, 
Rochester. ....... 15 22S.| 5 11 24 UC Zt feresoinoio'sieaixiets 7 618 21016F 
Rockland........ 19 34 F.| 4 36 27 __ || Sweetwater River, 
ROME... . 2s eeee| 5 45.50 49 48F.|| Mouth of....... SIG ee dale 7 A Ear ose 
Rotterdam....... 5 13 58 17.56. ||Sydney.*,.... N.S. 8 2F.| 4 48 
Sackett’s Harbor. 7 468.| 5 3 488.||Sydney...N.S.W.j15 134 jx10 5 32F 
Sacramento...... 3.949 Syl SaSael SYTACUBE, «1-10.00 «06 8358-| 5 4378, 
DALI cage vie sinc ale 12 20 F.| 4 43 36 || Tahiti or Otaheite.|14 44 2 948 #F, 
Salt Lake City...| 23: 348.| 7 2735 ||Tallahassee...... 42 228.| 5 38 248 
POPLOH LO. wg ne) etc aetna 1 4817 644 19 ||Tampa Bay....... 34 59 53m 2 
San Antonio..... 2-37 55 6 33.57. || Tampico Bar.....] 1 35 25 6 31 27 
San Buenaventura} 3 x 2 7is7e4y |; launton..... 5 11 38F.| 4 44 24 
San Diego....... 2 52 37 7 47.39 ||Toronto.......... ar 325.| 5 17 33 
San Francisco, POULONE. cosine ee §1730F.| 21 28F 

C.8.S.| 3 13 32 8.9 33 || Trenton.......... 3 25.1459 3S. 
San Francisco, P.| 3 13 50 8 951 PRE NDON ais ere\eteiae sare 5 48 36F 52 44K 
San J0S6,...\..4 <6 3-11 33 Cuerrasiar| ELOY ey a..0:01cisicis'sieie 3,94 452 98 
Sandusky........ 34 47 5,3O\AQ 6 |\LUMIS. 5. edie ee 5 36 26 40 24 F, 
Sandy Hook...... rF./ 456 1 Turk’s Island..... II 22 4 44 408, 
Santa Barbara....| 3. 2 498.|7 58 50 || Tuscaloosa.. 54 465.| 5 50 48 
Santa Clara...... 3 9.46 8) 5,48, || Utica...+... ore 4 50 5a Se 
Santa Cruz....... 302 4 8 8 6 || Valparaiso....... 9 18 4 46 44 
Santa Cruz.Ten’fe} 3.50 58F.) 1 5 4 || Vandalia......... I 6 556 8 
Santa Fé......... 258 48.| 72.4) 5 WETCC ss 4:0 1» \snaiplas 5 53 460F 57 44 F. 
Savannah........ 28 20 5.24 22 Meta Oroz. cle «aay 1 28 335.] 6 24 348. 
Schenectady..... 22F.| 4.55 40. || Vicksburg....... L 7 34 6- 3:30. 
MOVEWCs «0 wiclerse. «0 4 32 10 23 52 || Victoria..... Tex.| 1 3262 628 4 
Sherman......... 2 5-3398.| 7 134 || Vienna 6%, 1.34 Esl x, 5,92-Bs 
Shreveport....... 11858 | 615 Vincennes 53 385.| 5 49 40S. 
PS TEIN esata nics) 9) <iclales 1136 2F.| 640 F.|| Virginia City..... 2 32 10 7 28 12 
Sierra Leone..... 4 2505, 53 125S.|| Warsaw.......... 6.2011 F.| 1 24 oF. 
Singapore........ rr 51 22F.| 6 55 20 F.|| WASHINGTON,Obs..)_ 12 108.| 5 8 128, 
Smithville....... 16 38.| 5 12 5S.|| West Point......, 14F.} 4 55 48 
SMYTDA....- v0.0 0105 6 44 30 F.| x 48 28 F || Wheeling....... +| 26 465.] 5 22 48 
Southampton.....| 4 50 2 6 _§.|| Wilmington. . Del. 6 1x 5 212 
Springfield....0l.| 1 2 368.| 5 5837 || Wilmington..N.C.| 15 45 5 11 47 
Springfield. . Mass. 5 39F.| 4 5024 || Worcester........ 8 49 F.| 4 47 13 
St. Augustine..... 29 13 5 25 15 TY ATA Oi cia «sano I 33 588.| 6 30 
St. Croix, Obs..... 37 19 F.| 4 18 43 || Yazo0........4. tI 5 18 6 120 
St. Helena....... 433.02 2B waa CACO iaiaie aie: aere sun's 14 14 42F.| 9 18 40F 
St. Jago de Cuba., 7268.) 5 328 || Yokobama....... 14 14 43 9 18 4x 
SOTO. «0 sis.4 sai 3040 Bul 42d 4, 7|| LOUK. 5 oe soe ve 10 388.| 5 6 40S 
St. Joseph....Mo.| 2 22 418.| 7 18 43 Yorktown........ 10 14 5 616 

To Compute Difference of Time between New York and 
Greenwich and any Tocation not given in Table. 

Rute. — Reduce longitude of location to time, and if it is W. of as- 
sumed meridian it is Slow; if E., it is Mast. 

If difference for New York is required, and it exceeds 4 h. 56 m. 
2 sec., subtract this time, and remainder will give difference of time, 8. ; 
and if it (4 2. 56m. 2 sec.) does not exceed it, subtract difference from it, 
and remainder will give difference of time, F. 



84 TIDES, 

TIDES. 

Tide-Table for Coast of United States, 

So a : 

Locations AND TIME. = Fy Locations anp True. | eo 5 
a Z n Zz 

COAST FROM EASTPORT CHESAPEAKE BAY AND | 

TO NEW YORK. h. m. | Feet. |Feet, RIVERS. h. m. | Feet. | Feet, 
Wastport.....2-.s Me.| 11 30| 15 Old Pt. Comfort$..Va. =a hae 2 
Campo Bello®.... “ | rz 25 Cape Henry*..... SA oy pest albng 
HOrUand -1..0:<.4.0,<\5-6 ‘| rr-251 9.9 | 7-6 || Pot Lookout... Md.) 12 58) 1.9] .7 
Cape Ann*....... Le aicloyn bane Annapolis....... oS eae <2 ne 8 
Portsmouth..... N.H.| 11 23 | 9-9 | 7-2 || Bodkin Light.... “ |18 8/ 13] .8 
Newburyport...Mass.} rz 22 9.1 | 6.6 || Baltimore....... SO }ix87501 25 1 
SALOME oi alee wine “| rr 13] 10.6 | 7.6 |} James R. (CityPt.),Va | 14 37] 3 2.5 
Cape Cod*...... ltr goo Richmond........ S@ | 26:58 |) 374°) 223 
Boston Light... ‘¢ | rz 12] 10.9 | 8.1 
BOSTON}. «</-mrale« ne Ir°27 | 10.3 8.5 || COASTS OF N. AND S 

Nantucket...... A Bs are Ml ke A 38) CAROLINA, GEORGIA, 
Edgartown ..... RC | tas6 one 1 220 AND FLORIDA. 
Holmes’s Hole.. ‘* | 11°43| 1.8| 1.3 || Hatteras Inlet... N.G.| 7 4] 2.2] 2.8 
Tarpaulin Cove. ‘ 8 4'| 2,8] x.8 || Cape Hatteras:.. *° | gox] 5 
Wood’s Hole, n. side. | 7°50} ~4-7 | 3-2 || Beaufort ........ ei ey sod fas 
N. Bedford (Dump- 6| 2.8 || Smithville (C.Fear) ** | 7 19) 5.5 | 3.8 

ing Rock) } THOT a Charleston|| (C. H. ets 
New Yorkt..... NEY.| *8°33) 5.4) 847 [> Wharf}... sc} 7.2 Gina 
Albany*........ gs Ee (on his Fort Pulaski. ..... Ga.| 7 20] 8 5-9 

Savannah........ bh Piet ae he Ao) pio 
LONG ISLAND SOUND. St. Augustine.... Fla} 8 21| 4.9] 3.6 
Newport........ R.1.| °7'45} 4.6] 3.x || Cape Florida .... ** | 8 84} 2.8] x.2 
Point Judith... 2... $¢ 7°32") 3-7-1 26 || Key West 220... ee g 22) 1.6/2 
Montauk Point.. N-Y.} ‘8°20| 2.4 | 1.8 || Tampa Bay ..... | rz 27} 1.8] 2 
Watch Hill...... RL} 9 3.x. | 2.4.) Cedar Keys: 0.2. S jirgyrs oe 6 
Providence*... .°. "| 8'o5 "5 
Stonington ....... Ct} 9° 7) 32) 22 WESTERN COAST. 
Little Gull Isi’'d. N-Y.| -9 38°} 2.9 | 2.3.|| San Diego....... Cal.| +9 38] 5 2.3 
New London...... Ct.| 9°28 | 3.1] 2.x || San Pedro....... deta He tac! 4.7 | 2.2 
New Haven....... “) rz 16] 6.2] 5.2 || Cuyler’s Harbor. “ | «9 25} 5.2] 2.8 
Bridgeport ....... “) rx rz | 8 | 4.7 || San Luis Obispo.. “* | 10 °8:} 4.8] 2.4 
Oyster Bay..... N.Y.| 1z *7'| 9-2] 5-4 || Monterey........ He NTO! Bah as Mees 
Sand’sPoint.... ‘ | rr°13'| 8.9 | 6.4 || South Farallone.. ** | 10 37 | 4.4] 2.8 
New Rochelle... ‘* | 1x 22] 8:6] 6.6 || San Francisco... “ | 126] 4/3] 28 
Throg’s Neck... ‘* | 11 20] 9,2 | 6.x || Mare Island..... tn LS AGP euen| ded 
Hell Gate*...... ee 9 35| 6 Benicia. ......%. COM rq LO oon ta eae, 

Ravenswood..... He METZ SON eae eat) 
COAST OF NEW JERSEY. Bodésa’.f co.0%, “ lora7| 47/27 

Cold Spring Inlet.N.J.| 7°32} 5.4 | 3.6 || Humboldt Bay... ‘© | 12 2) 5.5] 3.5 
Sandy Hook....- N.S 9" 20'|'' 5.61 4 Astoria... (0.02.5 Or.) 12 42] 7.4| 4.6 
ADADOY.. fete sielpia's SS Sere! oe Nee-ah Harbor, Wash.| 12 33} 7.4 | 4.8 
Cape May Landing ‘‘ | 819] 6 | 4.3 |/ Port Townshend “ 349 1°95 14 
Egg Harbor*..... Seirors49| 3% 

MISCELLANEOUS. 
DELAWARE BAY AND Bay of Fundy*,.N.S.) 12 60 

RIVER. Blue Hill Bay*.. ‘' | xx 12 
Delaware Breakwater] 8 4513 St. John’s*.. 0. 6S | re 30 
Higbee’s (Cape May)..]} 8 33] 6.2) 3-9 || Kingston*......Jam.| 2 30] 2 
Egg Isl’d Light..N.J.} 9 4] 7 Bik) || PhaLas ia isteleretase N.8. “piss Wines 
New Castle...... Del.| 1x 53 | 6.9 | 6.6 || Pensacola*.......Fla. 5 | 4 
Philadelphia....Penn.| 13 44 | 6.8] 5.x || Galveston*...... Tex. 1.6 | 4.8 

{ * Refers to rise and fall of tide alone. + £.§ | see p. 85. q 

Note.—Mean interval has been increased 12h. 26 min, (half a mean lunar day) for some porte in Del- 
aware River and Chesapeake Bay, to give succession of times from the mouth ; hence 12h, 26 min. is 
to be subtracted from the Establishments which are grenter t! han that, to give the interval required. 
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Bench Marks referred to in preceding Table. 
¥ avd, 4 76 foal above ete te entrance to dry-dock in Charlestown navy- 

wor on Governor's land ny ss stabore nea byrne ere 
on southwest side, rr feet above mean low-water, © uw One foot from ground, 
acini sie ache ier eee on ren eeelle 
Establishment of the Port for several Tocations in 

Europe, ete. 
Port. Trax. | Port. TIME. Port. TIME, 

| he te h. m 
Amsterdam........ | 3 Chatham ..,... Rael t, 22 | LuIverpaolses ane nets f 16 
ALEWEID ccc ae’: se 4 25||Cherbourg......... 7 49|| London Bridge..... BS oy] 
Beachy Head..Eng.'11 s50||Clear Cape......... 4 Newcastle... 00.5. Iee 
IBGLEASE «0: <n aisle -| to 43 ||Cowes..... -| x0 46]|| Portsmouth D.-yard, 
Bordeaux.......... 6 50|| Dover Pier. Py ee he #7 Eng.| 1x 41 
HSEEDIED 2, reins eles 6 Dublin Bar......... rr 12||Quebec...... ciatereets 8 
Brest Harbor....... | 347 WUNCHAM rnc acisies ¢ 11 30|| Ramsgate Pier..... 10 27 
Bristol...... fovea. | 7 21}/Gravesend.....Eng.| 1 14/|/Rye Bay...... Eng.| 11 20 
Bristol Quay....... 6 27||Greenock.......... 8||Sheerness.......... 57 
Cadiz. .......+00+00| t 40||Holyhead.......... ro 11||Sierra Leone....... 815 
Calais...... TEA | Ae sites pete Eng.) 6 29|!Southampton..Eng.| x11 40 
Calf of Man..... +}zz 5]/Land’s End........ 3 57||/ThamesR.,mo’th “ | 12 
Cape St. Vincent....| 2 30//Lisbon............. | 2 30|] Woolwich..... pla bor, Gel 

Rise and Fall of Tides in Gulf of Mexico. 
. oh 4 te : 

Locations, 8 E Ey Locations, ag |g g 

Feet.| Feet.| Feet, Feet.|Feet.| Feet, 
St. George’s Island,...Fla.| 1.1 | 1.8] .6 || Isle Derniére.......... La.} 1.4] 21.2] .7 
Fort Morgan (Mobile Entrance to Lake Cal- 
BBY stent cheats AMaihiliz wb ere tM CABO ca ciletr.ceh- La } 165} cae 

Cat Island......+.-. Miss.| 1.3 | 1.9] .6 || Aransas Pass,,.,.... aM le oA rthap Sse exo) 
Southwest Pass....... La,| 1.1 | 1.4 | -5 || Brazos Santiago..... . g|12]|.5 

Tides of Gulf of Mexico. 

On Coast of Florida, from Cape Florida to St. George's Island, near Cape San Blas, 
the tides are of the ordinary kind, but with a large daily inequality. From St. 
George’s Island, Apalachicola entrance, to Dernicre Isle, the tides are usually of the 
single-day class, ebbing and flowing but once in 24 (lunar) hours. At Calcasieu en- 
trance, double tides reappear, and except for some days about the period of Moon’s 
greatest declination, tides are double at Galveston, Texas, At Aransas and Brazos 
Santiago the single-day tides are as perfectly well marked as at St. George’s, Pensa- 
cola, Fort Morgan, Cat Island, and the mouths of the Mississippi. For some 3 to 5 
days, however, about the time when the Moon’s declination is nothing, there are 
generally two tides at all these places in 24 hours, the rise and fall being quite small. 

Highest high and lowest low waters occur when greatest declination of Moon 
happens at full or change. Least tides when Moon’s declination is nothing at first 
or last quarter. 

Tides of Pacific Coast. 

On Pacific coast there is, as a general rule, one large and one small tide during 
each day, heights of two successive high-waters occurring, one A.M., and other 
P.M. of same 24 hours, and intervals from next preceding transit of Moon are very 
different. These inequalities depend upon Moon’s declination. When Moon’s de- 
clination is nothing, they disappear, and when it is greatest, either North or Sonth, 
they are greatest. The inequalities for low water are not same as for high, though 
they disappear, and have greatest value at nearly same time. 
When Moon’s declination is North, highest of two high tides of the 24 hours oc- 

curs at San Francisco, about rx.5 hours after Moon’s southing (transit); and when 
declination is South, lowest of the two high tides occurs about this interval. 

Lowest of two low-waters of the day is the one which follows next highest high- 

water. 
rat 
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STEAMING DISTANCES. 

Distances between various Ports of United States 
and Canada. 

By Lake, River, and Canal. 

Lake Lake 

Locations, and |Canal.| Total.) Locations, and | Canal.| Total. 
River. | River. 

Miles. | Miles. | Miles.!| Miles. | Miles. | Miles. 
Duluth to Buffalo. +.) ro24 x | 1025 | Chicago to New York, 
Chicago to Buffalo..| 925| — | 925 via Oswego....... |\t195 |232 |1427 
Duluth to Oswego..| 1133 | 27 | 1160|| Chicago to Montreal.|1190 7x 126 
Chicago to Oswego. .| 1034 | 26 | 1060) Buffalo to Colborne, 
Duluth to New York, via Welland Canal.| — 26.77} 26.77 

via Buffalo..,.. 1166 | 353 | 1519]| Baffalo to New York.) 142 [352 494 
via Oswego..... 1294 | 233 | 1527|| Welland Canal to 

Duluth to Montreal .| 1289} 72 | 1361|) Montreal.......... 304.5 | 70.5 | 375 
Chicago to New Montreal to Kingston) 126.25/120 246.25 
York, via Buffalo.| 1067 | 352 | 1419|| Ottawa to Kingston.| — 126.25] 126.25 

Distances between various Ports and New. York 
and London. 

Not included in preceding Table. 

Ports. Miles.| Miles. Ports. Miles. | Miles, Ports. Miles.| Miles, 
| 

N.Y. | Lond. N.Y. | Lond. N.Y. | Lond. 

Alexandria. ..| 4893 | 3 102|| Cape Race.....| 1oo4| 2249|| New Orleans.| r790| 4730 
Amsterdam,.|3291| 262|| Cowes........ 3092| 200||Norfolk..... 308 | 3447 
Barbadoes . | 3855 3 8x2/| Funchal 2760] x 303|| Pensacola...| 1623] 4654 
Batavia...... 8972 |r 492|| Galway... 2720} 721||Philadelphia.| 262] 3404 
Bermudas 682] 3 142/| Gibralta 3260] 1325||Quebec ..... 1360| 3080 
Bombay ..... 8522 |10 703|| Glasgow 2913 765]; Queenstown.|2780| 551 
Boston ...... 356 | 3030]| Halifax....... 590] 2706/| Rio Janeiro. .| 4970} 5200 
Bremens.. 3.3 3428| 408|| Havana....... r16r|-4197||St. Johns....| 1064} 2214 
Bristol. ...... 2979} 501|| Hobart Town..| 9 187)rz 368)| Southampton) 3103| 211 
Buenos Ayres} 6010 | 6 280]| Kingston, Jam.| xz 456] 4 305||Swan River. .| 8480 | 10 66 
Cadiz Tc entee gr25) x xx5]) Lima... 10 050/10 r4gQ/| Tortugas ..../ 1151 | 4182 
Calcutta..... 9350 |1r 531|| Madras....... 8 707 |10 888]| Washington .| 461] 3 6r2 

Distances between various Ports of Eingland, 
Canada, United States, etc. 

Jot ineluded in preceding Table. 

Ports. Miles. Ports. Miles. Ports. Miles, 

Halifax to Liverpool to Panama to 
Liverpool...... a}, 2563 Havana. ,i0:0;¢h)> oe» 4100||. San Diego........ 2897 
St. Thomas...... 1563 Portland ......«..| 2770 Monterey.......,. +| 3198 
St. Johns, N. F...} 520 Baltimore......+. 3400|)_ San Francisco .... 3240 

Quebec to Glasgow .| 2563] N. Orleans to Havana] 570|/San Francisco to 
Liverpool to Cape Race to San Juan del Sud. 2685 

Bostont@acesivisis 2955 Fastnet ..0.. Bera frei ae Acapulco:...... ++ | 184 
Queboc......60...) 2855 OSA SS veteran 457 Manzanilla....... 1543 
Philadelphia..... 3.147 (BOSLON'< stects syepptaiais 835 San Diégo.. 0... 474 
Callag, sree age "aists 11 379 || St. Johns, N. F., to Monterey......... Ios 
Fastnet,......... 283 QUSDOC jae se,cjcun gets 891|/ Humboldt........ 200 
Cape Race..... «fi OGZ Ws ec SOSLON 06 ons 0! oore ain 890]| Columbia R, Bar..| 530 
Aspinwall.......] 4650|) Greenock.........|1848]| Wancouver........ 638 
Port Said........ 3 290 || Bermudas to Nassau,} 804]| Portland......... 650 
Melbourne....... 13 290 || Panama to Port Townshend ..| 732 
Rio Janeiro...... 5125 San Juan del Sud.} 570]} Victoria....... viee| 7L5 
San Francisco. ..|13 800 Gulf of Fonseca...| 739|| Yokohama.......|4750 
via Panama....| 7378 Acapulco.,......./1416||_ Honolulu.........| 2080 
viaTehuantepec| 6 400]} Manzanilla.......| 1724 || Honolulu to Callao. .| 5145 
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FRACTIONS. 89 

FRACTIONS. 

A Fracrrton, or broken number, is one or more parts of a Unrr. 
ILLUSTRATION, —12 inches are x foot. Here, x foot is unit, and r2 inches its parts; 

3 inches therefore, are one fourth of a foot, for 3 is fourth or quarter of x2, 

A Vulgar Fraction is a fraction expressed by two numbers placed one 
above the other, with a line between them; as, 50 cents is the 4 of a dollar. 

Upper number is termed Numerator, the lower Denominator. Terms of a frac- 
tion express numerator and denominator; as, 6 and 9 are terms of 3, 

A Proper fraction has numerator equal to, or less than denominator ; as, 4, ete. 
An Jmproper fraction is reverse of a proper one; as, 2, ete. 

A Mized fraction is a compound of a whole number and a fraction; as, 54, ete. 
A Compound fraction is fraction of a fraction; as, 4 of 3, ete. 
A Complex fraction is one that has a fraction for its numerator or denominator, 

1 5 4 31 
or both; as, 2, or 3, or *, or =2, eto. 

6 4 3 6 
4 

Norer.—A Fraction denotes division, and its value is equal to quotient, obtained by 
dividing numerator by denominator; thus, 42 is equal to 3, and 24 is equal to 44, 

Reduction of HMractions. 

To Compute Common Measure or greatest Number 
that will divide Two or more Numbers without a 
Remainder. 

Ruse.—Divide greater number by less; then divide divisor by remainder; and so 
on, dividing always last divisor by last remainder, until there is no remainder, and 
last divisor is greatest common measure required. 

EXAMPLE I.—What is greatest common 936) 1908 (2 
Measure of 1908 and 936? 1872 

36) 936 (26 
{22 
216. Hence 36. 

2,.—How many squares can there be obtained in an area of go by 160 fect? 

Here 10 is greatest common measure. 

Hence, 4,50 = 16, and $9 = 9; therefore 16 X 9 = 144. 

To Compute least Common Multiple of Two or more 
Numbers. 

Ruixr.—Divide given numbers by any number that will divide the greatest num- 
ber of them without a remainder, and set quotients with undivided numbers in a 
line beneath. 

Divide second line in same manner, and so on, until there are no two numbers 
that can be divided; then the continued product of divisors and last quotients will 
give common multiple required, 

EXAMPLE. — What is least 5) 40.50.25 
common multiple of 40, 50, 5) 8.10. 5 

eine PP) ie 6eie a 

4.\r.°x ThensX5X2%4X1X1= 200. 

To Reduce a Fraction: to its Lowest Term. 

Rutr.—Divide terms by any number or series of numbers that will divide them 

without a remainder, or by their greatest common measure, 

Exampie.—Reduce 724 of a foot to its lowest terms. 

$23 + 10= TR 8= 9, +3 = f,0r 9 ins. 



go FRACTIONS. i) 

To Reduce a Mixed Fraction to its Equivalent, an Im- 
proper Fraction. 

Rote. — Multiply whole number by denominator of fraction and to product add 
numerator; then set that sum above denominator. 

23X6+2_ 140 70 

Sh tt Ge 305 
2,—Reduce 123 inches to its value in feet. 123+ 6= 203 =x foot 85 ins. 

EXsMP_e 1.—Reduce 232 to a fraction. 

To Reduce a Complex Fraction to a Simple one. 

Ruie.—Reduce the two parts both to a simple fraction, multiply numerator of re- 
duced fraction by denominator of reduced denominator, and denominator of numer- 
ator fraction by numerator of denominator fraction. 

2 2s ox 5—4o.. 5 F spice ol sets 3 3 3 oe ss EXAMPLe.—Simplify complex fraction ar 4b va of ke St ae 

. 

To Reduce a Whole Number to an Equivalent Fraction 
having a given Denominator. 

RvLE.—Multiply whole number by given denominator, and set product over said 
denominator. 

ExaMpLe.—Reduce 8 to a fraction, denominator of which shall be 9. 

8X 9=72; then 32 result required. 

To Reduce a Compound Fraction to an Equivalent 
Simple one. 

RoiE.—Multiply all numerators together for a numerator, and all denominators 
together for a denominator. 

Notr.—When there are terms that are common, they may be cancelled. 

Exampiy.—Reduce 4 of $ of 2 to a simple fraction. 

2 Re ee eee ey I Ly By 21 i > ’ eXGX$=gr=r Or, § X 4 X % = b Oy cancelling 2s and 3's. 

To Reduce Fractions of different Denominations to 
Equivalents having a Common Denominator. 

RviE.— Multiply each numerator by all denominators except its own for new nu- 
merators; and multiply all denominators together for a common denominator. 

Norr. —In this, as in all other operations, whole numbers, mixed or compound 
fractions, must first be reduced to form of simple fractions. 

2. When many of denominators are same, or are multiples of each other, ascertain 
their least common multiple, and then multiply the terms of each fraction by quo- 
tient of least common multiple divided by its denominator. 

Examprx. — Reduce 4, 2, and 3 to a IX3X4=12) 
2) B? 4 

common denominator. 2X2X4=16 j =}=H=h3, 
SEES or 58, 8,/and CT eis Te? Tz 20d zy 

Addition, 

Rutx.—If fractions have a common denominator, add all numerators together, 
and place sum over denominator. 

Notr.—If fractions haye not a common denominator, they must be reduced to 
one. Also, compound and complex must be reduced to simple fractions. 

Exanrxe 1.—Add 4 and 3 together. $4+8=4=1. 
1 2.—Add 3 of # of 5%, to 24 of 3. 

8 Cees IG ip Sie of os Be XEXgo=so 2508 $a 7g X $= H- 
Then, £4 ey = $380 + Fs = 1484, reduced to equivalent fractions having 

a@ common denominator and thence to its lowest terms. 



FRACTIONS. op 

Subtraction. 

_ Rurz.—Prepare fractions same as for other operations, when necessary; then 
subtract one numerator from the other, and set remainder over common denom- 
inator. 

ExampLEe.—What is difference 6X 9=54 iy 98. 2iaht ay ee 
between $ and $? 3 XO 24 S19 ha 18 6 HAE 

8 5Go = '92 

Multiplication. 

Rurz.—Prepare fractions as previously required; multiply all numerators to- 
gether for a new numerator, and all denominators together for a new denominator. 

EXAMPLE 1.—What is product of fand$? $x 3= =. 

2.—What is product of6and2ofs? x 2ofs=—% x 106090 

Division. 

Ru.e.—Prepare fractions as before; then divide numerator by the numerator, 
and denominator by the denominator, if they will exactly divide; but if not, invert 
the terms of divisor, and multiply dividend by it, as in multiplication. 

ivide 2& 5 BG er Bis Bink EXAMPLE 1.—Divide “? by 3. SoS eo ee Te 

pb 2 2 [eee ee J ey Re) OS el 
2.—Divide ¢ bY te gis OX eo Xo Ts =e 4. 

Application of Reduction of Hractions. 

To Compute Value of a Fraction in Parts of a Whole 
Number. 

RoLE.—Multiply whole number by numerator, and divide by denominator; then, 
if anything remains, multiply it by the parts in next inferior denomination, and 
divide by denominator, as before, and so on as far as necessary; sv shall the quo- 
tients placed in order be value of fraction required. 

Examp_e 1.—What is value of $ of 2 of 9? 

dof 2=%, and? x #=18 =3, 

2,—Reduce # of a pound to-an avoirdupois ounce. 4)3 (olbs. | 
16 ounces in a lb. 

4) 48 (12 ownces, 

To Reduce a Fraction from one Denomination to 
another. 

Ro.E.—Multiply number of required denomination contained in given denomina- 
tion by numerator tf reduction is to be to a less name, but by denominator tf to a 
greater. 

EXAMPLE I.—Reduce 4 of a dollar to fraction of a cent. 

4 X TOO= 190 — 25, 

2.—Reduce 4 of an ayoirdupois pound to fraction of an ounce. 

4x 16= 48 — 8 — 22. 

3.—Reduce 2 of $ of a mile to the fraction of a foot. 
2 SoG — 81680 2640 VT Tea Oa ae a aa eecen g 

' For Rule of Three in Vulgar Fractions, see Decimals, page 94. 



92 DECIMALS. 

DECIMALS. 

'A Derctmau is a fraction, having for its denominator a uNiT with 
as many ciphers annexed as the numerator has places; it is usually ex- 
pressed by writing the numerator only, with a point at the left of it. Thus, 
xy is .43 3B5y is 85; {ooo% is 0075; and +) 7355 is .cor25. When there is 
a deficiency of figures in the numerator, prefix ciphers to make up as many 
places as there are ciphers in denominator. 

Mixed numbers ee! of a whole number and a fraction; as, 3.25, which is the 
same as 3522, or 325. 
Cites: on right hand make no alteration in their value; for .4, .40, .400 are deci- 

mals of same value, each being +5, or 2. 

Addition. 
Rus. —Set numbers under each other according to value of their places, as in 

whole numbers, in which position the decimal points will stand directly under each 
other; then begin at right hand, add up all the columns of numbers as in integers, 
and place the point directly below all the other points. 

ExampPiy.—Add together 25.125 and 293.7325. 25.125 

293-7325 
318.8575 sum. 

Subtraction. 

Rvuite.—Set numbers under cach other as in addition; then subtract as in whole 
numbers, and point off decimals as in last rule. 

EXAMPLE.—Subtract 15.15 from 89.1759. 89.1759 
15-15 

74-0259 remainder. 

Multiplication. 
Ruiz.—Set the factors, and multiply them together same as if they were whole 

numbers; then point off in product just as many places of decimals as there are 
decimals in both factors, But if there are not so many figures in product, supply 
deficiency by prefixing ciphers, 

EXAMPLE.—Multiply 1.56 by .75. 1.56 

1092 

1.1700 product. 

By Contraction. 

To Contract the Operation so as to retain only as many 
Decimal places in Product as may be required. 

Rois. —Set unit’s place of multiplier under figure of multiplicand, the place of 
which is same as is to be retained for the last in product, and dispose of the rest of 
figures in contrary order to which they are usually placed. 

In multiplying, reject all figures that are more to right hand than each multiply- 
ing figure, and set down the products, so that their right-hand figures may fall in a 
column directly below each other, and increase first figure 7 
in every line with what would have arisen from figures aps = 
omitted; thus, add x for every result from 5 to 14, 2 from eee 
15 to 24, 3 from 25 to 34,4 from 35 to 44, etc., and the sum 54 299 72 
of all the lines will be the product as required. 8 144 96 2 for 18 

EXAMPLE.—Multiply 13.574 93 by 46.2051, and retain only aie a ane is 
four places of decimals in the product, aR 4 “ 3 

627.23 11 
Norr.—When exact result is required, increase last figure with what would have arisen from all the 

figures omitted. 
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I rota Division. 
- Ros.—Divide as in whole numbers, and point off in quotient as many places for 

_ decimals as decimal places in dividend exceed those in divisor; but if there are not 
so many places, supply deficiency by prefixing ciphers. A 

EXAMPLE. Divide 53 by 6.75. 6.75) 53.00000 (=7.851++. 

Here 5 ciphers are annexed to dividend to extend division. 

By Contraction. 

Rote.—Take only as many figures of divisor as will be equal to number of figures, 
both integers and decimals, to be in quotient, and ascertain how many times they 
_ may be contained in first figures of dividend, as usual, 
Let each remainder be a new dividend; and for every such dividend leave out 
one figure more on right-hand side of divisor, carrying for figures cut off as in Con- 
traction of Multiplication. 

Nore.—When there are not so many figures i in divisor as there are required to be in quotient, con- 
tinue first operation until number of ‘figures i in divisor are equal to those remaining to be found in quo- 
tient, after which begin the contraction. 

EXxaMPLE.—Divide 2508.928 06 92.4103|5) ee pada (27-1498 13.849  Qi2 
by 92.410 35, SO as to have only g24r | 832-4 
four places of decimals in quo- a a 4608 Bo 
tient. 646 872+ 2 3696 74-42 

13 849 pad lla 

Reduction of Decimals. 
To Reduce a Vulgar Fraction to its Equivalent Decimal. 

Rute.—Divide numerator by denominator, annexing ciphers to numerator to ex- 
tent that may be necessary. 

EXxampLe.—Reduce 4 toa decimal. 5) 4.0 | 
a) 

To Compute Value of a Decimal in Terms of an Inferior 
Denomination. 

RoiE.—Multiply decimal by number of parts in next lower denomination, and 
cut off as many places for a remainder, to right hand, as there are places in given 
decimal. 

Multiply that remainder by the parts in next lower denomination, again cutting 
off for a remainder, and so on through all the parts of integer. 

Exampe 1.—What is value of .875 dollars? 875 
100 

Cents, 87.500 
Io 

Mills, 5.000 = 87 cents 5 mills. 

2.—What is volume of .140 cube feet in inches? 

»140 

oe cube inches in a cube foot, 

241 920 cube ins, 

3.—What is value of .oor2g of a foot? 01548 ins. 

To Reduce a Decimal to an HMquivalent Decimal of a 
Higher Denomination. 

Ruie.—Divide by number of parts in next higher denomination, continuing op- 
eration as far as required, 

Examp.e 1.—Reduce x inch to decimal of a foot, 12|r.000.00 

1083 33-+ foot. 
2,—Reduce 14” 12’ to decimal of a minute. 14” 12 

60} 14.2” 

236 66’-++ minute. 



04 DECIMALS.—DUODECIMALS.—MEAN PROPORTION. 

When there are several numbers, to be reduced all to decimal of highest. 
Ruiy.— Reduce them all to lowest denomination, and proceed as for one denomi- 
nation. Feet. Ins. Be. 

ExamPLe.— Reduce 5 feet ro inches and 3 5 FO 
barleycorns to decimal of a yard. 12 

7° 
3 

3\273- 

12| 71. 
3) 5.9166 

1.97224 yards. 

Rule of Three. 

Ruts. — Prepare the terms by reducing vulgar fractions to decimals, compound 
numbers to decimals of the highest denomination, first and third terms to same 
denomination; then proceed as in whole numbers. 

ExamMPLe.—lIf.5 of a ton of iron cost .75 of a dollar, AS c7gicse Ges, 
what will .625 of a ton cost? -625 

+5) -46875 
+9375, dollar. 

DUODECIMALS. 

In Duodecimals, or Cross Multiplication, the dimensions are taken in feet, 
inches, and twelfths of an inch. 
one —Set dimensions to be multiplied together one under the other, feet under 

feet, inches under inches, ete. 
Multiply each term of multiplicand, beginning at lowest, by feet in multiplier, and 

set result of each immediately: under its corresponding term, carrying x for every 
x2 from one term to the other. In like manner, multiply all multiplicand by inches 
of multiplier, and then by twelfth parts, setting ‘result of each term one place farther 
to right hand for every multiplier. And sum of products will give result. 

Examp_r. — How many square inches are Feet. Ins. Twelfths, 
there in a board 35 feet 4.5 inches long and 12 35 4 

feot 34 inches wide? a 3 4 
424 6 ° 

8 10 I 6 
Ir 9 6 ° 

434 3 ett Om ro 

Value of Duodecimals in Square Heet and Inches. 

A Sq.Ft. Sq. Ins, Ba. Ft. Sq. Ins. 
MUHOOU act mers n = - “5 144. 5 of x twelfth = 54,5 or .083 333, etc. 
TqUAN CNR EROS A Ie ey 12. se ofa Of se - « 006 944, ete, 

TTWOMEB LA: aces en cee =7h ‘ cee 

ILLUSTRATION. — What number of square inches are there in a floor roo feet 
6 inches long and 25 feet 6 inches and 6 twelfths broad? 

2566 feet 11 ins. 3 twelfths = 2566 feet 135 ins. 

MEAN PROPORTION. 

MEAN Proportion is proportion to two given numbers or terms. 
Rute. —Multiply two numbers or terms together, and extract square root of their 

product. 

ExaMPLe,—What is mean proportionate velocity to 16 and 81? 

16 X 81 = 1296, and 1/1296 = 36 mean velocity. 



RULE OF THREE.—COMPOUND PROPORTION. 95 

RULE OF THREE. 

Rute or Turee. — It is so termed because three terms or numbers are 
given to ascertain a fourth. _ ; 

It is either Drrecr or INvEeRsE. 
It is Direct when more requires more, or less requires less; thus, if 3 bar- 

rels of flour cost $18, what will ro barrels cost ? 
In this case Proportion is Direct, and stating must be, 

As,3.: 10 :: 18 60. 
It is Inverse when more requires less, or less requires more; thus, if 6 men build 

a certain quantity of wall in 10 days, in how many days will 8 men build like quan- 
tity? Or, if 3 men dig roo feet of trench in 7 days, in how many days will 2 men 
perform same work? 

Here the Proportion is Jnverse, and stating must be, 

AS 36:3 10: 7.5, and’2: 3 337! 10.5. 

The fourth term is always ascertained by multiplying 2d and 3d terms together, 
and dividing their product by rst term. 

Of the three given numbers necessary for the stating, two of them contain the 
supposition, and the third a demand, 

RvuLe.—State question by setting down in a straight line the three necessary 
numbers in following manner: 

Let third term be that of supposition, of same denomination as the result, or 4th 
term is to be, making demanding number 2d term, and the other number 1st term 
when question is in Direct Proportion, but contrariwise if in Inverse Proportion ; 
that is, le) demanding number be ist term, 

Multiply 2d and 3d terms together, and divide by ist, and product will give re- 
sult, or 4th term sought, of same denomination as 2d term. 

Nore.—If first and third terms are of different denominations, reduce them to same. If, after divis- 
ion, there is any remainder, reduce it to next lower denomination, divide by divisor as before, and 
quotient will be of this last denomination. 

Sometimes two or more statings are necessary, which may always be known by 
nature af question. 

EXAMPLE 1.—If 20 tons of iron cost $225, what will Tons. Tons, Dolls, 
soo tons cost? 20 500 3; 225 

500 

2\0) 11 250|0 

5 625 dollars. 

2.—A wall that is to be built to height of 36 feet, was raised 9 feet by 16 men in 
6 days; how many men could finish it in 4 days at same rate of working? 

Days. Days. Men, Men. 
4 vO 1x6 0:24 

Then, if 9 feet requires 24 men, what will 27 men require? 
(9: 27 33 24: 72 men. 

COMPOUND PROPORTION, 

CompounD Proportion is rule by means of which such questions as 
would require two or more statings in simple proportion (Rule of Three) 
can be resolved in one, 

As rule, however, is but little used, and not easily acquired, it is deemed prefer- 
able to omit it here, and to show the operation by two or more statings in Simple 
Proportion. ' 

ILLUSTRATION I.—How many men can dig a trench 135 feet long in 8 days, when 
x6 men can dig 54 feet in 6 days? 

Feet. Feet. Men. Men, 
FUSE covdleajewbes set AS $4 0135 15006) 340 

Days, Days. Men. Men, 
. Second,» . alesse sfor.04) AS 6 he AOR BOrr 
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2.—If a man travel 130 miles in 3 days of r2 hours each, how many days of 10 
hours each would he require to travel 360 miles? 

. Miles. Miles. Days. Days. 
DET SU stale, ete = pe ote asta As 130 : 360 3: 3: 8.307-+ 

Hours. Hours. Days. Days. 
SECOND. a civc pon va'esis AS 10 : 12.2: 8.307 : 9.9684 

3.—If 12 men in 15 days of r2 hours build a wall 30 feet long, 6 wide, and 3 deep, 
in how many days of 8 hours will 60 men build a wall 300 feet long, 8 wide, and 
6 deep? . 120 days. 

By Cancellation. 

Ruie.—On right of a vertical line put the number of same denomination as that 
of required answer. 
Examine each simple proportion separately, and if its terms demand a greater 

result than 3d term, put larger number on right and lesser on left of line ; but if its 
terms demand a less result than 3d term, put smaller number on right and larger 
on left of line. — 

Then Cancel the numbers divisible by a common divisor, and evolve the 4th term 
or result required. 

Take Illustration 1, page 95: 3d term, or term of supposition of same denomination 
as required result, 16 men. 

Statement, 135 Feet require more men than 54 Jeet, Result by Cancellation. 

16 and 8 days less men than 6 days. 16 2 

54 | 135 Z $4) 133 5 
8 6 2X5X3 = 30 men. 3 % 3 

ILLUSTRATION 3.—3d term, 15 days. 

Statement. 60 men require less days than r2 men, Result by Cancellation. 
15 8 hours more days than 12 hours, 300 feet F 

more days than 30 feet, 8 feet more days 
ie i. than 6 feet, and 6 feet more days than 4.99 qn 8 

‘ 3 feet. 8 A2 4 
30 | 300 30 | 300 10 
6 8 6 8 
3| 6 38X4X10=120 days. 31. @ 

INVOLUTION, 

Invo.urion is multiplying any number into itself a certain number of 
times. Products obtained are termed Powers. The number is termed the 
Root, or first power. 
When a number is multiplied by itself once, product is square of that 

number ; twice, cube ; three times, biguadrate ; etc. Thus, of the number 5. 
5 ts the Root, or 18st power. 

5X5= 25 Square, or 2d power, and is expressed 5?. 
5X5X5=125 “ Cube, or 3d power, and is expressed 53. 

5X5X5sX5=625 ‘* Biquadrate, or 4th power, and is expressed 54. 

The lesser figure set superior to number denotes the power, and is termed the 
Index or Exponent. 

ILLUSTRATION I.—What is cube of 9? 729. 
2.—What is cube of $? 2%, 

3-—What is 4th power of 1.5? ; 5.0625. 

EVOLUTION. 

Evo.urron is ascertaining Root of any number. 
Sign 1/ placed before any number indicates that square root of that number is re- 

quired or shown. 
Same character expresses any other root by placing the index above it. 

Thus, »/25=5; 4+2= 7/36. 
¥/e7==3, and /64—= 4. 

Roots which only approximate are termed Surd Roots. 
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To Hixtract Square Root. 
Ruxe.—Point off given number from units’ place, into periods of two figures each. 
Ascertain greatest square in left-hand period, and place its root in quotient; sub- 

tract square number from this period, and to remainder bring down next period 
for a dividend. 
_ Double this root for a divisor; ascertain how many times it is contained in divi- 
dend, exclusive of right-hand figure, which, when multiplied by number to be put 
to right hand of this divisor, product will be equal to, or next less than dividend; 
place result in quotient, and ‘also at right hand of divisor. 

Multiply divisor by last quotient figure, and subtract product from dividend; 
bring down next period, and proceed as before. 

Norz.—Mixed decimals must be pointed off both ways from units. 

EXAMPLE I.—What is square root of 2? 

2, What is square root of 144? 1| 2.000000 (1.4144. 

ty j 1/444 (12 
24/100 balang 

96 Pies 
281) 400 44 

x| 28x 

282| 11900 

Square Roots of HMractions, 

Ruiz.—Reduce fractions to their lowest terms, and that fraction to a decimal, 
and proceed as in whole numbers and decimals. 

Note.—When terms of fractions are squares, take root of each and set one above the’ other; as 
B is square root of 25. 

ExaMPLe.—What is square root of ,® ? 866 025 4. 

To Compute 4th or 8th Root of a Number, etc. 

Roie.—For the 4th root extract square root twice, and for 8th root thrice, etc. 

To Exxtract Cube Root. 

Rvix.—From table of roots (page 272) take nearest cube to given number, and 
term it the assumed cube. 

Then, as given number added to twice assumed cube, is to assumed cube added 
to twice given number, so is root of assumed cube to required root, nearly ; and by 
using in like manner the root thus found as an assumed cube, and proceeding in 
like manner, another root will be found still nearer; and in like manner as far as 
may be deemed necessary. 
Exampie.—What is cube root of 10517.9? 

Nearest cube, page 272; 10648, root 22. 10648. = 10 517.9 
2 

21 296 21 035.8 
IO517.9 10648. 

31 813.9 : 31 683.8 +: 22 : 21.94. 

To Ascertain or to Compute the Square or Cube Roots of 
Roots, Whole Numbers, and of Integers and Decimals, 
see able of Squares and Cubes, and Rules, pp. 272, 300. 

To Extract any Root whatever. 

Let P represent number. Let.A represent assumed power, 7 its root. 
% index of the power. R fs required root of P. 

Then, assum of n-++-1 Xx A and n—1 XP is to sum ofn-+1 X Pandn—1xX A, 
s0 is assumed root 7 to required root R. 

ILLUSTRATION. —What is cube root of 1500? 

Nearest cube, page ee is 1331, root rz, 
P= T500.1—== 3), A=2133%, 7 = 185 

then, 2-++1 X A=5324,n-+1 X P= 6000 
m—~—1X P = 3000, n — 1 xX A= 2662 

8324. "8662 $i rr: r1.446+. 

I 
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To Compute the Root of an Even Power greater than 
any given in, Table of Square and Cube Roots. 

Rvue.—Extract square or cube root of it, which will reduce it to half the given 
power; then square or cube root of that power; and so on until-required root is ob- 
tained. 

EXxamP_e 1.—Suppose a r2th power is given; the square root of that reduces it to 
a 6th power, and the square root of 6th power to a cube. 

2. eee is biquadrate, or 4th root, of 2 560000? 

»/ 2 560 000 = r600, and +/1600= 40. 
Nore.—For other rules for extraction of roots see pp. 301-4. 

PROPERTIES OF NUMBERS, 

1. A Prime Number is that which can only be measured (divided without a re- 
mainder) by x or unity. 

2. A Composite Number is that which can be measured by some number greater 
than unity. 

3. A Perfect ee is that which is equal to the sum of all its divisors or ali- 
quot parts; as 6= 8, §, $- 

4. If sum of the digits constituting any number be divisible by 3 or 9, the whole 
is divisible by them, 

5. A square number cannot terminate with an odd number of ciphers. 
6. No square number can terminate with two equal digits, except two ciphers or 

two fours. 
7. No number, the last digit of which is 2, 3, 7, or 8, is a square number. 

Powers of the first Nine Numbers. 

rst | 2d, | 3d. 4th. sth. 6th. | 7th. | Sth. / 9th. 

I z I I I I I | I | = 

Sp, 4 8 16 32 64 128 256 | 512 

‘3 |-9 | 27| 8: | 243. | 729. | 2x87). 656: | 19683) 
“4 | 26 | 64 | 256 | xo24 4.006 16 384 65536 | 262144 

5 | 25 | 125 | 625 3125 15 625 78 125 390625 | 1953125 

364 36 | ‘216 1296 7776 46 656 279 936 | 1 679 616 10077 696 

7 “49 | 343 | 24ox | 16807 | 137649 823 543 | 5764802 40.353 607 

“S| 64 | sea | 4006 | 58768 | a6anay | 2007 x50 | a6zr7a06 | xsyni7 708 
9 | 8x | 729 | 656x | s9049 | 53x 44x | 4782969 | 4304672x | 387 420489 

POSITION. 

Position is of two kinds, SINGLE and Douste, and it is determined by 
number of SupPosirions. 

Single Position. 

Rutr.—Take any number, and proceed with it as if it were the correct one; then, 
as result is to given sum, $0 is supposed number to number required, 

EXAMPLE I.— A commander of a vessel, after sending away in boats 4 ry) 4, and 4 
of his crew, had left 300; what number had he in command? 

Suppose lie had i. i. veers 600, 

4 of 600 is 200 

2 of 600 is 100 

t of 600 is 150 450 

150 : 300 :; 600 : 1200 men. 
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2. — A person asked his age, replied, if 3 of my age be multiplied by 2, and that 
product added to half the years I have lived, the sum will be 75. How old was he? 

37-5 years. 

Double Position. 

Ru.r.—Assume any two numbers, and proceed with each according to conditions 
of question; multiply results or errors by contrary supposition; that is, first’ posi- 
tion by last error, and last position by first error. 

If errors are too great, mark them +; and if too little, — ‘ 
Then, if errors are alike, divide difference of products by difference of errors; but 

if they are wnlike, divide sum of the products by swum of errors. 

EXAMPLE I,—A asked B how much his boat cost; he replied, that if it cost him 6 
times as much as it did, and $30 more, it would have cost him $300, What was 
price of the boat? 

Suppose it cost him............ GOs neta tie sot ates 30 
6 times. 6 times. 

360 180 
and 30 more and 30 more 

390° 210 

300 300 

oe if 9% e 
30 2d position. 60 18t position. 

g° 2700 5400 

9° 5400 
80) 8100 (45 dollars. 

2.—What is length of a fish when the head is 9 inches long, tail as long as its head 
and half its body, and body as long as both head and tail? ~ 6 feet. 

FELLOWSHIP. 

Fr.towsnuip is a method of ascertaining gains or losses. of individuals 
engaged in joint operations. 

Single Fellowship. 

Ruie.—As the whole stock is to the whole gain or loss, so is each share to the 
gain or loss on that share. 

EXAMPLE.—Two men drew a prize in a lottery of $9500. A paid $3, and B $2 for 
the ticket; bow much is each share? 

5! 9500 :: 3: 5700, A’s share. 
5 3.9500 3.2: 3800, B’s share. 

Double Fellowship, 

Or Fellowship with Time. 

RviE.—Multiply each share by time of its interest; then, as sum of products is to 
product of each interest, so is whole gain or loss to each share of gain or loss. 

Exampie.—A cutter’s company take a prize of $10 000, which is to be divided ac- 
cording to their rate of pay and time of service on board. ' The officers have been 
on board 6 months, and the crew 3 months; pay of lieutenants is $roo, ensigns $50, 
and crew $ro per month; and there are 2 lieutenants, 4 ensigns, and 50 men; what 
is each one’s share? 

PINKCTIPOMANES sc creveraleorderatare Maleievarat eiesare $100 = 200 X 6 = 1200 
AEDSIQDS 25. vies aie’e oivih, ala Wits obinyolovelansye 50 = 200 X 6= 1200 

BO MCD, os2aeccee caait'sl sia slaivis tse bivit diaica «) LO 500 X 3'—= 1500 

3900 

: 1200 +3 10000 : 3076.92-> '2= 1538.46 dolls, 
! 120073 10000 : 3076.92 4= 769.23 ‘t 
1 1500 3; 10000 : 3846.16--50= 76.92 “ 
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PERMUTATION. 

PERMUTATION is a rule for ascertaining how many different ways any 
given number of numbers of things may be yaried in their position. 

Permutation of the three letters abc, taken all together, are 6; taken two 
and two, are 6; and taken singly, are 3. rite 

RvULE.—Multiply all the terms continually together, and last product will give 
result. 

EXAMPLE 1.—How many variations will the nine digits admit of? 

IX2X3X4X5X6X7X8 X 9=362880. 

2.—How many years would there be required to elapse before ro persons could 
be seated in a varied position collectively, each day at dinner, including one day in 
every 4 years for a leap year? 9935 years, 42 days, 

When only part of the Numbers or Elements are taken at once. Rvtz.— 
Take a series of numbers, beginning with number of things given, decreasing by 1, 
until number of terms equals number of things or quaiztities to be taken at a time, 
and product of all the terms will give sum required. 

EXAMPLE 1.—How many changes can be made with 2 events in 5? 

5—1=4, and 4X 5=2 terms. Hence, 5 X 420 changes. 

2.—How many changes of 2 will 3 playing cards admit of? 

3—1=2,and2X3=2terms. Hence, 2x 3 =6 changes. 

3. —How many changes can be rung with 4 bells (taken 4 and 4 together) out of 6? 

4—1=3,and3X% 4X5 X 6=4 terms or changes. 
Hence, 3 X 4X5 X 6= 360 changes. 

When several of the Elements are alike. Rurx.—Ascertain the permutations 
of all the numbers or things, and of all that can be made of each separate kind or 
division; divide number of permutations of whole by product of the several partial 
permutations, and quotient will give number of permutations. 

ExamrLe.—How many permutations can be made out of the letters of the word 
persevere (g letters, having 4 e’s and 2 r’s)? 

“xX 2X3 X 4 KS XOX X'S Xo =— 3628805 
1X2X3X4=24 for the e’s; 1 X 2=2 for the r’s, and 24 X 2= 48. 

Hence, 362 880 = 48 = 7560. 

oe Add logarithms of all the terms together, and number for the sum will give 
result. 

EXAMPLE 1.—How many permutations can be made with three letters or figures? 

Log.1=.000 0+ 
2.301 03 
3.477 121 3 

-778 151 3=log. of number 6. 

2.—How many variations will 15 numbers in 16 places admit of? 

Add logarithms of numbers x to 16 and take logarithm of their sum— 

ViZ., 13.320 661 97 = 20922 789 888 ooo. 

Number of positions of the blocks in the ‘‘ 15 puzzle’? is as above for their 16 permutations. 

Permutations, 

Whereby any questions of Permutation may be solved by Inspection, number of 
terms not exceeding 20.. j 

Zz x5 120|] 9 362 880 || 13 6 227 020 800 || 17 355 687 428 096 000 
2| 2||6 720|\|10| 3628 800)|/14 87 178 29% 200 || 18 6 402 373 705 728 oco 
3| 61|7] 5040||11] 39916 800|| 15] 1307674 368.000||/19| 121 645 100 408 832 000 
4 | 24|| 8 | 40320] 12 | 479 oor 600 || 16 | 20.922 789 888 000 || 20 | 2.432 902 003 176 640 000 
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ARITHMETICAL PROGRESSION. 

ARITHMETICAL PROGRESSION is a series of numbers increasing or de- 
creasing by a constant number or difference; as, 1, 3,5, 7, 12,9,6,3. The 
numbers which form the series are designated Terms; the first and last 
are termed Frtremes, and the others Means. 

When any three of following elements are given, the remaining two can.be ascer- 
tained—viz., First term, Last term, Number of terths, Common Difference, and Sum 
of all the terms. 

To Compute First Term. 

When Last term, Number of terms, and Sum of series are given. Rute. —From 
quotient of twice sum of series, divided by number of terms, subtract last term. 

i—d s dn— ns 
pat emcaee eS a Aj. and VY (J+.5d)?—2dS+.sd=a, a represent- 

ing xst, l last, n number of, and 8 sum of all terms, and ad common difference. 

ILLUSTRATION.—A man travelled 390 miles in 12 days, travelling 60 miles last day. 
How far did he travel first day? 

wae = 65, and 65 —60=5 jirst term. 
i 

To Compute Last Term. 

When First term, Common Difference, and Number of terms are given. RuLe.— 
Multiply the number of terms less 1, by common difference, and to product add first 
term. 

ExAMPLE.—A man travelled for 12 days, at the rate of 5 miles first day, 10 second, 
and so on; how far did he travel the last day ? 

12—1 X5=55, and 55-+5=60 miles. 

When First term, Number of terms, and Sum of series are given. Ruie.— Divide 
twice sum of series by number of terms, and from quotient subtract first term. 

Ss Seo S | d(n—1) re, 
Or, =~ —a; V2d8+(a—.5d2+:5d; and — + 

n 2 

ILLusTRATION.—A man travelled 360 miles in 12 days, commencing with 5 miles 
first day; how far did he travel last day? 

360 X 2 
= 65, and 65 — 5 = 60 miles, 

12 

To Compute Number of Terms. 

When Common Difference and Extremes, or First and Last term, are given. 
Ruige.—Divide difference of extremes by common difference, and add x1 to quotient. 

Exampie.—A man travelled 3 miles first day, 5 second, 7 third, and so on, till he 
went 57 miles in one day; how many days had he travelled at close of last day ? 

57 —3 +7 2=—27, and 27 -+1= 28 days. 

When Sum of series and Extremes are given. RuiE.—Divide twice sum of series 
by sum of first and last terms. 

l—a 25 2a@—d\? , d—2a 

or; d Hi mal 2a igs 2a! 

2tU+d\? 28 , 2l+d __ 

gad /( ea at) 

Inuusrration.—A man travelled 840 miles, walking 3 miles first day and 57 last 
day; how many days was he travelling? 
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-To Compute Common Difference. 

When Number of terms and Extremes are given. Ru1e.—Divide difference of 
extremes by x less than number of terms. 

28—2an_ itaxl—a_ 2nl—2S8 

n(n—x) ” 29 —t-=@” — n (n—1) ae ’ 

ILLUSTRATION.—Extremes are 3 and 15, and number of terms 7; what is common 
difference ? 

13—3=(7—) =a and ~=2 com. dif. 

To Compute Sum of the Series or of all Terms. 

When Extremes and Number of terms are given.. RuLe.—Multiply number of 
terms by half sum of extremes. 

—— — 

Or, 2a+d(n—1) X.57; ihe xP Ee, 

and 2l1—(d Xn—1)X.5”2=S. 

ILLUSTRATION.—How many times does hammer ofa clock strike in r2 hours? 

12 X 12-+1=156, and 156+ 2—78 times. 

To Compute any Number of Arithmetical Means or 
Terms between two Extremes. 

RvutE, — Subtract less extreme from greater, and divide difference by 1 more 
than number of means or terms required to be ascertained, and then proceed as 
in rule. 

To Compute Two Arithmetical Means or Terms between 
two given Hxtremes. 

Rvre.—Subtract less extreme from greater, and divide difference by 3, quotient 
will be common difference, which being added to less extreme, or taken from great- 
er, will give means. 

ExaMpLe 1.—Compute two arithmetical means between 4 and 16. 

16—4+3= 4 com. dif. 
4+4= 8 one mean. 

16 — 4 = 12 second mean. 

2.—Compute four arithmetical means between 5 and 30. 

30— 5 = 25, and 25 +4+1=5=com. dif. 
5+5—10=—18t mean. 15+5=20= 3d mean. 

10 =15 = 20 20-+-5=25=—4th 

Miscellaneous Illustrations. 

x. A steamer having been purchased upon following terms —viz.: $5000 upon 
transfer of bill of sale and balance in monthly instalments, commencing at $4300 
for first month, and decreasing $500 in each month, until whole sum is paid. 

ist. How many months must elapse before final payment? 

2d. What was amount of purchase-money, or sum of series ? 

Here are jirst and last terms —viz., 500 and 5000, and common difference, 500. 
Hence, To compute number of terms and amount of purchase, 

5000 — 500 + 500 =9, and 9+ 1 = 10 = number of terms or months, and 10 X 

5000 + 500 
2 

2. If roo stones are placed in a right line, one yard apart; how many yards must 
a person walk, to take them up one at a time and put them into a basket, one yard 
from first stone ? 

First term 2, last term 200, and number of terms 100. 

200-+ 2 

2 

= 10 X 2750 = $27 500, amount of purchase. 

Hence, 100 X = 10100 yards. 
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3. If in the sinking of curb of a well, $3 is to be given for first. foot in depth, $5 
for second, $7 for third, and increasing in like manner to a depth of 20 feet, what 
would it cost? ee: 

First term 3, common difference 2, and number of terms 20. 

Hence, 20—1 X 2-++3=41, last term. 

Then, 3+ 41 X == 440, sum of all terms, or cost of curb. 

4. If a contractor engaged to sink a curb to depth of 20 feet for $400, and the 
contract was annulled when he had reached a depth of 8 feet; how much had he 
earned ? 

400+ 20= number of terms. But inasmuch as 400 may be divided into 20 terms 
in arithmetical proportion in many different ways, according to value of rst term, 
it becomes necessary to assume the value of the first foot as value of 1st term. ? 

Assuming it at $5, the required proportion will be, rst term 5, number of terms 20, 
sum of series 400. i 

400 —5 X 20 X 2 600 

20X(z0o—1) ~~ 380 

Then, 5+ 144 x 7= 165 = 18t term + product of common difference and 8th 
term less 1, Which added to ‘5 = 21;)5, and x 4= half number of terms for which 
cost is sought = 84,45 dollars, sum earned. 

Hence, =14t, common difference. 

GEOMETRICAL: PROGRESSION. 

GEOMETRICAL PROGRESSION is any series)of numbers continually in- 
creasing by .a constant multiplier, or decreasing by a constant divisor, as 
I, 2, 4, 8, 16, etc., and 15, 7.5, 3-75, etc. 

The constant multiplier or divisor is the Ratio. 

When any three of following elements are given, remaining two can be computed, 
viz.: First term, Last term, Number of Terms, Ratio, and Swm of all Terms. 

To Compute Hirst Term. 

When Ratio, Last Term, and Number of Terms are given. Rute. — Divide last 
term by ratio raised to a power denoted by number of terms less r. 

S (r—1) 
Or, ee 

‘S sum of all terms, and r ratio. 

Intustration. — Last term is 4374, number of terms 8, and ratio 3; what is first 
term ? 

and rl—S(r—1)=a. @ representing 1st term, l last, n number of, 

4374 __ 4374 Sai ORs 2, first term. 

To Compute Last Term. 

When First Term and Ratio are Equal. Rutr.—~Write a few of leading terms 
of series and place their indices over them, beginning with a unit. Add together 
the most convenient and least number of indices to make the index to term required. 

Multiply terms of the series of these indices together, and product will give term 
required. 

Or, Multiply first term by ratio. raised.to a power, denoted by number of terms 
less 1. 

EXAMPLE I,—First term is 2, ratio 2, and number of terms 13; what is last term ? 

Indices,r 23 4 5 
Terms, 2, 4, 8, 16, 32 

Then, 5-+5+3—=13=sum of indices, and 32 X 32 X 8=8192 = last term. 

Or, 2 X 2%3-*=8r92. Also by inspection of table, page ros, 13th term = 81092. 



104 GEOMETRICAL PROGRESSION. 

2.—The price of 12 horses being 4 cents for first, 16 for second, and 64 for third, 
and so on; what is price of last horse? 

Indices,rx 2 3 4 
Terms, 4, 16, 64, 256. 

Then, 4+4-+-4=12=sum of indices, and 256 X 256 X 256 = 2563 =$ 167 77220. 

When First Term-and Ratio are Different. Ruie.—Write a few of leading terms 
of series, and place their indices over them, beginning with a cipher. Add together 
the most convenient indices to make an index less by 1 than term sought. 

Multiply terms of these series belonging to these indices together, and take 
product for a dividend. 

Or, Raise first term to a power, index of which is x less than number of terms 
multiplied; take result for a divisor; proceed with their division, and quotient will 
give term required. 

EXAMPLE I.—First term is 1, ratio 2, and number of terms 23; what is the last 
term? 

Indices,o 1 23 4 5 
Terms, 1,2; 4, 8, 16, 32. 

Then, 5+5+5+5+2=22=sum of indices, and 32 X 32 X32 X32X4= 
4194304, and 4 194 304+ the sth power (6 —1) of 1 => 1 = 4 1094 304. 

Or, x X 273" = 4194304. By inspection of table, page 105, 23d term = 4 194 304. 

2.—If x cent had been put out at interest in 1630, what would it have amounted 
to in 1834, if it had doubled its value every 12 years? 

1834 — 1630 = 204, Which + 1217, and 17 -+-1=18= number of terms. 

Indices,o 1 23 4 7 
Terms, s, 2, 4, 8, 16, 128. 

Then, 7+ 4-+3-+2-+1=17, and 128 X 16 X 8X 4 X 2 X r=131072, and 131072 
+1, the 4th power (5 —1) of : => $1 31072. 

When First Term, Ratio, and Sum of the series are given. RutE.—From sum of 
series subtract quotient of first term subtracted from sum of series, divided by 
ratio. Pee 

Or,axr ay 

Examp_y.—First term is 2, ratio 3, and sum of series 2186; what is last term? 

86 — 
2186 = 2186 — 728 = 1458, last term. 

To Compute Number of Terms. 

_ When Ratio, First, and Last Terms are given. RvtE.—Divide logarithm of quo- 
tient of product of ratio and last term, divided by first term, by logarithm of ratio. 

ar log. (a+ 8S r—1)—log.a | log. 1—log. a é 

: log. 7 ny? log. (S—a) — log. (S —J) Ra 

log. 7— log. (7 1—2 —x 8) + 
and log hig. 

Exampir. — Ratio is 2, and first and last terms are x and 131072; What is num- 
ber of terms? 

% : 

LS OBIE log. 262 144 = 5.418 54, and 5.418 54 log. of 2 = 5.418 54 <8; 
I +301 03 

log 

To Compute Sum of Series. 

When First Term, Ratio, and Number of Terms are given. RuuE.—Raise ratio to 
a power index of which is equal to number of terms, from. which subtract 1; then 
divide remainder by ratio less 1, and multiply quotient by first term. : 

nS ieee Oa — 
i a ira «2 a ie v siti Le 

4 ee 2 Wi" aVa ea Ot nae: 
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ILLUSTRATION 1.—First term is 2, ratio 2,.and number of terms 13; what is sum 
of series? Ciera tetanic gle 

213 *= 8192 — 1 = 8191, and 819x-+(2— 1) = Sx9r, and 8191 X 2 = 16382. 

2. —If a man were to buy r2 horses, giving 2 cents for first’horse, 6 cents for 
second, and so on, what would they cost him? $5314.40. 

To Compute, Ratio. 

«| When First Term, Last Term, and Numbers of Terms are given... Rutw.—Divide 
last term by first, and quotient will be equal to ratio raised to power denoted by x 
less than number of terms; then extract root of this quotient. 

S—a 
Or, KEEaR =f. 

ILLUSTRATION. —First term is 2, last term 4374, and number of terms 8; what is 
ratio? 

4374 et, merc 7 —S 87 = . = 2187, and of 2x 7 = 3; ratio. 

Miscellaneous Illustrations. 

1. What is 9th term in geometrical progression 3, 9, 27, 81, etc.? and what is 
sum of terms? ; 

ist term = 3, number of terms 9, and ratio 3. 

Hence, by rule to compute last term, rst term and ratio being equal— 

Indices,r 2 3 4 
Terms, 3, 9, 27, 81. 

Then, 2+ 3-+-4=9 = sum of indices, and 9 % 27 X 81 = 19 683 = last term. 

By rule to compete sum of terms— 

= 
2 z nays 4 5 9841 X 3 = 20 523, sum of terms. 
3-—-1 2 

2. First term is x, ratio 2, and last term 131072; what is sum of series? 

131.072 X 2 —1 = 262/143, and 262 143 +2 —1= 262 143, 

. 3. What are the proportional terms between 2 and 2048? 

5 8 
4+2=6, and6—1=s5, and asian =H 

Hence, 2: 8: 32: 128: 512: 2048. 

4. Sum of series is 6560, ratio 3, and number of terms 8; what is first term? 
ivy 

ry 
6560 X = 6560 X ae 2, first term. 

I 

2 

656 

Geometrical Progressions, 

Whereby any questions of Geometrical Progression and of Double Ratio may be 
solved by Inspection, number of ternis not exceeding 56. 

Ir Ti {| ng 16 384 || 29 268 435456 || 43 4398 046 511,104 
2 eel) 16 32768 || 30 536870912 || 44 8 796 093 022208 
3 4 || 17 65'536 || 3x 1073741 824 || 45 17,592 186.044 416 
4 8 || 18 131072) || 32 2147 483 648, || 46 35 184 372 088 832 
5 16 || 19 262144 || 33 4294967 296 || 47 70 368 744.177 664 
6 32 20 524 288 34 8 589 934 592 48 140 737 488 355 328 
“fh 64° |} 21 11048 576 || 35 17 179 869 184 || 40 281 474.976 710656 

8 | 128 || 22 2097 152 || 36 34 359 738 368 |} 50 362.949 953 42x 332 
9 256 || 23 4194 304 || 37 68 719 476736 || 5x I 125 8991906 842 624 

TOn |e -5t2. || 24 8388 608 |} 38 137 438.953 472 || 52 2.251 799 813,685,248 
1 | 1024 |] 25.| 16777216 || 39 |, 274877900944. || 53 |. 4503 599.627 370 496 
x2 | 2048 |} 26 33.554 432 || 40 549755 813 888 |} 54 | 9007 199 254 740992 
13 | 4096 || 27 67 108 864 || 4x | 1099511627776 || 55 | 18014 398 509 481 934 
14 | 8192 || 28 | 134217728 |} 42 | 2199023255552 || 56 | 36028797 018 963 968 

ILLUSTRATIONS. —r2th power of 2 = 4096, and 7th root of 128 = 2, 



106 ALLIGATION, 

ALLIGATION. 

ALLIGATION is a method of finding mean rate or quality of different ma- 
terials when mixed together. 

To Compute Mean Price of a Mixture. 

When Prices and Quantities are known. Rte. — Multiply each quantity by its 
rate, divide sum.of products by sum of quantities, and quotient will give rate of the 
composition, 

ExAmMPLe.— If 10 Ibs. of copper at 20 cents per Ib., x lb. of tin at 5 cents, and x Ib. 
of lead at 4 cents, be mixed together, what is value of composition? 

10 X 20 = 200 

SKS = 5 
aia 
12 ) 209 (17.416 cents. 

To Compute Quantity of each Article. 

When Prices and Mean Price are given. Rvuie.—Write prices of ingredients, one 
under the other in order of their values, beginning with least, and set mean price 
at left. Connect with a line each price that is Jess than mean rate with one or more 
that is greater. 

Write difference between mixture rate and that of each of simples opposite price 
with which it is connected ; then sum of differences against any price will express 
quantity to be taken of that price. 

ExAmpLe,—How much gunpowder, at 72, 54, and 48 cents per pound, will compose 
a mixture worth 60 cents a pound? 

(48 ) 12, at 48 cents. 
60 54) 12, at 54 cents. 

(je 12+6=18, at 72 cents. 

Here, 72 —60=12 at 48, 72—6o=12at54, 60—48=12, and 60.—5s4=6= 
12+6=18 at 72. 

Then 12 X 48++- 12 X 54-18 X 722520, and 2520+ 12+ 12+ 12+ 6=—60 cents. 

Norr. — Should it be required to mix a definite quantity of any one article, the quantities of each, 
determined by above rule, must be increased or decreased in proportion they bear to defined quantity. 

Thus, had it been required to mix 18 pounds at 48 cents, result would be 18 at 48, 
18 at 54, and 27 at 72 cents per pound. 

When the whole Composition ts limited. Rutr.—As sum of relative quantities, 
as ascertained by above rule, is to whole quantity required, so is each quantity so 
ascertained to required quantity of each. 

EXAMPLE.—Required roo pounds of above mixture 

Then, 12+ 12-+ 1842, Then, 42: 1003: 12: 28.571 pounds. 
42 :. 100 }} 12: 28.571 pounds, 
42: 100 $1.18 : 42.857 pounds. 

When Price of Several Articles and Quantity of one of them is given. RuLE,—As- 
certain proportionate quantities of ingredients by previous rule. 

Then, as number opposite ingredients, quantity of which is given, is to given 
quantity; so 18 number opposite to each ingredient to quantity required of that in- 
gredient. 

EXxAmPLe. — Having 35 lbs, of tobacco, worth 60 cents per pound, how much of 
other qualities, worth 65, 70, and 75 cents per pound, must be mixed with it, so as to 
sell mixture at 68 cents per pound? 

By previous rule, it is ascertained there must be 7 lbs. at 60, 2 at 65, 3 at. 70, and 
8 at 75 cents; but as there are 35 lbs. at 60 cents to be taken, other quantities and 
kinds must be increased in like manner. 

Hence, 7 : 35 : : 2: 1o= 1x0 at 65 cents. 
FSEISs aR LS —S15 | 7 O CONES: 
7.235 2383 40= 40 $75 cents. 
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SIMPLE INTEREST. 107 

‘SIMPLE INTEREST. 
To Compute Interest on any Given Sum) for a nea de 

of One or more Years. 

- Rowe, —Multiply given sum or principal by rate per cent, and number of years; 
point off two figures to right of product, and result will give interest in dollars and 
cents for x year. 

Exampire.—What is interest upon $1050 for's years at 7 ‘per cent. ? 

1050 X 7 X 5 = 36 75 and 367.50 = $ 367.50. ' 

When Time is less than One Year.” Ruwe.—Proceed as before, multiplying by 
number of months or days, and dividing by following units—viz., 12 for months, 
and 365 or 366, as the case may be, for days. 

ExaMPLE.—What is interest upon $1050 for 5 months and 30 days at 7 per cent.? 

1050 X 7 XK 183 

365 
The operation of computing interest may be performed thus : 

Assuming interest upon any sum at 6 per cent.—x per cent. for 2 months. 
' Interest at 5 per cent. is ith less than at 6 per cent. 

‘Interest at 7 per cent,.is ith greater than at 6 per cent. 

_ Taking preceding exemplar months = = 1 per cent.= 10.50 

5 months and 30 days = 183 days. = 3685, and 36,85 = $36.85. 

cs § re 10,50 
I “ —- a3 5.25 

30 days “=1 month = 5.25 

31.50 

Add for 7 per cent. =. 5.25 

$36-75 
Nore.—Difference between this amount and preceding arises from 183 days being taken in oné case, 

and half a year, or 182.5 days, in the other, 

In every computation of interest there are four elements—viz., Principal, Time, 
Rate, and Interest or Amount, any three of which being given, remaining one can 
be ascertained. 

To Compute Principal. 

When Time, Rate per Cent., and Interest are given. RuLe.—Divide given interest 
by interest of $1, etc., for given rate and time. 

Exampie.—What sum of money at 6 per cent. will in 14 months produce $ 14? 

14 +.07 = 200 dollars, 

To Compute Rate per Cent. 

When Principat, Interest, and Time are given. Rouw.—Divide given interest by 
interest of given sum, for time, at 1 per cent. 

Exampie. —If $ 32.66. was discounted from a note of $400 for 14 months, what 
was that per cent. ? 

Interest on 400 for 14 months at x per cent. = 4.66. 

Then 32.66 + 4.66 = 7 per cent. 

To Compute Time. 

When Principal, Rate per Cent., and Interest are given. Ruie.—Divide given In- 
terest by interest of sum, at rate per cent. for one year. 

Exampie.—In what time will $208 produce $ rr.34, at 7 per cent. ’? « 

Interest on 108 for one year is 7.56. 

11.34 + 7.56= 1.5 years. 

ILLUSTRATION I. —If an amount of $ 2r75 is returned for a period of x15 months, 
rate of interest having been 7 per cent., what was principal invested ? $ 2000. 

2.—If $1000 in 18 months will finde’ $1090, what is rate? 6 per cent. 



108 COMPOUND INTEREST. 

COMPOUND INTEREST. 

i If any Principal be multiplied by number (in following table) opposite 
years, and under rate per cent., sum will be amount of that principal at com- 
pound ‘interest for time and rate taken. 

ExaMPiLe.—What is amount of $500 for 10 years at 6 per cent. ? 

Tabular number... . 1.790 84, and 1.790 84 X 500 = 895.42 dollars. 

6 

Per Cent. 

2.13292 
2.2609 

2.396 55 
2.54035 
2.69277 

2.854 33 
3-025 59 
3-207 13 

3-399 56 
3-603,53 
3-819 74 
4.04873 

E 3 4 5 6 E 3 4 5 
Per Cent. | Per Cent. | Per Cent. | Per Cent. Pas Per Cent. | Per Cent. | Per Cent. 

I |:1.03 1.04 1.05 1.06 13. | 1.468 53 | r.665:07 | 1.88564 
2|1.0609 | 1.0816 | 1.1025 | 1.1236 |} 14: }.1-51529| 1-731 67 | 1.97993 
3 | 1.092 73 | 1-124 86 | 1-157 62 | 1.191 OF || 15 | 1.55797 | 1-80095 | 2.078 92 | 
4 | 1.425 51 | 1.169 86 | r-2155° | 1.262 47 || 16 1.604 71 | 1.87298 | 2.182 87 
8 | 1.159 27 | 1-216 68 | 1.276 98 | 1-338 22} 17 | 1.65285 | 1.94799 | 2.292 01 
6 | 1-194 05 | 1-265 32 | 1-34 1.41851 || 18 | 1-702 44 | 2-025 81 | 2.406 61 
7 | 1.229 87 | 1.31593 | 1-4071 | 1.503 63]) 19 | 1-7535 | 2.10084 | 2.52695 | 
8 | 1.266 77 | 1.368 57 | 2-477 45 |' 1-593 84 || 20 | 1.806 11 | 2. 197 F3 | 2.653 29 
9 | 1-304 77 | 1-42331 | 1-551 32 | 1-689.47 || 21 | 1.86029 | 2.278 76 | 2.785 90 | 

Io | 1.34392 | 1.480 24 | 1.628 8g | 1.79084 || 22 | 1.9161. | 2.36992 | 2.925 26 
II | 1.384 24 | 1.539 45 | 1-710 33 | 1-898 29 || 23 | 1.9736 | 2.464 21 | 3.071 52 
12 | 1.425 76 | 1.601 03 | 1.79585 | 201219 || 24 | 2.032 79] 2.5633 | 3-225 09 | 

For any other Rate or Period,—Multiply logarithm of rate +x by period, and 
number for logarithm will give tabular amount as above. 

InLusTRatTion.—What is tabular number for 4 per cent. for ro years? 

Log. of 1.04 =.017 033 3, Which X 10 = .170 333, and number for log. = 1.48024. 

Time in Years in which a Sum of Money will be 
doubled at Several Rates of Interest. 

Rate. Time. | Rate. | Time. | Rate. | Time. \| Rate. Time.- 

Per cent. Per cent. Per cent. | Per cent. 
I 69.68 4 17.07 7 10.34 10 7.27 
2 Ene 5 14.21 8 Q-Or 20 3.8 
3 23.44 6 11.88 9 8.04 30 2.64 

Value of $1, etc., Computed Semi-annually for a Period 
of 12 Years. 

ee 4 5 6 3 4 5 6 
Years. | Per Cent.| Per Cent.| Per Cent.| Per Cent./| 978+ | Per Cent.| Per Cent.| Per Cent.| Per Cent. 

«5 | 1.015 1.02 1.025 1.03 6.5 | 1-2134 | 1.2936 | 1.3785 | 1.4684 
I | 1.0302 | 1.0404 | 1.0506 | 1.0609 7 1.2317 | 1.3195 | 1-413 I.5102 
1.5 | 1.0457 | r.0612 | 1.076 1.0027 7-5 | 31-2502 | 1.3459 | 1.4483 | 1.558 
2 | 1.0614 | 1.0824 Nose 1.1255 8 1.269 | 1.3728 | 1.4845 | 1.6047 
2.5 | 1.0773))/E-104r |, 1.13149} 1.1593 8.5 | 2.288 I.4002 | 1.5216 | 1.6528 
5 1.0934 | 1.12602 | 3.1507 | 1.1941 9 1.3073 | 1.4282 | 1.5597 | 1-7024 
3.5 | 1.1098 | 3.1487 | 1.1887 | 1.2299 |] “9-5 | 1.3269 | 1.4568 | 1.5987 | 1.7535 
4 1.1265 | 1.1717 | ¥.2184 | 1-2668-|| ro 1.3469 | 1.486 1.6386 | 1.8061 
4.5 | 1-434 | 1.1951 | 1.2489 | 1.3048 || 10.5 | 1.3671 | 1.5157 | 1.6796. | 1.8603 
5 1.1604 | 1.219 1.2801 |. 1.3439. ||. 12 1.3876 | 1546 | 1.7216 | x.916x 
5.5 | 2.378 1.2434 | 1.3121 | 1.3842 || 11.5 | 1.4084 | 1.5769 | 1.7606 | 1.9736 
6 | 2.1956 | 1.2089 | 1.3449 | 2.4258 || 12 1.4295 | 1.6084 | 1.8087 | 2.0356 

ILLUSTRATION.—What is amount of $500 at semi-annual interest of 5 per cent. 
compounded for ro years? 

Tabular number 1.6386. Then, 500 X 1.628 89 = $814.44.5. 

To Compute Interest on any Given Sum. 

For a Period of Years. 

log: A—log. P 

log. (x -++ +7) 

P(rtr)"=A A 
? 

ifs 

number of years, and A amount of principal and interest. 

gy = P; 
n/A 

1 
—1>7, 

=n. P representing principal, r rate per cent. per annum, n 



DISCOUNT OR REBATE,.EQUATION OF PAYMENTS. Tog: 

ILLUSTRATION. —Assume as preceding, $500 at-5 per cent. for ro years. 

: mat Bd 44:5 _ ia ses — : , 500 X 1.057° =.500 X 1.62989 = $814. 44.5, amount. . ree 95) a 6 = 500, principal. 

ro /814.44.5 sal log. 814. 44.5 —log. 500 eee eS ay rate. a " ! Fes Ti =2305, ie reek ro, numbea of years: 

For any Period: —Assume elements’ of preceding ‘case, interest payable semi-. 

annually, 10 X 2= 20, number of payments; Bs = .025, rate, 

: Then, 500 X 1.0252°= 500 X 1. 638 62 = $ 819. 31. 

When term of payments and rate are not given in table. 

| [ 108. (++ r)Xn P| =10g. A. 

‘ ILLustration.—Assume $rooo for 30 years, at 7 per cent, half-yearly, 

log. a +1=.014 9403; and log. .o149403 X 30 X 1000 =, $ 2806.78. 

DISCOUNT OR REBATE. 

- Discount or REBATE is a deduction upon money paid before it is due. 

To Compute Rebate upon any Sum. 

RvuLE.—Multiply amount by rate per cent. and by time, and divide product by 
sum of product of rate per cent. and time, added to 100. / 

EXAMPLE 1.—What is discount upon $12075 for 3 years, 5 months, and 15 days, 
at 6 per cent. ? 

‘ 3 years 5 months and 15 days= 3.4574 year's. 

12075 X 6 X 3.4574 250 488.63 

100-+ (6 X 3.4574) 120.7444 
2.—What is present value of a note for $963.75, payable in 7 months, at 6 per 

cent. ? 

6 rate. 7 months=% of 1 year=6 X 7+ 12 = 3.5, and 3.5 + 100= 103.5 = 1.035. 

963-75 + 1.035 = $.931+16. 

= 2074.53 =,$ 2074.53. 

To Compute the Sum for a given Time and Rate, to yield 
a Certain Sum. 

RoiE.—Divide given sum by proceeds of $x for given time and rate. 

ExampLe.—For what sum should a note be drawn at go days, that when dis- 
counted at 6 per cent. it will net $200? 

Discount on $1:for 90+ 3 days at 6 per cent, = $.or55. 

Hence, $ x —.0155 =.9845, proceeds, and $ 200+ .9845 = $203.14.9. 

“EQUATION OF PAYMENTS. 

RvuLE.—Multiply each sum by its time of payment in days, and divide sum of 
products by sum of payments. 

_ ExampLe.—A owes B $300 in 15 days, $60 in r2 days, and $350 in 20 days; when 
is the whole due? 

300 X 15 = 4 500 
60 X12= 720 

350 X 20 = 7000 

710 } 12 220 adits 
K 



io . ANNUITIES. 

ANNUITIES. 

To Compute Amount of Annuity. 

When Time and Ratio of Interest are Given. Rune.—Raise the ratio to a power 
denoted by time, from which subtract 1; divide remainder by ratio less 1, and quo- 
tient, multiplied by annuity, will give amount. 

Norg.—$x added to given rate per cent, is ratio, and preceding table in Compound Interest is a 
table of ratios. 

EXAMPLE.—What is amount of an annual pension of $100, interest 5 per cent., 
which has remained unpaid for four years? 

1.05 ratio; then 1.054— r= 1.215 506 25 —1=.215 506 25, and .215 506. 25+ (1.05 
— 1).05 = 4.310125, Which X 100 = $431.01.25- 

To Compute Present Worth of an Annuity. 

When Time and Rate.of Interest are Given. RvuLE.—Ascertain amount of it for 
whole time; divide by ratio, involved to time, and result will give worth. 

ExaMpLre.—What is present worth of a pension or salary of $500, to continue ro 
years at 6 per cent. compound interest ? 

$ 500, by last rule, is worth $6590.3975, which, divided by 1.067° (by table, page 
108, iS 1.790 84) = $ 3680.05. 

Or, Multiply tabular amount in following table by given annuity, and product 
will give present worth. 

ILLUSTRATION I,—As above; 10 years at 6 per cent.= 7.36008, and 7.36008 X 500 
== 3.68.004 dollars. 

2. What is present worth of $150 due in one year at 6 per cent. interest per annum ? 

-943 39 X 150 = $ 1141.50.85. 

Present Worth of an Annuity of $l, at 4, 5, and © 
Per Cent. Compound Interest for Periods under 25 
Years. 

Years. | 4 Per Cent. | 5 Per Cent. |'6 Per Cent. {| Years. | 4 Per Cent. | 5 Per Cent. | 6 Per Cent. 

.96154 | »-95238 | 04339 || 13. | 9-98562,| .9-30357 | 8.85268 
1.886 og 1.859 41 1.833 39 14 10. 563 07 9.89864 | 9.29408- 
2.7751 2.72325 2.673 or 15 11.118 43 | 10.37966 | 9.71225 
3-629 9 3:54595 3.4651 16 11.651 28 | 10.83778 | 10.10589 
4.45203 | 4.32948 4.212 36 17 12,166 26 | 11.27407 | 10.477 26 
524215 | 5.07569 | 4.91732 18 12.659 26 | 11.68958 | 10.8276 
6.002 03 5: 780 37 5.582 38 19 13.133.88 | 12.085 32 | 11.15811 
6.73176 | 6.463 21 6,209 79 20 13.590 29 | 12.46221 | 11.469 92 
7-436 4 7.107 82 | 6.801 69 21 14.029 12 | 12.82115 | 11.76407 
8.11085) | 7.72173 | 7.36008 22 14.451 12 | 13.163 12,041 58 

Ir 8.76044 | 8.30641 7.88687 || 23 14.856 82 | 13.48807 | 12.303 38 
be} 9.38505 | 8.86325 | 8.383 84 24 15-24695 | 13-79864 | 12.55035 

OO ON AUFSWNH 

For a Rate of Interest and Term of Years not given in either Table. 

S [: “= aa =A. Notation as preceding. 

ILLUSTRATION. —Take $1 at 4 per cent. for 24 years. 

Log. 1.04 =.017 033, Which X 24==-408799. log: .408 799 = 2.5633 = ratio raised 
to power of 24. s 

Then, = x € = 
« Eaee Liew aed 

- Ee) = 25 X 1— 390122 = $15. 24.695. 

To Compute Yearly Amount that will Liquidate a Debt 
in a Given Number of Years at Compound Interest. ~ 

Laie "= 
nee =A. ILusrRatTion. — What is amount of an annual payment that 

will liquidate a debt of $100 in 6. years at 5 per cent, compound interest? 



ANNUITIES. : IIT 

(x +.05)® per table, page 108, 100 X05 (x +.05)® 5X34 _ 
=1.34. = (i+. o5}o-—ax_, ~ 1.34—1 Ta34. 

When Annuities do not commence till a certain period of time, they are said to be 
in Reversion. 

~2 = $19. 76. 

To Compute Present Worth ofan Annuity in Reversion. 

Rouire.—Take two amounts under rate in above table—viz., that opposite sum of 
two given times and that of time of reversion; multiply their difference by an- 
nuity, and product will give present worth. 

EXAMPLE.—What is present worth of the reversion of a lease of $40 per annum, 
to continue for 6 years, but not to commence until end of 2 years, at rate of 6 per 
cent.'? 

6+2= ‘ pores AehintobnCBeduasgIaND 6.209 79 

4.376 40 X 40=$175.05.6. 

Amount of Annuity of $1, etc., Compound Interest, 
from 1 to 20 Years. 

4 5 6 z : 4 5 6 7 
Per Cent. | Per Cent. | Per Cent. | Per Cent. || | Per Cent. | Per Cent, | Per Cent. | Per Cent. Years, 

I. + I. I. Ir |13. 486 35/14.206 79|14.971 64|15.783 6 
2.04 2.05 2.06 2.07 12 |15.0258 |15.917 13|16.869 94/17.888 45 
3.1216 | 31525 | 3-1836 } 3.2149 || 13 |16.626 84|17.712 98/18. 882 14|20.140 64 
4-246 46) 4.31012| 4.37462] 4.439 94|| 14 |18.291 91/19.598 63|21.015 07/22. 55049 

5-416 32| 5-525 63) 5.63709] 5.75074)| 15 |20.023 59/21-578 56|23.275 97|25.129 02 
6.632 97| 6.80491} 6.975 32| 7-153 29|| 16 |21.824 53|23.057 49|25.672 53/27.888 05 
7.898 29] 8.14201] 8.393 84| 8.654 02|| 17 |23.697 51|25.840 37/28. 212 88|30,840 22 

9-214 23] 9.54911] 9.897 47|10.259 8 || 18 |25.645 41|28.132 38/ 30.905 65)33.999 03 
10. 582 79| 11.026 56/11. 491 32/11.977 99|| 19 |27-671 23|30.539 |33-759 99|37-378.96 
12.006 11]12.577 89|13.18079|13.816 45|| 20 |29.778 08|33.065 95|36.785 59!40.995 49 

ILLoustRAtion.—What is amount of $1000 for 20 years at 5 per cent.? 

5 per cent. for 20 years = 33.065 95; hence, 1000 X 33.065 95 = $ 33.06.595. 

OO CON ANAWNH -) 

‘To Compute Amount of an Annuity for any Period 
and Rate. 

Ruie.—From table for Compound Interest, page 108, take value for rate per cent. 
for x year, and raise it to a power determined by time in years, from which subtract 

‘x, divide remainder by rate, and quotient multiplied by annuity will give amount 
Tequired, 

ExAMPLE.—What will an annuity of $50, payable yearly, amount to in 4 years, at 
5 per cent. ? 

By table, page 108, 1.054 = 1.2155. 

1.2155 —1— (1.05 —1) = 4.31, and 4.31 X 50= $215.50. 

Wor Half-yearly and Quarterly Payments. 

Multiply annuity for given time by amount in following table: 

Rate percent.| Half-yearly. Suerverlys Rate percent.| Half-yearly. Quarterly, 

3 1,007 445 1.011 181 5.5 1,013 567 1.020 395 
35 1.008 675 1.013 031 6 1.014.781 1.022 227 
4 I,009 go2 1.014 877 6.5 1.015 993 1.024055 
4.5 1.011 126 1.016 729 if 1.017 204 1.025 88 
5 1.012348 | 1.018559 75 1.018 414 1.027 704 

ILLUSTRATION 1.—Annuity as determined in previous case = $215.50. 

Hence, 215,50 X 1.012 348 from above table = $218.16 for half yearly payments. 

2, A ‘person 30 years of age has an annuity for ro years, present worth of it being 
$1000, provided he may live for ro years. What is annuity worth, assuming that 
60 paras out of every 3550, between the ages of 30 and 4o, die annually ? 

‘ 3550 — 600 (0 X 10) = 2950 would therefore be living. 
And, 3550 : 2950: 1000 = $830, 98. 



q12 PERPETUITIES.— COMBINATION. 

rape PERPETUITIES. 
PERPETUITIES are such Annuities as continue forever. 

To Compute Value ofa Perpetual Annuity. , ant 

Roie.—Divide annuity by rate per cent., and SET quotient by unit in pre- 
ceding table. % 

» EXaMPLE.—What is present worth of an pear: for $ x00, payable semi-annually, 
at 5 per cent.? 

100-+.05 = 2, and 2 X 1.012 348, from preceding table= 2.024.70. 

To Compute Value of a Pérpetuity in Reversion. 
RuiLkz.—Subtract present worth of annuity for time of reversion from worth of 

annuity, to commence immediately. 

ExampLr.—What is present worth of an estate.of $ 50 per apnum, at 5 per cent., 
to commence in 4 years? 

OA OS cece e scence r rene esesreaseeaccccecescesecccncsescessces = 1000 
_ $50, for 4 years, ats per eent.=29- 54595 ig: table, page 110) X 50 477-2675, 

$22.7025 
which in 4 years, at 5 per cent. compound interest, would produce $ 1000. 

4 

COMBINATION. 

CoMBINATION is a rule for ascertaining how often a less number of num- 
‘bers or things can be chosen varied from a greater, or how many different 
‘collections may be formed without regard to order of each collection. 

Combinations of any number of things signify the different collections 
‘which may be formed of their quantities, without regard to the order of their 
‘arrangement. 

Thus, 3 letters, a, b, c, taken all together, form but one combination, abe, 
Taken éwo and two, they form 3 combinations, as ab, ac, be. 
Norg.—Class of the combination is determined by number of distil or things to be taken; if two 

are taken, the combination is of 2d class, and so on, 

Ruiy.—Maultiply. together natural, serjes x, 2,3, etc., up to the number to be taken 
‘at atime. Take a series of as many terms, decreasing by 1, from number out of 
which combination is to be made, ascertain their continued product, and divide 
‘this last product by former. 

EXAMPLE, 1.—How many single combinations, as ab, ac, may be made of 2 letters 
‘out of 3? aa har S60 

PMN 62% ie % 

2.—How many combinations may be made of 7 letters out of 12? 

TX 2X_3X4X5X6X7_ _ 5040 - 3.991 680 
12X1rX10X9X9X7X6 3991 O80" oe 

3.-—How many different hands of cards’ may be held, as at, whist, combinations 
73 out of 52? 635 013 559 600. 

When two Nita ieee or Things are Combined. 

- Rvie.—Multiply together natural series 1, 2, 3, etc., to one less term than number 
of combinations; ascertain their continued pr ‘oduct, and proceed as before, 

EXAMPLr. _imheke are 3 cards in a box, out of which two are to be drawn in. a re- 
quired order. How many combinations’ are there ? 

iz I | 
Here there are 2 terms; hence, 2—1=r1, and = res 

‘ BM 20 6 

To Compute Number of Ways in which any Number of 
Distinet Objects can be Divided among any Number. 

RvuLE.—Multiply together numbers equal to number given, as often as chheot 
‘are to be divided among them. 3 

EXAMPLE. —In, how many different ways can ro different cards “a divided among 
3 persons? 3X3X3X3X3X3X3X3K 3X3 OF 3! = so 049. 
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Combinations with Repetitions. 

In this case the repetition of a term is considered a new combination. Thus, 
1x, 2, admits of but one combination, if not repeated; if repeated, however, it admits 
of three combinations, aS 1,1; 1,2} 2,2. © : 

Rute.—To number of terms of series add number of class of combination, less 1; 
multiply sum by successive decreasing terms of series, down to last term of series; 
then divide this product by number of permutations of the terms, denoted by class 
of combination. . : 

Exampie.—How many different combinations of numbers of 6 figures can be 
made out ofar? | c ji 

11+ (6 — 1) =16 = sum of number of terms, and numberof class, less 1. 
16 X15 X 14 X13 X 12 X 11 = 5 765 760= product of sum, and successive terms to 

last term. : Pek ot 
1X2X%3X%4X5X6=720 permutations of class of combination. 

Phen Sees G8, 
720 

Variations with Repetitions. 

Every different arrangement of individual number or things, including repeti- 
tions, is termed a Variation. f 4 ; 

> Glass of Variation is denoted by number of individual things taken at a time. 

' Rure.—Raise number denoting the individual things to a power, the exponent 
of which is number expressing class of variation. 

Example 1.—How many variations with 4 repetitions can be made out of 5 fig- 
ures? 54626. 

2.—How many different combinations of 4 places of figures can be made out of 
the 9 digits? 

12X11 X10X% 9g 11880. 

IX2X3X%4 24 
9+(4—1) =12, and 495° 

Combination without Repetitions. 

Rore.—From number of terms of series subtract number of class of combination, 
less r; multiply this remainder by successive increasing terms of series, up to last 
term of series; then divide this product by number of permutations of the terms. 
denoted by class of combination. ! 

EXAMPLE 1.—How many combinations can be made of 4 letters out of 10, exelud- 
ing any repetition of them in any second combination ? 

10 —(4— 1) =7 = number of terms — number of class, less x. 
7X8X 9 X 10= 5040 = prod. of remainder 7, and successive terms up to last term. 
1X 2X 3X 4=24 = permutations of class of combination. 

Then, 5049 42/510, 
24 

'2,—How many combinations of the sth class, without repetitions, can be made 
of r2 different articles? . 

8X9 X10 11 X12 | 5040 | 

Toexeoea ee 20" 
12—(5—+1) = 8, and 792. 

CIRCULAR MEASURE. 

Unit of Circular Measure is an angle which is subtended at centre of a circle 
by an arc equal to radius of that circle, being equal to 

180° 

3-1416 

Circular measure of an angle is equal to a fraction which has for its numerator 
the arc subtended by that angle at centre of any circle, and for its denominator the 
radius of that circle. é 

K* 

= 57-296°. 
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To Compute Circular Measure of an Angle. 

. RULE.—Multiply measure of angle in degrees by 3.1416, and divide by 180. 

©" py awpre,—What is circular measure of 24° 10/, 87? 

24° x0! 8! X 3.1416 _ , 87008 X 3.1416 

180 “7180 X 60 X 60 
= .042 18. 

To Compute Measure of an Angle, its Circular Measure 
P being Given. ‘ 

Reie.—Multiply circular measure of angle by 180, and divide by 3.1416. 

PROBABILITY. 

Probability of any event is the ratio of the favorable cases, to all the 
cases which are similarly circumstanced with regard to the occurrence. If 
an event have 3 chances for occurring and 2 for failing, sum of chances 
being 5, the fraction $ will represent probability of its occurring and is taken 
as measure of it. Thus, from a receptacle containing 1 white and 2 black 
balls, the probability of drawing a white ball, by abstraction of 1, is $; prob- 
ability of throwing ace with a die is }: in other words, the odds are 2 to 1 
against first, and 5 to 1 against second. 

If m+ = whole number of chances, m representing number which are favorable, 

and n unfavorable. Therefore — = probability of event. 
ne m+4 

Probabilities of two or more single events being known, probability of their oc- 
curring in succession may be determined by multiplying together the probabilities 
of their events, considered singly. 

Thus, probability of one event in two is expressed by 4; of its occurring twice in 

succession, 2 x 4, or 4; of thrice in succession, } x } X }y or § ete. 

ILLUSTRATION 1.—If a cent is thrown twice into the air, the probability of its fall. 
ing with its head up, twice in succession, is as x to 4. Thus, it may fall: 

x. Head up twice in succession. 
2. Head up xst time and wreath 2d time. H 
3. Wreath up rst time and head 2d time. ¢ 420°, 
4. Wreath up twice in succession. ) 

I I vk as 
125 4 es. 

I+3 125 

These are the only results possible, and being all similarly circumstanced as to 
probability, the probability of each case is as x to 4, or odds are as 3 to 1. 

Probability of either head or wreath being up twice in succession is as x to x, or 
chances are even, because xst and 4th cases favor such a result; probability of head 
once and wreath once in any order is as x to 2, because 2d and 3d cases favor such a 
result; and probability of head or wreath once is as 3 to 4, or odds are as 3 to 1, be- 
cause rst, ed, and 3d, or 2d, 3d, and 4th cases favor such a result. 

_Norr.—1 to 2 is an equal chance, for x out of 2 chances = 1 to 1, being an equal chance; again, x to 
5 is 4 to x, for x out of 5 chances is r to 4. 

2.—If there are 4 white balls and 6 black in a bag, what is the chance of a person 
drawing out 2 black at two successive trials? : 

This is a combination without repetition. . Hence, 6—(2—1) =s, 
6 

St ee by which X 2 for’successive trials =*2 or 2 
oe 2 I 2 15 

3.—Suppose with two bags, one containing 5 white balls and 2 black, and the other . 
7 white and 3 black. . ‘ 

Number of cases possible in one drawing from each bag is (5-2) X (7-13) =7) 
X 10 = 70, because every ball in one bag may be drawn alike to one in the other, ©: 



; PROBABIDIEF; = (i sO 

Number of cases which favor drawing of a white ball from both bagsiis 5 x 7=35, 
for every one of the 5 white balls in one bag may be drawn in combination with every 
one of the 7 in the other. For alike cause, number of cases which favor drawing of 
a white ball from rst bag anda black one from 2d is 5 X'3==15; a black ball from rst 
bag and a white ball from 2d is'7'% 214; and a black ball from both is 3 x 2=6. 

Probability, therefore, of drawing is as 

Bx? swe ap Shai tae ya Naat Ba 90 Pre Te =r to 1, a white ball from both bags. rae AGS Veg 3 to , 

@ white ball from xst, and a black from 2d. ES => == 1 to 4, a black 

ball from rst, and a white from 2d. Ze = = == 3 to 32, a black ball from 

both. SX 3+2X7_ = 29 to 41, a white ball from one, and a black from other, 
qo 

for both 2d and 3d cases favor this result; hence, — 3229. SATESK34+eX7 
14 70 70 

=o = = 32 to 3, at least one white ball, for the 1st, 2d, and 3d cases favor this 

I 3 I 32 
result; hence, — + — + —>==-, 

: ‘at m4 535 
_ Again, if number of white and black balls in each bag are same, say 5 white and 
2 black, 5-+2x*5+2=49, then probability of drawing is as 

XK 5 25 A : 5X2 _ 10 4 
20° — ~—=2:5 to 24, a white ball from both. =—=10 to 39, a white ball BEY ji re abe 39; 1 

from xst, and a black from 2d. Fone a = 10 to 39, a black ball from rst, and a 

white from 2d. ERIE - = 4 to 45, a black ball from both. 
494 

4.—When two dice are thrown, probability that sum of numbers on upper sides 
is any given number, say 7, is as follows: 

As every one of the six numbers on one die may come up alike to, or in combi- 
nation with the other, number of throws is 6 x 6 = 36. 

( x and 6 ‘ 
Number 7 may be a combination of }2 fe 5; ; and as these numbers may be 

upon cither die, there are 3 * a § throws in favor of the combination of 7; hence 

probability of throwing 7 is Se ed or as1 tos. 

5.—Probability of a player’s partner at Whist holding a given card is as follows: 

Number of cards held by the other 3 players is 3 X 13==39; probability, there- 

fore, that it is held by partner is ma but it may be one of the 13 cards which he 

aS eae deer S 13 x 
olds; hence probability is — x 13 = — = -—, or as 1 to 2. holds; p Nee vara QE 

6.—Probability of a player’s partner at Whist holding two given cards is as follows: 

agX 38" ith 
ae =7415 

I 

therefore, probability that these 2 cards are in partner’s hand is 39 X 38 = 

ix 2 

ET tO 740; but they may be any 2 cards in partner’s hand; therefore, since 
74 

~ Number of combinations of 39 things, taken 2 and 2 together, is 

39 X 19 

13°X x20. 4156 
=—=78, 1X2 2 

number of combinations of 13 cards, taken 2 and 2 together, is 

ai : 78 2 ; 
robability required is —-—=—, or as 2 to 17. pr y req 741 x9’ 7 

Similarly, probability that he holds any 3 given cards is as sa or as 22 to 68z. 
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Probabilities at a game of Whist upon following points are: 

g to 7, that one hand has two honors, and two hands one ; 
g to 55, that two hands have each tawo honors ; 
3 to 29, that each hand holds an honor ; 
3 to 13, that one hand has three honors, and one hand one ; 
1 to 63, that four honors are held by one hand. 

7.—If 3 half-dollars are thrown into the air, probability of any of the possible com- 
binations of their falling is determined as follows : ; 

(2.32) (a )eros cases at meee, 
3 

. Hence, () = .125=1 to 7 in favor of 3 heads, 

3 
3. (Z)'=-s75=st05 “6 - 2 heads and x tail. 

3 252 (F) S300 5 0 x head and 2 tails. 

3X2X1 

IX2X3 

~ And in like manner, if 5 were thrown up, probability of any of their possible 
combinations would be determined as follows : 

I 1\5 r\5* 5. /3r\> SX (2)° SK aK oY tee SANS XR? (LY 

(-+5)=G)+2(Z) +33 5) tigen (G) t+ eee a 

$ SAPO Rex (2)? 

IX2X3X4X5\2 

3 
(S) S125 =2t07 Ore SS. = yitatee 

2 

5 “| 
Hence, (5) =.031 25 = 1 to 31 in favor of 5 heads ; 

5 3 5 “ ae ca ts == .15625 = 5 to 27 4 heads and x tail; 

5 
2X4 (2) ars =10 to 22 “ 3 heads and 2 tails ; 

5 
peed ed ah =10to 22 ** “ 9 heads and 3 tails ; 

5X4X3X2 5 
sa ee “ “ ” . eee \'=.15625 = 5 to 27 1 head and 4 tails ; 

oe eat 

IX2X3X%4X5 

5 ; 
) —=.03r25=1togr - © tails. 

All Wagers are founded upon the principle of product of the event, 
and contingent gain, being equal to amount at stake. 

ILLUSTRATION 1,—Suppose 3 horses, A, B, and C, are entered for a race, and X 
Wagers 12 to 5 against A, rx to 6 against B, and ro to 7 against C. 

If A wins, X wins 6+ 7—12=1. 
WO Bee SS. Tree Ss 5 Jr 1 

“eo *« KX  516—y0=1. 

Hence, X wins 1, whichever horse wins, from having taken fie i 
horse at odds named. ; ; a aed 

. : Aare 5 to Bin: 
Odds given in fa- Bs , * a } Corresponding probabil- ) 17 an ayes OfAs 

vor of pa 11 ity is ar B, 

Cc 7 nko wy «“ CG, 

5 6 7 18 
and pa eS 1.06 = 1.06 to x in favor of taker of odds. 
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2.—Odds given upon first seven favorite horses for Oaks Stakes of 1828 were so 
great, that probability in ‘favor of taker of the odds when reduced was as follows: 

1st, 5 to 2; 2d, 5 to 2; 34, 4 to x; 4th, 7 to a 5th, a4 30 5 6th, 14 tox; 7th, 15 tox 
a 4X3X ich 

24 8 Ep EG Bak bale 1 3 j)IX7X1=112 
oma He ata $n ae ae, at a =i+itg= means 2 63 

3X16 336 
= 307.4r 336:— 1. oon = = 1.092 to 1, in favor of taker of odds, yet: neither of the horses 
ts hich these odds were given won. | ‘ 

3.—If odds are 3 to x against a horse in a race, and 6 to x against another horse 
in a second race, probability of 1st 4 6 winning is re and of other 4. Therefore 
probability of both races being won is 1, and odds against it 27 to 1, or 1000 to'37.037. 
Odds upon such an event were given in 1828 at rooo to 60, or 16. 6} tox. 

4.—Two persons play for a ‘certain stake, to be won by winner of three games or 
results. One having won one and ‘the other two, they decide to divide the sum, 
proportionate to their interest.» How much of it should each one receive? 

“OPERATION. —If winner of two games should win game to be played, he would be 
entitled to the whole sum; if he lost, ue eralt be entitled to half of it. Now as 

one) event is as probable as the other, — =i —— 3; half of which = “¢ or share 

of winner of two games, 

‘When events are wholly independent, so that occurrence of one does not 
affect that of the other, probability that both will occur is product of proba- 
bilities that each will occur. ’ 
‘Nore. —It is indifferent whether events are to occur together or coneentivelse 

‘ILLUSTRATION 1,—Assume three boxes, each containing white and black balls as 
follows: . 

‘6 whito, 5 black; 7 white, 2 black; 8 white, ro black. What is chance of drawing 
cen them a white, black, aah a white ball?’ 

64248 

297 
2.—A gives an answer correctly 3 times out of 4, B 4 times out of 5, and C 6 out 

of 7. What is probability of an event which A and B declare correct and C denies? 

‘Orrration.—Compound probability that A and B answer correctly and C denies 

Probabilities are > “€ and a product of which = = 17.625 to 1. 

(all 3 of which are in favor of event) is SERIE I cece y DOE Es 
4 5 7 140 35. 

~ Compound ppebapility that A and B deny and C is correct (all 3 of which are 

gag j= 1S. against event) is — rine =x a Rr 

- Then correct, divide cat sum 3. (2 2) iz 8714 igs $e2 
of correct and incorrect, awas mo) 1.857 14-P 498670 Pe 

Odds between Results or Chances, and between any 
Number and Whole Number, at various Odds against 
each, also Value of each Chance in parts of 100. 

Odds against | Value of {|Odds against] Value of || Odds against | Value of ||Odds against} Value of 
each. Chance. each, Chance, each, | Chance. | each. Chance. 

_ Even 50 “2 tox 33-33 6.5 tor | 13.33 15 to x 6.25 
11° tO 10 | 47:62 Zeno 28.57 Pe Rene NY * 5255 bts Teas « 5.26 
Gree 5 | astaly Nae fees 25 eben eee 11.76 20 4.76 

OS 4 |) aatggoy. 3.5 6% x 22.22 LORIE | 11.11 25 “x 3.84 
Binet, 4 42.1 7 hae: 20 Ch 10.52 30: Sr Z22 

£6=3%. 4 || 49 AvGieeee 18.18 or. x 10 4o hr 244 
Be-piey: 4° |) Seaton 5 °F 16.66 Wy es 9.52 5° Hy I 1,96 
A haf 36307 [Sg et x 15.38 Ou) eer 9.09 Comer 1.64 
CLS we at eney 78 Giese y 14.28 2 ee 7:7, too ‘' 99 

Oprration. — Divide 100, Or Unit, as case may be, by sum of odds, and multiply 
quotient by lesser chance or odds. 

“nuusrration.—6 to 4. 6-424 10, and 100+ 10 X 4= 4o, value of chance. 
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WEIGHTS OF IRON, STEEL, COPPER, ETC. 

Wrought Iron, Steel, Copper, and Brass Plates, 

SOFT ROLLED. (American Gauge.) 

Jo. of r Per SquaRE Foor. 
ee: TRCRNOS Iron> | Steel. Copper. Brass. 

Inch. Eke Wain Lbs. iid 
o000 | .46 or 3%, full 18.4575 18.7036 | 20.838 19,688 
000 } .409 64 16.4368 16.6559 18.5567 17.5326 
00 | .364 8 or = light 14.6376 | 14.8328 | 16.5254 15.6134 
© | .324 86 ord * 13.0351 13.2088 14.716 2 13-904 
I | .2893 11.6082 11.7629 13-105 3 12.382 
2 e257 rs or 4 full 10.3374 | 10.4752 11.6706 11.0266 
3 | .229.42 9:2055 | 9.3283 10.392 7 9.819 2 
4 | .204 31 or 5 full 8.1979 8.3073. 9.2552 8.7445 
5 | .181 94 or 38 light) 7.3004 | 7.3977 8.241 9 7-787 
6 | .162 02 6.5011 6.5878 7-339 5 6.934 5 
7 | .144 28 5.7892 5.8664 | 6.5359 6.1752 

8 | .128 49 or $ full 5.1557 5-2244 5.8206 5-499'4 
9 | -114 43 455915 | 46527 | 51837 4.897 © 

Io | .1or 89 or +, full 4.0884 4.1428 4-615 6 4.300 9 
II | .ogo 742 3-641 36896 | 4.1106 3-883 8 
12 | .o80 808 3.2424 3.2856 | 3.660 6 3-458 6 
13 | .o71 961 2.8874 2.9259 3.259 § 3:079.9 
14 | 064.084 2.5714 2.6057 2.903 2.7428 
I5 | .057 068 2.2899 2.3204 2.585 2 2.4425 
16 | .050 82 or sl, full || 2.0392 2.0664 2.302 I 2.1751 
17 | .045 257 | 1.8159 1.8402 2.050 I 1.937 
I8 | .040 303 1.6172 1.6387 1.825 7 i -g25 
19 | .035 89 1.44 1.4593 1.625 8 1.530 
20.| .031 961 1.2824 1.2995 1.447 8 1.3679 
21 | .028 462 1.142 1.1573 1.289 3 1.218 2 
22 | .025 347 1.017 1.0306 ¥.148 2 1.0849») 
23 | .022 571 +9057 9177 1.022 5 +966 04 
24 | .o2r 1 8065 8173 910 53 -860 28 
25 | .0179 7182 7278 -810 87 | -766 12 
26 | 015 94 .6396 +6481 +722 08 682 23 

27 | .O14 195 +5696 “5772 043.03 ,| 607.55 
28 | .o12 641 «5072 «514 «572 64 541 03 

29 | .O1l 257 4517 4577 +509 94 4818, 
30 | .010 025 +4023 +4076 +454 13 +429 07 
31 | .008 928 +3582 303 404 44 382 12 
32 | .007 95 +319 +3232 +300 14 +340 26 
33 | .007 08 +2841 +2879 +320 72 +303 02 
34 | .006 304 +2529 +2563 -285 57 269 81 
35 | 005 614 +2253 +2283 +254. 31 +240 28 
36 | .005 +2006 +2033, +226 5 +214 
37 | -004 453 +1787 +181 +201 72 +190 59 
38 | .003 965 -T59Q1 -1612 +179 61 169 7 
39 | .003 531 +1417 -1436 “159 95 +151 13 
40 | .003 144 +1261 +1278 +142 42 -134 56 

specific Gravities........ 7-704 7-806 8.698 8.218 
eights of a Cube Foot + © 481.75 487.75 543-6 513.6 

‘ Inch... 6.2784 -2823, 314.6 207 2 



WEIGHTS OF IRON, STEEL, COPPER, ETC. 11g 

Wrought Iron, Steel, Copper, and Brass Plates, 

(Birmingham Grange.) 
No. of = ; Per SquaRE Foor. 

Gauge. Thickness. Iron. Steel. Copper. Brass. 

a Inch, Lbs. Lbs. Lbs. Lbs, 

0000 | .454 or ;% full 18.2167 18.4596 20.5662 19.4312 
000 | .425 17.0531 17.2805 19.2525 18,19 
oo | .38 or 2 full 15.2475 15.4508 17.214 16,264 

oO | .34 ord 2 13.6425 13.8244 15.402 14.552 
Soy ed: 12.0375 12.198 13-59 12.84 
2 | .284 11.3955 11.5474 12.8652 12.1552 
3 | -259 or } full 10.3924 10.5309 11.7327 II.0852 
4 | .238 9.5497 9.6771 10.7814. 10,1864. 
5 | .22 8.8275 8.9452 9.966 9.416 
6 | .203 or ¢ full 8.1454 8.254 9.1959 8.6884 
7 | 18 or 53; light +2225 7-3188 8.154 7-704 
8 | .1650r%. “ 6.6206 6.7089 74745 7.062 
9 | .148 or + full 5.9385 6.0177 6.7044 6.3344 

IO | .134 5-3797 5.4484 6.0702 5-7352 
m1 | .12 or} light 4.815 4.8792 5.430 5.130" 

I2 | .109 4-3736 4:4319 4-9377 4.6652 
13 | .095 or +/y light ~ 3.8119 3.8627 4.3035 4.006 
14 | .083 3+3304 3-3748 3-7599 3-5524 
I5.| .072 2.889 2.9275 3.2616 3.0816 
16 | .065 2.6081 2.6429 2.9445 2.782 
17 | .058 2.3272 2.3583 2.6274 2.4824 
18 | .049 or , light 1.9661 1.9923 2.2197 2.0972 
Ig | .042 1.6852 1.7077 1.9026 1.7976 
20 | .035 1.4044 1.4231 1.5855 1.498 
QT..O32 1.284 I.3O1L 1.4490 1.3696 
22.| .028 1.1235 1.1385 1.2084 1.1984 
23, | .025 or Ay 1.0031 1.0165 1.1325 1,07 
24 | .022 .8827 18945 , +9906 9416 
25 | .o2 or py 8025 8132 .906 .856 
26 | .o18 7222 +7319, | 8154 +7704 
a7iale OLO .042 .6506 +7248 .6848 
28 | .o14 -5OL7 «5692 6342 5992 
29 | .013 «5210 +5286 5889 +5504 
30 | .o12 +4815 .4879 +5430 +5130 
31 | or or zhy 4012 «4006 453 428 
Bea 6 -3O11 +3059 +4077 +3852 

33 | .008 321 3253 +3624 +3424 
34 | .007 +2809 2846 +3171 2990 
35 | .005 OF sq +2006 2033 2205 214 
36 | .004 or xé5 1605 1626 1812 1712 

Thickness of Sheet Silver, Gold, etc. 

By Birmingham Gauge for these Metals, 

No. | Inch, || No. | Inch. || No. | Inch. | No. | Inch. || No. | Inch. | No. | Inch, 

r.| .004 |} 7} org || 13 | .036 || 19 | .064 || 25 | .095) |] 3x | «133 
2 005 8 | .or6 || 14 | 041 |] 20 | .067 || 26.] .103 || 32 | .143 
3 008 9] -OT9 || 15 | .047 || 2x | .072 || 27] -113 |] 33 | -145 
AV tOr Io | .024 || 16] .o51 || 22 | .074 || 28 | .12 34 | .148 
5 013 || 12 | .029 }| 27.| .057 || 23 .|--077 | 29 | 124 ||.35 | 158 
6 | .or3 || 12 | .034 || 18 | .061 || 24 | .082 I go | «126 || 36 | .167.., 
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Wrought Iron, Steel, Copper, and’ Brass Wire. ; 

American Gauge. f. full, 1. light. 

No. of é Per LineaL Foor, 

Gauge. Diameter. Tron. | Steel. | Copper. | Brass __ 

Inch, Lbs, | Lbs. Lbs. } Lbs. 

ooo | .46 or 3% f. 56074 +566 03 / 640 513 | 605176 > 
000 | .409 64 444083 | 448879 | -507946 | .479. 908 
oo | .364 8 or $1, .352 659 355 986 .402 83 -380 666 
© | .324 86 or 55. f. || .279 665 | .282 303, | 319 451 301 816 
T | .2893 .221 789 | .223 891 | +253 342 -239 353 
2 | .25763 ord f. .175 888 1.177548 | 200911 -189 818 
3 | .229 42 .139 48 1140796 =| .159 323 «150 522 
4 | .20431 ord f. || .110 616 111 66 | .126353 | -119 376 
5 | 182 94 or 58, 1. || .087 72 .088 548 | .1002 .094 666 
6 | .162 02 .069 565 2070 221 =| .079 462 _~—s || .075, 075 

+7 | .144 28 .055 165 . | .055 685 | .063 013 -059 545 
8 | .128 49 or 4 f. .043 751 044164 | 049.976 .047 219 

9 | +114 43 .034.699 =| .035.026 | .039 636 | .037 437 
to | -tor 89 or +4 f. | 027 512 | 027 772 .031 426 029 687 
II | .090 742 .02t 82 .022026 | .024924 =| .023. 549 
12 | .o80 808 .O17 304 017 468 | .019 766 =| .o18 676 
13 | 071 961 .O13 722 .013 851 | O15 674 :014 809 
14 | .064 084 | 010886 | .010 989 012435 | .or1 746 
I5'| 057 068 | .008 631 .008 712 =| .009 859_~—Ss | .009 315 
16 | .050 82 or 4, f. .006 845 | 006909 | .007 819 .007 587 

17 | -045 257 005 427 | 005478 =|, .006 199 .005 857 
18 | .040 303 +004 304 | 004 344 .004 916 -004 645 

19 | 035 89 .003 413 | .003 445 =| .003 899.003 684 
20.| .031 961 .002 708 | 002 734 =| .003094_~=—s«Y|- .002 92 
2it | .028 462 .002147. | .002167 | .002452 .002 317 
22 | .025 347 .0OI 703 .OOT 7IQ =| .0O1 945 .0or 838 
23 | .022 571 OOT 35 | or 363 OOI 542 =| .0O1 457 
24 | 0201 or A. f, -OOI O71 .OOI O81 .00I 223 -OOI 155 
25 | .0179 .000 8491 | .0008571 | .000 9699 | .000 9163 
26'| .015 94° .000 673 4 | 0006797 | .000 7692 | .co0 7267 
27 | O14 195 .000 534. | 000 539 I. = .000 6099 | .000 5763 
28 | .o12 641 .000 423.5 | .0004275 | .000 4837 | .000457 
29 | OII 257 .000 335 8 | .0003389 | .000 3835 | .c0c0 3624 
30 | 010 025 or 1 ,f.|| .000 266 3 | 000 2688 | .000 3042 | .c00 287 4 
31 | -008 928 .000 211 3 | .000 2132 | .000 241 3 | .000 228 
32 | -007 95 .000 1675 | 0001691 | .cCCOIgI 3 | .cc0 1808 
33 | 007 08 000 1328 | .0001341I | .0001517 | .0001434 
34 006 304 .000 105 3 | .000 1063 | .000 1204 | .000 1137 
35 | 005 614 .000 083 66 | .000:084 45 .000095 6 | .000 ogo 15 
36 | 005 or 51, .000 066 25 | .000 066 87 | .000075 7 | .0c00 071 § 
37 | 004 453 1000 052 55 | 000 053 04 -000 060.03 | .000 056 71 
38 | .003 965 000 041 66 | .000 042 05  .000 047 58 | .000 044 96 
39 | .003 531 +000 033.05 | -000 033 36 | .000 037 75 | .000 035 66 
40 | .003 144 .000,026 2 | .000 026 44 | .000 029 g2 | .000.028 27 

Say Gravities’.\ G5 0.7 °, 7-774 7.847 8.83 | 8.386 
eights of a Cube Foot. . 485.87 490.45 554.988 | 524.16 

? ‘Ser Inehie cau 2on2 .2838 3212 +3033, 

Specific Gravities to determine the computations of these weights were made by 
author for Messrs. J. R. Browne & Sharpe; Providence, R. I. : 
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Wrought Iron, Steel, Copper, and) Brass Wire. 

Birmingham Wire Gauge. f, full, 1. light. 

L 

No, of ; Per Liygau Foor. : 
Gauge. Thickness. Tron. Steel. Copper. Brass. 

Inch. Lbs, Lbs, *\cdbes Lbs, 

c000 | .454 or 7% f. +546 207 «551 30 623 913 +589 286 
000 | .425 -478 656 .483 172 +546 752 +516 407 
oo | .38 or 2 ft. .382 66: .386 27 :437 099 412 84 

o| .34 ori f, 306 34 +309 23 +349 92 +330 5 
EO, 3 +238 5 +240 75 +272 43 $257 31 
2| .284 213 738 +215 755 +244 146 +230 596 
3| 259 ori f. +177 705 -179 442 +203 054 +191 785 
4] .238 +150 107 sI5I 523 +171 461 s161 945 
5 | .22 +128 26 2129 47 -146 507 -138 376 
6| .203 or#f -109 204 «TIO 234 +124 74 +117 817 
7| 18 or #1 || 085 86 .086 667 098 075 092 632 
8| .165 or 31 .072 146 .072 827 .082 41 077 836 
9| 148 ori f, .058 046 .058 593 006 303 .062 624 

IO | .134 .047 583 .048 032 +054 353 ,O51 336 
Fi) .12'° ri} | .038 16 038 52 043 589 041 17 
I2} .109 .031 485 .031 782 035 964 033 968 
13 | .095 or jy 1 .023 916 .024 142 .027 319 .025 802 
14 | .083 ,018 256 ,018 428 020 853 O19 696 
I5 | .072 .O13 728 .013 867 O15 692 -014 821 
16 | .065 .OII 196 ,OII 302 ,012 789 ,012 079 
17 | .058 ,008 915 .008 999 O10 183 009 618 
18 | .049 or x 1. .006 363 .006 423 .007 268 .006 864 
19 |, .042 1004 675 004 719 005 34 1005 043 
20 | .035 003 246 003 277 003 708 003 502 
2I | .032 002 714 002 739 003 I .002 928 
22 | .028 .002 078 002 097 002 373 002 241 
23 | .025 or 7, oor 656 oor 672 001 892 ,001 737 
24) .022 ,001 283 OOL 295 -OOI 465 001 384 
25 | 02 or 001 06 O01 070 .OOL 211 s001 144 
26 | .o18 .000 8586 | .000 8667 | .0009807 | .0009263 
27 | .o16 ,000 678 4 | .000 6848 | -000 7749 | .000 7319 
28) .0o14 000 519 4 | .000 5243 | -0005933 | .000 5604 
29 | .013 .000:4479 | .0004521 | .000 5116 | .c00 4832 
30 | .o12 .000 381 6 | .000 3852 | .0004359 | .000 4117 
31} .or or 745 000 265 000 2675 | 000302 7 §| .000 2859 
32 | .009 .000 214 7, | .0002167 | .0002452 | .0002316 
33 | 008 ,000 1696. | .00cO 1712 | 0001937 | .000 183 
34 | .007 ,000 1299 | 0001311 | 0001483 | .cCO 1401 
35 | .005 or sda .000 066 25 | .000 066 88 | .000 075 68 | .o00 071 48 
36 | .004 or sta 000 042 4: | 0000428 | .000 048 43 | .000 045 74 

Thickness of Plates. 
No. Inch. No. Inch. No. Inch. No, Inch. 

Typ }BI2:5 9 1156 25 17 056 25 25 023 44 
2 1281 25 IO .140 625 18 05 26 .021 875 
te, 125 II 1125 19 043 75 27 .020 312 
4 1234.375 12 +1125 20 037 5 28 018 75 
5 +218 75 13 a 21 034 375 29 .017 19 
6 1203125. 14 .087 5 22 O31 25 30 O15 625 
7 187 5 15 075 23 028 125 31 .014 06 
8 +171 875 16 062 5 24 025 32 012 5 
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WIRE GAUGES. 

WIRE GAUGES. - 

(/inglish.) 

Warrington (Rylands Brothers). 
No. | Inch. || No. | Inch. No. | Inch, |jNo.| Inch. {| No. Inch, | 

7/0 A ° -326 6 +191 | ir | 117 || 17] .053 
6/o Be I 3 7 -174 a 18 |. .047 
5/0 y 2 274 8 «159 1g. | .09 Ig } .041 
4/0 iW? BY 25 9 146 || 14.} .079 20 |. .036 
3/0 8g 4 229 10 133 1s | .069 2r |. .0315 
2/0 A 5 + |. 206 10.5 125 +|-16| .0625 || 22 | .028 

Sir Joseph Whitworth & Co.'s 

No. Inch. No. Inch. No. Inch. No. | Inch. No. Inch. 

I ,OOI 14 sO14 34 .034 85 | .085 || 240]. .24 
2 .002 I5 .O15 36 .036 go | .09 260] .26 
a} ,003, 16 .o16 38 .038 95 | -09 280 | .28 
4 004, 17 O17 40 04 100} .I 300} 3 
5 .005 18 .o18 45 045 FIO: SRE 326 i) ages 
6 .006 19 019 50 05 120 12 250.1. 335 

7 007 2a 02 55 055 1135] -135 || 375.) -375 
8 .008 a2 .022 60 06 E50} .15 400 | .4 
9 009 24 024 65 .065 165} .165 |} 425] .425 

10 Or 26 .026 7o .07 180 | .18 450 | -45 
TE sh Ore 28 .028 75 -O75 200 5 475 +475 
12)" 0r2 30 03 80 08 220] .22 500] .5 
13 013 32 032 

Sir Joseph Whitworth, in 1857, introduced a Standard Wire-Gauge, rang- 
ing from half an inch to a thousandth, and comprising 62 measurements, 
It commences with least thickness, and increases by thousandths of an inch 
up to half an inch, Smallest thickness, zg of an inch, is No.1; No. 2 
is z¢7yp) and so on, increasing up to No. zo by intervals of =)455; from 
No. 20 to No. 4o by y53 and from No. 4o to No. 100 by z55. The 
thicknesses are designated or marked by their respective numbers in thou- 
sandths of an inch. 

This gauge is entering into general use in England, 

New Standard Wire Gauge of Great Britain, 
1884. 

No, Inch. No. Inch, ||. No. Inch. No. Inch. 

7/0 cis) 8 +160 22 .028 36 0076 
6/o 464 9 «144 23 .024 37 .0068 
5/0 432 be) .128 24 .022 38 -006 
4/0 4 rT 116 25 -02 39 0052 
3/0 1372 12 .104 26 .o18 40 +0048 
2/0 348 13 .092 27 -0164 41 0044 
fe) 324 14 08 28 0148 42 +004 
I 3 15 .072 29 .0136 43 .0036 
2 .276 16 .064 30 0124 44 0032 
3 1252 17 4056 3X sO116 45 .0028 
4 23218 18 048 32 -O108 46 +0024 
5 2212 19 04 33. alai zor 47 .002 
6 +192 20 .036 34 .0092 48 .0016 
7 .170 2 .032 35 .0084 49 0012 

No. 50, .oo1 inch. 



- WIRE GAUGES.—GAS PIPES AND WIRE CORD, 

: _ Wrench (Jauges de Fils de Fer). 
French wire-gauges, alike to the English, have been subjected to variation. 

Following table contains diameters of the numbers of the Limoges gauge. 

Wire-Gauge (Jauge de Limoges). 

123 

Number. |Millimetre,} Inch. |) Number,|Millimetre.) Inch. |/Number. : Millimetre.| Inch, 

° +39 -O154 9 1.35 +0532 18 3-4 +134 
I 45 -O177 bce) 1.46 +0575 19 3-95 +156 
2 +56 | .0221 II 1.68 0661 20 4:5 +177 
3 67 0264 12 1.8 .0706 21 Sar 201 
4 *79 -O3II 13 1.91 0752 22 5-65 +222 
5 9 +0354 14 2.02 0795 23 6.2 +244 
6 1.01 :0398 I5 2.14 0843 24 6.8 -208 
7 1.12 +0441 16 2.25 .0886 
8 1.24 .0488 || 17 2.84 «112 

For Galvanized Iron Wire. 

Number. | Millimetre. Inch, Nuinber. | Millimetre. Inch, Number.|Millimetre,| Inch. 

I 6 .0236 9 1.4 -0551 17 3s +118 
2 7 .0276 Bo) 1.5 ‘0591 18 3:4 134 
3 38 +0315 II 1.6 .063 19 3-9 -154 
4 9 -0354 12 1.8 -0709 20 4-4 173 
5 i +0394 13 z, .0787 21 4-9 +193 
6 et 0433 14 2.2 .0866 22 5.4 +213 
7 1.2 :0473 15 2.4 0945 23 5:9 +232 
8 1.3 0512 16 Bue +106 

Hor Wire and Bars. 

Mark. Millimetre. |; Mark. | Millimetre. || Mark.) Millimetre. || Mark. Millimetre. || Mark. ; Millimetre, 

ii 5 7) 12 13 20 19 29 25 7° 
I 6 8 13 14 22 20 44 26 76 
2 7 9 2 ae | 5 24 21 49 277 82 
3 8 10 Toh x6 27 22 54 28 88 

4 9 II 16 17 30 23 59 29 94 
5 10 I2 18 18 34 24 64 30 100 
4 | Il : 

Thickness of Gas Pipes. 

Diameter, Thickness, Diameter. Thickness. Diameter. Thickness, 

1.5 to3 | +25 8 to ro ae 14 to 15 +75 
VA A RUTS: +375 12:0 Ty 625 16 “ 48 875 

Copper Wire Cord. 

Circumference and Safe Toad. 

5 Inch, Inch. Inch. Inch. Inch. Inch. Ina. Ins. 

Circumference, g « as\oigi0.8 50405 25 es B7BieveS. wIO2ZSe) 1475 Ie hei25 125 
Safe load in Lbs........ Bde 50) 175. 112 1108 224 ago 43 

Zine—sheets. 
Thickness and Weight per Square Foot. 

Inch, Inch. Inch, 

.O3I1I = 10 02. .0534 = 14 02. .0686 = 18 02. 
10457 = 12.02. .0611 = 16 02. -0761 = 20 02. 
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WEIGHT AND STRENGTH OF WIRE, IRON, ETC. 
Weight and Strength of Warrington Iron Wire. 

Manufactured by Rylands Brothers. (England.) 

Weight per 100 Lineal Feet. 
‘ H DI Breaking Weight. Breaking Weight. 
No. eee Weight i pee 2 Bright. No. | Diameter, | Weight. A oe Bright, 

Gauge. | Inch Lbs, Lbs. Lbs, || Gauge, | Inch. Lbs. Lbs. Lbs. 

7/0 | 34 | 64.46 | 3490 | 5233 || 9 | .146 5-5 298 | 447 
6/0 | ey,| 50.06 | 3066'| 4603 || 10 | 133 | 4-43 | 247 | 370 
“5/0 y 49-36 | 2673 | 4000 |} 10.5 -125 4.03 218 327 

4/0 4 42.53 | 2303 | 3457. || T1 | -117 3-53 I9I 288 
3/o | %& 36.26 | 1963. | 2945 ||} I2 | .I 2.66 I45 217 
S/ ON! ) 5 |e 3040) BONG 2aga | 13.0) too 2.1 113 169 
° -326 | 27.36 |.1486 | 2226 || 14. | .079 1.6 87 130 
ie berets 23.3. | 1257 | 1885 || 15 | .c69 1.23 66 99 
2 274 | 19.36 | 1046 | 1572 || 16 .062 5 96 53 17 

3 | 25. | 16.13 | 873 -|,1309 || 17 | 053 :73 39 59 
4. | .229 | 13.53 732 -|.1098 || 18 +047 50 31 46 
5 -209 | 11.20 610 913 || 19 -O41 -43 23 35 
6 sIQI 9-4 509 763 || 20 | | .036 3 18 || 327 
yy +174 7:8 422 633 |} 21 +031 25 -20 14 “21 
8 | .15Q9| 6.53 353 519 |} 22 | 028 2 Il 16 

To Compute Length of 100 Pounds of Wire of a Given 
Diameter. 

Rute.—Divide following numbers by square of diameter, in parts of an 
inch, and quotient is length in feet. 

37-68 for wrought iron. 33.42 for copper. 28 for silver. 
37-45 for steel. 34.41 for brass. 15.3 for gold. 

13.64 for platinum. 

Winpow GLAss. 

Thickness and Weight per Square Foot. 

No. | Thickness, | Weight. No. | Thickness. | Weight. No. | Thickness. | Weight. 

Inch, Oz, Inch. Oz. » Inch. Oz. 
12 +059 12 17 083 17 26 +125 26 
13 +063 13 19 OQ 19 32 +154 32 
15 -O71 15 2 rar 21 36 -167 36 
16 oy hy da 16 24 were! ‘Png 42 2 42 

Terne Plates. 

Terne Plates—Are of iron covered with ‘an amalgam of lead. 

Thickness and Weight of Galvanized Sheet Iron, 

Sheet 2 Feet in Width by from 6 to 9 Feet in Length (M. Lefferts). 

o & | Weight |] . & | Weight |] » & | Weight || 2 §| Weight |] » & | Weight || » 3 | Weight 
2 |_ per os per =a per =e er a} per Rais per 
BS |Sq. Foot.|] 25 |Sq. Foot.|| BS |Sq. Foot:|| Fd |Sq. Foot.|| & |Sq. Foot.|| Fa |Sq. Foot, 

No. Oz. No. Oz, No, Oz. No. Oz. No. Oz. No. Oz. 

29 12 26 15 23| 20 201 27 7a a0) I4iip 53 
28 ps TZ 20251 16 ||] 22 yao IQ: |. 30 16 |. 42 137\>, Ox 
27 4: 14. .[[s24.) 18 ||] 20 |eoey ai T8sp. 35 |] 15 [acaOr db z2ahs. 70 
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Wrovueut Iron. 

Weight of Square Rolled Iron, 

From .125 Inch to 10 Inches. ONE FOOT IN LENGTH, 

Side. | Weight. '| Side. Weight. Side. Weight. Side. Weight. 

Ins. Lbs, j Ins. Lbs. Ins. | Lbs, Ins,’ Lbs. 

»I25 -053 || 2.125 | 15.263 || 4.125 57-517 6.25 | 132.04 
25 «211 +25 17.112 25 61.055 350 142.816 

+375 ‘475 +375 | 19.006 || «375 | 64.7° 75 | 154.012 
5 +845 35 21.12 5 68.448 7 165.632 
625 1.32 ~.625 | 23.292 .625 72 305 425 || 397.672 
“75 1.901 75 25.56 7s 76.264 ‘5. | 190.136 
875 2.588 -875 | 27-939 -875 80.333 *75 | 203.024 

I 3-38 3 30.416 || 5 84.48 8 216.336 
+125 4-278 oI25'| 33.0%. || .125 88.784 +25 | 230.068 
+25 5-28 +75 35-704, +25 93-168 5 244.22 

375 | 639 +375 | 38-503 || +375 | 97-657 75 | 258.8 
465 7-604 5 41.408 eon the 102.24) 9 273-792 
+625 8.926 -625 | 44.418 625 | 106.953 +25 | 289,22 

275) | 10-352 ‘75 | 47-534 *75 | I11.756 “5 305-056 
+875 | 11-883 +875 | 50-750 -875 | 116.671 °75\ 1321633 

2 13-52 4 54.084 || 6 121.664 || Io. 327.92 

ILLusTRATION.—What is weight of a bar x.5 inches, by 12 inches in length? 

In column ist, find 1.5; opposite to it is 7.604 lbs., which is 7 lbs. and .604 of a lb. 
If lesser denomination of ounces is required, result is obtained as follows: 

Multiply remainder by 16, point off the decimals, and the figures remain- 
ing on left of the point will give number of ounces. 

Thus, .604 of a lb. =.604 XK 16 =.9.664 = 7 lbs, 9.664 ounces. 

To Compute Weight for less than a Foot in Length. 

OpPERATION.—What is weight of a bar 6.25 inches square and 10.5 inches long? 

In column 7th, opposite to 6.25 is 132.04, which is weight for a foot in length. 
6.25 X 12 inches = 132.04 6 ins; 2.5 . =='66/02, 

fi = Olam Ref ty temnvle ey op 
Tobe) plas = TOWGO 

115-535 lbs. 

Weight of Angle Iron, 

From 1.25 to 4.5 Inches. ONE FOOT IN LENGTH, 

Thickness measured in Middle of each Side, 

L Eqvuat Sipzs. L Unxequat SIDEs. L Unequat Srpxs. 
ick- Thick- Thick- 

Sides, Thick- |wrsight|| Sides.” | ‘ess, | Weight. Sides. ness, | Weight, 

Ins, Inch. Lbs. Ins, Inch. Lbs, Ins, lg Inch, Lbs. 

1.25% 1.25 | .1875| 01-5)||3 2-5: 375 +}: 0.2516. x3.5 .625 | 18 

1.5 X1.5 | 1875] 2. ||3-5X3 |-4375| 7-75 ||©. 4.5 | -625 | 20 
3 ||3-5X3 | -4375| 9-6 sy 

G 3:5 {14 X3 5 iI 
2.25 X 2.25 | +3125) 4-5 14 X35) +5 11.5 |} 2 X2.375™| 375 5-5 

2 i A S885 |e 11.75 || 2.5X2.875 | «375 6.5 

ih phe “5 Bigs 3:5X3-5: | +4375 | 10.5 
9 S ABR hd 12:05 +4375 
12:5:|5 X3-. | 5625-1137 || 4). 32 { Oe ey 

3, 14 5:5 X 3-5 | +5 14-5 ||4 X35 “75 13-5 
45. X4.5 | .5625| 16 5:5 X 3-5 | 5625 | 15.6 

* This column gives depth of web ie to the thickness of base or flange. 
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Weight of Round Rolled Iron, 

From .125 Inch to 12 Inches in Diameter, ONE FOOT IN LENGTH, 

Diameter. | Weight. || Diameter. | Weight. | Diameter. Weight. || Diameter. | Weight. 

Ins. Lbs. Ins. Lbs. Ins, Lbs. | Ins. | Lbs. 

+125 041 2 10.616 || 4.375 50.815 || 7-5 | 149.328 

acs 165 125 | 11.988 || 5 53-76 || .75 | 159.456 

3125 +259 25 13.44 || .625 56.788 || 8 | 169.856 

. 3375 :373 375 | 14-975 “75 59:9 ||  .25 | 180,696 
4375 «508 5 16.588 || 5 66.35 || 5 | 191.808 
a 663 .625 »| 18.293 125 69.731 || 675 | 203.26 
15625 84 -75 20.076 25 73192 || 9 215.04 
625 1,043 875 | 21.944 375 70.7 .25 | 227.152 
6875 | 1.254 2) 23.888 || 5 80.304 5 239.6 
“75 1.493 125 | 25.920 .|| .625 84.001 || 575: 182522370 

. 875 2.032 25 28.04. Soi 87.776 || 10 265.4 
I 2.654 375 | 30-24 6 95-552 .25 | 278.924 
+125 Bas 5 32.512 || 25 103-704 5 292.688 
noe 4-147 625 | 34.886 || .375.| 107.86 “75 | 306.8 
375 5.019 75 37.232 35; 112.16 Il 321.216 
5 5-972 875 | 39-864 || .625 | 116.484 -25 | 330.004 
.625 7.01 4 42.464 | 75 120.96 27] 351.104 
75 8.128 -I125.| 45.174.|| 7 | 130.048 +75 | 366.530 
875 9-333 25 47-952 || -25 139-544 || I2 382.208 

Weight of Hlat Rolled Iron, 

From .5X.125 Inch to 5.54.5 Inches.* ONE FOOT IN LENGTH. ° 
Thickness. | Weight. Thickness. | Weight. || Thickness Weight. || Thickness, | Weight. 

Inch, Lbs. Ins, Lbs. Ins. | Lbs. Ins. Lbs. 

5 875 1.25 15 
+125 21 75 2.217 )) 65 2.112 || .75 3.802 
.25 .422 ||" .875 2.583 -625 2.64 || .875 4-435 
375 634 1 75 3-168 || 1 5.069 
5 .845 875 3-696 || 1.125 5-703 

625 “125 “e i x 4.224 || 1.25 6.337 
25 -845 || 1.125 4-752 || 1.375 6.97 

125 264 +375 1.267 
oe ee: 5 1.69 1.375 1.625 

+375 +792 625 2.112 ||. (125 5S. t lWeetes -686 
NS 1.056 75, 2.534 +25 I.161 25 1.372 
.625 1.32 875 2.950 || .375 1.742 || .375 2.059 

: 5 2.325 5 2.746 
5 1,125 .625 2.904. 625 3-432 

sie eye eo ten Ay “475 || «75 3-484 || «75 4.119 
125 633] .25 95 875 4.065 || .875 4.805 
375 95 +375 1.425 || x 4.646 || 1 5-492 
al 1.205 |} - .5 I.gor || 1,125 5.227 || T.t25 6.178 
625 1.584 .625 2.376 ||" 1.25 5.808 || 1.5 6.864 
.75 1.9 “75 2.85 || 1.375 | 6.389]| 1.375 7-551 

875 875 3-326 L5 1.5 8.237 
: I 3.802 : 

6125 +369 1.25 | E25 633 1.75 
+25 738 ; 25 1.266 +125 -739 
375 1.108 || «125 «528 +375 LQ 125 1.479 . 

5 1.477 || +25 1.056 || 5 2.535 || «375 | | 2.218 
625 1.846 +375 1.584 625 3-168 aN 2.957 

* For weights of squire bars see precoding page. 



WEIGHTS OF METALS. 

Thickness. | Weight. ||Thickness.| Weight. || Thickness. 

Ins. Lbs. Ins, Lbs. Ins, 

1.75 1.125 
625 3.696 || 1.5 10.772 || 1.25 

675 4.435 || 1.625 | 11.67 || 1.375 
875 5.178 || 1.75 12.567 ||. 1.5 

I 5.914 ||. 1.875 13-465 ||. 1.625 
Fl 25 6.653 || 2 14.362 || » 1.75 

1.25 7-393 1.875 
1.375, 8.132 2.25 2 
1.5 8.871 +125 -95 2.125 
1.625 9.61 25 L.gQ 2.25 

ka +375 2.851 || 2.375 ; 1.875 5 3.802 

125 +792 625 4.752 
225 1.584 +75, 5.703 -125 
+375 2.370 875 6.653 125 
= 3.168 ||, I 7.604. 3375 
625 3.96 1.125 8.554 35 

4075 4.752 || 1.25 9-505 1625 

+875 5:544 || 1.375 | 10.455 || +75 
ar 6.336 || 1.5 11.406 875 
1,125 7.129 |). 1.625 | 12.356||- x 
1.25 7-921 || 1.75 13.307 ||, 1.125 
1.375 8.713 || 1.875 14.257 ||. 1-25 
1.5 9-505 || 2 15.208 ||, 1.375 
1.625 10.297 || 2.125 16,158 || 1.5 
1.75 11.089 L.625 

- 2.375 1.75 

125 1,003 || 1.875 
ol 25 845 +25 2.006 || 2 
+25 1.689 +375 3.009 || 2.125 

+375 2.534 5 4.013 || 2.25 
5 3-379 || 625 5-916 |} 2.375 
1625 4.224 75 6.019 || 2.5 
+75 5.069 875 7-022 
875 5.914 || I 8.025 

I 6.758 || 1-125 9.028 125 
1,125 7.604 || 1.25 10.032 +25, 

1.25 8.448 || 1.375 | 11-035 || +375 
1.375 9.294 ||, 1-5 12.038 5 
1.5 10.138 || 1.625 13-042 625 
1.625 10.983 || 1-75 14.045 75 
1.75 11.828 |} 1.875 15.048 875 
1.875 12.673 || 2 16.051 || I 

2,125 17.054 || 1.125 
2.125 PCA 18.057 || 1.25 

at25 898 25 1-375 
Ada 1.795 : 15 
375 2.693 125 1.056 || 1.625 
25 3-591 +25 25112) || 1875 
625 4.488 +375 3.168 || 1.875 
sbi fs} 5.386 AG 4.224 || 2 
875 6.283 625 5.28 2.125 

I 7.181 ‘75 6.336 |] 2.25 
1.125 8.079 || .875 7-392 || 2.375 
1.25 8.977 || I 8.448 || 2.5 
1.375 9.874 || 1.125 9.504 || 2.625 

Weight. 

Lbs. 

10.56 
11.616 
12.072 
13-728 
14.784 
15.84 
16.896 
17.952 
19.008 
20.064. 

2.625 

I.I09 
2,218 

3:327 
4.430 
5°545 
6.654 

7-793 
8.872 
9.981 

11.09 
12.199 
13,308 
14.417 
15.520 
16.635 

17-744 
18.853 
19,962 
21,071 
22.18 

2.715 

1,162 
2.323 
3-485 
4.647 
5.808 

6.97 
8.132 

9:204 
10.455 
11,617 

12.779 
13-94 
15.102 | 
16.264. 

17.425 | 
18.587 

19-749 
20.91 
22.072 

23.234 
24395 | 

Thickness, 

127 
Weight. 

Lbs. 

2.875 
1.215 
2.429 
3.644 
4.858 
6.072 
7.287 
8.502 
9-716 

10.931 
12.145 
13.30 

14.574 
15:789 
17.003 
18.218 
19432 
20.047 
21.861 
23.076 
24.29 
25-505 
20.719 



128 WEIGHTS OF METALS. 

Thickness. ) Weight. ||Thickness.| Weight. [| Thickness. Weight. ar | Weight. F 

Ins. Lbs, Ins. Lbs. Ins. Lbs. | Ins. Lbs. 

| 8.25 3.75 = 4.5 non 5 ced aps 
: 15.102 || 1.8 23-7 -75 - . . 

oe ee 2 ic 25.346 I 15.208 |, 3.5 59-14 
1.625 17.848 || 2.25 28.514 1.25 19.01 ! 3-75 ae 

1.75 IQi22I || 2:5 31.682 £5 anne | 4 i 
1.875 20.594 || 2.75 34.851 1.75 26.614 i 4-25 or 3 
2 21.9607 || 3 38.019 2 30.415 |) 4:5 Leo 
2.25 24.712 || 3.25 41.187 || 2.25 34-217 || 4-75 3 

2.5 27-458 || 3-5 44355 || 2-5 — 5.25 
275 30.204 4 295 4 as | ion oe 

3 32-95 3 45-023 || 5325 es 4 
+125 1.69 3:25 49-425 ages 87 

3.5 25 338 365 2. | 75 se 
a2 a 5 759 || 3-75 57.028 || : 
ae ae ‘75 10.138 |} 4 60.83 | 3-25 a 
375 4-430 || I 13-518 || 4.25 64.632 || 1.5 26.613 
‘5 5.914 || 1.25 16.897 4.75 1.75 31-049 

+625 7-393 || 2-5 20.277 2 35-484 
+75 8.871 || 1.75 23.656 25 4.013 ] 2.25 39-92 
875 10.35 2 27.036 25 8.026 || 2.5 44-355 
I 11.828 || 2.25 30.415 75 12.036 || 2-75 pet o4 

1.125 13-307 || 255 33-795 || = 16.052 || 3 Pers 
1.25 14.785 || 2-75 37174 || 1.25 20.066 ||. 3.25 57-662 
1.375 16.264 || 3 40.554 1.5 24.079 || 3-5 62.097 
1.5 17-742 || 3.25 43-933 1:75 28.092 Stas 66.533 
1.625 19.221 || 3.5 47-313 || 2 32-105 || 4 70.968 
1.75 20.699 || 3-75 50.692 || 2.25 36.118 || 4.25 75-404 
1.875 22.178 || 4.95 2.5 40.131 4:5 79-839 
2 23.656 : 2:75 44.144 || 4.75 84.275 
2:25 26.613 sr25 1.795 || 3 48.157 || 5 88.71 
2.5 29:57 »25 3-501 3:25 52.17 55 

2.75 32-527 || +5 7-181 || (3:5 56.184 || 9 
3 35-485 || +75 10.772 || 3:75 | 60.197 .25 4.647 
3-25 38.441 |] 1 14.364 || 4 64.21 5 9.294 

3.75 1.25 17.953 || 4:25 68.223 75 13.04 
4 1.5 21.544 || 4-5 972.235 I 18.587 

+125 1.584 |} 1.75 25.135 || 5 1.25 23.234 
+25 3.168 || 2 28.725 1.5 27.881 

T6375 4-752 || 2.25 32.316 25 4.224 7s 32.527 

5 6.336 || 2.5 35-907 5 8.449 || - 2 37-174 
625 7-921 || 2.75 39-497 “75 12.673 || 2.25 41.821 
+75 9.505 |} 3 43-088 I 16.897 || 2.5 46.468 
875 T1.089 || 3.25 46.679 1.25 21.122 2.75 51.114 

I 12.673 || 3.5 50.269 1.5 25-346 3 55-761 

I.125 14.257 || 3:75 53-86 I.75 20.57 3-25 60.408 
125 15.841 || 4 57:45 2 33-795 || 3-5 65.055 
1-375 17-425 45 2.25 38.019 3-75 69.701 
1.5 19.009 \ 2.5 42.243 4 74.348 
1.625 20.594 +25 3,802 2.75 46.468 4.25 78.905 

1.75 22.178 5 7-604 3 50.692 4.5 83.642 

ILLUSTRATION. —What is weight of a bar of iron 5.25 ins. in breadth by -75 inch 
in thickness? 

In column 7, as above, find 5.25; and below it, in column, .75; and opposite to 
that is 13.307, which is 13 lbs. and .307 of a pound. 

For parts of a pound and of a foot, operate according to rule laid down for table, 
page 125. . 



WEIGHT OF SHEET AND HOOP IRON. 129 

Weight of Sheet Iron... (English. D. K. Clark.) 

Per Square Foor (at 480 Us. per Cube Foot). 

As by Wire-gauge used in South Staffordshire, England. 

Square Square uare 
Thickness, | Weight. Beet Thickness, | Weight. F ‘eet Thickness. | Weight. a 

in x ton, in r ton, nr ton, 

No.| Inch, Lbs. No. No.| Inch. Lbs. No. No.| Inch. Lbs. No, 
32] .0I25/ .5 4480 || 21 | .0344| 1.38 | 1623 || 10/.1406| 5.63] 398 
31 | 0141} .562| 3986 ||'20] .0375| 1.5 1493 .1563| 6.25} 358 
30} .0156| .625| 3584 || 19] .0438| 1.75 | 1280 -I719| 6.88] 326 
29 | .0172| .688] 3256 || 18} .o5 23 1120 -1875| 7.5 | 299- 
28] .0188| .75 | 2987 || 17] .0563| 2.25 990 -2031| 8.13] 276 

HNWAU AN WO 

d& H foe) co 27|.0203| .813] 2755 ||16| .0625| 2.5 896 8.75.| 256 

26| 0219.) .875| 2560 || 15] .075 | 3 747 :2344| 9.38} 239 
25 | .0234| .938} 2388 || 14 | .0875| 3:5 640 | 25 Io 224 
24| .025 | 1 2240 ||/13| .1 4 560 -2813 | II.25| 199 
23 | 0281 | 1.13. | 1982 || 12] .1125) 4.5 498 | +3125 | 12.5 179 
22 | .0313,| 1.25 | 1792 || II | .125 | 5 448 | 

Weight of Hoop Iron. (English.) 

Per LingeAu Foor. 

Width. | W.G. Weight. Width. | W.@G. Weight. Width. | W.G. | Weight. 

Ins. No. Lbs, Ins, No. Lbs. Ins. No. Lbs. 

1625 | 21 .067 1.125 17 21 1.75 I4 484 
“75 20 .0875 1.25 16 a7 2 13 634 

VE .875, 19 .1216 1.375 15 +33 2.25 13 “714 
8 18 1636 |] 1.5 15 .30 2.5 TA yor 

- Weight of Black and Galvanized Sheet Iron, 

idhorton s Table, founded upon Sir Joseph Whitworth § Co.’s Standard Bir- 
mingham Wire-Gauge.) (D. K. Clark.) 

Norre.—Numbers on Holtzapffel’s wire-gauge are applied to thicknesses on Whit- 
worth gauge. 

Approximate number Approximate number 
Gauge and Weight of oP Sq. Ft.in x ton, Gauge and Weight of Usa. Ft. in x-ton, 

Black Sheets. Black. |Galvanized. Black Sheets: Black. | Galvanized. 

Inch, Lbs, Sq. Ft. Sq. Ft. No. Inch, Lbs. | Sq. Ft. Sq. Ft. 

as 12 187 185 17 ||2.00 2.4 933 876 
+28 IT.2" || -z00 197 18 | .05 2 1120 10338 
-26 10.4 | 215 212 Ig | .04 1.6 | 1400 1274 
+24 9.6" | 233 229 20 | .036 | 1.4 | 1556 | 1403 
Vaz 8.8 254. 250 21 .032 | 1.28 | 1750 1558 

280 275 22 .028 || 1,12 | 2000 1753 
3II 304 23 |°.024 |. .96 | 2333 | 2004 
339 331 24 | .022 88 | 2545 2159 
B73 363 25 | .o2 .8 | 2800 2339 
415 403 26 |..018 172A Qlit 2553 
467 452 27 | .o16 | .64 | 3500 | 2808 
509 491 28 | .o14 +50 | 4000 | 3122 

29 | .013 “52 | 4308 | 3306 
‘659 |' 630 30 | .or2 -48 | 4667 | 3513 
800 Woz NWogr |; Or 4 | 5600 | 4017 
862 813 32! | .009 || .30 | 6222 | 4327 

ab 

HHH He z DUuPWNHOO ONE DAUAW NHS 

AoA NW 

On 

PYOODAA AD oo An Of Cf 

On lee) Ke} 8 
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130 WEIGHT OF ANGLE AND T IRON. 

Weight of English Angle and T Iron. (D. &. Clark.) 

ONE FOOT IN LENGTH. 

NotrE.—When base or web tapers in section, mean thickness is to be measured. 

Sum or WipTH anp Depts 1n INCHES. 

ness. | 1.5 | 1.625| 1.75 | 1.875| 2 2.125 | 2.25 | 2.375 | 2.5 | 2.625) 2.75 

racks lkLbasel (Lbasall Lbscal LLbae ly ba eh kibesle bec gif atbetel | Setala| ec tac teres 
125 -57| .62| .68) ..73) -78| -83) -88] 94] -99] 1.04] 1.00 
.1875| .81r| .89) .97| 1.05] 1.13) 1.21] 1.29) 1.37| 1-45| 1.52] 1.6 
+25 1.04| 1.15] 1.25| 1.36| 1.46| 1.56| 1.67] 1.77] 1.88] 1.98] 2.08 
-3125| 1.24] 1.37| 1-5 | 1.63] 1.76] 1.89] 2.02| 2.15] 2.28] 2.41| 2.54 

2.875 | 3 {3.125 | 3.25 |3.375| 3-5 |3-625| 3-75 |3:875/ 4 | 4.25 

125 | 1.14] 1.2 | 1.25] 1.3 | 1.48| x.q1| 1-46] 1.51| 1.56] 1.62] 1.72 
.1875| 1.68] 1.76] 1.84| 1.91] 1.99] 2.07] 2.15] 2.23] 2.3 | 2.38] 2.54 
+25 2.10)|) 2.29) 2.4 1192.5 1) 2.00) 270) SOs 2.021 13.02 3-221) gust 
-3125| 2.67| 2.8 | 2.93] 3.06] 3.19| 3.32] 3-45] 3-58) 3-71) 3-84] 4.1 

4.84 
5 

+375 | 3:13] 3-28] 3-44) 3-59] 3-75| 3-91] 4.06) 4.22) 4.38] 4.53 
*4375| 3:57| 3-75| 3-93) 4-11] 4.29] 4.48] 4.66) 4.84) 5.02/ 5.2 

45 (475 | 5 | 5:.25)} 155 [5.75 4. 6 | 625} 65 | 675) 7 

.1875| 2.7 | 2.85] 3.01]. 3.16] 3.32| 3.48] 3:63] 3.79} 3-95|~4-1 | 4.26 

25. | 3:54) 3-75) 3:96] 4.17] 4.38] 4.58] 4-79] 5 §-21| 5.42] 5.63 
+3125} 4.360] 4.62] 4.88] 5.14] 5.4. | 5.66] 5.92! 6.18} 6.45} 6.71] 6.97 
-375).| 5-16] 5.47| 5-78] 6.09| 6.41} 6.72] 7-03| 7-34] 7-66] 7.97] 8.28 
-4375.| 5.92) 6.29] 6.65| 7.02] 7.38| 7-75} 8.11] 8.48} 8.84] 9.21] 9.57 
JS 6.67 7-08} 7-5 | 7-92) 8.33} 8.75) 9-17] 9.58 |10 10.42 |10.83 
-5625| 7.38) 7-85] 8.32] 8.79] 9.26] 9.73|10.2 |10,66|11.13}12.6 |12.07 

7.25 | 7-5 | 7-75 | 8 | 825] 85 | 8-75] 9° 19:25 | 95 19.75 

125 5.83] 6.04] .6.25| 6.46) 6.67| 6.88}. 7.08] 7.29] 7.5 |° 7.71] 7.92 

*3125| 7-23] 7-49} 7-75| 8.01] 8.27] 8.53] 8.79] 9.05] 9.31] 9.57] 9.83 
+375 | 8.59| 8.91] 9.22] 9.53] 9.84] 10.16 | 10.47 | 10.78 | 11.09 | 11.41 | 11.72 
+4375] 9-93 10.3 10,66 11.03 11.39 | 11.76 |12.12 | | 12.49 | 12.85 | 13.22 | 13.58 
5 11.25 | 11.67 12508 173.5 12.92 | 13.33 |13-75 | 14-17 |14-58|15 15.42 
+5625 | 12:54 | 13.01 | 13.48 | 13.94 | 14.41 | 14.88 | 15.35 | 15.82 | 16.29 |16.76 | 17.23 
625 {13.8 |14.32|14.84 |15.36 | 15.89 | 16.41 | 16.93 | 17-45 17-97 | 18.49 | 19,01 

10 10.5 i 1.5 12 12.5 13 13.5 14 14.5 15 

+375 | 12.03 | 12.66 | 13.28 | 13.91 |14.53 
+4375 |13-95 |14-67|15.4 |16.13 | 16.86 |17.59 | 18.31 | 19.04 19.77 |20.5 |21.22 
5 15,83 |16.67/17.5 |18.33|19.17|/20  |20.84)21.67/22.5 |23.34|24.17 
+5625 17-7 | 18.63 | 19.57 |20.51 | 21.44 | 22.38 | 23.31 |24.25 | 25.19 |20.12 |27.06 
625 |19.53|20.57 |21-61 |22.66 |23.7 |24.74 |25.78 | 26.83 |27.87 | 28.91 |29.95 
*75  |23-13,|24.38 |25.63 | 26.88 | 28.13 | 29.37 | 30-63 | 31.88 | 33.13 | 34-38 | 35.63 

12 12.5 |\+13 13.5 14 15 16 \7 as) 19 20 

625 |23-7 |24.74|25.78 | 26.83 | 27.87 | 29.95 | 32.03 |34.12/36.2 |38.28 | 40.36 
“75 128.13 | 29-37 | 30-63 | 31,88 | 33-13 | 35-63 | 38.13 | 40.63 | 41.13 | 43.63 | 46.13 
-875, 132.45 33-91 135-30 36.82 | 38.28 41.19 44.12 |47.02 49.95 | 52.87 |55.78 

1 136.67 38.33.40 |41.67'43.33 46.67/50 |53.33'56.67|60 [63.33 
Nore.—American rolled is slightly heavier. 
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WEIGHT OF HOOP IRON.—CAST IRON.—METALS., 131 

| Weight of Hoop Iron. (D: K. Clark) 
ONE FOOT IN LENGTH. | 

As by Wire-gauge used in South Staffordshire (England). 
r f Whores ox Incaes. 

625 | 75 | -875{ § |1-125) 1.254 1.375 | 1-5. $1,625 | 1.75 | 2 

22 | .0344/.0716 .OS86E|.r |}.1E5 .129 .144. .158|..172 .197, .201) .229 
20.0375 .078I | .0938 .109 125.141.3156 .172| 2188 .203) 219 22% be 2 . lee 3 219, .25 
IQ | .0438 .ogiI .I09 .128_.146 -164 .182 .2 +219 .238. .257) .292 
38/205 |-104 |.125 |.146).167 .188 .208 .229  .25 | .271 .292| .333 
IF | 0563 -117 | -14E | .164,.188 .211 .234, .258) .281 .305 328) 375 
16) .0625 .13. | -156 | .182 .208 .234, .26 286 | .313 -339) - S| 417 

15-075 -150 «188.219. -25) -28E -313, +344 +375 +307, 438 --5 
44. 0875 183-219-250 -293 -329 402-438-475, -512, .585 
WZBj-E | -208 | -25 | -292 333-375 416) -458 5 | +543) -584 
12.1125 234 281 | .328 ..375 -422 469 6.516 . .563 » 656 .75 

TL|.125  -26. | -313 5 447 -469 -521 573 -625) -677, -729 833 
0 | .1406 293 | -352 |-41. -469 -527 -586 .645__ -703 | 82 | .938 
9 -1503 -320 -391  -456 -522 -587 -652 717-783-848) -913 1.04 
8/2779 -358 (-43  -501.-573 -644 -716 788-859 -931/I 1-15, 
7|-1875 -391 -469 -547_-625 -703 -781 859-938 1.02 F 09 (1.25 
6 | .2031 -423 |-508 -593 .-677 -762 -836, .931 1-02 1.1 1-19 1.35 
5|-2188 -456 | -547 | -638 -729 82. .gi2 1 1.09 I-19 1.28 1.46 

41.2344 -488 1-586 | 683-781 -879,.977 1-07 1-17 |1-27 [1-37 11-56 

CAST FRON. 
To Compute Weight of a Cast Iron Bar or Rod. 

-Ascertain weight of a wrought irou bar or rod of same dimensions in 
preceding tables, or by computation, and from weight deduct 3th part. 

Or, As .1000 : .9257 :: weight of a wrought bar or rod : to weight re- 
i Thus, what is weight of a piece of cast iron 4 X 3.75 X 12 inches? 

<In table, page 128, weight of a piece of wrought iron of these dimensions 
is 50.692 lbs. Then, 1000 : .9257 :: 50.692 : 46.93 Ds. 

Braziers”’ and Sheathing Copper. 
Braztees’ Sazers. 2 X 4 feet from 5 to 25 lbs, 2.5 x 5 feet from gto 150 Ibs., and 

3x 5 feet and 4 x 6 feet, from 16 to 300 Ibs. per sheet. 

"Sueataise Correr;14 X 48 inches, and from 14 to 34 oz per square foot. 

YztLow Merat, 14 X 48 inches, and from 16 to 34 oz per square foot. 

Weight of Corrugated Iron Roof Plates. 
PER sQuaRE Foor. (Birmingham Gauge.) 

No. | Black. | Galvanized {| No { Black -| Galvanized. J No. | Black. | Galvanized. 

{ Oz Oz. Pt oe. 26 Oe: Oz | Oz 
20 | 26 29 232) oes | 22 25 16 18 

p22). | 22 aq flhazge 1.42324 F “20 26 itl 36 

METALS. 

‘To Compute Weight of Metals of any Dimen- 
sions or Form. 

By rules in “Mensuration of Solids (page 360), ascertain volume of the 
piece, multiply it by weight of a cube inch, and ‘product will give weight 
in pounds. 



132 WEIGHT OF CAST IRON PIPES. 

Weight of Cast Iron Pipes or Cylinders. 

From 1 to 70 Inches in Internal Diameter. 

ONE FOOT IN LENGTH. 

Diameter. | Thickn. | Weight. |] Diameter. | Thickn. | Weight. || Diameter, | Thickn Weight, 

~.Ins. Inch. Lbs. Ina, Inch. Lbs. Tus. Inch. Lbs. 

I 25 3.06 4.75 | .375 | 18.84 II .875 | 101.85 
+375 5.05 § 25-72 11.5 os 58.81 

25°) | 325 3.68 625 | 32.93 625 74.28 

+3125 | 4-79 ‘75 | 40-43 -75 90.06 
375 | 5-97]|| 5 +375 | 19-76 +875 | 106.13 

5 +375 6.89 5 26.95 I2 5 61.26 
4375 | -8.31 .625 | 34-46 .625 77-34 

5 9.8 ‘75 | 42.27 -75 93-73 
1.75 +375 7.81 5-5 375. | 21-59 -875 | 110.42 

-4375 | 9.38 5 29-4 125°] %5 63-71 
55 11.03 625 | 37-52 -625 | 80.4 

2 375 | 8.73 75 | 45-95 “75 97-4 
-4375 | 10.45 || 6 375 | 23-43 +875 | 114-71 
5 12.25 5 31.86 13 5G 66.16 

2.25 | 375 | 9:65 625 | 40.59 625 | 83.47 
4375 | 11.52 75 49-62 :75 | 101.08 
a5 13.48 6.5 O75)” | ag 27 -875 | 119 

2.5 B78" 1, ren “5 34-31 13.5 5 68.61 
+4375 | 12:6 625 - | 43-65 .625 86.53 

5 14-7 75 | 53:3 || -75 | 104.76 
2.75 | -375 | 11-49|| 7 5 36-76 || +875 | 123-29 

+4375 | 14.67 «S025 | ATe7. |) 34 5 71.06 
Ns 15.93 625 | 46.71 625 89.6 

3 375 | 12.4 ‘75 | 56:97 +75 | 108.43 
45 17.15 7.5 5 39-21 -875 | 127.58 
625 | 22.2 «5625'| 44-45 14.5 BS 73.8 

‘75 | 2757 625 | 49-77 625 | 92.66 
3:25 | -375 | 13.32 ‘75 | 60.65 +75 | 112.11 

is 18.38 8 5 41.66 -875 | 131.87 

625 | 23.74 “5625 | 47-21 || 15 5 75:96 
75 29.4 3625 | 52.84 -625 95:72 

3-5 375 | 14.24 ‘75 | 64.32 ‘75 | 115-78 
& 19.6 9 5 46.56 -875 | 136.16 
625 | 25.27 «5025 | 52.72 15.5 an 78.47 
5 31.24 -625. | 58.96 -625 | 98.78 

3:75 | +375 | 15.16 75 | 71-67 75 | 119.46 
5 20.83 || 9.5 | +5 49-01 875 | 140.44 
.625 | 26.8 5625 | 55-48 || 16 ‘625 | 101.85 
ons} 33-08 625 | 62.06 75 123.14 

4 :375. | 16.08 ‘75. | 75-35 875 | 144-73 
5 22.05 || 10 5 51-45 I 166.63 
625 | 28.33 625 | 65.09 || 16.5 625 | 104.9 
75. | 34:92 ‘75° | 79-03 +75. | 120.75 

4:25 | 375 | 17 875 | 93-27 875 | 149-02 
5 23-28 || 10.5 5 53-91 I 171-53 
625 | 29.86 625 | 68.15 17 -625 | 107-97 
‘75 30.76 “75 82.7 “75 130-48 

45 | 375 | 17-92 875 | 97-56 +875 | 153-3 
<5: 23.88 || 11 5 56.36 I 176.43 
625 | 31-4 625 | 71.21 || 17-5 625 | 111.03 
575) “1'38:59 ‘75 | 86.38 75, | 134.16 



acs WEIGHT OF CAST IRON: PIPES. 133) 

Diameter. | Thickn. | Weight. || Diameter. | Thickn. | Weight. || Diameter. ! Thickn. | Weight. ; é é a 
Ins. Inch. Lbs, _ Ins. Ins. Lbs. Ins. Ins. Lbs, 

17.5 -875 | 157-59 || 29 “.75 | 218.7 40 3875 | 350.56 
I 181.33 875 | 256.23 | I 401.86 

18 .625 | 114.1 I 294.05 1.125 | 453.46 
-75.- | 137-84 30 *75 | 220.05 1.25 | 505.41 
-875 | 161.88 -875 | 264.8 42 875 | 367.69 

I 186.23 rr 303.86 I 421.45 
19 .625 | 120.23 1.125 | 343.22 I.I25 | 472.52 

-75 | 145-19 || 32 75 | 233-41 1.25 | 529.87 
«875 | 170.46 875 | 273-38 44 1875 | 384.88 

I 196.03 I 313-66 Py ae 441.1 
“20 625 | 126.35 1.125 | 354.24 T.125 | 497.58 

“75° | 152-54 32 75 | 240-75 1.25 | 554-42 
.875 | 179-03 ‘| 875 | 281.95 46 -875 | 402.01 

: I 205.84 I 323.46 I 460.07 
21 .625 | 132.48 1.125 | 365.27 1.125 | 519.64 

ye 159.89 33 ‘75 | 248.11 | 1.25 | 578.88 
875 | 187.61 +875 | 290.53 48 875 | 419.17 

I 215.64 I 333.26 I 480.29 
22 .625 | 138.61 1.125 |:376.2¢9 | 1.125 | 541.69 

75 | 167-24 |] 34 “75 | 255-46 | 1.25 | 603.44 
:875 | 196.19 ‘875 |:299-11 || 50 875 | 436.43 

I 225-44 I 343.06 I 499.89 
23 .625 | 144.73 1.125 | 387.33 1.125 | 563.75 

7 5en kt 74:59 35 -75 | 262.81 1.25 | 627.93 

875 | 204.76 +875 | 307-68 || 52 875 | 453-49 
I 235+24 I 352.87 I 519.5 

24 .625 | 150.86 1.125 | 398.35 - 1.125 | 585.81 
:75 | 181.95 36 -75 | 270.16 1.25. | 654.42 

+875 | 213.34 »875 | 316.26 || 55 875 | 479.23 
I 245.04 ee 302.67 I » 548.9 

25 .625 | 156.98 1.125] 409.28 1,125 | 618.91 
75 | 189.3 1.25 | 456.37 1.25 | 689,21 
875, | 221.92 37 175 e277 .5e 58 I 578.29 

I 254.85 875 | 324.84 1.125 | 651.96 
26 625 | 163.11 I 372-47 1.25 .| 725.93 

-75. | 190.65 1.125 |.420.4 1.375 | 800.22 
-875 | 230-5 1.25 | 468.65 60 I | 597-92 

I 264.65 38 -75 | 284.86 | 1,125 | 674.01 
27 -625 | 169.23 875 | 333-41 1.25 | 750-45 

75 | 204 I 382.27 1.375 | 827-17 
875, | 239.07 I.125 | 431-41 65 I 646.93 

I 274-45 1.25 | 480.89 1.125 | 729.18 
28 -625' | 175.36 39) } YATES rag2er 1.25 | 811.73 

75 | 211.35 +875, | 341-97 1.375 | 894.6 
875 | 247.65 I 392.08 7o I 695-92 

I 284.25 1.125 | 442.44 1.25 | 872.98 
29 -625 | 181.49 1.25 | 493-14 1.5 |1O51.25 

Equivalent Length of Pipe for a Socket. 

7+ i= 1. drepresenting diameter of pipe andl length in inches. 

Additional weight of two flanges for any diameter is computed equal to a lineal 
foot of the pipe. 

Notr.—These weights do not include any allowance for spigot and socket ends. 

2.—For rule to compute thicknesses of pipes, flanges, etc., see page 360. 



134 WEIGHT OF FLAT ROLLED BAR AND SQUARE STEEL, 

Weight of Mlat Rolled Bar Steel. (D. K Clark.) 

From .5 Inch to 8 Inches in Width, ONE FOOT IN LENGTH. 

WipTH IN INCHES. 

5 7 5 625 | .75 | 875 ! 625 | 1.5 [1.75 | Z 2.25 2.5 | 2.75 

Inch. | Lb. | Lbs. | Lbs. | Lbs.-| Lbs. | Lbs. | Lbe. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs, 
MW |.425)..533| -64] -743 "85 | 1.06 | 1.28 | 1.49. 1.7 _| 1.91 }2.13 | 2.34 
en3r |= ..005\|..8.| BOZO 1,06 | 1.33 | 1.59 | 1-86, | 2-13 | 2.39 | 2.66 | 2.92 
8 | .638| .798| .96| 1.11 1.28 | 1.59 | 1.91 | 2.23 | 2.55 | 2.87 | 3-19 | 3.51 
Me \744.( | OBE | 1-121 1-35. |: 1-49 1.86 2.23 2.6 | 2.98 | 3-35 | 3-72 | 4.09 
4g |.85 |1.06 | 1.28]1.49 |1-7 | 2-13) 2.55 | 2.98 | 3.4 3-83 | 4-25 4.68 
VA SW 1.44] 1.67 | 1.91 | 2.39 | 2.87 | 3-35 3-83 / 4-3 | 4-78 | 5.26 
&% | — 11-33 [1.0 |1.86 | 2.12) 2.66 | 3.19 | 3-72 | 4.25 | 4- -78.| 5-31 | 5.84 
yi | = |3-76| 2.04 | 2.34) 2.92 |3-51 4:09, | 4-68 | 5.26 | 5.84 | 6.43 
Ol — |1.92}2.23 (2.55) | 3-19 | 3-83, 4-46/\5.1 | 5.74) 6.38 | 7.01 

gah — —_ — | 2.41 2.76 | 3-45 | 4- I4 par 5-53 | 6.22 | 6.91 | 7.6 

Ym) — | — | — |26 | 2:98 | 3-72 4-46 | 5.21 | 5.95 | 6.69 | 7-44 | 8.18 
% | — | — | — | — | 3-19/3-98 | 4-78 | 5.58 | 6.38 | 7-17 | 7-97 | 8.77 
TL |— |—| S134 lees|s: 1508168, 17-65 18.5 9-35 

Wints IN INCHEs. 

Tee | Sad3es [v35 | ge Bees bes lies | 6 [és] 7) 75 |-8 
Inch. Lbs. | Lbs. Lbs. Lbs. Lbs. | Lbs. Lbs. | Lbs. Lbs. | Lbs. | Lbs, | Lbs, 

YU 2.55] 2.76) 2.98] 3.4 | 3.82) 4.26 4.68) 5-1 | 5.52} 5.96) 6.38] 6.8 

&% | 3.19 3.45] 3-72| 4-25| 4-78) 5.32| 5-84) 6.38, 6.9°| 7.44) 7.97] 8.5 
86 | 3.8314 14] 4.46] 5.2-| 5.74 6.38] 7.02! 7.66 8:28) 8.92) 9.56)10.2 
VY | 4.46] 4.83] 5.21| 5.95 6.7 | | 7-44] 8.18) 8.92 9.66 10.4 |II.2 |11.9 
% | 5.x} 5.53) 5.95] 6:8 | 7.66) 8.5 | 9.36)10.2 11.1 -|11.9 |12.8 |13.6 
X% \\ 5.74| 6.22) 6.69 7-65 8.6 | 9.56/10.5 11.5 112.4 °|13.4 114.3 15.3 
&% | 6.38) 6.91| 7.44] 8.5 | 9.56:10.6 |xx.7 |12.8 113.8 |14.9 (15-9 |I7 
Me 7.01) 7-6 | 8.18] 9.35 10.5 11-7 |12.9 14 (15.2 |16.4 |17.5 |18.7 
8( | 7.65) 8.29] 8.93|10.2 [11.5 |72:8 |14 ~\15-3 |16.6°|17.9 |19.1 |20.4 
Be | 8.29) 8.98) 9.67|11.1 pa (13.8 [15.2 |16.6 118 |19.3 20.7 |22.2 
% | 8.93): 9.67\10.4 |11.9 13-4 (14-9 |16.4 17-9 (19.4 20.8 22.3 [23.8 

4 | 9.86'10.4 |11.2 |12.8 |14.3 |15.9 |17-5 |19.1 |20:8' |22.4 |23.9 |25.6 
{ (10.2 [12.1 [119 |13.6 Pee 17-°* |18.7 120.4 22:8 |23.8 125.5 |27.2 

Weight of Rolled Square Steel. 

From .125 Inch to 6 Inches Square. ONE FOOT IN LENGTH. 

Side. | Weight. Side. Weight. Side. Weight. Side. |Weight.|| Side, | Weight. 

Inch. .| Lbs, Ins, ° Lbs, Ins. Lbs. Ins. Lbs. Ins. Lbs. 
12 .053 || -75 1.92 || 1.375 6.43 || 2.125 | 15.4 || 3.75 | 47:8 
1875 | .11Q || .8125 | 2.24 |) 1.4375 | 7.03 || 2-25 Sze Ne ey 
2250 (|) <2USO RS Feta ne Olt Ls 7-65 || 2:375 | 19.2 || 4.25 | 61.4 
+3125 | .333|| -9375 | 3-06 || 1.5625} 8.3 || 2.5 21.2 || 4.5 68.9 

375 [6478 || 3:4 || 1-625 | 8.98 || 2.625 | 23:5 || 4.75 | 76.7 
-4375 | O51 || 1.0625 | 3-83 || 1.6875 | 9.79|| 2.75 | 25.7 || 5 85 
5 85 HP r.r25°) 4.3 1.75 10.4}! 2.875 | 28.2 || 5.25 | 93-7 
+5625 | 1.08 || 1.1875 | 4-79 || 1.8125 | 11.2 || 3 BO:Oull, 5-5 un osss | 
625 |'1.33° || 1.25 5:32 |) 1-875. | IN || 3.25 | 35.9 || 5:75 | 112.4 
6875 | 1.64 -|| 1.3125 | 5-86 || 2 13:6. || 3.5 41.6 || G6...) 1224 



WEIGHT OF ROLLED STEEL, SHEET COPPER, ETC. 135 

Weight of Round Rolled Steel. 

From .125 Inch to 12 Inches Diameter. ONE FOOT IN LENGTH. 

Diam. | Weight. || Diameter. | Weight.|| Diameter.’ Weight. || Diam. | Weight.|| Diam. | Weight. 

Inch. Lbs. Ins, Lbs, Ins. Lbs. Ins, Lbs. Tns. Lbs, 

ei25 .0417 || .875 | 2.04 || 1.625 7.05 || 2.875 | 22 5.75 | 88.3 
6 +1875 | .0939 |] -9375 | 2.35 || 1.6875 | 7.61 || 3 24.1 96.1 

25 167. |] I | 2.67 || 1.75 8.18 || 3.25. | 28.3 || 6.5 | 113.2 
23025) 526 1.0625 | 3 1.8125 | 8.77 || 3-5 32-7, |\*: 7, 130.8 
375 |. -375 || 1-425, | 3-38 |] 1-875 9-38 || 3-75. | 34-2 7-5 | 130.8 
4375 | -51X_ || 1.1875 | 3-76 || 2 10.7 || 4 42.7 || 8 170.8 
5 667 || 1.25 4-17 || 2.125 | 12 4.25 | 48.3 || 8.5 | 193.2 
+5625.| .845 || 1.3125 | 4.6 || 2.25 13.6 |] 4.5 54.6 || 9 218.4 
+625, | 1.04 E375.) SOS 20375 }| 15-0. 114-75. 1 Go.3cll O15 | 245.2 
-6875 | 1.27 1.4375 | 5-18 || 2.5 16.7 {15 66.8 || 10 267.2 
“75 1.5 1.5 6.01 || 2.625 | 18.4 || 5.25 | 73.6 || 12 323 
-8125 | 1.76 1.5625 | 6.52 || 2.75 20.2 || 5-5 80.8 || 12 352.8 

Weight of Hexagonal, Octagonal, and Oval Steel. 

ONE FOOT IN LENGTH. 

HEXAGONAL, OCTAGONAL. OVAL. 
Diam Diam, Diam. Diam. Diam 
Sides. Weight; Sides. raat Sides oe Sides: Weight. over Sites Area, iy 

Inch, |. Lbs, Ins. Lbs. || Inch. | Lbs. Ins. Lbs, Ins. Sq. In. Lbs. 

iS -414)| 1 2.94 || 36 | .306]| 1 2.82 || 84 x 3¢.| .251'| .853 
4% | -730|| 176 | 3-73 || -24 |. .704)| 134] 3-56]| % X 24 | 344 | 4-17 
oe i115 || 134) 4.6 |} 5 | xx | 14% | 4.4 ||r , X 14'| .446| 1.52 
%. | 1.60 || 136 | 5-57 || 24 | 1-58 || 176 | 5-32 |]. 14 x % | .607 | 2.37 
Me |\2.25 || 134 | 6.63 || % | 2.16 | 14 | 6.34 || 144 x &% |,.884 | 3 

Weight of a Square Hoot of Sheet Copper. 

Wire Gauge of Wm. Foster & Co. (England.) 

Thickness. Weight. Thickness. Weight, Thickness. Weight. 

W.G. Inch, "Lbs. W.G. Inch, Lbs. W.G. Inch. Lbs. 

I «306 I4 II 123 5.65 21 +034. 1.55 
2 284 10 12 +109 is 22 :029 1.35 
3 .262 12 13 .098 4:5 23 .025 1.15 
4 24. II I4 .088 »| 4 24 -022 I 
5 +222 10.15 15 .076 3.5 25 s019 89 
6 203 9:3 16 .065 6 26 .O17 79 
7 .186 8.5 17 1057 2.6 27 O15 ety 
8 -168 wa, 18 1049 2.25 28 013 62 
Orne 54 a 19 044 2 29 .O12 «50 

Be) +138 6.3 20 038 1.75 30 OIL 5 

Weight of Composition Sheathing Nails. 

Number Number Number | Number 
No. | Length. ina No. | Length. ina No.)| Length. ina No, | Length. ina 

Pound, Pound, Pound. Pound, 

Inch, Ins. Ins. Ins. f 

I} .75 | 290 || 4.|z-125] 20r, || 7 | 1.125] 184 |/10| 1.625) ror 
2] .875} 260 || 5 | 1.25 19g || 8 | 1.25 | 168 |} 11) 2.75 74 
Zhe 212 || 6 |x 190 || 9 | 1-5 IIo |/12|2 64. 



136 WEIGHT OF IRON, STEEL, COPPER, ETC. 

Weight of Cast and Wrought Iron, Steel, Copper, and 
Brass, of a given Sectional Area. 

Per LineaAu Foor. 

Sectional | Wrought 

| 
2.685 2.503 ATT | _ 5,083 3-937 2.853 | 3.038 

A 3.021 2.816 3-049 | 3.469 4-429 eee 3-418 

I 3-357 | 3-129 | 3.387 | 3-854 | 4.922 | 3-567 | 
It 3.692 | 3.442 | 3-726 | 4.24 5.414 | 3.923 | 4-177 
1,2 4.028 |, 3-754 | 4-005 | 4.625 | 5.906:| 4.28 44557 
1.3 4-304 | 4.067 | 4.404 | 5.01 6.3 4.636 | 4.937 
1.4 4.699 | 4.38 4-742 | 5.396°| 6.89 4.993 | 5-317 
1.5 5-035 | 4.693 | 5.081.| 5.781 | 7.383 | . 5.35. 

- hide. <ronl Cast Iron. Steel. Copper. Lead. Brass. | Gon-meta 

‘Sq. Ins. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. | Lbs. 
a -336 +313 +339 -385 -492 357_[  -38 
2 .671 .626 -677 AG ig «984 E7Ig | 759 
3 1.007 -939 I.016 1.156 ) 1.476 1.07 | 1.139 

34 1.343 1.251 1.355 1.542 1.967 1.427 | 1.519 
5 1.678 1.564 1.694 1.927 2.461 1.783 | 1.894 
6 2.014 1.877 2.032 2.312 2.9053 Bide |: 227g 
4 2.35 2.19 2.371 2.698 3-445 ! 2.497 2.658" 

9 

8 1.6 Baye 5.006 5.42 6.167 7.875 5-707 | 6.076 
1.7 5-700 5.319 5-759 6.552 8.367 6.063 6.456 
1.8 6.042 | 5.632 | 6.097 | 6.937 | 8.859 | 6.42 6.836 
1.9 | 6.378 | 5.045 | 6.436 | 7.323 |. 9.35% | 6.777 |* 7-215 
2 6.714 | 6.258 | 6.775 | 7-708 |. 9.843 | . 7.133 | 7-595 
2.1 7.049 | 6.57 7-114 | 8.094 | 10.33 7-49 7:97 
Sia 7-385 6.883 7-452 8.474 | 10.83 7-847 8.35 
23 721 7.196 7-791 8.864 | 11.32 8.203 8.73 
2.4 .056 7-509 8.13 9.25 11.81 8.56 Q.11 
2.5 8.392 7-822 8.469 9.685. 22:3 8.917 9.49 
2.6 8.728 8.135 8.807 |) 10.02 12,8 9-273 9.87 
2.7 9.063 8.448 9.146 | 10.41 13.29 9.63 10.25 
2.8 9.399 |° 8.76 9.485 | 10.79 13.78 9.98 10.63 
2.9 9-734 9-073 9.824 | 11.18 14.27 10.34 II.O1 
3 10,07 9.386 | 10.16 11.56 14.76 10.7 ae 520 
3.1 10.41 9.699 | 10.5 11.95 15.26 Tr.06 lly 
3.2 10.74 10,01 10.84. 12.33 15-75 II.4 I2.15 
a8 11.08 10.32 11.18 12.72 16.24 IE.77, 12.53 
3-4 11.41 10.64 TES2 0 URES E 16.73 12.13 12.91 
3:5 ) i758 10.95 11.86 13-49 Tyee 12.48 13.29 
3.6 12,08 11.26 12.19 13.87 17-72 12.84 13-67 
3:7 12.42 11.58 12.53 14.26 18.21 13.2 14.05 
3.8 12.76 11.89 12.87 14.64 18.7 13.55 14.43 
3:9 13.09 T2.2 Tg.2k 15-03 19.19 13.91 14.81 
4 13.43 12.51 13-55 15-42 19.69 14.27 15-19 
4.1 13-76 12.83 13.89 15.8 20.18 14.62 15-57 
4.2 14.1 13.14 14.23 16.19 20.67 14.98 I5.95 

43 | 14.43 | 13-45 | 14.57 | 16.57 | 21.16 | 15.34 | 16.33 
4.4 14.77 13.77, 14.91 16.96 21.65 | .15.69 16.71 
4:5 15.11 14.08 15.24 17-34 22.15 16:05 17:09 
4.6 15.44 14.39 15.58 17-73 22.64 16.41 17-47 
4-7 15.78 14.7 15.92 18.11 23.13 16.76 17:85 
4.8 16.11 15.02 16.26 18.5 23.62 17-12 18.23 
‘4.9 | 16.45 15.33 16.6 18.88 24.12 17.48 | ||. 18.61 
5 16.78 15.64 16.94 19.27 | 24/61 17.83 18.99 



‘ IRON BOILER TUBES. 137 

Lap Welded Charcoal Iron Boiler Tubes. 

STANDARD DIMENSIONS. 

National Tube Works Company. 

a Length per 
Diameter. 2 , | Circumference. Transyerse Areas, Sq. Foot | Weight 

4 ae of Surface. er 
4 = = a3 = ci 2 a - _ 

Roar post ra BS es fate oi Bee Metal. mae on aie 

Tus. Ins. Ths. | No. Ins. Ins. | Sq. Ins..| Sq. Ins. | Sq. Ins.! Feet. | Feet. | Lbs. 

I 86} .072| 15 3-14| 2.69 78 °57| »21)3-82)4.46| 71 
I.125| .98| .072|15 3-53| 3.08 99, +76} .24/3.39/3.89| .8 
1.25 | I.II).072/15 3-931. 3-47. 31.23 96} .27/3.06/3.45| .89 
1.32 | 1.15] .083|.14 4.12) 3.6 1.35) . 1.03] --32:.2.91|3.33| 1.08 
1.375| 1.21] 083/14 | 4.32] 3.8 1.43). Ws15) -3412.78)3.16) -1.33 
1.5 1.33 | .083 | 14 ATFENEAION GE E.7G0 Wed! +37| 2-55 | 2.86] 1.24 
1.625| 1.43|.095| 13 5.1 4.51 2.07| 1.62} .46)2.35|2,66| 1.53 
1.75 | 1-56|.095| 13 5-5 | 4-9 2.4 1.91 49 | 2:18|2.45| 1.66 
1.875} 1.68] .095| 13 5.89] 5.29} 2.76) , 2.23]. -53|2.04;2.27/ 1.78 

2 1.81 | .095| 13 6.28) 5.69} 3.14] 2.57 57|1.91|2.11| 1.91 
2.125] 1.93|.095|13 | 6.68} 6.08] 3.55] 2.94| .61/1.8 |1.97] 2.04 
2.25, | 2.06].095| 13 7:07} 6.47} 3.98) 3:33) -64/1.7 |1.85] 2.16 
2.375| 2.16).109| 12 7-40| 6.78 4.43 3.65 78|2.61}1.77| 2.61 
2.5 2.28 | .109/ 12 7:85| 7.17| 491} 4.09) .8211.53)2.67| 2.75 
2.75 | 2.53|.109/12 | 8.64) 7.95] 5.94] 5.03) “9 |1-39|1.51] 3.04 
2.875) 2-66) .109/12 | 9.03} 835] 6.49 5-54) +95} 1.33} 2-44] 3-18 
3 2.78 | 109 | 12 9.42) 8.74) ‘7.07| 6,08]  °.99)) 1.271.371 3.33 
3-25 ..|, 3.01] .12 |11 | 10.21] 9.46) 8.3 7:12| 1.18|1.17| 1.26] 3.96 
3:5, 3.200) 0X8 LT la) 2o 10.24| 9.62 8.35) 1.27/1.09|1.17| 4.28 
3-75 |.3-51}.12 |411 | 1-78} 11.03| 11.04! 9,68)’ 2.37] 1.02} 1.09] 4.6 

4 3-73)| -I134)10 |12.57|11.72| 12.57] 10.94] 1.63] .95/3.02| 5.47 
4.25 | 3-98).134|10 |13-35|12.51| 14.19 12.45|.1-73|..9 | .96| 5.82 
4.5 4.23|.-134|10 |14.14|13.29| 15.9-| 14.07] 1.84] .85] .9 | 6.17 

<4-75 | 4.481.134|;10 |14.92]14.08/ 17.72) 15.78} 1-94]. .8 | .85 6.53 

5 4.7 |.148| 9 |15-71|14.78| 19.63] 17.38} 2.26) .76] .81] 7.58 

5.25 | 4-95|-148| 9 |16.49|15.56| 21.65] 19.27] 2.37| -73| -77| 7-97 
5:5 5.2 |.148)| "9 ' ¥7:28) 16.35 14'23. 76421127") '2i49| .7 | .73| 8.36 

6; 5.67|.165| 8 '|18.85| 17.81] 28.27) 25.25] '3.02| .64] .67| 10.16 

7 6.67|.165| 8 | 21.99] 20.95| 38.48) 34-94) 3-54) -55| -57]/ 11.9 
8 7-67|.165| 8 |25-13|24.1 |, 50.27)-46.2 |. 4.06; .48| .50/ 13.65 
9 8.64] .18 | 7 | 28.27] 27.14) 63.62) 58.63) 4.99] .42| .44/ 10.76 

Io 9-59|-203} 6 | 31.42] 30.14] '78.54| 72.29] 6.25) .38] .4 | 20.99 

II 10.56/.22 | 5 |34-50| 33-17] 95.03] 87-58) 7-45] .35| +30) 25-03 
I2 11.54|.229] 4.5,|37-7 | 30.26|/113.1 |104.63]} 8.47) .32| -33/)28.46 
I3 12.52|.238| 4 | 40.84] 39.34 |132.73/123-19| 9.54| .29] -3 | 32.06 
I4 13-5 |.248] 3-5] 43.98] 42.42 |153.94/143.22}10.71| .27| ..28|,36 
15 14:48] .259| 3. | 47.12] 45-5. |176.74/164.72| 11.99| .25}) .26/'40.3 
16 | 15:43 |.284| 2 | 50.26] 48.48, 201.06 187.04) 14.02} .24] .25| 47.11 
17 16.4 |.3 I | 53:41] 51-52, 226.98. 211.24) 15.74.) .22] 1.23] 52.89 
18 17:32/.34 | 0 |50:55154.41!254 47 235.61118.86| .21} .22| 63.32 

Norr.—In estimating effective heating or evaporating surface of Tubes, 
as heating liquids by steam, superheating steam, or transferring heat 
from one liquid or one gas to another, mean surface of Tubes is to be 
computed. 

M* 



138 STEAM, GAS, AND WATER PIPE. 

Iron Welded Steam, Gas,and Water Pipe. 

Sranparp DIMensIons. 

National Tube Works Company. 
a Length of Pipe . 

Diameter. $ | Circumference. Transverse Areas. per Sq. Foot MFI aes 
& Surface. 2° 

In- Ex- | Actual] -= | Ex- In- Ex- In- Ex- | In- Su 
ternal. | ternal, |Int’nal.| & -|ternal. ternal. | ternal. | ternal. Metal | ternal. ternal, 2. 

Ins. Ins. Ins. |Ins.| Ins. Ins. | Sq. Ins. | Sq. Ins. |Sq.Ins.} Feet. | Feet. Lbs. 

BESS | ea 6271071) Teg) Os Bis .06|}  .07| 9.44 |I4.15 24 
+25 254) -30).09)-1-7 |] 1.14]'  .23 I I2| 7.07 |10.49 -42 
+375| »-67| «49}.09] 2.12] 1.55 -36 19] .17) 5-66.|°:7.73 751-2) -50 
5 64) O2hr1) 2642r.96- 552 5 25| 4:55| 6.13/472.4| .84 
“75 | ¥.05| .82|.11] 3.3.) 2-59 87 -53| > -33)3-041°4.63]270 |- 1.11 

I 1.31] 1.05/13] 4.13} 3.29] < 1.36 .86| © .49) 2:9 *| 3-64/166.9) 1.67 
1.25 | 1.66] 1.38!.14| 5.21] 4.33] 2.16) 1.5 .67| 2:3 *| 2-77] 96.2|-2.24 
I.5 1.9 | 2.61).14| 5.97] 5.06) 2.83} 2.04] . .8 | 2.01} 2.37] 70.7) 2.68 
2 2.37| 2.07|.15| 7.46] 6.49] 4.43] 3.36] 1.07] 1-61] 1.85] 42.9] 3.61 
Bs 2.87| 2.47|.20| 9:03] 7-75| - 6.49} 4.78] 3.71] 1-33)| I-55] 30-1) 5-74 
3 3:5 | 3.07|.22/15 9.64). 9.62) 7.39} 2.24| 109} 1.241 19.5|° 7-54 
3-5 4 3-55|-23/12:57/11-15| 12.57] 9.89} 2.68] .95| 1-08 14.6) 
4 4-5 | 4.03|.24|14.14|12.65| 15.9 | 12.73} 3-17]. .85] —.95| 11.3,10.66 
etal at 4.51|.25|15.71|14.16| 19.63) 15.96) 3.67] .76| .85| 9 (12.34 
5 5.56) 5.04|.26/17.48)15.85| 24.31] 19.99) 4.32] .69] .-76| 7.2/14.5 
6 6 62} 6.06).28}20.81|19.05) 34-47| 28.89] 5.58}. .58}| .63| 5 {18.76 
y| 7:62| 7-02].30|23.95|22.06| 45.66) 38.74] 6.93] -5 | +54} 3-7/23-27 

(8 8,62} 7-98}.32/27.1 }25.08} 58.43] 50.04) 8.39] -44| +48} 2.9/28.18 
9 9.62] 8.94].34|30.24)28.08| 72.76] 62.73/10.03] .4 43] 2.3/33-7 

IO 10.75} 10.02|-37)33-77|31-48| 90.76] 78.84)r1.92} .35] -38| 1.8!40.06 

II |11-75)1X | -37|30.91) 34-56) 108.43] 95.03/13.4 | +32] -35| 1-5/45.02 
12 12.75,12 — |-37|40.05|37-7 |127-68|113.1 |14-58] -3 +32| 1.3/48-98 

13 j14 (| 13.25]-37/43-98/ 41.63] 153-94|137-89|16.05) .27) .29] -1 [53-92 
14 |15) |14.25|.37|47-12|44-77|176-71|159.48|/17.23| .25| .27| .9|57-89 
15 16 | 15.43].28|50.26/48.48) 201.06) 187.04}14.02| 1.24] .25 -8/47-11 
16 17 |16.4 |.3 153-4 |51.52/220.98|211.24|15.74| 122] -.23 +7 52-89 
17 18 |17.32|-34/56.54/54-41|254.46/235.60|18.86] .21| .22]. .6/63.32 

STEEL LOCOMOTIVE TUBES. 

Lap Welded Semi-Steel Locomotive Tubes. 

SranpDARD DIMENSIONS. 

National Tube Works Company. 
j Length j per 

Diameter. z Circumference. Transverse Areas. Sq. Foot 23 

7 sf ic = Ei Ex- In- Ex-' In- SN cS 
oe a 13 BS ternal. | ternal. | ternal. | ternal. | Metal. | ternal heat = 8 

Ins, Tns. Ins. | No. Ins. Ins. | Sq. Ins. | Sq. Ins.| Sq. Ins. | Feet. Feet. | Lbs. 

I -834 |.083 |. 14] 3.142) 2.62>| .785] .546| .239/3.82 | 4.58 8 
1.25 | 1.084.083] 14 | 3:927]| 3.405 |1.227| .923] .304 |-3.056|3:524 | 1.03 
I.5 |1-31 |.095] 13 | 4.712 | 4.115 | 1-767] 1.348] .419 | 2.546 | 2.916 | 1.42 
1.75 | 1.532} .109| 12 | 5.498) 4.813 | 2.405 | 1-843 .562 | 2.183 | 2.493 | 1.91 
2 1.782.109] 12 | 6.283) 5.598 | 3.142 | 2.494| .648|1.91 | 2.144| 2.2 
2.25 | 2.032|.109| 12 | 7.069 6.384 | 3.976 | 3-243 +733 | 1.698) 1-88. | 2.49 
25 | 220iazarh cx 7-854} 7: | 4-909 4.011} .898) 1.528 | 1-69. | 3.05 
2.75 | 2-51 |.I2 | 11 8.639 | 7.885 5.94 | 4.948] .992 | 1.389 | 1.522 | 3.37 
3 2.76 |.12 | 11 |9.425 , 8.67 | 7.069 | 5.983 | 1.086 | 1.273 | 1.384 | 3.68 



WEIGHT OF LEAD AND TIN PIPE) AND TIN PLATES. 139 

Weight of Lead and Tin Lined Pipé per Foot. 
From .375 Inch to 5 Inches in Diameter. (Tatham & Bros.) 

WASTE-PIPE. i ; BLOCK-TIN PIPE. 

Diam. | Weight. || Diam. | Weight. } Diam. Weight. || Diam. | Weight. || Diam. | Weight. 

Ins. Lbs, Ins. Lbs. Inch. Lb, Inch. Lbs, Ins. Lbs. 

1.5 2 4 8 -375 | -3594 .625 5 T2s' |) 25 
2 a 4.5 Ge 3753) -375 625 .625 1.25 | 1.5 

3 3:5 || 455 8 | 375 | +5 “75 625 || 15 | 2 
3 5 5 ; 5 375 75 ‘75. || 35 2.5 
4 5 5 IO | 3S “5S I +9375 || 2 2.5. 
4 6 5 x2 | .5 625 I 1.125. || 2 3 

- WATER-PIPE. 

From .375 Inch to 5 Inches in Diameter. 

Diam. pore Weight, || Diam. a "Weight. || Diam. ee Weight. || Diam. seek 7 |Weight. 

Inch, | Inch. Lbs, Ins. |{Inch.| Lbs. Ins. | Ineh. Lbs. Ins, |, Inch, Lbs, 

+375 | 08 | .625° || .625} .25 | 3.5 1.25]|.19 4-75 ||. 2.5 | .3125| 14 
Byki ae a ee He s75 i ek Li tees Wi Ee5 25 6 2.5 23754 | 27. 
page| LO r.25 FSC eL2ee 75) Wits, | <k2 3 3 1875| 9 
375 | -I9 | 1.5 |. -75 TO) een dS 1)TA 8.51 (3 25 12 
-375,| -34 12.5 chy in| Ne I TAS oT 4.25 || 3 3125 | 10 

5 +07 | -0545]| +75 | +23 | 3-5 15 | 19 5 3 375 | 20 
5 | 09 | -75 ‘75 | +3 14:75 || 05 |-23 6.5 || 3.5 |-1875 |. 9:5 
5 IL} I I | 1.5 Tey, 27 8 3.5 |s25. | 15 
5 Z| ¥.25 I “II [2 1.75 |.13 4 3.5 | 3125 | 18.5 
5 -16 | 1.75. |i I +14 | 2.5 EAT ASN VSLU| 5 35 0875" | 22 
5 +19 |2 the LF) 3025) 0075.1 2E OLS els Los rea 
| 251 3 I 220! A 1.75 627 8.5 4. |.25 16 
625 .08 | .0727||1 124 | 4675 ||2 15 4.75 || 4. |.3125| 21 
-625] .09 | I I Faye Hikes | 2 18 6 4 aes 
625) .13 | 1.5 se tal te a 2 iz 7 4-5 |.1875|] 14 
-625| .16 |2 1625) |e! 26 2 eH | 9 4:5 | .25 18 
625] .2° | 2.5 E2581 84s ey 2.5 |.1875| 8 ee Nice ts 20 
625"| 2212.75 [1.25 1 6161 3.95 12.5 125° | xx Fn there tics idle 

Marks and Weight of Tin-plates. (Znglish.) 

on Bussb. “fperBox| Dimensions. |yretie.| on Beaso. |perBor.| Dimensions. | ho. 
No. Ins. No. No. Ins. No. 

1Cor1Com.| 225 |13.75X10 112 ||| DXXXX..... 100 a 75X12.5| 189 
225 113.25X 9.75| 105 |/SDC........ +| 200 x11 168 
225 |12.75X 9.5 98 ||SDK,..)..%.. 200 a x11 188 
225).|13-75X10 rig |||/SDXX....)... 200 |15 X11 209 
225 |13-75X10 1s SDXXX..... 200 {15 Xr 230 
225 |13-75X10 140 ||SDXXXX.,..|, 200 }a5 X11 251 
225 |13.25X 9.75] 133 ||SDXXXXX..} 200 |15 X11 272 
225 |12-75X 9.5 126 ||SDXXXXXX,| | 200 Aa ne ao 7 293 
225° [13.75 X10 161 Leaded IG. {.j-Vxr2 “| 20.) Kxr4 112 
225° |13.75X10 182 dep raz “|'od: Rng. 140 
225° |13.75X10 203 225 | 13-7510 112 
225 |13.75X10 224 225 .|13-75X10 140 
225 |13-75X10 245 200 |15 X11 168 
roo |16.75X12.5 98 100 |16.75X12.5| 105 
100 | 16.75 X12.5 126 100 | 16.75X12.5| 120 

100 /16.75X 1215 147 450 |13-75X10 1I2 
I 109" '26.75>< pets | Px68 | KXTP.. 2.5.0. 450 113.7510 126 

‘ When the plates are 14 by 20 inches, there are 112 in a box. 



140 WEIGHT OF COPPER TUBES. 

Weight of Seamless Drawn Copper Tubes. 
American Tube Works. (Boston.) 

BY EXTERNAL DIAMETER. ONE FOOT IN LENGTH. 

Stubs’ W. G. From .25 Inch to 12 Ins.—f full, l light. 

No. 20 19 18 17 16 15 14 | TS) Schon 

Ins. | 2/32 f| 3/64 2|3/64 f| 1/160 | 1/16 7| 5/642 | 5/64 f| 3/32 | 7/64 
Diamet’r.| Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. | Lbs. 

25 OG | E sk2 (eheEa yok A 15 17 18 | 19 
375 | -I4| -16|. .19} .23| «24 26 29 -32 +35 
5 #: IN 27) <4t 334 37 42 47 “2 
625 | .25 |, -29-1'-34] .4 44 48 +55 Olt 1:69 
a75 gi +30.| 42} <49'| 54) <5) -67 -76| 85 
875 | -36| -42] -49] -58] -64)  .7 8 Q | 1.02 

I AT) <ASyhiaSRA OF ah weFe 81 93.|-¥:05 | 1.18 
T.£25: |. .40)| .55 | sOqie7O)) OZ) (292io5.O5 | ae lOulmras 
1.25 52 LnsOL tePH| Od 1.3 |. oP], dit Gul Reale WS 
1.375 | «57-68 | +79} --93| 1-03 | 1.14], 1.33 | 4.481 1.68 
1.5 .62 | .74| .86 | 1.02 | 1.13 | 1.25 | 1.43,|, 1-63] 1.85 
1.625 | .68] .8 4 Pacer e239") Tarr FEO tery | eo 
1.75 731) = 07. | TOL Meee aN Ag 1.69 | 1.92 2.18 
1.875 | -78| -93| I-09 | 1-29] 1-43] 1-58] 1.81 | 2.06) 2.35 | 
2 84 | I T16| T.37| 153} *T.60))) 2-940. 2223 est 
2.125 |. -89 | 1.06 | 1.24] 1.46] 2.63] 1.8 | 2.071] 2.35 | 2.68 
2.25 94 | 1-13 | 1.31] 1-55 | 1-73 | 1-91 | 2.19] 2.5 2.85 
Bg7Sul, = 1.19 | 1.39 | 1:64 | 82] 2.02} 2.32°| 2.64} 3.01 
2.5 1.05 | 1.25 | 1.46 | 1.73 | 2-92 | 2.13] 2.45 | 2.79] 3.18 
2.625 | 1.1 | 1.32 | 1.54 | 1.82 | 2.02] 2.2 2A A OS aed ai 
2.75 | 1.16 | x.38| 1.61 | 1.9 | 2.12] 2.34] 2.7 | 3.08}' 3.51 
2.875 | 1.21 | 1.45 | 1.68 | 1.99 | 2.22] 2.45 | 2.83] 3.22} 3.68 
<) 120) \Te5e | Po7Ol) aioe | Agate Cor 20S) bead ay eed: 
3-25 | 1-37 | 2-64] ror | 2:26 | 2.52 | “2.78 |" 3.21 | 3,66) 4.28 
3:5 1.48 | 1.77 | 2.06 | 2.43 | 2.72] 3 3.46 | 3-95 |. 4.51 
3-75 | 1.58 | 1-9 | 2.21 | 2.65 | 2.92] 3.22) 3.71] 4.24 |~ 4.84 
4 1.69 | 2:02-|_2.36'|.2.99 | 3.41) 3:44 103.071. 2-53 [9 5-17 
4:25. || T3825} 208 | 2.57 a 14 eT te OO eee Acces air 
4:5 TO | 228" 2:05 | sega |hS-Ban | ease lod en meee pre Oa: 
4-75 | 2-01 | 2.41 | 2-8 | 3.491.372 | . 4.1 AST 3s. Soh. 6.17 
5 2.12 | 2.54 | 2.95 | 3.67 | 3.91 | 4.32] 4.98 | ~5.69| 6.5 
5.25 | 2.23 | 2:66] 3.2 | 3.85 | 4.22 | 4.54 |-95.23] 5-98 |, 6.84 
55 2.34 | 2-79 | 3:25 | 3.85 | 4-3 4-76 | 5-49} 6.27| 7.17 
5:75 | 2:44 | 2.92] 3:4 | 4.02] 4-5 | 4.98] 5.74 | 6.56] 7.5 
6 2.55 | 3:05 | 3:55 | 4.2 14:7 | 5.2 | 5:99] 6.85] 7.83 
6.25 | 2.60} 3-18 | 3-7 | 4.38 | 4-9 5-41 | 6.25 | 7.14| 8.17 

6.5 | 2.76 | 3-32 | 385 14.55} 5.1 | 5:63] 65 | 7.43] 85 
6.75 |2.87|/3-4414 | 4.73153 | 5:85] 6.75] 7.72] 883 
7 2.98 | 3-56 | 4-15 | 4.91 | 5-49 | 6.07] 7.01} 8.01] 9.16 

7-25 | 3-09 | 3:69 | 4:3 | 5.09} 5.69 | 6.29] 7.26] 8.30) 9.5 
7-5 | 3-19 | 3:82] 4-45 | 5.26] 5.89] 6.52] 7-51]. 8.59] 9.83 
8 3-41 | 4.08 | 4-74 | 5.62 | 6.29 | 6.95 | 8.02] 9.17 | 10.49 
8.5 3-62 |°4-33 | 5:04 | 5.97 | 6.68 | 7:39] 8.52) 9.75) 11.16 

9 3-83 | 4-59 | 5-34 | 6.33 | 7-08 | 7-83 | 9.03 | 10.33 | 11.82 
9.5 4.05 | 4.85 | 5:04 | 6.68 | 7-48 | 8.26] 9.54 | 10.91 | 12.49 

10 4.26 | 5.11 | 5-94 | 7.03 | 7-87 | 8-7 | 10.05 } 11.49 | 13.15 
10.5 4-47 | 5:37 | 6-24 | 7-39 | 8.27 | 9-14 | 10.55 | 12.07 | 13.82. 
II 4.69 | 5.62 | 6.54 | 7-74 | 8.67 | 9.58 | 11.06 | 12.65 |, 14.48. 
11.5 | 4.9 |.5.88 | 6.84 | 8.x | 9.06 | ro.02 | 11.56 | 13.23 | 15.15 
12 5.11 | 6.13 | 7.13 | 8.45 | 9.46 | 10.45 | 12.07 | 13.81 | 15.81 

1/gt 



. WEIGHT OF COPPER TUBES. 41 

No. 10° O'S Fo emo Walsd 4sx| 3 2 1 

Ins. 9/64 1 | 9/64 f | 11/647) 3/16 2 13/64 7/32 f \*5/64 f| t/4 f | 9/32 f 19/64 f 

Diamet’r.| Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs, Lbs. Lbs. 
+375 4 I} .42| 144) — _— — co: Ea. pa 
5 -O1 mS es oy Hy aoe -75| .76|. — pom yr 
+625 .8I 286 |' 92 -99| 1.04| 1.09] 1.12] 1.13] 1.18] — 

b75 1.01} E.09|) 1.17] 1.20] 1.35| 1-42] 1.49| 1.53| 1.61 1.63 
*075 | Ee22| U-3¥| T.q2| 1.53] 1-60|-3.76| 1.85 I.92| 2.04] 2.09 

I 1.42) 1.54 | 1.67} 1.81] 1.97| 2:09) 2.21 | 2.32] '2.48| 2.55 
1.125 | 1.63] 1.78] 1.93| 2.08| 2.28] 2.43| 2.58] 2:71 |" 2:91} 3 
1.25 1.83| 2 2.18 |» '2.36'| 2.59|° 2!76 |*2.94 | 3.11 | 3.34) 3.46 
1.375 | 2.03] 2.22] 2.43) 2.63) 2.9.) 3.2 | 3.3 | 35 | 3-771 3:02 
1.5 2.24| 2.44| 2.68) 2.91) 3.21] 3-43] 3.67] 3.9 | 4.21] 4.38 
1.625 | 2.44] 2.67} 2.93} 3-18) ' 3.52)’ 3-77|''4.03| 4.29] 4.64] 4.83 
1.75 2.65 | 2.89) 3.18] 3.45 |, 3.83} 4-IL| 4.39) 4.69]. 5.07] 5.29 

1.875 | 2.85] 3-12] 3-44| 3-73} 414| 4-44) 4-76| 5.08] 5.51] 5.75 
2 3.06] 3-34 3-69) 4 4-45) 4-78| 5.12| 5.48] 5.94] 6,21 
2.125 | 3.26| 3.57] 3-94] 4:28] 4.75] 5-11| 5.48] 5.87] 6.37] 6.66 
2.25 3.46 | 3:8 |) 4.19! 4.55] 5.06] 5.45] 5.84! 6:27] 6.81] 7.12 
2.375 | 3:07| 4.02] 4.44] 4.82] 5.37] 5-78) 6.21| 6.66] 7.24] 7.57 
2.5 3.87) °4.25'} 4.69) 5.2 | 5.68] 6.12} 6.57] 7.06] 7.67 8.04 

2.625 | 4.08) 4.47| 4.95| 5.37 © 6.45| 6.93) 7:45| 8.1 | 8.49 
2.75 | 4-28) 4.7 | 5.2 | 5.65| 6.3) 6.79] 7-29| 7.85} 854] 895 
2.875 | 4.48} 4.92) 5-45] 5.92] 6.61] 7.12| 7.66] 8.24] 8.97] 9.41 
3 4:69] 5:15| 5-7 | 6.2 | 6.92] 7.46| 8.02] 8.64] 6.4 | 9.87 
3:25 5.1 5.6 | °6.2°1'°6174| 7.54] 8.13) 8.75'| 9.43] 10.27] 10.78 
355 5-51] 6.05| 6.71] 7.29] 8.16] 8.8 | 9.47] 10.22] F1.14| 11.7 
3-75 | 5-91} 6.5 | 7.21) 7.84) 8.78} 9.47| 10.2 | 11.01] 12 12.61 
4, 6.32} 6.95 | 7-71 | 8.39| 94 | 10.14| 10.92 | 11.8 | 12187] 13.53 
4.25 6.73| 7:4 | 8.22] 8.94| 10.02 | 10.81 | 11.65 | 12.59 | 13-73 | 14.44 
4-5 7-14|..7-85| 8-72) 9.49 | 10.64 | 11.48 | 12.37 13.38 | 14.6 | 15.36 
4.75 7-55| 8-3 | 9-22) 10.04] 11.26] 12.16] 13.1 | 14.17| 15.46) 16.27 
5 7-90| 8.75] 9-73] 10.58] 11.88 | 12.83 | 13.83 | 14.96 | 16.33 | 17.19 

28.25 8.36) 9.21 | 10.23 | 11.13) 12.49) 13.5 | 14.55 | 15-75} 17.2 | 18.1 
5:5 8.77| 9.66 | 10-73) 11.68] 13.17 | 14.17} 15.28 | 16.54 | 18.06 | 19.02 
5:75 9:18 | TO.1r | LI-24 | 12.23,| 13-73 | 14.84 | 16 17.33 | 18-93 | 19.93 
6 9-59 | 10.56 | 11.74 | 12-78 | 14.35 | 15-51 | 16.73 | 18.12 | 19.79 | 20.85 
6.25 | 10 II.OF | 12-24 | 13.33 | 14.97 | 16.18] 17.46 | 18.91 | 20.66 | 21.76 
6.5 10.41 | 11.46 | 12.75 | 43.88 | 15.59 | 16.85 | 18.18 |19.7,, | 21.53,| 22.68 
6.75. | 10.82 | 11-91 | 13-25 | 14.42 | 16.21 | 17.52 | 18.91 | 20.49 | 22.39 | 23.59 
7 11.22 | 12.36 | 13-75.| 14-97 | 16.83 | 18.19 | 19.63 | 21.28 | 23.26 | 24.51 
7:25 | 1%-63 | 12.81 | 14-26) 15.52 17.45 | 18.86 | 20.36 22.07 | 24.13 | 25.42 
75 12.04 | 13-26 | 14.76 | 16.07 | 18.07 | 19.54 | 21.08 | 22.86| 25 20.34 
7.75 | 12.45 | 13-71 | 15-26 | 16.62 | 18.68 | 20.21 | 21.81 | 23.65 | 25.86 | 27.25 
8 12.86 | 14.17 | 15-77| 17-17| 19.3 | 20.88 | 22.54 | 24.44 | 26.72 | 28.19 
8.25 | 13.27 | 14.62 | 16.27| 17.71 | 19.92 | 21-55 | 23-26 | 25.23 | 27-59 | 29.08 
8.5 13.67 | 15.07 | 16.77'| 18.26 | 20.54 |.22.22 | 23.99] 26.02 | 28.45 | 30 
8.75 | 14.08 | 15.52 | 17-28 | 18.81 | 21.16 | 22.89,| 24.71 | 26,81 | 29.32 | 30.91 
9... | 14-49 | 15.97 | 17-78 | 19-30] 21-78 | 23.56 | 25-44.| 27-6 | 30-18 | 31.83 
9.25. 114-9 | 16.42] 18.28] 19.91 | 22.4 | 24.23 | 20.17 | 28.39 | 31-05 | 32-74 
9.5 15.31 | 16.87 | 18.79 | 20.46 | 23.02} 24.9 | 26.89 | 29-18 | 31-92 | 33: 
9:75 | 15:72 | 17-32 | 19.29)\21.01 | 23.64 | 25.57 | 27-62 | 29-97 32.78 34:57 

10 16.12 | 17.77 | 19.79 | 21.55 | 24.26 | 26.24 | 28.34 | 30.76 |'33-65 | 35-49 
10.5 16.94 | 18.68 | 20.8 |22.65} 25.5 |27.59| 29-79 | 32-34 | 35-38 | 37-32 
xT: 17-76 | 19.58 | 21.81 |' 23.75 | 26.73 | 28.93 | 31-25 | 33.92 | 37-11 | 39-15 
IL.5 18.57 | 20.48 | 22.81 | 24.84 | 27.97 | 30.27| 32-7 | 35-5 ‘| 38.84 | 40.98 
12 ‘| 19.39 | 21.38.''23.82 | 25.94! 29.21 } 31.61! 34.15 | 37-08! 40.58! 42.81 



142 WEIGHT OF COPPER AND BRASS TUBES, ETC. 

By Internal Diameter. 

Add following Units to Weights for External Diameter in preceding tables. 
No. 1 2 3c > Sea © Oe ROAR Fay Sa oe 10.,.; 

2.21 | 1.97 | 1-66 | 1.38 | 1.18 | 1.01 78 | 67 | 153 |°443 

No | ta, | 13.| a4c} 15:| a6 | a7 {cas |:49 |psao 
435 | .29| .22 | .t7'| .13'| -11 | .08 | 06 | .o5 | .03 

" ILLUSTRATION.—What is weight of a copper tube 6 ins. in internal diameter, 
No. 3 gauge, and one foot in length? 

By preceding table 6 ins. external, No. 3 gauge = 18.12, and 18.12 + 1.66= 
19.78 lbs. 

WEIGHT OF BRASS TUBES. 

To Compute Weight of Brass Tubes. 
American Tube Works. (Bosion.) 

- Rute.—Deduct 5 per cent. from weight of Copper tubes. 
ExaMPLE. — What is weight of a brass tube 6 ins. in external diameter, No, 3 

gauge, and one foot in length? 

By preceding table 6 ins. = 18.12, from which deduct 5 per cent. = 17.21 Ibs. 

By Internal Diameter. 

Ruve.— Proceed as above for internal diameter of copper tube, and deduct 
5 per cent. 

EXAMPLE.—Weight of a copper tube 6 ins. internal diameter, No. 3 gauge, and 
1 foot in length = 19.78 lbs. 

Hence, 19.78 — 5 per cent. = 18.79 lbs. 

Norr.—Diameter of Tubes, as for Boilers, is given externally, and that for Pipes 
internally. 

Weights of English as given by D. K. Clark are essentially alike to the 
preceding. 

Brass Tubes Corresponding with and Witted for 
Iron Tubes or Pipes. 

American Tube Works. (Boston.) 

WEIGHT PER LINEAL FOOT. 
Diameter of Iron Pipe. Diameter of Iron Pipe. {Diameter of Iron Pipe. 
Internal. | External. Weight. Internal. | External. Weight. Internal. | External. Weight. 

Inch. Ins. Lbs. Ins, Ins. Lbs. Ins. Ins. , Lbs. 

+125 +375 25 | I Te Qee oun ebay 2 aly 8.3 
25 +5625 43 || 2.25 | 1.625 2.5 3:5 4 10.9 
+375 -6875 63 1.5 1.875 241.3 4 4.5 a2] 
5 .8125 9 2 2.375 4 5 555 15.7 
75 1.0625 | 1.25 205 He Ors 4.87 || 

Weight of Sheet Brass. 

ONE SQUARE FooT. (Holtzapffél’s Gauge.) 
Thickness. | Weight, Thickness. Weight. | Thickness. | Weight. | Thickness. | Weight. 

No.| Inch. Lbs. | No. | Inch, | . Lbs. No, | Inch. Lbs. No. | Inch. Lbs. 

259 | 10.9 9, |. .148.) 6.23, || 15 | .072 | 3.03 |]-21 | .032 | 1.35 
+238 | 10 Io | .134| 5-64 || 16] .065 | 2.74 |] 22 | .028 | 1.18 
122 g.26 || Ir | .12 5-05, || 17 | 058 | 2.44 || 23 | .025 | 1.05 
-203| 8.55 || 12 | 109] 4-59 || 18 | .049| 2.06 || 24 | .022| .926 
18 7-58 || 13 | 095] 4 IQ's) .042)|) 1.772 |\)25 4)..02 842 
-165 | 6.95 || 14 | .083.| 3-49 || 20 | .035| 1.47 ¥ OI AUR 



WEIGHT OF WROUGHT IRON TUBES. 143 
Weight of Wrought Iron Tubes. (English:) 

EXTERNAL DIAMETER. ONE FOOT IN LENGTH. 

Holtzapfel’s Wire-Gauge. f full, l tight. 
No. — —_ 4 5 6 ri 8 9 

3125 +281 -238 to , -203 -18 +165 +148 

re 5/36 9/32 | 15/64 f | 7/32 | 13/64 | 3/262 | 11/642 | 9/o4f 
Diam. Lbs. Lbs. Lbs. Lbs, Lbs. Lbs. Lbs, Lbs, 

7 21.9 19.8 16.9 15.6 14.5 12.9 11.8 10.6 
- 7.5 23.5) +) -20.3-|-18:E } 16.8 | 15.5--| 13:8 > 127k (11g 
8 25.2 LOG | 19-3 17-9 16.6 14.7 13.5 I2.2 
8.5 26.8 24.2 20.6 19.1 17.6 I5.7 14.4 12.9 
9 28.4 25-7 21.8 20.2 18.7 16.6 15.3 ney r/ 
9:5 30.1 agent 23.1 21.4 19.8 17.6 16,1 14.5 

10 31.7 28.6 24.3 | 22.5 20.8 18.5 17 15.3 

No. 7 8 9 10 WW 12 13 14 15 

5 18 -165 -148 +134 12 +109 | .095 +083 072 

me | 3/262 | 1/641 | 9/64F | 9/641 | t/a | 7/64 | 3/s2¢| S/oqr | 5/642 
Diam Lbs. Lbs. Lbs, Lbs. Ibs. Lbs. Lbs, Lbs. Lbs. 

XE Mags i legs | etege |) Teel aeka |) 1.023) <6 FOR 7 
RIS | sle78 || 1,00} -tebI || 1-29, 1] 1-20) 1104/13 906 | .794 
1.25 2.02 1.88 Es AL E57 | eA; || Te I.I5 | 1.01 8838 
$375 | 7225 | -2-09 | -1-9 Tyg | £58 | 145 ;| L-27|) 1s 983 
I.5 2.49 | 231 | 261 I.O2/4) is7B) | 1504 2-4: a he28 1.08 
1.025 | 2,72 | 52:52 | 22:29 | 2.09 | 1.89, || 1-73.| 1-52-] 1.346)| 1E7 
1.75 2.90 | 2.74 | 2.48 | 2.27 | 2.05 | 1.87,| 1.65 | 1.45 1,27 
¥.975 | 3,19 | -2.90 | +2.608 | 2.45 | 2.21, | 2,02,| 1.77.| 2.56 1.30 
2 3-43 Bekg | e287) 2:62: |) 3420, |) 2416,;| 1-9 1.67 1.45 
Bites | «207 143.40 | 23.00 | 2:8 2aG2, 2.3 2.02 | 1.78 1.55 
2.25 3-9 3:6 3.26 | 2.97 | 2.68 | 2.44 | 2-14 | 1.88 1.64 
2.375 | 444 | 3:82. | 3-45 | 3-45 | 2.83, || 2<59,.] 2:27.) 1-909, 4] 1.74 
2.5 4.37 | 4304 | 3:65 | 3.32 | 2.99; |) 2.734| 2-30.11 2.% 1.83 
2.625 | 4,61 Ave>. | 83:04. ] 355 3-15. | 2.87 .| 2.52.) 2.21 1.93 
2.75 4.84 | 4-47 | 4.03 | 3-67 | 3-32 | 3.02] 2.64,| 2.32 2.02 
2.875 | 5.08 | 4.68 | 4.23 | | 3-85 | 3-46 | 3-10] 2.771 2.43 2.11 
3 5-32 | -4.9 AsAz |" AsO2 ||) 2.62.) 3:3iya| 289k 2-54), 5) 2.21 

3:25 5:79 | 5:33 | 4:82 | 4.37 | 3-94 | 3:59 ] 3-14 | 2-75. | 2.4 
35 6.26 | 5-70] 5-2 | 4.72 | 4.25 | 3.87 | 3-39 | 2.97 | 2.59 
3-75 | 673] 629) 5-58 | 5.07'| 4.57 | 4:16 | 3-64 | 3.19 | 2.77 
4 72 | 6.63] 5.97 | 5-43 | 4.88 | 4.44 | 3:89 | 3.4 2,96 
4.25 OTA | a4 7s008 |, 0:30 -|0 5.78 |) 5.2) | -407 3 |) Aa) 3.02) 03.05 
4.5 8.14 | 7:49 | 6.45} 6.13 | 5.52 | 5.01 | 4.38 | 3.84 | 3.34 
4:75 8.61 7-91 | 7.13 | 6.48 | 5.82 | 5.3 4:03.|04.00° ||) 3.53 
5 9.08 |. 8.35 | 7.52 | 6.83 | 6.13 | 5-58 | 4.88 | 4.27 3-72 

5:25 | 9:56 | 879] 7.91 | 7.18 | 6.44 | 5-87 | 5-13 | 4.49 | 3-9 
5-5 Io 9122 | °8.3 7-53 | 6.76 |} 6.15 | 5-38 | 4.71 4.09 
5:75 | 105 9:65 | 8.68} 7.88 | 7.07 | 6.44 | 5-63 | 4.93 | 4.28 
6 Ir 10.1 9.07 |' 8.23 | 7-39 | 6.73 | 5-87°| 5-14 | 4-47 
6.25 | 11.4 |'10.5 9.46 | 8.58 | 7.7 | 7.01 | 6-12 | 5.36 «| 4.66 
6.5 Ir.g | 109 9.85 | 8.93 | 8.02 | 7.3. | 6.37 | 5.58 | 4.85 
O75. | 12\4 | rng | Io.2 9.28 | 8.33 | 7-58 | 6.62 | 5.79} 5.03 
q 12.9 | 1218 | 10.6 (9.63 | 8.64 | ‘7.87 | 6.87 | 6.0r 5.22 
Wag, | 13.3 | [te2t2 | bere 9.99 | 8.96 | 8.15 | 7-12 | 6.23 | 5.41 
2.5 13.8 |/12:7 | 1r4 | 10.3 | 9.27 | 8.44 | 7-37] 645 5.6 
R75. | $4ig | legir | 22.8 ¢) r0.7 9.59 | 8.72 | 7.62 | 6.66 | 5.79 
& 1407 || 1365 2 B2.2) ar 99 | g.0r | 7.86 | 6.88 | 5.98 



144 WEIGHT OF COPPER TUBES. | 

Weight of Seamless Drawn Copper Tubes. (£nglish.) 

For Diameters and Thicknesses not given in preceding Tables. (D. K. Clark.) 
INTERNAL DIAMETER. ONE FOOT IN LENGTH. 

Holizapffel's Wire-Gauge. f full, 1 light. 

Specific Weight =1.16. Wrought Iron=1. 
No. 000 oo oO 0000 coo oo ie} 

ioe (PORES phi -38 -34 ma “454 |- .425 +38 +34 
"| 29/64" | 27/64 f |* 3/8 f | 28/32 29/64 | 27/64 f| 3/8 f | %/32 

Diam. Lbs, Lbs, Lbs. Lbs. Diam. Lbs. Lbs. Lbs. Lbs, 

+75 _— _ _ 4:5 5.75 | 34-2 | 31-9 |. 28-3|| 25-2 
cers ee — 5:79 ho 5.02.1, 10 35.0 | 33-20" 20.516 “20s 

cae 8.02 | 7.36 | 6.37] 5-53|| 65 38.4 | 35.8) 31.8] 28.3 
F225) 18.711 0S 6.95 | 6.05 || 7 7. Os) ee 3a 1 fone «Pe Mae o Mend 

1.25 | 9-4'| 8.65] 7.52} 657]| 7:5 | 43:9 | 40.9 |‘ 36.4] 32.4 
1.375 | 10.1 9-3 8.1 7:08 || 8 46.6 | 43.5 | 38-7] 3455 
5 10.8 9.94 | 8.68} 7.6 9 52.2 | 48.7 | 4333 We 35.0 
1.025; | 1.5, . | 1-0 9.26 | 8.12 || 10 57-7 | 538] 47:9] 42:7 
Tee allude ean ere 9.83 | 8.63 || 11 63-2 | 59 52.5 | 46.8 
1.875 | 12.8 ‘| I1.9 || 10.4 9-15 || 12 68.7 | 64.2] 57-2] 51 
2) Nomi Saeyerh £26. uh ory 9-66 || 13 74:2 | 69.3 | 61.8] 55.1 
2125 | 14:22: | 13.3 *| r¥.6* | to:2' |} 14 79:7 | 74:5 | 66.4) 59.2 
2i25- | 14.9) 13:8° | 12ir | Io.7 15 85:2 | 79:6 | 72 63.4 
2a78 | 15.6'4 t4is:*| r2i7" | x72! |) x6 90:7 | 84:8 | o75361 “67.7 
2.5 TOR A TS.£ ZB ELT EF 96:3 | 90 Sor || 7x8 
2.625 '| 17 15.8 | 13-9 | 12.2) || 18 ror-8 | “95.1 | 84-9 | 76 
pee] De} 16.48) TANG * | F2-3> || TS 107-3 | 100.3 | “89:5 | 80.1 
3 LOM) 79° iO ™ |) 7458" 1! 2o 12.8 | 105.5 | 94-1 84.2 
3:25 | 20.4 | 19 16.8 - | 14.8 || 21 118.3 | 110.7 | 98-7 | 88.3 
3:5 2LiSer 1h 20:3 Sao = ||P LS.O- |p 2z 123.8 | 115-8 | 103.3 | 92.5 
3.75" '| 23:2") 2116 =| T92r™ |) 16-9 || 23 129.3 | 120.9 | 107-9 | 96.6 
4 24.6 | 22\9 “| 20.2° | 17.9 || 24 134.8 | 126.1 | 112.6 | 100.6 
4.25 | 25.9'°| 24-2 ~| 2i.g° | Io 26 146 136.4 | 121.8 | 108.8 
4:5 27.30" | @hraee| 2255-9 | 0 28 157-2 | 146.7 | 131 117.1 
4-75 | 28.7 | 26-7 -| 23:7'.| 22 30 168.4 | 157-1 | 140.2 | 125.4 
5 30.4 | 28 24.8 | 22.1 || 32 179-6 | 167.4 | 149-5 | 133:6 
5:25 | 31-5 | 29.3 | 26 | 23.5 || 34 190.7 | 177-7 | 158-7 | 141.9 
5:5 32.8 "| 30:6°%| 2720 | 24-4 || 36 201.9 | 188 167.9 | 150.1 

For Diameters from 13 to 24 Inches. 
No. 1 2 3 4 5 6 7 8 9 10 

ae 4) 7284, | '.25g° | *.238 +22 +203 -18 +165 | .148 Be ce) 

"| 19/64 f | 9/32] 1/4 f | 15/64 .f| 7/32 f | 13/64 | 3/162 | 2/64 2) 9/64 f | 9/64 1 

Diam.| Lbs, Lbs. Lbs. Lbs. Lbs, Lbs. Lbs. Lbs. Lbs. Lbs. 

13 | 48.5 | 45.8 | 41-7 | 38.3 | 35.3 | 32.6] 28.8 |.26.4 | 23.6 | 21.4 
14 | 52.1 | 49.3] 44.9 | 41.21 38 35.0 - Sr 28.4 | 25.4 | 23 
15 | 55:8 | 52.7 |. 48 . | 44.1 | 40.7 | 37-6 | 33.2 | 30.4 | 27.2 | 24.6 
16 | 59.4 | 56.2 | 51-2 | 46.9 | 43.4 | 40 35-4 | 32.4 | 29- 26.3; 

17 | 63 | 59.6 }.54-3.| 49.8 | 46 | 42.5 | 37-5 | 34-4 | 30.8 | 27.9 
18 | 66.7 | 63.1 | 57-4] 52-7 | 48.7 | 45 | 30-7 |, 36.4 | 32.6 | 29.5 
19 |. 70.3 | 66.5 | 60.6 | 55.6 | 51-4 | 47.4 | 41.9 | 38.4 | 34.4 | 32.2 

20 | 74 | 70 4} .63-7 | 58.5 | 54 | 49.9 | 44.1 |.40.4 | 36.2 | 32.8 
21 | 77-6 | 73-4 | 66.9 | 61.4 | 56.7 | 52.4 | 46.3 | 42.4 | 38 | 34-4 
22 | 81.3.| 76.9|.70 | 64.3] 59.4 | 54-9 | 48.5 | 44-4 | 39.8 | 36 
23} 84.9 | 80.3 | 73-2 | 67.2 | 62.1 | 57.3 | 50.7 | 46.4 | 41.6 | 37.7 

24 | 88.6 | 83.8 | 76.3 | 70-1 | 64.7 | 59-8 1.52.9 | 48-5 | 43:4 | 39.3) 



WEIGHT OF COPPER AND WROUGHT IRON TUBES. 145 

gen 4 | For Diameters from 13 to 24 Inches. 
Now} - Hep aes } Jrgts4 ve 15) 16 17 18 9 20 

ae -12 - 109 “095 | .083 072 | .065 | :058 +049 | .042 -035 

in 2/8 @ 7/64 | 3/32 f | 5/647 | 5/641 |1/16.f | 1/16 2 | 3/64 f | 3/64 2 | 1/30 f 

Diam. |, Lbs. Lbs. Lbs. Lbs. Lbs, Lbs. Lbs. Lbs. Lbs. | Lbs, ; 

13 | 19-2. | 17-4-|.15-1 |.13.2 | 11.4] 10.3-]. 9.2.) 7-77, 6.65) 5.55 
14, | 20.6}, 18.7 | 16.3 | 14.2 | 12.3-] 11-4} 9.9 | 8.37]..7.16] 5.98 
I5 | 22.1} 20 17-4 |, 15.2,| 13.2'] 11.9] 10.6}, 8.96 7.67| 6.4 
16, |, 23.5, | 21-3 | 18.6 |-16.2, | 14-x -|. 12.7, |,.17.3:4 9.56| 8.18] © 6.82 
Eze 125 22.7-| 19.7 | 17-2,| 14.9.|, 13-5. |-12.1 | 10.2 |. 8.69] _ 7.27 
18 | 26.4 | 24 20.9 |, 18.2.| 15.8-|, 14-3 |-12.7.| 10.7 |. 9.2 7.69 
19. |\.27.9. |, 25.3.| 22 19.2 | 16.7 |. 15-1-| 13.4 | 11,3 |. 9.71] 8.12 
20: } 29.3.1. 20.60 | 23.2 | 20.2, | 17.6-|. 15,9, |14.1-[-11.9 | 10.2 8.54 
21 | 30.8 | 27.9-| 24.3 | 21.3, | 18.4 |. 16.6 |.14.8 || 12.5 | 10,7 8.96 
2232.37) 20:3 25-5 | 29.3 | 10,34. 1%4, 515-5413. jars 9.39 
B3e33-9) 20.041 20.711, 23.4; | 20,241 12, | 10.2 b13.7) | TTS 9.81 

24, |.35-2-| 31-9 | 27.8 | 24.3,| 21,2,| 19 16.9..|,14.3 ] 12.3. | 10,2 

Weight of Wrought Iron Tubes. (Engiish.) 

“or Diameters and Thicknesses not given in preceding Tables. (D. K. Clark.) 
INTERNAL DIAMETER. 

Holtzapfel’s Wire-Gauge. f full, 1 light. 
ONE FOOT IN LENGTH, 

No. 5 6 7 

Ki. THICKNESS IN INCHES, .238 22 |.203| .18 

9/16 | t/2 | 7/16 | 3/8 | 5/16 | %/4 |15/64 f | 7/32 F| 13/64 | 3/162 

Lbs. |) Lbs. | Lbs.| Lbs.’ | Lbs. | Lbs. | Lbs. | Lbs. |’ Lbs. | Lbs. 
I15.2|102.1| 89.4) 76.1] 63.2/50.4| 48 44.2 |40.8| 36.2 
I2I.1| 107.3| 93.6| 80 66.5)53 | 50-4°| 46-5 |42.9| 38° 
127 |112.6| 98.2| 83.9] 69.7) 55.6| 52.9 | 48.8 |45.1| 39:9 
132.9 | 117.8] 102:8! 87.9] 73 |58.3| 55-4] 51-2 |47.2| 41.8 

138.8 | 123.1/107.4| 91.8) 76.3 60.9] 57-9 | 53-4 |49-3| 43-7 
144.7 | 128.3 | 132 95:7| 79-6) 63.5| 60.4'| 55-71 51-5| 45.6 
150.5 | 138.8 | 121.1] 103.6| 86.1 | 68.7| 65.4 | 60.3 155.7) 49.3 
168.3 | 149.2 | 130-3| 111-4] 92.7|74 | 70.4 | 64.9 }60 | 53.1 

180 | 159.7 | 139-5 | 119.3] 99-2/79-2| 75-4 | 69-5 |64.2| 56.8 
191.8 | 170.2 | 148.6 | 127.1 | 105.7 | 84.4] 80.4'| 74.1 | 68.5 | 60.6 
203-6 | 180.6 | 157-8) 135) || 112.3} 89-7 | 85:4 | 78.7 |72.8| 64.4 
215.4|191.1|167 | 142.9] 118. 81949 90-4'| 83.4 |77 | 68.1 

9 10 NE he 2 13 14 15 16 17 18_ 

.148 | .134 | 1.12 | .109 | .095, | .083-|'.072 | °.065 | .058 | .o4g 

9/64 f | 9/64 2| t/8 1 | 7/64 | 3/32 | 5/64 f | 5/64 2 [1/16 f| 2/16 | 3/64 f 

irmal acLpecalleibeamly Lives heat \yuaba,, Eben hben4|. Epa! |, Lbs, 
29.7 | 20.9| 24 | 21.8| 19 | 16.6) 14.4] 313. | 11-6] 9.78 
31.2 | 28.3 | 25,3 | 22.9 | 20 | 17-5 | 15-1 | 13-7 | 12.2 | 10.3 
32.8 | 29.7 | 26.5 | 24.1] 21 | 18.3] 15.9 | 14.3 | 12.8 | 10.8 
34-3 |. giant | 27.8').25.2,|. 22 | 19.2'||16,0 | 15 TS Auer Peon 
35-9 |'32-5 | 29.1 | 26.4 | 23 | 20.1 | 17.4 | 15-7 |. 14 11.8 
37-4 | 33-9 | 30-3 | 27-5 | 24 | 20.9 | 18.1 | 16.4 | 14.6 | 12.6 
40.5 | 36.7 | 32.8 | 29.8 | 26 | 22.6 | 19.7} 17-7 | 15-8 | 13.4 
43-6 | 39-5 | 35:3.| 32-1] 28 | 24.4.) 21.2] 19.1) 17 |. 14.4 
46.7 |. 42.3 | 37-8. 34-4.| 30 | 26.1 | 22.7 | 20.5 | 18.3 | 15-4 
49.8 | 45.1 | 40.4 | 36.7 | 32 | 27-9.| 24.2 | 21.8 | 19.5 | 16.5 

52.9} 48 | 42.9] 39 | 34 | 29.7 | 25-8 | 23-2 | 20-7 | 17-5 
56 | 50.8} 45.4| 41.3] 36 | 31-4 | 27.3 | 24.6 | 21.9 | 18.6 



146 WEIGHT OF IRON, STEEL, COPPER, ETC." ~~ 

Weight of a Square Foot of Wrought and Cast 
Iron, Steel, Copper, Lead, Brass, and Zine Plates. 

From .0625 to x Inch in Thickness. 

Thickness. ¥ yeught | Cast Iron.| Steel. Copper. Lead. Brass. | ee Zine. 

Inch. Lbs, Lbs. Lbs. Lbs. | Lbs. Lbs. Lbs. Lbs. 

0625 | °2:517 | 2.346] 2.541 | 2.89 °| 3.691 | 2.675') 2.848) 2.34 
sr25 5.035 | 4.693 | 5.082] 5.781 | 7.382] 5.35 5.696 4.68 
1875 | 7-552) 7-039| 7-622] 8.672 | 11.074 |» 8.025 | 8.545°|~ 7.02 
25 10.07 9.386 | 10,163 | 11.562 | 14.765 | 10.7 11.393 | 9.36 
+3125 | 12.588 | 11.733 | 12-703 | 14.453 | 18.456 | 13.375 |14.241 | “11.7 
375 | 15-106 | 14.079 | 15.244 | 17-344 | 22.148 | 16.05 | 17.089 | 14.04 
4375 | 17.623 | 16.426 | 17-785 | 20.234 | 25.839 | 18.725 | 19.938 | 16.34 
5 20.141 | 18.773 | 20.326 | 23.125 | 29:53 | 21-4 22.786 | 18,72 
35625 | 22.659 | 21.119 | 22.866 | 26.016 | 33.222 | 24.075'| 25.634 | 21.06 
625 | 25.176 | 23.466 | 25.407 | 28.906 | 36.913 | 26.75 | 28.483 | 23.4 
6875 | 27.694 | 25.812 | 27.948 | 31-797 | 40.604 | 29-425 | 34.331 | 25.74 
“75 30.211 | 28.159 | 30.488. | 34-688 | 44.296 | 32.1 34-179 | 28.68 

8125 | 32.729 | 30-505, | 33-029 |.37-578 | 47-987 } 34-775.) 37-027 | 30-42 
875 | 35.247 | 32-852 | 35-57 | 40-469 | 51.678 | 36.056 | 39.875 | 32-76 
-9375 | 37-764 | 35-199 38-11 | 43-359 | 55-37 | 39-331 | 42-723 | 35-1 

I 40.282 | 37.545 | 40.651 | 46.25 | 59.061 | 42.8 45-572 | 37-44 

From One Twentieth Inch to Two Inches in Thickness. 

Thickness, Vereen Cast Iron.| Steel. Copper, Lead. Brass. pers Zine. 

Inch. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

05 2,014 | 1.877 | 2:033 |. 2.312] 2.593) 2.14 | 2.279! . 1.872 
an 4.028,| 3.754| 4.065 | 4.625] 5.906) 4.28 | 4.557] 3.744 
“15 6.042,| 5.632} 6.098} 6.938} 8.859) 6.42 | 6.836] 5.616 
2 8.056 | 7.509 | 8.13 9-25 | 11.812} 8.56 | 9.114] 7.488 
25 10.071,|. 9.386 | 10.163 | 11.562.| 14.765] 10.7 | 11.393] 9.36 
= 12.085.| 11,264 | 12.195 | 13.875 | 17-718| 12.84 | 13.672 |'11.232 
35 14.099.|. 13.141 | 14.228 | 16.187 | 20.671} 14.98 | 15.95 | 13.104 
4 16.113 | .15.018 | 16.26 | 18.5 23-624] 17.12 | 18.229 | 14.976 
45 18,127 | 16.895 | 18.293 | 20.812 | 26.577| 19.26 | 20.507 | 16.848 
5 20.141 | 18.773 | 20.325 23-125 | 29.53,| 21.4 | 22.786 | 18.72 
“55 22.155 | 20.05. | 22.358 |.25-437 | 32-484) 23.54 | 25.005 | 20.592 
6 24.169 | 22.527 | 24.391 | 27-75 | 35-437| 25-68 | 27.343 | 22.464 
65 26.183 | 24.409 | 26.423 | 30.063 ,| 38.39 | 27-82 | 29.622 | 24.336 
a7 28.197 | 26.281 | 28.456 | 32.375 | 41-343] 29-96 | 31.9 26.208 
“75 30.211 | 28.154 | 30.488 | 34.687 | 44.296] 32.1 | 34.179 | 28.08 
38 32.226 | 30.035 | 32.521 | 37 47-249! 34.24 | 36.458 | 29.95 
85 34:24 | 31-912 | 34.553 | 39.312 | 50-202) 36.38 | 38.736 | 31.824 

9 30-254 | 33-79 | 36.586 | 41.625 | 53-154] 38.52 | 41.015 | 33.696 
05 38.268 | 35.668 | 38.628 | 43.937 | 56-108) 40.66 | 43.293 | 35-568 

x 40.282 | 37.545 | 40.651 | 46.25 | 59.061| 42.8 | 45.572 | 37-44 
1.125 | 45.317 | 42.238 | 45.732 | 52.031 | 66.443) 48.15 | 51.268 | 42.12 
1.25 50.352 | 46.931 | 50.814 | 57-813 | 73-826] 53.5 | 56.965 | 46.8 

1.3125 | 52.87 | 49.278 | 53.354 | 60-703 | 77-517) 56.17 | 59-813 | 49-14 
1.375 | 55-387 | 51.624 | 55.895 | 63.594 | 81.209) 58.85 | 62.661 | 51.48 
1-4375 | 57-905 | 53.971 | 58.436 | 66.484 | 84.9 61.53 | 65.51 | 53-82 
1.5 60.422 | 56.317 | 60.976 | 69.375 | 88.591) 64.2 | 68.358 | 56.16 
1.5625 | 62.94 | 58.663 | 63.517 | 72-266 | 92.283] 66.88 | 71.206 | 58.5 
1.625 | 65.458 | 61.011 | 66.058 | 75.156 | 95.974) 69.55 | 74.054 | 60.84 

1.75. | 70-493 | 65.704 | 71-139 | 80.938 |103.356) 74.9 | 79-751 | 65-52 
1.875 | 75.528 | 70.397 | 76.22 | 86.719 |110.739| 80.25 | 85.447 | 70.2 
2 80.564! 75.09 | 81.3. | 92.5  1118.1221 85.6 | o1.144 | 74.88 



WEIGHT OF CAST IRON WATER PIPES AND TUBES, 147 

Standard Cast Iron Water Pipes. (English.) 

For a Head of 200 Feet. 

: 3 edi Pat hers So 23 Aiegidee g : alg aw} 3 2 

Ble Sep se fe ra) Pelee tebe | oe ob ey” 
Ins.| Inch, Ins. | Inch.‘ Inch. {| Lbs. | Lbs. ||Ins. |. Inch. Ins. | Inch. | Inch. | Lbs. | Lbs 

3 | 3125 | 3-5 25 | -25 | 36 | ..8}| 8|.4375| 3-75 | 625 | .375| 113] 3.3 
4 | 3125/3 625|.25 | 51 | 3.2) 9} -4375|3-75|-75 | -375| 128| 4.6 
5 |-375 13 625-375] Or |2 | 10} .5 4/75 1375 | 168} 4 
6 }:375 | 3-75] -625 | .375] 75} 2-7]| 11.) -5 4. 1-75 |.375|}175] 5.3 
7'|-375 | 3:75 | 625 | -375| 85. 2.9|| 12 | .5625 | 4 875 | 375 | 213 | 5-7 

* Measured as laid. 

To Compute Weight of Metal Pipes. 

Db? —d? ©. Dandd representing external and internal diameters in inches, 
and C coefficient. 

Cast Iron 2.45. Wrought Iron 2.64. Brass 2.82. Copper 3.03. Lead 3.86. 

To Compute Weight of Metal Tubes and Pipes 
per Lineal Hoot. 

From .§ Inch to 6 Inches Internal Diameter. 
Diam. | Area of Plate.|; Diam. |Area of Plate. || Diam. | Area of Plate.|| Diam. j Area of Plate. 

Ins. Sq. Foot, Ins. Sq. Foot. Ins, Sq. Feet. Ins, Sq. Feet. 

+5 +1309 1.3125 +3430 © ‘|| 2.75 *7199 {14.5 1.1781 
25625| .1473 1.375 30 2.875 -7520 ||4.625} 1.2108 

1625 -1636 || 1-4375| +3764 |/3 +7854 {14.75 | 1.2435 
-6875| .18 1.5 +3927 3-125 8181 14.875 | 1.2763 
5) -1964. || 1.625 -4254 = || 3.25 8508 || 5 1.309 
*8125|  .2127 1.75 4581 3.375 -8836 || 5.125 | 1.3417 

875 +2291 || 1.875 4999 /|3-5 9163 |15.25 | 1.3744 
9375| +2454 |/2 5230 13-625] -949 15.375] 1.4072 

I .2618 Zils +5543 3-75 9818 || 5.5 1.4399 
1.0625 +2782 2.25 587 4 1.0472 ||5.625| 1.4726 
1.125 +2945 2.375 +6198 4.125 , 1.0799 || 5.75 1.5053 
1.1875 +3105 2.5 6545 4.25 1.1126. || 5.875 | 1.5381 
I-25 .3272 || 2.625 6872 14.375; 11454 || 6 1.5708 

Application of Table. 

When Thickness of Metal is given in Divisions of an Inch. 

To internal diameter of tube or pipe add thickness of metal; take 
area of the plate in square feet, from table for a diameter equal to 
sum of diameter and thickness of tube or pipe, and multiply it by 
weight of a square foot of metal for given thickness (see table, page 
146), and again by its length in feet. 
ILLUSTRATION.—Required weight of 10 feet of copper tube x inch in diameter and 

125 of an inch in thickness, 
1.125 = 1.125 X 3.1416 +12 =.2945 square feet for x foot of length. 

Weight of x square foot of copper :125th of an inch in thickness, per table, page 
135, = 5-781 lbs. ; then, .2945 (from table aboye) X 5.781 X 10 = 17.025 lbs. 

When Thickness of Metal is given in Numbers of a Wire-Gauge. 

“To internal diameter of tube or pipe add thickness of number from 
table, pp. 120 or 1213 multiply sum by 3.1416, divide product by 12, and 
quotient will give area of plate in square feet. Then proceed as before. 



148 WEIGHT OF IRON AND COPPER PIPES, BOLTS, ETC, 

IntusTRATIon.—Required; weight of zo feet of eopper pipe 2 inches in diameter 
and No. 2 American wire-gauge in thickness. 

2-+.257 63 X 3.1416 + 12 = 2.257 63 X 3.1416 12.591 square feet; then, .591 
X 11.6706 (weight from table, page 118)'= 6.897 lbs. ; 

Weight of Riveted Iron and Copper Pipes, 

From 5 to 30 Inches in Diameter. 

: ONE FOOT IN LENGTH. 

Diameter. |Thickness. Tron. Copper. Diameter. Thickness. Tron. Copper. 

Ins. Inch. Lbs. Lbs. Ins. Inch, Lbs Lbs. 

5 +125 7-12 8.14 9 a 25;01, | » 28.58 
.1875 | 10.68 12.21 25 26.33 | 30.09 
+25 14.25 16.28 || Io <2 27-75 | 31-71 

5.5 125 7-78 8.89 °" “05 | .25 29.19 33-22 
-1875 11.66 13:33) \-||. \ 22 +25 30.49 34-85 
25 15.50 17:78 || 12 25 33-13 37-86 

6 | 125 8.44 9-64 +> +25, 35-88 41 
1875 12.65 14.46 14 25 38.52 44.02 
25 16.88 19.29 15 25 41.26 47-15 

6.5 125 Get 10.4. | +3125 53-57 58.94 
-1875 13,65 15.6 16 25 43-9 50.17 
+25 18.2 20.8 +3125 54.87 62.71 

7 +125 9-78 11.18 || 17 25 46-531 S318 
1875 14.68 16.78 +3125 58.17 66.48 
+25 19.57 22.37 18 125 49-17 56.2. 

75 +125 10.49 II.99 | +3125 61.47 70.25 
-1875 15:73 17-98 || +20 +3125 68.07 77°79 
+25 20.89 23.87 || 24 +3125 81.33 92.95 

8 +1875 16.7 19.08 25 3125 84.57 96.65 
25 22.26 25.44 || 28: | .3r25 94.56 107.95 

8.5 25 23.50) ~ ||") 26196 44] S30 +3125 | IOr.14 115.59 

Above weights include laps of sheets for riveting and calking. 

Weights of the rivets are not added, as number per lineal foot of pipe depends 
upon the distance they are placed apart, and their diameter and length depend 
upon thickness of metal of the pipe. 

Weight of Copper Rods or Bolts, 

From .125 Inch to 4 Inches in Diameter. 

ONE FOOT IN LENGTH. 

Diameter.,| Weight. Diameter. | Weight. || Diameter. Weight. ||Diameter.! Weight. 

Inch, Lbs. | Ins. Lbs. Tns. Lhs. Ins, Lbs. 

-125 .047 |) .8125 | 1.998 |} 1.5 6.811 2.75 22.891 
1875 1166 |}) .875 2.318 +5625 7:39 875 | 25.019 
+25 .189 9375 | 2-66 -625 7-993 |) 3 27-243, 

+3125 .296 || I 3:03 “75 9:27 -125. | 29-559 
+375 .426 || 1.0625 | 3.42 875 10.642 +25 31-972 
4375 +579 +125 3.831 2 12.108 +375 | 34-48r 
5 757 +1875.;| 4.269. |] «125 13.668 “3 37.081 

+5625 958 || .25 . | 4-723 || -25 15.325 625 | 39-777 
625 ‘1.182 -3125''| 5.21 6375 ‘27.075 ||) -75 42.568 

66875. | 1.433 ||| .375) | (5-723 i] 65 18.916: || | .875 | 45-455 
“75 1.703 4375 | 6.255 |] 625 20.856 || 4. | 48.433 
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“WEIGHT OF METALS. 149 

Weight of Metals of a Given Sectional Area. 

From .t Square Inch to 10 Square Inches. 

PER LINEAL Foor. (D. K. Clark.) 

Steel. | Brass. ee SkEcr, | Pexengne Cant Steel. | Brass. Gans 

1.02, | 1.052, | r.0g2. || AREA.) x, +9375» | 1-02. | 1.052. | 1.092. 

Lbs, Lbs. Lbs. ||Sq.Ins.) Lbs. Lbs. | Lbs, | Lbs, | Lbs. 

234 Hau Ssi (2 530i bse 117, I5.9 | 17-3| 17-9 | 18.6 
68] 7 -73|| 5-2 | 17-3 | 16.3,| 17.7 | 18.2 | 18.9 

1.02} 1.05] 1.09|| 5.3) 17-7 | 16.6) 18. | 18.6| 19.3 
1.36] 1.43] 1.46]| 5.4| 18 16.9 | 18.4 | 18.9 | 19.7 
I.7 || 1.75] 1.82]|, 5.5 | 18.3 | 17.2 | 18.7] 19.3 | 20 
2.04], 2.11] 2.18|| 5.6) 18.7 | 17.5] 19. | 19.6| 20.4 
2.38] 2.46) 2.55!) 5.7] 19 17.8 | 19.4] 20. | 20.8 
2.72| 2.81| 2.91||° 5,8 | 19.3 | 18.1 | 19.7 | 20.3 | 21.1 
3:06] 3.16) 3.28!) 5.9| 19.7 | 18.4] 20.1 | 20.7 | 21.5 
3.4 | 3.51] 3.64]! 6 | 20 18.8 | 20.4|21 | 21.8 
3-74 | 3:86) 4 6.1 | 20.3 |'19.1 | 20.7") 21.4 | 22.2 
4.08| 4.21|. 4.37|)' 6.2) 20.7 | 19.4 | 21.1 | 21.7 | 22.6 
4:42| 4.560] 4.73/| 6.31 21 19-7 | 21.4 | 22.1 | 22.9 
4-76] 4.91] 5.1 || 6.4) 21.3 |20 | 21.8 | 22.4 | 23.3 
5% | 5-26] 5.46|| 6.5 | 21.7 | 20.3 | 22.1} '22.8 | 23.7 
5-44] 5-61| 5.82|| 6.6 22 20.6 | 22.4 | 23.1 | 24 
5-78) 5.96] 6.19|| 6.7| 22.3 | 20.9 | 22.8 | 23.5 | 24.4 
6.12] 6.31| 6.55|| 6.8) 22.7 | 21.3)| 23.1 | 23.9 | 24.8 
6.46| 6.66} 6.92|| 6.9) 23 21.6;| 23.5 |'24.2 | 25.1 
6.8 | q.o1| 7.28)| 7. | 23-3 | 21-9: 23.8) 24.6 | 25.5 
7-14| 7.36] 7-64;| 7.1 | 23.7% | 22.2! 24.1 | 24.9 | 25.8 
97.48 | 7.72| 8.0%|| 2) 24 2215, 24.5 | 25-3 | 20.2 
7.82| 8.07) 8.37|| 7-3} 24.3 | 22.8) 24.8) 25.6 | 26.6 
8.16] 8.42) 8.74|| 7.4 | 24.7. | 23-11 25.2| 26 | 26.9 
8.5°| 8.77) 9.25 || 75) 25. | 23-4) 25.5 | 26-3) 27-3 
8.84| 9:12] 9-46]] 7.6) 25.3 | 23:84 25.9] 26.7 | 27.7 
9.18] 9.47] 9.83)| 7-7] 25-7 | 24.1} 26.2|27 | 28 
9-52| 9.82: 10.2. || 7-8| 26 24:4| 26.5 | 27-4 | 28.4 
9.86 | 10.2 | 10:6 || 7:9) 26.3 | 24.7} 26.9] 27-7 | 28.8 

10.2! | 10.5) | 10:9''|| 8 26.7 | 25. | 27.2] 28.1 | 29.1 
10.5) | 10.9 | 1L.3°'|| 8:2 | 27°. | 25:3) 27.5} 28-4 | 29.5 
10.9) | II.2 | 11.7.'|| 8:2) 27.3 | 25:6) 27.9 | 28-8 | 29.9 
IX.2 | 11.6) 1/12 8:3) 27-7 | 25.9 | 28.2 | 29-1 | 30.2 
11.6. |11.9 |12.4'|| 8:4| 28° | 26:3'| 28.6| 29.5 | 30.6 
IL.g |12.3)|12.7'|| 8.5 | 2813 | 26.6} 28.9 | 29-8 | 30.9 
12.2: |12.6)| 13:1 || 8.6] 28.7 | 26:9} 29:2| 30-2 | 31.3 
12.6: | 13 13.5°|| 8:7] 29 27:2'| 29.6 |.30-5 | 31-7 
12.9. | 13:3, -|13:8 || 8.8| 29.3 | 27-5.) 29.9 | 30-9 | 32 
13-38 | 13-7) 1, 42 8.9| 29-7 | 27-8 | 30.3 | 31-2 | 32-4 
13.6. | 14 14.6 || 9 | 30 28.1 | 30.6| 32.6 | 32.8 

13.9 |14-4 |14.9 || 9.1] 30.3 | 28.4 | 30-9 | 31-9 | 33-1 
14-3 | 14.7 |15:3'|] 9-2] 30-7 | 28.8 | 31.3 | 32-3 | 33-5 
14.6: | 15.2 )15:7'|/ 9.3} 31 29.1 | 31.6 | 32.6 | 33.9 

15 | 15.4 | 16 9-4] 31:3 | 29-4] 32 |33° | 34-2 
15-3: | 15-8 | 16.4 | 9-5 | 31-7 | 29-7 | 32.3] 33-3 | 34-6 
15-6. | 16,2/-|16.7.|| 9:6] 32 30 | 32.61 33-7] 34-9 

16° / 16.5] 17-4 ']] 9:7] 32:3 | 303/33 134 | 35-3 
16.3. | 16.8 | 17.5 || 9.8| 32-7 | 30.6 | 33-3 | 34-4 | 35-7 
16.7 |17.2 |17.8 || 9.9| 33 | 30-9|33-7| 34-7 | 36 
17 /17-5 |18.2 [10° | 33:3 132-3134 135-11 364 

a * 



150 LEAD PIPES—COPPER PIPES AND COCKS. — 

Weight of Lead Pipe. (English.) 

ONE FOOT IN LENGTH. 
Thick- Diam.| Thick- | weight. || Diam, | TCK- Weight. || Diam. | TI |weight.|| Diam. | TRICK | weight 

Inch.| Inch..| Lbs. || Ins. | Inch.’ Lbs. || Ins. | Inch, | Lbs ! Ins. | Inch. | Lbs. 
5 | -097| -93 ||1 -136| 2.4 |/1.75|.166/ 5 ||3° | .275 | 14 

112| 1.07 .156| 2.8 || AGG 6) = 441 3-5.) 225. aes, 
124) rz al) tet eB .228| 7 ‘273° | 10 
146 | 1.47 225| 4.27 256| 8 ||4 257 |17 

-625 | .089 | I 1.25| .139| 3 2 -178| 6 i 3125 | 20.5 
FOU | E73 =i SS .204| 7 i saey ee 
‘rat | ga ff 18 | 4 .231| 8 ) 4.25 | .3125 | 22.04 
a4 | 2 +193 | 4.33 .206| 9.33 /|4-5 | 232 | 17> 

45 | .xr2| 1-6 |fns | i156) 4 Pa ee 8.4 | R2Q5 lowe 
+147 | 1.87 -179| 4-67 > | 227 6:6 4 +3125 | 23.25 
ISI | 2.13 224 | 6 -261 | 11.2 |} 4:75 | -3125 | 24.45 
215 | 24 1257 | 7 13 .218| 11.2 ||§ ~ | .3125 | 25.66 

“Dimensions of Copper Pipes and Composition 
Cocks. 

From 1 Inch to 23 Inches in Diameter. 

heres : |s ¢]n | Bes Flange Diameter. Thick- Bolts. E 25 rats | Thick. Bolts, 

fis ness, 2is | mess. 2 
QA.§ Pipe. Cock. ; No, | Diam. || 4 e Pipe. No. Diam. 

Ins. Ins. Ins. Inch. | Inch. |) Ins. Ins. || Inch. | | Inch, 

I 3-375 | 3:5! % | «375 9 | 12.75 | 625 | 9 | 625 
1.25 | 3-625] 3675 | -375 
1.5 | 3.875} 4:25. | -375 
1-75 | 4-125). 4.375  -4375 | 
2 4:375 | -4:75- | 4375 
2.25 | 4.625 | 5.25. | -4375 | 
2.5 | 4.875] 5.5. | -4375 
2.75 | 5-25 | 5675 | -4375 
3 6 6.25 
3.25 | 6.125.| 6.625 

35. |. 6:375 | 6.875 
3x75 | 6.625. > 7.25 
4 6.875.| 7:375 | 
4:25 | 7.125 | . 7.625 

4.5 7:375 | 8.25 

H w H N uw oO tS) nn 4 fe) Ov N mn 

Anan Gn nn 

Lol oo 
mal on 

HH coo Say) an 
tase 

DD Ses) aun woe (o>) 

‘ 
ao NN An 

OO 1s) On H Nv an H ms OV iS) nn ~~ n H fo) ~I an 

DAAARDAAAAAAKA 

WOOO DHHHHOHOHDADAAADADADADUUUUS FO Ww 

ey N na 7 a on “I nn Lal 6 
~ on 

4:75 | 7:625.| 85 625 || 15.5 | 20 75 |-f0 | 375 
5 8 9 ‘ 
G25 |i. 8:25 iho 2g 625 || 16:5.) | 21.125 | .75 IO | .75 
5.5 8.5 95 625 || 17 21.625 | .75 C4 ATS 

5:75 | 9 9875 625 || 17-5 | 22-125 | .75 | 11 | .75 
6 9:25 625 625 || 18 22.75 75 ai |} 675 
6.25 | 9:75 -625 | 625 }| 18.5.) | 23.25 75 II | .75 
6.5 | 10 625 625 || 19 23-75 75 12 | 275 
6.75 |,10 +625 625 || 19.5 | 24-375 |\.75 12 | 275 
7 10.5 625 | -625 }| 20 24.875 | .75 "2 | 275 

7-25 | 10.75 625 625 || 20.5 | 25-375 | +75 | 13 | +75 
P-5i | TI25 | -625 625 || 21 26 75 z3 | 275 
G75 | IVB75 -625 625!) 21.5. | 26.5 75 13) | “95° 
8 11.625 625 625 |j 22 27 +75 I3.| 75 
8.25 | 12 625 625°|) 22.5°\| 27.625 | .75 I4 | .75 
8.5. | 12.25 625 625 || 23 28.125 | .75 14 | +75 
8.75 | 12.5 625 625 | 



WEIGHT OF SHEET LEAD, LEAD AND'TIN PIPES, ETC. I51 

Weight of Sheet Lead. 

PER) SQUARE FOOT, : 
Thickness. | Weight. || Thickness, | Weight. || Thickness. | Weight. |] Thickness, | Weight. 

_ Inch, Lbs. Inch, | Lbs. Inch., Lbs, Inch, | Lbs. 
O17 I .068 4 118 7 Ahoutst69 10 
+034 2 085 5 135 8 -186 II 
.O51 3 -IOI 6 +152 9 +203 12 

Weight of Tin Pipe. 
ONE FOOT IN LENGTH. 

Diam. | 4, THICKNESS. Dia THICKNESS. Diane |mHicKN. | Dian, | THIOKN. 
External,| 36 inch. | }¢ inch. BEsersel 8¢ inch. | 46 inch, |/External. |74 inch. External.} 34 inch. 

Inch. Lb. Lbs. Ins. Lbs. Lbs. Ins. Lbs. Ins. Lbs. 
25°| .148 > 1.25 |/1:095 | 1.417|! 2.:25°} 5.04 || 3.25 | 7.56 
“5 384 472, |) 165 1.328 | 1.732-||. 2.5 5-67 || 3-5 8.1g 

+75 | 62 +787 || 0-75. | 1-504} '2.047:|)2.75 | 6.3 1b 3-75) |.8 82 
I -856 | 1-103 || 2 1,802) |'2.362 || 3 6.93 || 4 9-45 

Weight of Lead MKncased Tin Pipes. 
. Yor Supply of Water Head.* 

siernetets Bgl Viele ata. 50 feet and under. ee f to 250 feet. 251 to 500 feet. 

Ins. Lbs. Lbs. Lbs. Lbs." Lbs, Lbs, 

+375 I “15 2 215i tO'-4 site és BE 1S 
. 2 25 Sa be : 

s.| 3, | 38|4 [4s #7 | 525438 | 64 9 
By il aR a eg ee 8) 8 TBE ath PPE a 

I 4.5 5 5:55 2 TO 8°) pene Qe 2 “hing 
1.25 6.5 7 8 o} SB“ ire.5 xo: |) Ser! 123~ “36 
5 8 9 bo) ar, {4 16. 12.5 18 14a x‘ 25 

ee II 13 16) ant 423 Wig, © 26 PEE ets, 
* The extreme weights are for extra heavy pipe with less proportion of tin. 

Dimensions and Weight of Sheet Zine. (Vielle-Montagne.| 
PER SQUARE FOOT. 

} 2X.5 metres ; 2X .65 metres ; 2X.8 metres; 
Area, Lsquare metre. | area, 1.3 sq. metres, |area, 1.6 sq. metres, 

‘No. Thickness. See Weigh 
‘ = 6.56X 1.64 feet ; area,|6.56X 2.13 feet ; area,|6 56% 2.62 ft. ; aren, eight 

10,76 square feet, 13.99 square feet, 17-22 square feet. 

Millim.| Inch. Kilom. Lbs, Kilom, Lbs. Kilom, Lbs, Lbs. 

Oe qtr .O20lub eo G39) 37, 8.16 | 4.6 | 10.14 589 
FO | SSS GuN.O2OMel = B-45ul), 7.01 4.45 | 9.81 Bab) | 12.x2 704 
nae de, ©2360 | TAsO5) | O03 eI 5.3 11.68 | 6.5 | 14.33 832 
¥2) 9 269i") 0272 4.65 | 10.25 6.1 13.45 7.5 | 16.53 
13 | 6734) +0397, lol 53 11.68]. 6.9 15.20 8.5, | 18.74 | 1.088 
Tg 98700944, |" 5-05 \ 13.22 737, 16.94] 9-5 | 20.94 | 1.216 
I5 | .96 | .0378 | 6.55 || 14.44 |. 8.55 | 18.85 | 10.5 ] 23.15 | 1.344 
16 | ez || |, 0483 7:5 16.53 | 9:75} 21-5 12 20.40. | 1.536 
17 | 1.23 |--.0485 8.45 | 18.63 | 10.95 | 24.14 | 13.5 | 29-97 | 1-74 
18 |} 1.36 | .0536 | 9.35 | 20.61 | 12.2 26.9 15 33:07-} 1.92 
Ig | 1.48 | .0583 | 10.3 22.9% (MIzi4 | 29:54 | 16.5 |"360.38 | 2.208 
20 | 1.66 | .0654 | 11.25 | 24.8 | 14,6 | 32.19 | 18 39:68 | 2.304 

" oy | 1685) 7'.0729+ 71235 27.50 | 16.25" 35.82 | 20 ‘44,09 | 2.56 
22 | 2.02 |.0795 | 13:75'| 30-31 | 17/9: | 39.46 | 22 48.5 2.816 
23 | 2.19 | .0862 | 15 33:07 | 19.5 | 42.99 | 24 52.91 | 3.073 
(24 | 2737 | .0933 | 16:25'| 35:82 | ‘21.1 46.52 | 260 57:32 | 3-329 
25 | 2.52 | .0992-| 17.5 | 38.58 | 22.75] 50.15 | 28 61.73 | 3.585 
26 | 2.66 |'.1047 | 18.8 | 41.44 | 24.4 \| 53-79 | 31 68.34 | 3.969 



I$2 WEIGHT OF SHEET ZINC.—SPIKES, HORSESHOES. 

‘ Table—(Continued). 

Special Sizes for Sheathing Ships. 

Dimensions of Sheets. 
3 35 5 : - tres 5 et Be ae ee eae ee 

3-77 % 1-15 feet; area, | 4.26% 1.31 feet; area, Sq, Foot. 
4.33 3q.- feet. 5-6 8q. feet. 

Millim. | Inch. Kilom, Lbs. | Kilom. Lbs Lbs. 
15 90 0378 | 2.65 5.84 3-4 7-5 1.344 
16 Eek 0433 3 6.61 3-9 8.6 1.530 

17 1.23 10485 3-4 TS > \rite4 97 1.74 
18 1.36 .0530 3:75 | 8.27 4-9 10.8 1.92 
19 1.48 10583, 4-15 9-15 5-35 Ti-FOuy| 2-558 
20 1.66 0054 4:55 10,03 5.85 12.9 2.304 

Nore.—A deviation of 25 dekagrammes, or about half a pound, more or less, from 
the proper weight of each number of sheet, is allowed. , 

Nos. x to 9 are employed for perforated articles, as sieves, and for articles de 
Paris. Nos. 10 to 12 are used in manufacture of lamps, lanterns, and tin-ware gen- 
erally, and for stamped ornaments. The last numbers are used for lining reservoirs, 
and for baths and pumps, 

Ship and Railroad Spikes. 

DIMENSIONS AND NUMBER PER PouND. (P. C. Page, Mass.) 

Ship Spikes. 

3 In. Sq. || 8% In. Sa. |{ % In. Sq. |] ay In. Sq. |]. 9% In. Sa. \ 5 In. Sq.|| 34 In.Sq. 

4 3) ii S| 2 }es | S leg] ales a 3 

Sj 4m || A ae fs | zee A fxd |] 8 | zal Alaa 8 ae 
Ins. Ins. Ins. Ins. Ins. | Ins. ‘Ins 

3° | t9 ae aow sa 5-4 115 '|3-4 |} 6 | 2.2|) 842.4 || 10 | 8 
3.5.) TSO Ses | O.0 I anGuhes, alt See Mega tH Grell QO} B21) Tea 
4 x3.2 0 4 38 is 4.6 || 6 3 7 | rg 10 (4 
4-5 | 12.2) 4.5] © 5:5 | 42 675 289.5 | 1.8 ll rr | x —|— 
5 1012 || 5 5.8 || 6 4 7 2.6 |) 8 5 Je fai | 
—|— | 6 5.21 6.5] 3.2 |] 7-5 | 2.4 O25 f 20) (a tiem 
=] — | fa et 8 22 ||°9 | 1.5 )|/—]| — ||]—|— 

— yo) Vor on — Wt | 1.4 || — |} — || — |— 

Railroad Spikes......5 inch square x 5.5 ins.2 per Ib. 
n Saal Eecprendes 56255“ pit S.A pate Si an esti Ss 

Spikes and Horseshoes. 

LENGTH AND NUMBER PER POUND, (H. Burden, Troy, N. Y.) 

Boat Spikes, Ship Spikes, Hook Head. Horseshoes. 

€| 22 € | e2s|| 2 S2\| % | #3 e,\|%| 9 : 3 3 aie ok Length. Se NORD es Sh -fereqita | Hee liebe ger Pema aber | enema age oe 
Ins. \ Ins, Ins, Ins. Ins Ins. 

3 [17:5 || 65 ]4-78)4 |8 7:5|2-5-||4 X.375. |5.55|} a. | .84 
3-5 | 14.08 |] 7) | 3-62/|4.5]65.1] 8 | 1.74 ||4.5X.4375 | 4.74|| 2 | .75 
4. | 12.57]| 7:5|3-37)|5 | 4:37] 8.5 | 1.63 |/5. X.5 2.52)| 3 | .65 
4:5| 92 || 8 |2.95||5-5]4-3 || 9 | 3-55 ||5.5X.5 2.41 || 4. | .56 
5 72 8.5 | 2.9 6 4-2 |/1O | 4.15 || 5.5X.5625 | 1.87|] 5-| .39 
5.5 | 6.3 || 9 | 2a 65 | 3-77.\|-—- | ||6 .X.5625 | 1.72|| — | — 
6 4.97 |] 10 1.98 7 1275] boo WO 2X 625. 14-38 |be= | oe 



CAST IRON AND LEAD BALLS.—NAILs. 153 

Weight and Volume of Cast'Iron and Lead Balls. 
hae Son. isagyiesisee’s 

From x Inch to 20 Inches in Diameter. 

Diameter.| Volume. | Cast Iron, Lead.‘ |} Diameter. Volume. Cast Tron. * Lead. 

lus. | Cube Ins. | — Lbs. Lbs. || Ins. Cube Ins. Lbs. Lbs. 
I +523 | -136 215 || 9 381.703 | 99.51 | 156.553 
L.5" 1.767 401 +725 9.5 448.92 117.034| 184.121 
2 4.189 | 1.092 1.718 || To 523-599 | 136.502} 214.749 
Bs 8.181 | 2.133 3'355 || 10.5 606.132] 158.043] 248.587 
3 14.137 | 3-685 5-798 || 11 696.91 181.765 | 285.832 

3-5 |. 22.449 | 5-852] 9.207]! 11.5 | 796.33 | 207-635| 326.591 
“Ae 33-52, | 8-736] 13-744 || 12 904.778 | 235-876] 371.096 
45 47-713 | 12-439 | 19-569 ||° 12.5 | 1022.656| 266.647} 419.512 
5-2 | 65.45 | 17.063} 26.843 || 33 1150.346 | 299.623] 471.806 

5-5 87.114 | 22-721 | 35-729|) 14 1436-754 | 374-503] 589.273 
6 113.097 | 29-484 | 46.385 || 15 1767-145 | 460.696) 724.781 
6.5 | 143-793 | 37-453] 58-976|) 16 2144.66 | 559.114 | 879.616 
7» | 179-594 | 46.82 | 73-659) 17 2572.44 | 670.717 | 1055.066 
675 | 220.893 | 57-587 | 90-598 || 18 3053.627| 796.082! 1252.422 
8 268.082 | 69.889 | 109.952 || I9 3591.363 | 936.271 | 1472.97 
8.5. | 321.555 | 83.84 | 131.883 || 20 4188.79 | 1092.02. | 1717.995 

Note. —To compute weight of balls of other metals, multiply weight given in 
table by following multipliers: 

For Wrought Iron.....,...... 1.067. (BFASS,....\.+ 
IES Sb eon osiorncmece Heine. 1.088. Gun- Metall Toe. ees cece sem egep« 1.165. 

Weight and Diameter of Cast Iron Balls. 

Weight. |Diameter.|| Weight. | Diameter.|| Weight.| Diameter. {| Weight. |Diameter.|] Weight.|Diameter. 

Lbs, Ins. tbs Ins. Lbs. Ins. Lbs. Ins, Lhs. Ins. 

1.94 12 4.45 50 7-16 || 224 | 411.8° || 1344 | 21.44 

2.45 || 14 | 4.68 56 | 7-43 || 336 | 13.52 || 1568 | 22.57 
: 60 7.6 448 | 14.87 || 1792 | 23.6 

oN 
ie) al oO 

pme 7o | 8.01 || 560 | 16.02 || 2016 | 24.54 
Bae 20 527. 80 8:37 || 672 | 17.02 || 2240 | 25.42 

5.68 go | 8.71 784 | 17-91 || 2800 | 27.38 
5:9 100 9.02 || 896.| 18.73 || 3360 | 29.1 

3.89 30 6.04 || 112 | 9.37 || 1008 | 19.48 || 3920 | ‘30.64 
4.04 40 6.64 || 168 | 10.72 || 1120 | 20,17 || 4480 | 32.03 

a0 ON ANUAW DN H 

w n Ge iS) n 

Length of Horseshoe Nails. 

By Numbers. 

BNO: Siitiele o oiela Les) dade Aa LE Soap fb gaa BNON GO). sc25c-uelin he 2.25 Ins, 
SO crielsiceumonta7 Scat cs 5 Bion i 7 8S scetpapoepene Cc 2: Sime 

Lengths of Iron Nails, and Number in a Lb, 

Size. Leth. No. {| Size.| L’gth.| No. || Size. | L’gth.| No, || Size, | L’gth.|No. 1) Size, | L’gth.| No, 

; Ins. Ins, Ins. Ins. Ins. 

gd. | 1.25 | 420|| 5d. | 1.75 | 220] 8d.| 2.5 | 100]\12d. | 3.25 | 52|| 30d. | 4 24 
41.5 |270|;6 || 2 I75\|10 | 3 65 |'20 13-5 |28]/ 40 Es 20 



154 NAILS, SPIKES, TACKS, ETC. 

“Wrought Iron Cut Nails, Tacks, Spikes, ete- 
(Cumberland Nail and Iron Co.) 
Lengths and Number per Lh. 

Ordinary. Finishing. 1 Shingle. 
~ Size. Length. |No. per Lb. || Size. | Length. |No.per Lb. i Size. | Length. |No. per Lb. 

Ins. Ins. i Ins, 

oa 875 716 49 | 2.375 |>-384 His? | 2675 178 
3 fine | 1.0625 588 5 1.75 250 8 2.5 74 
3 1.0625 448 of e 204 9 2.75 60 
4 1.375 336 Si) 2a5 102 || IO 5) 52 
5 1.75 216 B te) "23 80 Pecins. 

6 2 166 ||12 | 3.625 65 toz.| .125 | 16000 
i 2.25 118 }\20 | 3.875 46 1:5 | \.1875 | 10666 
8 2.5 94 r see 2 25 8 000 

10 2.75 72 a ‘ 2. 12 6 400 
se; 1 3.5 go) fh? | 2 [Las ac taaatd hes 
of i Sp} 28 68 | 3 +375 5 333 

3-75. 3 es eine Nes 4 -4375 | 4000 
30. |, 4-25 20 is Se 6 666 
40 | 4-75 Berghe | 3225 |ao-5t Uh aeene | caeemee teaeiaa 
50, | 5 14, |}22. |.3-75 23. ‘Ihsg.co| 68784 7680 33 5-5 eset | aves 18 SCOTS 

: 40. | 4.75 th’. BS “75 1333 
: Light. WH | 2.5 . 69 14 8125 1143 

4") 2.375’ | 373 WHE] 225 | 72 .-|| 76 SIS 998 
5 1.75 272 18 -9375 888 
6 2 196 Clinch, 20 - | 800 

Brads. 64} 2 452 Boat. 
64a 2 163 q 2.25 133 Size. No. per Lb. 

8 2.5 96 Sea) 2-5 3 Ins. 

Io 2.75 Fg TRON FA2.7S les ried 206 
12 3-125 50 marae) 60 ee 

L"| 3i25 43 Spikes. 

Wence. 355 19 
64a 2 96 Slate. 4 15 

7 2.25 66 34 | 1.625 288 4:5 13 
8 2.5 56 4 | 31-4375} 244 5 10 

10 2.75 50 5. ackey5 187 5:5 9 
— 3 40 6 42 146 6 orf 

Railroad Spikes. 

Number in a Keg of 150 lbs. 
Length. No. Length, No. Length. No. Length. No. 

No. Ins, Ins, Ins. 

3 X +375 | 93° || 3-5 X -4375 | 675 || 4%X-5 | 450 || 5 xX .5625 | 300 
3-5 X +375 | 890 || 4X .4375 | 54° || 455 X -5 | 400 |) 5.5 X .5625 | 280 
4 X «375 | 760 |] 4-5 X 4375 | 510 || 5X .5 | 340 

5.5 X .5625 standard for a gauge of 4 feet 8.5 ins. 

Ship and Boat Spikes. 

Number in a Keg of 150 lbs. 
Length. No. Length. No. Length. No. || Length No. 

Ins. > ines Ins, y Ins. a 

4° X.25 | 1650' |! 5.3125 | 930 8X .375 455 || 10X.4375 | 270 
4.5X.25 | 1464 || 6x.3125 | 868 9X 375.) 424 8X.5 256 
5. X-25 | 1380 ||- 7x .3125 | 662-|| 10x .375 390 9X-5 240 
Ole xae5eieteo2 6X 375 S704, SX.4375K\ 384 || IOX.5 222 
9 X.25 || 2167 ||| 7X .375 482 9X -4375 | 300 | IIX.5 203 



VARIOUS METALS, ». - 155 

Weight of Various ‘Metals... 

Per Cube a and Foot. 
Spec. | W°ght| Ins. | Weight «| Specific] W’ght) Ins, | Weight 

METALs. Gravi-| in an | ina ina Market Gravi-| inan | ina ina 
ty. | Ineh. } Lb. |: Foot. ty. Inch, | Lb. Foot. 

Wrought-iron Lb. Lbs, | Lb. Lb. 
plates) 7734 |.2797 | 3-57| 483-38 || Brass, rolled.| 8217 |.2972|' 3.37| 513.6 

‘¢ “wire.| 7774 } -2812 | 3.55 | 485.87 ‘¢ cast..,| 8080].2922| 3.42) 505 
Cast iron. 7209 |.2607 | 3.84] 450.54 || Lead, rolled .| xr 340|.4101| 2.44) 708.73 
Steel plates. 7804 | .2823| 3.54].487.8 || Tin, cast...., 7 292|.2673| 3.74] 462 

se wire ...| 7847 | .2838] 3.52].490.45. || Zinc, rolled..| 7188] .26 3.85 | 449.28 
Copper, {...| 8697 | .3146| 3.19] 543-6 Alumini- 65 6 8 henge 

rolled ....| 8880 | .3212] 3.11} 555 um, cast PSO COZ PED | ERO 
ree "S750 | 3265] 3.461 546.878 Silver:....2. 10 480 3793 2.64) 655 

English. (D. K. Clari:.) 

Wrought iron| 7.698 | .278 | 3.6 } 480 PiNGnet seh 7.409 | .268 | 3.74 | 462 
Cast iron....| 7-217) .26 | 3-84} 450 ZING x.y si see 7-008 | .253 | 3-95 | 437 
Steels. csvian 7.852 | .283 | 3.53] 489.6 || Lead........ 11.418 | .412 | 2.43 | 712 
Copper plates} 8.805] .318 | 3.15] 549 Brass, cast...] 8.099 | .292 | 3.42 | 505 
Gun-metal.. .| 8.404 | .304 | 2.02] 524 te -wire:.} 8.548'} 308 | 3.24 |. 533 

WROUGHT AND CAST IRON. 

To Compute Weight of Wrought or Cast; Iron. 

Rouitr.—Ascertain number of cube inches in piece; multiply sum by .2816 * for 
wrought iron and .2607* for cast, and product will give weight in pounds. 

Or, for cast iron multiply weight of pattern, if of pine, by from 18 to 20, accord- 
ing to its degree of dryness. 
BxAMPLeE.—What is weight of a cube of wrought iron 10 inches square by 15 

inches in length? 
to X 10 X 15 X .2816 = 422.4 Lbs. 

COPPER. 
To Compute Weight of Copper. 

Route.—Ascertain number of cube inches in piece; multiply sum by .321 18,* 
and product will give weight in pounds. 

Sheathing and Braziers’? Sheets. 

. For dimensions and weights see Measures and Weights, pages 118-z21, 131, 142. 

LEAD. ' 
To Compute Weight of Lead. 

Rouir.—Ascertain number of cube inches in piece; multiply sum by .41r015,* 
and product will give weight in pounds. , 

EXAMPLE. —What is aie: of a leaden pipe x2 feet long, 3.75 inches in diameter, 
and x inch thick? 

By Rule in Mensuration ee Surfaces, to ascertain Area of Cylindrical Rings. 

Area of (3-75 1 1) == 25.967 
Hh 3i75 “) SE rTO44 

Difference, 14.923 (area of ving) X 144 (12 feet) = 2148.912 
X .410 25 = 881.376 Lbs, 

BRASS. 
To Compute Weight of Ordinary Brass Castings. 

Rure.—<Ascertain’ number of cube inches in piece; multiply sum by .2922,* and 
product will give weight in pounds, | 

* Weights of a cube inch as here given are for the ordinary metals; when, however, the specific 
Reese of the metal under consideration is accurately known, tho weight of a cube inch of it should 
e substituted for the units here given. 



156) DIMENSIONS AND WEIGHTS OF BOLTS AND NUTS. 

Dimensions and Weights of Wrought Iron Bolts 
and Nuts. 

SQUARE AND HEXAGONAL HEADS AND NUTS. ° 

Rough, and from .25 Inch to 4 Inches in Diameter. 

Square Head and Nut. 
Width. Diagonal. Depth. Weight. Diameter ae na re a Head Bolt. | Threads 

of Bolt. | Head. | Nut. Head: | Nut. | Head. Nut. and..Nut. jper Inch. | per Inch. 

Ins, Ins. Ins. nis. Ins. Ins. * |. “Ins. Lbs. | Lbs. No. 

125 136 | .49 | 52 Oe tas | 25 | -024) .014 } 20 
3125 | .45 | ».58 64} 82] .3 | 23125 043 |. .022 | 18 
+375 354 «lee OFS ee Ou OS 34.1 -375 .068 | .03r |. 16 

-4375| -63 | .76| .89 | 1.07 | -4 | .4375)°~'-104 | .042 | 14 
5 272 )| 4 let-Om| TOs) Ad des +145 | .055| 13 
s5025 | 82 | .94 | 1.26™)"2.33"| 7.48" 5625 -204 | .07 
625 QI |°1.03 | 1.29-}-1.46} . +273 | .086 | 11 
6875 |°'1 T.12 | 2.4 +1358" |" .58 | 6875 -3560 | .104°} Ir 
+75, T.09 | I.2% | I.54 |°1-71 263°) * 7s -454 | .124 | 10 
68125 |, 1.28 | 1.3 1.67 | 1.84 -67 | .8125 -565 | .145| 10 
RS7S: kez LO iekeOua) POO: |= 92 | age 696 .168] 9 

I 1.45 | 1.57.| 2.05 | 2.22 Sr |r 1.013 | .22 8 
£025) |) 1.63 | Ti75 "Paes 2.47 2) feeees 1.416] .278| 7 
1.25 181} 1.94) 2256 }.2.74/) I 1.25 1.923 |°°.344 | °7 
1.375. | 1.99 | 2.12 | 2.81 | 3 Een 2375 2.543 |’ .416| 6 
1.5 2.07) B.3 3.071 3:25 | 1.18 1 1.5 3-234 | '.495 |' 6 

5 
5 
= 
4 
4 
4 

an es) rol y or 

t.625° |.2.36 |'2.48-| 3-34 | 3-5r | ‘1.28 | 1.625 4-105 | .581 
Legs Bsa W266! cous VOT. 27) | none 5-087'|  .674 
14875 912.72 |) 2184 | 3-85 24.02 | '1.46°| 1.875 6.1824 "773 
2 ZQ. | 3.029) Paar [leery Bah ON Ves 7-491 | .88 
2.125 | 3.08 | 3.21 | 4.35 | 4-54 | 1.65 | 2.125 8.936 | .993 
2.25 3-26 | 3-39 | 4.61 | 4-79.) 11:75.) 2.25 10.543 | 1.113 5 

2.375 | 3-44 | 3-57,| 4:86 | 5.05 | 1.84 | 2.375, |.12-335) 1-24 | 4.375 

an 

2.5 3-62.) 3:75 |. 5:12. |.5-3 . |, 2-94.) 2.5 14-359 | 1-375 | 4.25 
2.62 3-8r | 3-93 | 5-49 | 5-56 | 2.03 | 2.625 | 16.549 |:1.515.| 4 
2.75 3.99 | 4:1 5.64 | 5.8r jee leas 18.897 | 1.663 | 4 
2.875 | 4.17 | 4-29 | 5-9. | 6.07 | 2.22] 2.875 | 21.545) 1.818 |. 3.75 

3 4-35 |°4:47 | 6:15 |'6.32 | 2.37 | 3 24-464 | 1.979 | 3-5 
3-25 4-71 | 4-84 | 6.66 | 6.84 | 2.5 | 3.25 30-922 | 2.323 3.5 

3-5 5:07 | 5:2 | 7-17 | 7:35: )/2:68 | 35 38-391 | 2.694 | 3.25 
3:75 | 5-44 | 5:56 | 7-69,| 7.86 |-2.87,| 3-75 | 47-168 | 3.093 | 3 4 

4 5.8 5-92. |. 8.2 8.37 | 3.06 | 4 56.882 | 3,518 | .3 

Frxisnep.—Deduct .0625 from diameters of bolts and depths of all heads: 
and nuts. 

Screws with square threads have but one half number of threads of those 
with triangular threads, OTA t 
Norr.—The loss of tensile strength of a bolt by cutting of thread is, for one of 1.25 

ins. diameter, 8 per cent. The safe stress or capacity of a wrought iron boit and nut 
may be taken at sooo lbs, per square inch. 

Preceding width, depth, etc., are for work to exact dimensions, whether 
forged or finished. 

To Compute Weight of a Bolt and Nut. . 

Operation.—Ascertain from, table weight of head and nut for given di- 
ameter of bolt, and add thereto weight of bolt per inch of its length, multi 
plied by full length of its body from inside of its head to end. 
Norr.—Length of a bolt and nut for measwrement, as such, is taken from inside, 

of head to inside of nut, or its greatest capacity when in position. » PHU ie oe 



DIMENSIONS AND WEIGHTS OF BOLTS AND NUTS, 157 

ILLUSTRATION. —A wrought iron bolt and nut witha square head and nut is x inch 
in diaméter and io inches in length; what is its sigs ; 

Weight of head and nut.....4...,.0.. ‘ee eese.073 Lbs, 
gS bolt per inch of length - 22 ey TO=ssaa 3S 

Wistbrs 6 

Hexagonal Head and Nut. 
& Width. Diagonal. Depth. Weight 

Orme Head. Nut. Head. | Nut. | Head. Nut. Mii = & eed bac aie 

Ins. Ins. Ins. Ins, .| Ins. |: Ins. Ins, Lbs. Lbs. Noo 
+25 +375 “5 434 1-58 | .28%| 325 .022 | .O14 |:20 
+3125 | 4375} +5025 |). .5 65} 3 1325] | £. O37 c022 [1G 
+375 «5625,| .6875 |: :65:| .79)| .34°| -375 .062:| .031 | 16 

4375 | -625..|. -75 72| 87] 4 | 4375 |... 094] .042 | 14 
“5 ‘75 875 | 687 | 1 44 | °-5 +134 | .055 |} 13 
35625 | .8125 | .9375°| ..94| 1.08} .48| .5625 18 .07 | 12 
625 9375 | 1.0625 | 1.08 | 1.23] .53 |. .625 -249)| .086 | 11 
:6875 | x 1.125 |:1,16] 1.3 58 | .6875 318)| .104.] 11 
“75 I.125). | 1.25 Ta3cx) ¥-443)% 69th: .75 +413 124 | 10 

sO h25 | L252.) 11-375) |-144i} 1.591 O71 \c 8125 +522 | ..145 | 10 
875 | 1-3125.| 1.4375 | 1.52 | 1.66 Wie 875) -639| .168} 9 

I L.5 1.625 | | 1.73 | 1.88}: .81 |r -93E)| 1 22° 8 
1.425 | 1.6875,| 1.8125+:1.95'| 2.09]. .g | 1-425 I.299:| 1278] 7 
1.25 1.875 | 2 B17 2.3Lr| st 1.25 1.759)| |'«344i |) 7 
1.375 | 2 2.1875 2.31, | 2:53)| 1-1. -| 1-375 2.263.| .416| 6 
1.5 2.25 2.375 ||-2.0, | 2.74.) 1.18] 1.5 2.958 | .495| 6 
1,025 | 2.4375.| 2.5025 | 2.81 |.2.96.| 1.28)| 1.625 3-741 | «581 |. 5.5 
1.75 2.025..| 2.75 3:03 | 13-18 | I-37-| 1-75 4.654 | .674| 5 

1.875 |.2-8125 | 2-9375.| 3-25 |3-39 | 1-46 | 1.875 | 5.675] +773] 5 
2 3-125 | 3.46 |:3.6r | 1-56] 2 6,854 .88 | 4.5 
2.125 | 3.1875 | 3-3125 | 3.68 | 3.83 | 1.65 | 2.125 8.163 | -993] 4.5 
2.25 eT leans 3-9 | 4.04 | 1.75 | 2.25 9.658 | 1.113] 4.5 
2.375 | 3-5025,|.3-0875 | 4.11.) 4:26)|, 1.84 | 2.375 | | 12.263,| 1.24 4.375 

2.5 3-75 3-875 | 4-33 | 4-47 | 1-94 | 2-5 13-149 | 1-375 | 4-25 
2,625 | 3.9375 | 4.0025 | 4.55 | 4:69 | 2.03 | 2.625 | 15.15 | 1.515 | 4 
2.75 4-125, | 4.25 4.77. |.4:91 | 2-12 |, 2.75 17.285 | 1.663] 4 
2.875 | 4-3125 | 4.4375 | 4.99 | 5-12 | 2.22 | 2.875 | 19.751 | 1.818] 3.75 

3 4:5 | 4-625. | 5-2 | 5-34)| 2-31 | 3 22.378 | 1.979 | 3-5 
3:25 | 4-875 | 5 5:63 | 5-77 | 2-5 | 3-25 | 28.258.) 2.323 | 3.5 
3.5 5:25 5-375. | 6.06 | 6.21 | 2.68 | 3.5 35.081 | 2.694 | 3.25 

3:75. | 5-625, |.5-75 | 6.5. | 6.64 | 2.87 | 3-75. | 43-178 | 3-093 | 3 
4 6.125 | 6.93.| 7-07 | 3-06 | 4 51.942 | 3-518 | 3 
Fryisnrep.— Deduct 0625 from diameters of bolts and depths of all hess 

and nuts. 

For Wood or Carpentry. 

Head and Nut (Square), 1.73 diameter of bolt. 
of Nut, .9. 

Depth of Head, .75, and 

Washer.—Thickness, .35 to .4 of diameter of bolt, on Pine 3.5 diameter, 
and Oak 2.5. 

English. 

Molesworth gives following elements of Thread of Bolts: 

Angle of thread, 55°. Depth of thread = Pitch of screw. 
Number of threads per Inch. — Square, half number of those in angular 

threads. 

Depth of thr ead. — -,64 pitch for angular and .475 for square threads. 
0 
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158 DIMENSIONS AND WEIGHTS OF BOLTS AND NUTS. 

French Standard Bolts and Nuts. (Armengaud’s.) 

HEXAGONAL HEADS AND NUTS. 

Equilateral Triangular Thread. Square Thread. 
EOE: _ | Thickness. s | 5 

+ “od “es S 25 e. 
os) 33 SE | Safe . ee ce ee ee) es sr : Diameter 35 | $8 /| £5 . 

of Bolt. é 3 £'~ | Head.| Nut. $s a eee of Bolt. | ae = Fe 34 Tonal 

Sef 2 AE| oe | 4 |e k| ee | Seem 
es s j 

Mm. | Ins. | Ins. | No. | Ins. | Ins. | Ins Lbs. ||Mm.| Ins. | Ins, | No. | Ins. Lbs. 

Ses 2 4 0b3| TST, 24.284 155 44{| 201-.79} .072 |6.57|} 1-82] ~717 
7-5} «3 | .22|16 3 \es301 08 99|| 25 68) .081 \5.97,| 2.01] 1142 

IO | .39] .31/14-2] .38] .39| -.88) 178]! 30)1.18| .093 |5.4- | 2.22] 1635 
12.5] -49| .3912-7| .44| 49) 1.04 277) 35|1.38| 1  |4.93/2.41| 2218 
I5 | .590] 48/115]. .52| .59| 1.2 400|} 40/1.57 | 1106 |4.53|2.63| 2912 
I7.5| -69| .58/10.6] .58] .69/ 1.4 5451} 45|1-77] .114 4-2 |2.85| 3674 
20 | .79) .66| 9.8} .66] .79| 1.5 713|| 50/|1.97/ .128 |3.91 | 3.07! 4547 
22.5] .89) .76) 9-1] .72| .89) 1.68) go2|| 55|2:17) 13 |3-65/3-3 | 5288 
25 | .98}:.84) 8.5}. .8 | .98) 1:84] 1120]| 60)/2.36| .14- |3.4313-5 | 6540 
30 |1.18!1.02| 7-5). .94|1-18| 2.16} 1635|| 65 |2:56| 215. '|3.2313-7 | 7660 
35 |1-38]1.2 | 6.7) 1.08|1.38 | 2.48]. 2 218|| 70/2:76} .158 13.06) 3.92| 8 893 
4o |1.58/1.4 | 6 |1.22/1.58|2.8 |. 2912]! 75 |2:95| .166 |2-92 | 4.13 | 10 214 
45 |1-77|1-56| 5-5} 1.36 |1:77 | 3-2 3074) 80 |3.15 | .174 |2-76] 4.36 | 11 603 
50 |2.97|/1-74| 5-2] 1-5 |1-9713-44| 4547/|} 8513-35] .183 |2.63) 4.58 |13 100 
55 |2-17\1-92| 4-7| 1.64 |2:17 | 3.76 5 288 | 9013-54} «192 |2.51 | 4-78 |14 794 
60 |2.36]2.08) 4.4] 1.74 |2.36| 4.08} 6540]! 95|3-74|.2 |2.41|5 16352 
65 » |2.56/2.26) 4.1] 1.92 |2.56| 4.4 | 7660/|100/3.94| .209 |2.31 | 5.22 |18 144 
79 |2.76/2.44| 3-8} 2.06 |2.76| 4.7 | 8893]| 105 |4-13 | .22 |2.22] 5.43 |20000 
75 |2.95|2-6 | 3.5/2.2 |2.95|5 10 274 |! 110 |4.33 | .226 12.13 5.66 | 21.950 

80> |3-15)2-78, 3-4 | 2.34 13-15 | 5-35 /11 468 1115 14.53 | .23 |2.06| 5.87/23 990 

Mnglish Bolts and Nuts. (Whitworth’s.) 

Hexagonal Heads and Nuts, and Triangular Threads. 

Diameter, 5 Depth. Width Diameter. Depth. Width 

su 35 Head base | FE Hend se |e : £5 F ea Bolt. fa fees Head.} Nut. and Bolt. IThread. és Head. | Nut. and 

Ins. Inch, | No. | Inch. Ins, Ins. Ins, Ins, No, Ins Ins. Ins. 

6125 |.093] 40 |.109| .125 | .338]||1.25 | 1.067|7 1.094 | 1.25 | 2.048 
1875 | .134| 24°|.164| .1875] .448}/1.375 | 1.161 |6 1.203 | 1.375 | 2.215 
$2187) se 24.) |i — |\r5 | 1.286)6 I.312|1.5. |:2.413 
.25- |.186| 20 |.219| .25 525 || 1-625 | 1.369] 5 1.422 | 1.625| 2.576 

13125 | .241| 18 | .273| .3125| .601}|1-75 | 1.494|5 I.531|1-75 | 2.758 
+375 |.295| 16 | .328| .375 | -709||1-875| 1-59 |4.5 | 1-641 | 1.875| 3.018 
4375 | -346|' 14°] .383)° .4375| .82 |/2 D.7L5 14.5 =| 1375) | 2 3.149 
5 .3903| 12 | -437| -5 -919||2-125|1.84 | 4.5 | 1.859] 2.125] 3.337 
.5625|.456| 12 | .492| .5625| r.0r1|/2.25 |1.93 14 1.969 |2.25 | 3.546 
.625. |.508] 12 | .547| -625 | 1.10% ||2.375 | 2.055 | 4 2.078 | 2:375| 3-75 
.6875|.571] Ir |.601| .6875| 1.202)/2.5°1)2.18 | 4 2.187 | 2.5 3-894 
-75 |-622] 10 |.656] .75. | 1.301 ||2.625 |. 2.305 | 4 2.297 | 2.625 | 4.049 
8125 | .684] ro |.711 | .8125 | 1.39 .||2-75, |2.384|3-5. | 2.406| 2.75 | 4.181 

875 |-733| 9 | +766) .875 | 1.479|)2.875 | 2.509 | 3.5 | 2-516| 2.875] 4.346 
:9375|+795| 9 |-82 | .9375|1-57413 2.034 |3.5 | 2.625 | 3 4.531 

E 84 8 | .875|1 1.67 |13-25.|2.84 |3.25) — | — “| 
1.125. |.942] 7 | -984|1.125 |1.86 ||3:5 [3.06 ]3.25 — |S }o— 
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Square Heads and Nuts. (Whitworth’s.) 

Diameter. Diameter. . Diameter. 
} Baas oF Threads z f Threads Threads, 

Bolt. * Chreaaen |e Inch. Bolt. reer per Inch. |] Bolt. ee per Inch. 

Ins, Ins. No. Ins, Ins. No, Ins, © Ins. No. 

3791 3254 Sb S 4:5 | 3.875 | 2.875 || 5.25 | 4.4375 | 2.625 
4 3:5 3 4:75 | 4.0625 | 2.75 || 5.5 | 4.625 | 2.625 
4:25 | 3-75 | 2.875 |] 5 4.25 2.75 || 6 4.875 | 2.5 

Weight of Heads and Nuts in Libs. (Molesworth.) 

Hexagonal, 1.07 D3. Square, 1.353 D3. . D representing diameter of bolt 
in inches. 

Retentiveness of Wrought Iron Spikes and Nails. 

Deduced from Experiments of Johnson and Bevan. 

SPIKES, 

a oe | PSs 0. 
SPIKE. Woop. 3 ‘3 22 eis 2 He Remarks, 

S a es re, = @ | 823 

A | A | as |mes [ees 
Ins Tus, Ins. Lbs 

Square...... | Hemlockt |.39 |.3 [3.5 | 1297] 1.58 | Seasoned in part. 
“« * ,,.. | Chestnut 37 |-38 |3.5 | 1873 | 2.16| Unseasoned, 
“«  * ..,. | Yellow pine | .375 | .375 | 3-375 | 2052 | 2.37 | Seasoned. 
C, ® tae | White oak} .375 |..375 | 3.375 | 3910 | 4.52 % 
Seer Us sane tf LOC USL Arde pA) 4355 © 11 5007 10:33 Z: 

Flat narrow.. | Chestnut |.39 |.25 |3.5 | 2223) 3-93 | Unseasoned, 
< e White oak |.39 |.25 |3:5 | 3990| 7.05 | Seasoned. 
ye ee Locust 39 | -25 |3-5 | 5073] 9.32 if 
“ proad,.|Chestnut |.539|.288|3.5 | 2394 | 2.66| Unseasoned, 
ve us White oak |.539| .288]3.5 | 5330| 5-71 | Seasoned. 
if Ce Locust +539 | -288|3.5 | 7040] 7.84 “8 i 

Square) & Hemlockf |.4 |.39 |3.5 | 1638 | 1.75 | Seasoned in part. 
i; 8 > |Chestnutf |.4 |.39 |3.5 |1790| 1.81 | Unseasoned. 
‘ AF | Locustt 4 |.39 13-5 |3990| 4.17 | Seasoned in part. 

Round and . grooved, . Ash Diam. .5 | 3.5 | 2052] 2.21] Seasoned. 
bs 6“ “ 5 13-5 24sr | 2.41 “ 

ue White oak % 4813-5 | 3876 | 3.2 < 

* Burden’s patent. + Soaked in water after the spikes were driven. 

NAILS, 

Death of Force required to draw it. Pressure required 

ate Length. Tuertions Pine. | Hemlock, | Elm, Oak. Beech. to on 

Painat | tas, CH Ube \. Libel C|bbss) | tbs.) |e wees. “Lbs. 
Sixpenny | 2 I 197 | °° 412 af 327, |'4507 | 667 235 

od een PSE 1.5 | 327 |' 539 ‘| 571 | 675 | 889 400 
ee 2 2 530 | 857 | 899 | 1304 | 1834 610 

General Remarks. 

With a given breadth of face, a decrease of depth will increase retention. 

In soft woods, a blunt-pointed spike forces the fibres downwards and 
backwards so as to leave the fibres longitudinally in contact with the faces 
of the spike. 
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To obtain greatest effect, fibres of the wood should press faces of the spike 
in direction of their length; thus, a round blunt bolt, driven into a hole of 
a less diameter, has a retention equal to that of any other form, when wholly 
driven, as without boring. : 

The retention of a spike, whether square or flat, in unseasoned chestnut, 
from two to four inches in length of insertion, is about 800 lbs. per square 
inch of the two surfaces which laterally compress the faces of the spike. 
When wood was soaked in water, after spikes were driven, order of their 

retentive power was Locust, White oak, Chestnut, Hemlock, and Yellow Pine. 

Gas Pipe Threads. 

E25 25 [e375 1 eo | Toe 
28 | 19 19| 14} 14| 11 

Diameter in Inches. . 1.25 | 1.5 
Threads per Inch... II It 

¥.75 [es 
11 | 11 

ANGLES AND DISTANCES. 

Angles and Distances corresponding to Opening of a 
' Rule of Lwo Feet. 

Angle. | Distance. |] Angle. | Distance. || Angle. | Distance. |! Angle. | Distance. | Angle. | Distance. 

° Ins. ° Ins, ° Ins. ° Ins. ° Ins. 

Ir = 19 3.96 37 7-61 §5- 4-11.08 |] 73 | 14.28 
2 -42 20 4:17 38 7-81 56. | 11.27 74 | 14.44 
3 63, We 2zo' aay Ado) 8.01 57, | 19.45 |) 75° t4l6r 
4 84 22 4.58 40 8.2 58 | 131.64 || -76-| 14.78 
5 1.05 23."| .4.78 4 8.4 59 |! 11.82° || °77° | 14.94 
6 1.26 24 4.99 42 8.6 60 | 12 78+ | 1S 
7| 1-47 25 5-19 43 8.8 61 | T2180 |) +794: 15.27 
8 1.67 26 5-4 44 8.99 || 62 | 12.36 || 80 | 15.43 
9 1.88 27 FOn yl aS 9.18 63° | 12.54! || 8x 15.59 

ro 2.09 28 5.8r || 46 9:38 ‘|| 64 | 42.72"|| 82 | 15.75 
Ir 2.2 29 6.01 || 47 9-57 ||" 65 | 12.9. || °83 15.9 
12 2.51 30..| 6.21 48 9:76 || 66° | 13.07, || 84 | 16.06 
13 2.72 31 6.41 49 9-95 |} 67, | 13-25-|| 85 | 16.21 
14 2.92 32 6.62 50 | Yo.rq4 |} 68 | 13.42 || “86 | 16.37" 

tS: BIS lees 6.82 St 10.33 69 |. 13.59'|| 87 16.52 
16 3-34 34. 7.02 52 10.52 70 1377" | 88". 16.67 
cy, 3:55 BEE (Rae 53 10.71 71 13:94 || 89 16.82 
TS.4) 3575 36 7-42 54 | 10.9 72 | 14.11 || ‘90° | "16.97 

Distances and Angles corresponding to Opening of a 
Rule of Two Feet. 

Distance. | Angle. || Distance. | Angle. || Distance. | Angle, || Distance. | Angle. |] Distance. | Angle. 

his. ° Ins, °o || Ins ° Ins, ° Ins. ° 

RAS Taco 14.22 || 6.5 31.26 || ro 49-14 || 13.5 | 68.28 

+375. | 1-48|/ 3.25. | 15-34] 6:75 | 32-4 |] 10.25 | 50:34 || 13-75 | 69.54 
+ 2.24|| 3.5 | 16.46|| 7 33-54|/ 10:5 | 52:54 || 14 | 71.22 
625 | 2-59|| 3-75 | 17-58|| 7-25 | 35-09]| 10.75 | 53-14 || 14.25 | 72.5 
75 3:35 || 4 1g.1I || 7-5, | 30-24 |) 11 54-34 || 14-5. | 74-2 
875 | 4:12|| 4,25 | 20.24|) 7-75 |37-4 |] 11-25 | 55-54 14-75 |.75-5 

I 4.48 || 4.5 | 21.37]; 8 38.56 |} 11.5 | 57-16 |] 15 77-22 
1.25 5-58 |] 4.75 | 22-5 |} 8.25 | 40.12]] 11.75 | 58.38 || 15.25 | 78.54 
1.5 7.0 5 24.4..\| 8.5. -| 41-28 ]] 12. 60 15-5 | 80.28 
ra75 8.22 || 5.25 | 25.16|| 8.75 | 42-46]| 12.25 | 61.23 || 15.75 | 82.2 
2 9.34 |) 5.5). [203 NN 9 44-2 || 12.5 | 62.46'|| 16 © ‘| 83.36 

2.25 | 10.40]| 5.75 |27-44]) 9:25 | 45-2 || 12.75 | 64.1 |} 16.25) 85.14 
2.5 II.58 || 6 28.58 || 9:5. | 46.38 || 13 65-36 |) 16.5° | 86.52 
QS he ioguk 6.25 | 30-12|| 9-75 | 47-56|| 13-25 | 67.02 || 16.75:| 88 32 
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WIRE ROPE. | 

Wire rope of same strength as new Hemp rope will run on sheaves 
of like diameter; but greater diameter of sheaves, less the wear. Short 
bends should be avoided, and wear increases with the speed. Adhesion 
is same as that of hemp rope. It should not be coiled, but should be 
wonnd as upon a reel. 

- When substituting wire rope for hemp, it is well to allow for former 
same weight per foot which experience has approved of for latter. As 
u general rule, one wire rope will outlast three of hemp. To guard 
against rust, stationary rope should be coated once a year with linseed- 
oil, or well painted or tarred. Running rope in use does not require 
any protection. 

Where great ‘pliability is required, centre or core of rope should be 
of hemp. ; 

Annealing wire, in rendering it more pliable than when unannealed, 
reduces its elasticity and consequent strength from 25 to 50 per cent, 

Running rope is made of finer wire than standing rope. 

For safe working load, deduct one fifth to one seventh of ultimate 
strength, according to speed and vibration. It is better to increase load 
than speed, as it increases wear. 

Standing rigging of a vessel of wire rope is one fourth less in weight 
than when of hemp. 

Rope of 19 wires to a strand is more pliable than one of 7 and 12 
wires, and: hence it is better suited to operation over small drums, for 
hoisting, ete. 

Ultimate strength of iron ropes is 4480 lbs. for each pound in weight 
per fathom, and for galyanized steel 6720 lbs. 

Strength per square inch of section of a rope is about 53 per cent. of 
an equal section of solid metal of same tensile strength per square inch. 

Steel ropes may be one third less in weight than iron for same load, 
Their durability is much greater, especially when required to run rapidly 
over sheaves. Hemp should be one third heavier than iron. 

Steel wire No. 14 W. G. = .083 inch, weight 2 lbs. per yard, will bear a 
stress of 2000 lbs. 

The combined sectional area of the wires in a cable is to the area of the 
cable as x to 1.3. Hence, to ascertain areas of the wires in a cable multiply 
diameter by .77, and for areas of the voids, multiply area of cable by .23. 
In short transmissions, it is necessary to connect rope quite taut, and an 
additional diameter of two numbers of rope must be given to it. 

In long transmissions, when there is an insufficiency of height to. admit 
of a proper deflection of rope, and it becomes necessary to connect it very 
taut, an additional diameter of one number of rope must be given to it. 

When distance exceeds 350 feet, transmission should be divided into two 
or more equal lengths by aid of intermediate wheels. 

Rope Nos. 7 and 8 (Roedling’s) are made with Nos. 1 and 2 as strands, 
and twisting six of them around a hemp centre. 

Results of an Experiment with Galvanized Wire. 
A strand of 2-inch wire rope broke with a strain of 13 564 Ibs., and a 
piece of a like rope, when galvanized, withstood a strain of 14 796 lbs. be- 

fore breaking, | pe 
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Elements of Running and Standing Wire Rope. 
; J. A. Roebling’s Sons Co. 

19 Wires in a Strand. 
Tron. ] Cast STEEL. : 

| . Circum, | Weight . Circum. | Weight 

Diam. [Cireuin.| Rycigne’ | Lond. [°F Hemp) oper || Avetenee | ond. |ef,Hemp| per 
Ins, Ins, Lbs. Lbs. Ins. Lbs. Lbs. Lbs. Ins. Lbs. 

5 1.5 6960] 1000} 3.5 +35,|| FEQ00], 2000} 4.5 Bs 
5025 | 1.625 8480} 1500] 4 -44 || 13000] 3000] 4.75] .44 
625 |2 10 260] 2500| 4.5 Ay I8000| 4000] 5.25] .65 
“75. | 2.25 | 1£7-280| 3500!" 5 -88 || 26000} 6000} 6.5 83 
.875 | 2.75 | 23000} 5000} 6 vee 40000| 8000}! 8 1.14 

I 3-125 | 32000] 6000} 7 1.58 || 48000| 10000} 9.25 / 1.5 
L.125. | 3.5 40000} 8000} 8 2 60.000 | 12. COO} IO I.95 
P26). | 4 54.000] 11000} 9.5 | 2.5 | 78000] 16000] 11.5 | 2.44 
L5 4.375 | 70,000,| 14 000.| 10.75 | 3-65 || 110 C00 | 22 000 | 13 ard 
1.625 |5 88 000 | 18 C00 | 12 4.1 | 128 000 26 000 | 14.5 | 4.1 
1.95 | 5-5 108 000 | 22000} 13 | 5.25 | 156.000 34 000 | 15.75 5.08 
B 6 130 000 | 26.000 |'44.5 | 6.3 || 200000} 40.000} 19 6.02 
2.25 | 6.75 | 148.000|,30000/) 15-5 | 8 | 260 000 44000) 22.5 | 7.8 

Transmission and Standing Rope. 
7 Wires in a Strand. 

Tron. | Cast STEEL. 
a | Circum. | Weight || eee.) Cireum. | Weight pian crm, | Roma | Shoo yet | Romar | Si [aan pee 

Ins. Ins. Lbs. Lbs. Ins. Lbs, Lbs. Lbs. Ins. Lbs. 

.28 | .875| 2000 500] 2 .125|| 4200] 1050 2.375| «125 

.3r25, 2 2 760 690]. 2.25 | .16 5000} 1250] 3, | ..16 
“375 | I.I25| 3300 825) 2:5. | 19 8000] 2000! 3.75,| .I9 

-4375| 1-25 | 4260] 1065] 2.75) .23 || 100007 2400) 4.125) .23)! 
85 /'n375 1. 5 660°] ‘1475 |! S254! '.3r |}? 12 6002 5004) 4.45/41 
.5625 1.625! 8200) 2050) 4 -41 |} 12000} 3:500}:°5 41 
6625 | 1.875 | 11 600;|.2900} 4-75 | 51 |||; 20-000 | 4.500 |. 5.5 +51 
6875 | 2:125:|.15 200 |, 3,800] -5 -68 || 27000] 6000} 6.5 68 
75 | 2375 | 17600} 4400} 5.25 | -86 || 34000] 7000} 7.25.| .86 
.875 | 2.625 | 24600] 6150} 6.25 | 1.12. || 44000] 10000] 8.5 | 1.12 

I ig} 32000} 8000] 7 15 || 60 000 | 13 000 | 10 1.5 
1.125 | 3-375.| 40.000 | 19000} 8 1.82 || 72000] 16000]|10.75 | 1.82 
1.25 | 3:75 | 50000/12500! 9.25 | 2.28 || go000| 20000) 12 2.28 
1.375 | 4:25 | 60000 | 15 000} Io 2-77 || 110000 | 25 000} 13 Shy he 
Tes 4.625 | 72.000 | 18 000 | 10.75 | 3.37 || 134 000 | 32 000/15 cite) 
Norr.—When made with wire centre instead of. hemp, weight is ro per cen more, 

Galvanized Charcoal Iron Wire. 
Vessels’ Rigging and Derrick Guys. 

12 Wires in a Strand. 
: =F reais ; 

Circum. on Hep Sis Sate W ne Circum,. nee Rrakioe Safe ee 

Ins, Ins. Lbs. Lbs. | Lbs. |] Ins, | Ins. Lbs. Lbs. Lbs. 
3} 24000 | 6000] 1.33 |} 4.5 9 60 000'| 15 000} 3 
3.25 | 6.5 | 28000 ] 7000) 1-58 || 4.75 9-5 | .66000| 16 500} 3.46 
3-5 7 32000 | 8000] 1.83 |] 5. Io 70.000 | 17 500} 3 66 
3-75 | 7:5 | 40000 | 10000] 2 5:25 | 10.5 |, 80000 20000] 4.12 
4 8 46000 | 11500} 2.46 || 5.5 II 86.000 |'21 500} 4.46 
4.25 | 8.5 | 52000 | 13000| 2.66 || 6 12 | 100000 | 25000}. 4.83 



~ WIRE ROPES AND CABLES. 

Galvanized Charcoal: Iron. 
Vessels’ Piesinil and Derrick Guys. 

(J, A. Roebling’s Sons Co.) 

7 Wires in a Strand. 

Creu. ot Heme] Ranier] Se | "per | coum often) Rai | Safe | Ve 
Ins. | ‘Ins. |. Lbs. Lbs. | Lbs. |" ins.) | _ Ins. Lbs. |? Lbs’ |) Lbs. 
I 2 4000} 1000 | 4125 || 3.5 7 32000 | 8000] 1.79 
1.25 | 2.5 | 5000} 1250 |425) || '3:750|' 7-5 |) 40:000)| L0000 },.2, 
1.5 a 7,000.} 1750 | .334.||-4 , 8 46 000| II 500] 2.46 
1.75 | 3-5 | 10000] 2500 |° .427/|| 4.25 | 8.5 | 52:000/13000| 2.67 
2 4 14000} 3500 | .5831| 4.5 9 60000 | 15000} 3 
2.25 | 4.5 | 16000] 4000 | .708]|| 4.75”| 19.5 | 66000] 16500] 3.42 
2.5 5 18000} 4500 | .875}|'5 10 70.000 | 17 500 | 3.66 
2.75 55 | 20000] 5000 | 1.17 -|| 5.25 | 10.5 | 80000} 20000] 4.08 
3 6 24 000,| 6000 ‘| 1.33 || 5.5 II 86 000 | 21 500 |- 4.4% 
3:25 | 6.5 | 28000] 7000'| 1.58 ||| 6 12 100 000 | 25.000 | 4.81 

Gauge, Weight, and Length of Iron Wire. 

& | ¢ |\S8elzes| 23 &| ¢ |S84 | weight ’ 
a : 2 : se Soe 2 3 Area. 3 Z : se af exe Pe ho Area. 

Wo. |Inch.| Lbs. | Lbs. | Feet. | Sq. Inch. ||No.| Inch. | Lbs Lbs. Feet. Sq. Inch. 
6/0} .46 |56.1 }2962| 112.166 19 ||16}.063 |1.05 {55 6 000] .003 117 
5/0} .43 |49.01/2588 129 |.145 22 \|7 .054. | -77 |41 8 182] .002 29 
4/0} .393|40-94/2162| 154) .121 304/18} .047 | .58 |31 10 862} oor 734 
3/0} .362/34.73/1834| 181 |.102921 |19].041 | .45° |24 14 000} ,OOI 32 
2/0}'.331|29.04|1533| 217 086.049 |20] .035 | .32 |17 19 687} .000 962 
1/0} .307|27-66|1460) 228) .074023/21|.032 | 127 |14 23 333] .000 804 

I |.283/21.23|1121 | 296| .062 gor ||22|.028 | .2r {11 30 000] .000 615 
2 | .263/18.34] 968) 343) .054325 |23].025 | .175] 9.24 | 36000] .000 491 

3 | -244|15-78| 833} 399 .046 759 |24|.023 | .14 | 7-39 | 45 000] .000 415 
4 | -225]}13.39| 707] 470) .039 76 ||25|.02 1116] 6.124] 54 310] .000 314 
5 |.207/11.35| 599] 555 | .033653)|26|.018 | .093] 4.91 | 67 742] .000 254 

“6 }.192|} 9.73] 514] 647} .028952|/27].017 | .083}| 4.382|'-75 903] 000 227 
7 |.177| 8.03] 439] 759| .024 605|/28]|.016 | .074| 3.907] 85 135] .o00 201 
8 | .162| 6.96] 367} 905 | .020:612)|29}.015 | .061| 3.22 |103 278] .000 176 

°g|.148] 5.08] 306|1086 | .or7 203)/30|.014 | .054| 2.851]/116 666] .o00 154 
“10 | .135] 4.83} 255 ]1304 | .0©4-313/|31 | .0135| .05 | 2.64 |126 000] .000 133 
Ir |.12 | 3.82} 202]1649 | .o11 309|/ 32} .013 | 1046) 2.428/136.956) .000 132 
I2|.105| 2.92] 154|2158 | .008.659|| 33] .011 | .037]| 1.953/170 270] .000 095 
13 |.0g2| 2.24] 118 ]2813, .006.647||34) .or 03 | 1.584/210 000} .000 078 
14|.08 | 1.69} 89/3728) .005 026)|35.|.0095) .025| 1.32 |252 000) .c00 071 
I§ |.072| 1.37| 72/4598, «004.071 ||36|.00g | .o21| 1.161/286 363] .000 064 

Galvanized Steel Cables for Suspension Bridges. 

Ultimate | Weight [|_. Ultimate | Weight ||. Ultimate | Weight 
Diameter.| Strength. |per Foot. ||Diameter.| Strength, |per Foot, ||Diameter-| strength. |per Foot. 

Ins. Lbs, Lbs. Ins. Lbs. Lbs. Ins. Lbs. Lbs. 

1.5. |,130.000] 3.7 1.875 | 200 000 || 5.8 2:375 | 360000 } 10 
1.625 |, 150 000]. 4.35 -|| 2 220000 | '6.5 2.5 1400 000 |} 11.3 
1.75 2.625 | 440.000 |. 13 199.000} 5.6 2.25. 310.000 | °8.64 



164 IRON, STEEL, AND HEMP ROPE. 

ee 

Weight and Strength of Single Strand and Cable 
laid Hence. Wire. (F. Morton & Co.) 

sin le Wire i | | | anes ibe pes ey 
| ‘f of equ: Strands.) No. Dinette Sale | Pal je No. a nee ae | mak 

No. No,| Inch. | Feet. | Feet. No. | No.| Inch. | Feet. | Feet. 
3. | 2A] 8 | .159 | 20090 | 15 270 7 ‘| 00) 4 .229 | 8300 | 73606 
4 2 7 | +174 | 14730 | 12 790 7 | 3/0 | 3 | .25 | 8036 | 6228 
7 I 6 | .IgI | 13 125 | 10580 7 |4/o| 2 | .274| 7500 | 5156 

7. | 0 | 5 |-209|10446| 8928]; 7 |5/o| 11-3 | 5090 | 4286 
No. and diameter of wire is that of Ryland’s Bros., pp. 122-4. 

Hemp, Iron, and Steel. (R. S. Newall & Co.) 

ROUND. 
HEMP, | IRON. ‘STEEL. Tensile Strength. 

Weight | Weight / Weight on, > | ne 
Circumference. ps Circumference, par hasan pot eas | Sereaette 

Ins. Lbs. Ins. Lbs. Ins. | Lbs. Lbs. Lbs. 

2.75 +33 I 16. _— == 672| 4480 
£5 25 I -16 || 1008| 6720 

3-75 68) 1.625 «33 a —-||.1344 |» 8960 
| 1.75 42 tee -25 || 1680| 11200 

4.5 83 1.875 5 |i a _ 2016} 13440 
2 .58 1.625 33 || 2352| 15680 

5.5 1,16 2.125 -66 1.75 -42 || 2688! 17920 
2.25 75 _— = 3.024 20160 

6 1.5 2.375 -83 || 1.875 5 || 3300) 22400 
2.5 92 = —_ ||. 3696; 240640 

6.5 1,66 2.625 I 2 58 || 4032) 26680 
2.75 1.08 2.125 -66 || 4368} 29 120 

7 2 2.875 1.16 2.25 75 || 4.704 | 31360 

3 1.25 == — ||, 5040} 33600 
mas 2.33 Ro T23 2.375 83 || 5376). 36840 

3.25 1.41 _ > 5672} 38080 
8 2:66 3:375 1.5 2.5 -92 || 6048) 40320 

3.5 1.66 2.625 I 6720} 44800 
8.5 3 3.625 1.83 2.75 1.08 || 7392| 49280 

3-75 2 ae — || 8064 |. 53760 
9:5 3.66 3.875 2.16 3-25 1.33 || 8736] 58240 

Be) 4-33 4 2.33 _ = 9408) 62720 
4.25 2.5 3:375 I.5 || 10080; 67200 

Ir 5 4-375 2.66 _ — || 10752] 71680 
45 3 3-5 1.66 || 12096 | 80640 

12 5.66 4.625 3-33 3-75 = 13.440 | 89600 

FLAT. 
Dimensions. Dimensions, Dimensions. 

4 X 5 | 3-33]/2:25 X.5 1.85 = — || 4928] 44800 
Bl) WM aeeh ae 2.5 | X05 2.16 _ _ 5824] 51520 
5:5 X1.375| 4-33||2:75 X-625 | 2.5 — = 6720| 60480 
BaSonl-5 4.66113 X.625 | 2.66|/2  X.5 | 1.66]/ 7168] 62720 
ONIX RS 5 3.25 XKa625 ig 2:255¢,.5, 1.83 ||, 8064} 71680 
gt XT S7ENO BS eiO25) 113533'1| 2.25 x5) ake 8960} 80640 
8.25 X 2.125] 6.66)|3.75 X-.6875| 3.66 ||2.5 x.5 | 2.16|| 9850] 89600 
8.5 X2.25 75 \\4 X .6875 | 4.16 || 2.75 X.375| 2.5 || 11200 | 100 800 
O12 X2:5 8.33 ||4.25 X.75 | 4.66]/3  X.375} 2.66]) 12544 | 1120Cc0 

9:5 X2.375| 9-16)/4.5 X75 | 5:33 ||3-25% +375] 3 14 336 | 125 440 
TOM IC 2:5 alto: 4.625%-75 | 5-66/13-5 X.3751| 3.23 || 15 232 | 134 400 
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From preceding tables following resilts are determined : 

Ultimate Strength ip) 04 1 Sarz Loap 
per Lb. Weight per per Lb, Weight per | per Square of Circum- 

¢ ' Foot, Pm Foot. ference in Inches, 

Lbs. Lbs. Lbs. 
Le Gide Bineesnince [B ||lsee mwBiefte.e°8) 4550 leases | TOO; 
Tron. sacs Peeters lit! 432 COG 4500 600 

; i 30 000 _ § 6000 1000 pl sc is 505 : G nee 

ROUND AND FLAT MINING ROPES. 

(MM. Harmegnies, Dumont & Co., Anzin; France.) 

For a Depth of 400 Metres or 440-Yards. 

Rounp. ~ Fiat. ; 

No. , Diameter. mt ots Safe Load. EL Width, hs Bice a Safe Load, 

. Ins, Lbs. Lbs. Ins. Ins. Lbs, Lbs. 

17 +5 2.16 560 9 2.4 “55 2 3 360 
16; 59 1,66 1120 6. 2.8 «59 2.13 4.032 
15 63 1.26 1680 Fi ue -63 2.66 4 480 
14 71 iE 2240 giz .67 2B 5 600 

13 83 83 3360 1 3.5 79 3:33 6720 
12 98 66 4480 me} 43 .67 3.06 7840 
Il Ea +5). ,}. 5600 [o} 3-9 83 4 8 960 
10 1.3 33 6720 8 4:7 79 4-33 10 080 

8 5.1 87 5-33 II 200 

Ropes and Chains of Equal Strength. 

Di ti CIRCUMFERENCE, WEIGHT PER FOOT, 

c ei or Hemp Grpeibla Ghareons Steel Tron Hemp Tron Safe. 
Tron Chain. Rope. eases Rope. Rope. Rope. Rope. Chain. Load, 

Ins. Ins. Ins. Ins... || Lbs» | Lbs. , Lbs. Lbs. Tons. 
-218 75 2.75 —_ I — 14 | +34 Se 3 
iam ‘youth 3 _ 1.18 _ +21 -40 .65 4 
-281 25 3.5 I 1.39 By) 28 .07 81 A 
+312 5 Avan. |e 1.20) | T7157, 125 533 *75 96 6 
375 4:5 1.45 1.77 a3 45 83 1.38 38 

+437 5 5 1.57 | 1.97 235 | Sige UN aeIGM yn Ol it =x 
.468 75 5.5 1.77 | 2.19 45 7 Te aie Lg 
5 5.75 | 1.96 | 2.36 +59 83 1.6 2.63 I.5 
625 6.75) (2130), 22075 85 | 1.08 2 4-21 ee 
68751 EC 775i 275i 1p BT4t || Dez 1.43 2.65 4.83 By 

“75 8.75 | 2.95 | 3:53 || 1.28 | 1.8 3-35 | 5-75 -| 13-8 
668750 6) 975} 3-14) 3-93 |) T45°] 23 4-6 75 48 
9375. | 10-5 | 3-53.| 4:32 |) 1-83 | 2.94 |. 4.92. | 9-33 | 5-9 

1.062 5 10.75 | 3:03. |. 4.72 || 2633, | 3.50 5.83 | 10.6 7 
1.125 LAE e ty Ser 2.98 | 4 6.2 11.9 8.2 

111.25 14.75 |4-71 || 5-5 3-58 | 4.8 8.7 14.5 9.5 
1.375 15.25 | 4.81'|' 5.89 || 3.65 | 5.6 9 17.6 It 
1.5 MRT) pesos 6.28 || 4.04 | 6.3 10.1 20 \ 12.5 

1.625 17-75 | 5-8 | 7-07 || 5:65 |.7:95 | 13:7 | 22.3 | 15.9 
1.75 19.5 6.35 | 7-85 || 6.5 g.8r | 16.4 24.3 19.6 

| . By experiments of U. S. Navy, hem rope of this circumference has a breaking 
_ weight of 71 309 Ibs., and a wire rope of 5.34 ins. has equivalent strength. 
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Weight of Hemp and Wire Rope. (Molesworth.) 

In Lbs. per Fathom. 

t © Hemp. Wirz. Ci 4 Hemp. 
pe eh Good. Iron. | Steel. Soot: Common. Good. 

Ins. Lbs. Lbs. Lbs. Lbs. Ins. Lbs. Lbs. 

I peeko +24 87 89 5 4.5 

1.5 “41 +54 1.96 2 5-5 5-45 7.26 
1.75 +55 74 2.66 2078 6 6.48 .| . 8.64 
2 ay 3 .96 3-48 3.50 6.5 7.61 10.14 
2.25 -QI 1.22 4.4 4.51 7 8.82 11.76 
ZS 1.13 nS 5-44 5.56 7-5 10.13 13.5 
2.75 1.36 1.82 6.58 6.73 8 11.52 15.36 
3 1.62 2.16 7-83 8.01 8.5 13.05 17.34 
B25 1.9 2.54 9.19 9-4 9 14.58 19.44 
3:5 2.21 2.94 10.66 10.9 10 18 24 
B75 2.53 3.38 12.23 12.52 12 26 34-56 
4 2.88 3.84 13.92 14.24 15 40.52 54 

To Compute Stress upon a Rope set at an Inclination, 

Ruie.—Multiply sine of angle of elevation by strain in lbs., add an allow- 
ance for rolling friction and weight of rope, and multiply by factor of safety. 

Factor of safety—For standing rope 4, for running 5, and for inclined 
planes from 5 to 7. 

ItLustRATION.—Inclination of rope 92.5 feet in 100, velocity 1500 feet per minute, 
and strain 2000 Ibs.; what should be diam. of iron rope, 7 wires to a strand? 

Angle of 92.5 feet in roo— 43°, and sine of 43°=.682. .682 X 2000 = 1364, to 
which is to i added rolling friction and weight of rope, assumed to be 11; hence, 
1364 + 11 ='1375. : 

Factor of safety assumed at 6, consequently 1375 X 6 = 8250 lbs., capacity or break- 
ing weight or stress of rope. 

By table, page 162, 8200 lbs. is breaking weight of a wire rope of 7 strands, .625 
inch in diam. 

To Compute Tension of a Rope. 

2/9 
=t. v representing velocity of rope in feet per minute, FP horses’ power, 

and t tension in Ibs. 
ILLUSTRATION. —Assume wheel 7 feet in diameter, revolution r40 per minute, and 

P as per preceding table, 29.6. 

Then 29.6.X 33.000 _ 976 800 

7 X 31416 X 140-3079 
= 317.2 lbs, 

To Compute Operative Deflection of a Rope. 

D? w 

10.7 t : 
Feet, w weight of rope in feet per lb., t tension, or power required to produce 
required power or tension of rope when at rest, and d deflection in feet. 

ILLUSTRATION.—Take elements of preceding case: diam. of wire rope of 7 strands 
=.5625 inch, and by table, page 162, w=.4r lb., and D = 300 feet. 

2 

Then 200 *-47_ 
10.7 X 317.2 

=d. D representing distance between centres of wheels or drums in 

= 10.87 feet, 

Capacity.—At the Falls of the river Rhine there is a wire rope in operation 
that transmits the power of 600 horses for a distance exceeding one mile, | 



TRANSMISSION OF POWER AND EQUIVALENT BELT, 167 

EXindless Ropes. 

Wire Ropes, when practicable and proper for application, can be used for 
transmission of power at a less cost than belting or shafting. 

Transmission of Power. 

33 | ahs] S¢ 2 || $3 }e8s| 32 . || SB] ess| Se ; 
ge |b22) 82 | 22 )/ es | E25} be-| £8 | ES) eee] bs | ge 
as |Ss4| As | ee As /ese| as | se las i|esel| As | ze 
Feet. Ins. Feet. | Ins. Feet. Ins. 

4 80 | .375 3-3 || 7 | 100 | 5625] 27.1 || rr | 140 |'.6875 | 132.1 
4 | 100 | .375 4.1 || 7 |’ 140 | 45625] 29.6|| 12) 80 |.75 99:3 
4 | 120 | .375 5 8 80 | .625 22 I2 ‘| 100 | .75 124.1 

4 | 140 /.375 | 5.8)| 8 | 100 }.625 | 27.5 || 12 | 140 ].75 | 173.7 
5 80 | .4375| 6.9|| 8 i 140 | .625 38-5 || 13 | 80 |475 122.6 

5 | 100 ).4375| 8.6|| 9 | 80) .625 | 41.5 || 13 | 100 ].75 | 153.2 
5 | 120 | .4375| 10.3 || 9 | 100 |.625 | 51.9|| 13 | 120 | .75 183.9 
5 | 140 | .4375|] 12.1 || 9 | 140 | .625 72.6 || 14 80 | .875 | 148 
6 80 | .5 10.7 || 10 80 | .6875| 58.4 || 14 | 100 | .875 | 176 
6 | 100 |.5 13.4 || I0 | 100 | 6875} 73 14 | 120 | .875 | 222 
6}, 120 | 35 16.1 || 10 | 140 | .6875 | 102.2 || 15 80 | .875 | 217 
6 | 140 | .5 18.7 || I 80 | .6875] 75.5 || 15 | 100 | .875 | 259 
7 80 | .5625 |.16.9 || rz | 100.| .6875,| 94.4 || 15 | 120 | .875 | 300 

Wire Rope and Equivalent Belt. 

In substituting wire rope for an ordinary flat belt, the diameter is deter- 
mined by rule in practice for estimating power transmitted by a belt—viz., 

One horse power for every 70 square feet of running belt surface per 
minute. Thus, a belt 15 inches wide running at rate of 1400 feet per min- 
ute, its power would be equal to (1400 x 15) + (7oxX 12) = 25 horses’ power, 

The same result is obtained by the use of a wire rope .5625 inch in diam- 
eter, rmmning over a wheel 6 feet in diameter, making 130 revolutions per 
minute. 

Average life of iron wire rope with good care is from 3 to 5 years, and 
that of steel rope is greater. ear increases rapidly with velocity. 

General Notes.—Hemp and Wire Ropes. 

White Rope, 2 inches in circumference, of different manufactures, parted at 
a stress of from 4413 to 6160 lbs. 

Specimens of Italian, Russian, and French manufacture parted with an 
average stress of 5128 lbs, = 1633 lbs. per square inch of rope. 

Bearing capacity of a hemp rope is proportional to its thickness, number 
of its strands, slackness with which they are twisted, and quality of the 
hemp. 

Hemp and Wire Ropes.— Ultimate Strength is 2240 Ibs. per lb. per fathom 
for round hemp, 4480 lbs. for iron, and 6720 to 7840 lbs, for steel. 

Working Load is 336 lbs. per lb. weight per fathom for round hemp, 672 
Ibs. for iron, and 1120 lbs. for steel. 

Or, .83 times square of circumference in inches for round hemp, 5 times 
square of circumference for iron, and g times square of circumference for 
steel. (D. K. Clark.) 

Stecl Ropes may be one third less in weight than iron for like working 
load, and Hemp Ropes should be one third heavier than iron for like work- 
ing load. 
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WIRE. lj HEMP. i 
i 5 reaki | Circumference. i 

a RDN Core Wires, Weoe | Actual. | Nominal. Yarns. Weeks 

Ins. Ins. Ins. No. Lbs. Ins. Ins. No. Lbs. 

7 ZF 2.35 108 | 187400 |) 12 13.25 1168 | 75966 
6 | | x6 2.25 108 | r0qo50 |} I 12.25 1036 |°77 633 

4:937' | 49 1.57 | 11g | 65409 || 10.5 | 11.875 | 928 | 76933 
4-375 | 4:5 1.57, 114 | 55316 || 10 11.375 | 876 | 70533 
35 3:80 dp 2.27; r14 34.480 .||. 95 | 10.5 800 | 58 766 
632087 | 2:98 421.17 ri4 28 606 1 9 10.312 | (712 | 56466 
2.75 2.68 78 II4 21846.||, 8.5 9-437 |. 640 | 42866 
2.5 2.45 -78 EI4 15.692.) 8 8.812 | 560 |, 38500 

2,375 | 2.4 -78 42 15718.) 7-5 | 8.4374 484 |.40000 
Z: 2.06 39 II4 10925 |) 7 7-812 | 436 | 32166 

| ROPES AND CHAINS. 

IRON WIRE AND. UNITED STATES NAVY HEMP KOPE. 

Wire 6 Strands, Hemp Core. Rope 4 Strands. 

Weight and Strength of Stud-link Chain Cable. 
(English,) : 

Dimensions, \ mi | Drvenstons, + | 

Diam. | Length | Wiath | Weight Prook tres Diam, | Length | Width Bie Prorat 
Sider | dm, | xink, [Fathom OTe soy?) Sides | Link, | rink, |Fatbom.) Gino 
Ins. Ths. Ins, Lbs. Tons. || Ins. Ins. Ins.. |. Lbs, Tons. > 
-4375 | 2-625 | 1-575] 11-3] 3.5 || 1-5 9 5.4 | 121 40.5 

5 3 1418 13-4.|/ 4.5) | 1-625) 9.75} 5-85 | 142 47:5 
+5625 |:3.375 | 2-025, 17-2]. 5.5 -|| 1-75 | 10.5 6.3 | 164.4] 55.125 
625 13-75, |2-25.-|. 21 7 | 1.875 | I1.25 |.6.75 | 189 63.25 
-6875 |\4,125)} 2-475] 25-4] 8.5 (2 ish 7 roe lea a 72 
“75 4-5 Hs 30.2} 10-125 | 2.125 | 12.75 7.65, | 242.8) 81.25 
875. | 5.25 «|3-15 41.2] 13-75 2.26 [13.5 4° Sr Povb.2|. ores 

I 3.6 53-8} 18 2.375 | 14.25 | 8.55 | 303.2 | Yor.5 * 
1.125 | 6,75. [4.05 |’ 69 | 22.75 | 205 15 9 OGO) yes 
1.25 Teas 84 28.125 || 2.75 | 16.5 | 9.9 “| 406.6) 136.125 
1.375 ,.8.25 .|.4.95 | 101.6] 34 | 

Nore 1.—Safe Working-stress is taken at half Proof-stress, 3.82 tons per sq, inch 
of section. 

2:—Proof-stress and. Safe Working - stress for close-link chains are respectively 
two-thirds of those of stud-link chains. 

3.-—Proof-stress averages 72 per cent. ultimate strength, and Ultimate Strength 
averages 8 tons per square inch of section of rod or one side of a link. 

Weight of close-link chain is about three times weight of bar from which 
it is made, for equal lengths. 

Kul von Ott, comparing weight, cost, and strength of the three materials, 
hemp, iron wire, and chain iron, concludes that the proportion between cost 
of hemp rope, wire rope, and chain is as 2: 1:3, and that, therefore, for 
equal resistances, wire rope is only half the cost of hemp. rope, and.a third 
of cost of chains. iyi Fe ff dd 

Safe Working Load of Chains. (Molesworth). 
Diameter | Diameter 
of Iron. Load, of Iron. Load. ee ‘Load. ||, ete . Load, 

Ins. Lbs. Ins, Lbs. Ins, ~ Lbs. Ins. Lbs. 

+375 2240 -6875 739° || -9375 | 13 700 |) 1/1875 | 22 400 
Hove jolig8eo 7544 8960: || zr | 15,680 || 1,25. | 24640 
5025 4900 8125 | 10280 || 1,0625 |. 17.920, ||, 1.3125 | 26680- 
.625 6270 875 12 320 || 1.125 | 20160 || 1.375 |\30240° 
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Breaking Strain and Proof of Chain Cables. 
Diam. Breaking |} Diam. Breaking || Diam. F Breaking: || Diam. Breaking 

of Chain: Strain. of Chain. Strain. of Chain. Strain. |] of Chainy Straine 

j Ins, ‘Lbs. ; Ins. _ abs. my Ins. bss. 5. \\ Ins, Lbs. a 

2 67 700) || 1.1875, |. 92 940 ||, 1.5 143 100 || 2 243 180; 
1.0625 | 75 640 |)..1.25 102 160 || 1.625 | 165920 || 2.125 | 272 580 
1.125 84 100 || 1.375 I2I 840 || 1.75 216 120 || 2.25 303 280 

Proof-stress is 50 per cent. of estimated strength of weakest link and 46 
per cent. of strongest. 

Fa a abe at of Wire Ropes and: Tarred Hemp Rope, 
HMawsers, and Cables. 

COARSE LAID. FINE LAID. 
, Ropes. Haws’rs. Cables. Ropes. | Haws’rs,| Cubles, 
| ou a o4 of a of of 

Diam- | & Safe | 2 AS S32 22 || Diam-| Safe 53 os oy 
eter. A Load. ia z Be Fa Z 6 {2 eter, Load, é z A z Fa 2 

Lo “mn n n n n n n 

Ins. Ins, Lbs. Ins. Ins, Ins Ins, Ins. Lbs. Ins. Ins. Ins. , 
+25 -78 425| 1.25) — _ =_ “5 1875] 3.12] 2.87 | — 
«3125/1 690] 2.43] 2.25 3.32) —= .5625| 2420] 3:56] 3.2 4.87 
+375. | 1525 825| 2.68] 2.375) 35 — 625 2900] 3.93] 3.62 | 525 
oe I.375| 1600] 2.87| 2.62 3.87 | — “75 4320] 4.81] 4.37 | 6.37 
+5025|1.75 | 2800) 3-81] 3.5 5.18 | — 875 | 5700] 5.5 7:25' 
+6875 | 2.125| 3800] 4.75] 4-25 6.12 | — |lx 8200} 7.25| 6.25 | 8.75 
+75. |2-375| 4490) 5-25) 4-87 7 — ||1.125 |10100|] 8.18] 7 9.5 
-875 |2.625| 6150] 6,12] 5-75 8 8- ||1.25 |13600] 8.81}. 8.06 | 1x 

I 3 8 400] 6.62) 6.12 8.62 | 8.62|| 1.5 17 500] 10 9-75 | 12.5 
1.25, |3-75 |13400| 8.81] 8.5 10.93 | 10.93|/1.625 | 21 800] 11.18} 10.93 | — 
1.375 |4.25 |16800/°9.87| 9.56 | 12.25 |'12.12|/1.75 | 27000)/12.5 | 12.12 | — - 
1.5 4.625 | 20160] 10.75)| 10.5 13 **'| 23-12|! 1.875 -| 32500} —~ _ —_ 
1.625. |5 24600} — |11.87 | 11.56 | 11-75||2 37000| — — a 

In above table, determination of circumference of rope, etc., is based upon 
Breaking Weight or Tensile resistance of wire being reduced by one fourth, 
and ultimate resistances of rope, etc., are reduced one third. 

Result of Experiments upon Wire Rope at U.S. Navy 
Yard, Washington. (J A. loebling’s Sons.) 

Circumference. 
ad 

, ie tet | OB | ae Weight Breaking Circumference. eee el eae Breaking 

: Nom- |: Poot. | Weight. Nom-|& § 8/325 |3 25 | Weight. 
Actual. | inal, Actual. | jnal. Salas” is 

Ins. Ins. 5 Lbs. Lbs. Ins. Ina. | No. | No. | Lbs. Lbs, 

4-9375|4-9 | 19 | 12 |3-14 | 65 409]/2.375 | 2.4 7 e138 | k4 || 15 718 
4.375. |4-5-| 19>} 13 12-15 -}55316]|2.1875| 2.12} 7 |'14 |.1r | 14 478 
3-9375|3-91| 19 1 14 |2.0875) 44 420]|2 2.06] 19'} 19 |.1' | 10925 
3-5 3:36] I9 | 14 | 2-1525}34 840]| 1.9375] 1-9 7 | 14 |. 10 118 
3.1875|2-98| 19 | 15 | 1.09 - +28606)/1.75" |1.85| 7 | 17 |.07 | 7880 
2.75 |2.68| 19 | 17 | 1.0275|21 846]/1.4375|1-45/ 19 | 20 |.06 | 5 687 
2.6875 |2:56| 7-| 13 }2.0225/18 8r0]/1.3125|1.3rf 7 | 18 |.05 | 4428 
2.5). of 2451019 | 18 | 14 15 692||1.125|1.11| 7 | 19 |.035! 3729 

To Compute Circumference of Wire Rope with Hemp 
Core, of Corresponding Strength to Hemp Rope, and 

of Hemp Rope to Circumference of Wire Rope. 

. Rute 1.—Multiply square of circumference of hemp rope by we for iron 
wire and .12 for steel, and extract square root of product. 

2.—Multiply square of circumference of hemp-core wire rope by 4.5 for 
Iron wire and 8.4 for steel wire. 

_ , Exampie.—What are the circumferences of an iron and steel wire rope corre- 
- sponding to one of hemp-core, having a circumference of 8 ins. ? 

V 8? X,.223 = 3-78 ins; tron, Be V8" X .12=2.77 ins, steel. 
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ROPES, HAWSERS, AND CABLES. 
_ Ropes of hemp fibres are laid with three or four strands of twisted fibres, 
and are made up to a circumference of 12 ins., and those of four strands up 
to 8 ins, are fully 16 per cent. stronger than those of three strands. 

Hawsers are laid with three or four strands of rope. Cables are laid with 
but three strands of rope. Hawsers and Cables, from having a less propor- 
tionate number of fibres, and from the irregularity of the resistance of their 
fibres in consequence of the twisting of them, have less strength than ropes, 
difference varying from 35 to 45 per cent., being greatest with least circum- 
ference, and those of three strands upto 12 ins, are fully ro per cent. strong- 
er than those having four strands. 

’ Tarred ropes, hawsers, etc., have 25 per cent. less strength than white 
ropes; this is in consequence of the injury fibres receive from the high tem- 
perature of the tar, viz. 290°. 

Tarred hemp and Manila ropes are of about equal strength, and have from 
25 to 30 per cent. less strength than white ropes, 

White ropes are more durable than tarred. 

The greater degree of twisting given to fibres of a rope, etc., less its 
strength, as exterior, alone resists greater portion of strain. 

Ultimate strength of ropes varies from 7000 to 12000 Ibs. per square inch 
of section, according as they are wetted, tarred, or dry. One sixth of ulti- 
mate strength is a safe working load = 1166 to 2000 lbs. per square inch, 

Units for computing Safe Strain that may be borne by 
New Ropes, Hawsers, and Cables. (U.S. Navy.) 

Ropes. Hawsers. CABLES, 
DrscriP- | Circumference. White. Tarred. White.| Tarred.| White. | Tarred. 

PEON: gstrands | 4 strands, '3 str’ds. 4str’ds./3 str’ds, | 3str’ds. 3 str’ds./3 str’ds, 

Ins. Los. | Lbs. | Lbs, | Lbs. | Lbs. | Lbs. | Lbs. '|’ Lbs, 
White | 2.5 to 6 | 1140 | 1330] — | — | 600| — — — 

ss 6 *“ 8 | r0go.} 1260 | —,.| — | 570 |-— 51I0| — 
S 8, “12 |) 1045 | 880} — | — | 530] — | 530] — 
ue i “18 }. — _ —— 9 | —tdaly SO. — =| ‘Skene 
S 18 26} — —_ —/}—/|]— — 560 | — 

Tarred | 2.5 “% 5.| — =| 855 | r005| — fk 460°| =| 
ie Schaeo Ae — | 825 | 940|/-— | 480] — _ 
ss 8. fy 12 fo — | 780 | 820): — | 505 | — .| -505 
yy mz “318 | — — — frye hee — | 525 
i i * 26). — — Saleh PE WeS Yb al Saua | aas0 

Manila | 2.5 “ 6 810] 950) — | — | 440} —. | — | — 
sh 6 “12! 760.) 835.) —) | — |.465| — | 510) — 

iz “18|, — _ Spe oe S35 St 
ab 18 “ 26 ed a =e in ees aS 560 an 

ILLUSTRATION.—What weight can be borne with safety by a Manila rope of 3 
strands, having a circumference of 6 inches? (See Rule, page 167.) 

6? X 760= 27 360 Ibs. 

When it is required to ascertain weight or strain that can be borne by 
ropes, etc., in general use, preceding Units should be reduced from one third 
to two thirds, in order to meet their condition or reduction of their strength 
by chafing and exposure to weather. Molesworth’s table is based upon a 
reduction of three fourths. 
__ ItLustration.—What weight can be borne by a tarred hawser of 3 strands, 1¢ 
inches in circumference, in general use’? : oe 

10? X (505 — 505 + 3) = 100 X 366.67 = 33 667 lbs. 
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Destructive Strength of Tarred Hemp Ropes. 

(D. K. Clark.) 

Register. Register, 
Circum. Diam, Common Russian Circum, Diam, Common Russian 

Cold. Warm. ; Cold. Warm. 

Ins, Ins. Lbs, Lbs, Ins, Ins. Lbs. Lbs. vi 
3 95 7390 8 620 5:5 1.75 24 800 29 120 
3-5 I.1I II 200 Ir 760 6 1.91 28 985 33 150. 
4° Uprmen I3, 100 I5 340 6.5 2.07 34.030 40 550 
4.5 1.43 16 330 19 440 7 2.24 40 320 47 O41 
5 1.59 | 19580 | 23990 || 8 2.54 | 52480 | 61420) 

National Association of Rope and Twine Spinners, 
As tested by Mr. Kirkaldy. 

Breaking| Extension in so ins. Length 

Specimens furnished by 

Rare Circum-| Weight | Extreme | Weight | at Stress per 1b. Weight 
ference.| per Lb. | Strength. per eve per Fathom of 

athom. | 1000 Ibs. |2000 Ibs.|3000 Ibs. 

j Inay i), Lbs, Lbs..- | bases) Ins). (\ \Ines).] Ines 
Russian rope... 48 thr’ds,} 5.26 | .926| 11088] 1933 | 5.29| — — 
Machine yarn...50 ‘“ 5.37 | -891 | 11 514| 2152 | 4.53 | 6.56] — 
Hand-spun yarn,51 “| 5.39 | 1.006} 18 278] 3024 | 4.46 | 5.91 | 6.63 

Breaking Strength of Tarred Hemp Ropes. (Mr. Glynn.) 

| 2 Old Method. By Register. a| : Old Method. By Register. 
a o 5 

Z| 2 one Ructap.| Cold. | Warm. || = | 2 ae Reet, | Cola. | Warm, 

Ins, |dns.j| Lbs: | Lbs. | Lbs, | Lbs, ||tns.| ins. | Lbs. | Lbs | Lbs. | Los. 
3 | 95} 5056| 6248) 7392| 8624||5.5|1.75 |15 456 |18 414 |24 797 | 29 120 
3-5 |1-11| 7466) 8668 |11 200/11 760|/6 |1.91|18 144 |21 610 |28 986] 33 150 
4 |1.27| 8780|10460 13 104 17 810 6.5 |2.07 |20 518 |23 610 |34 630| 40544. 
4.5 |1.43 |10 300 12 432 16 330 19 443 7 |2-24 22 938 |27 462 |40 320| 47 040 
5 1.59 13 328 |15 859 20.496 |23.990||8 |2.54 126 680 |32 032 |52 483 | 61 420 

To Compute Strain that may be borne with safety by 
new Ropes, Hawsers, and Cables. 

Deduced from experiments of Russian Government upon relative strength 
of different Circumferences of Ropes, Hawsers, etc. 

U.S. Navy test is 4200 lbs. for a White rope of three strands of best Riga 
hemp, of 1.75 inches in circumference (= 17 000 lbs. per square inch of Jibre), 
but in preceding table (page 166) 14.000 lbs, is taken as unit of strain that 
may be borne with safety. 
Ruie.—Square circumference of rope, hawser, etc., and multiply it by 

Units in table. 

To Compute Circumference of a Rope, Hawser, or Cable 

for a Given Strain. 

Rure.—Divide strain in pounds by appropriate units in preceding table, 
and square root of product will give circumference of rope, etc., In ins. 

EXAMPLE 1.—Stress to be borne in safety is 165 550 Ibs. ; what should be circum- 

ference of a tarred cable to withstand it? 

165 552+ 550= 301, and 4/301 = 17.35 ims. 

2.—What should be circumference of a Manila cable to withstand a strain, in 
general use, of 149 336 lbs. ? 
Assuming circumference 

149 330-+ (560 — 560+ 3) = 400, and +/400= 20 ins, 

to exceed 18 ins., unit = 560. 
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To Compute Weight of Ropes, Hawsers, and Cables. 

RuLe.—Square circumference, and multiply it by appropriate unit in 
following table, and product will give weight per foot in lbs. : 

HAWSEES. HAWSERS. 
E ROPES, CABLES. . ROPES, CABLES, 

3-strand Hemp....... .032 .03z .031 | 4-Strand Hemp....... 033 — = 
3-Strand tarred Hemp, .o42 :.041 04x | 4Strand tarred Hemp, .o48 — = 
37strand Manila..,... 032 -.031 .031 | 4-Strand Manila...... .035  .034 =.034 

<Units for Thread Ropes is same as that for Ropes of like material. 
‘ExaMPLE.—What is weight of a coil of 10-inch Manila hawser of 4 strands of 120 

fathoms? t J 
10? X .034 = 3.4, and 120 X 6 X 3.4 = 2448 lbs. 

Weight and Strength of Hemp and Wire Ropes. | 
(Molesworth.) 

C?-4 = Ws O%k =i: C22=8; ad/7=C. 

C representing circumference in ins., W weight of rope in lbs. per fathom, 
L working load in tons, and 8 destructive stress in tons. 

VALUES OF ¥, 2, AND &, 

ROPES. [Reyes pp eS] k | ROPES. y z | ‘& 

Hawser, hemp........ -13r5) —}| — | Warm register, hemp }~ — 7 | «136 
Cable Ce ees -117 | — | — || Manila hawser....... -177 | -27 | .045 
Tarred hawser, hemp.) .235 | .22 | .037 || ~“*  ¢able......... -155 | -19 | -033 

{ fcable, ts. )esopot rg | ho25 || Tron.rope,.... sie: - +87, }x.8) | 62g 
Cold register, ok Lat} SES jee aif Steel © So Joeman “89 {2.8 | .45 

To Compute Circumference of Hemp or Wire Rope. 
for Hore or Main Standing Rigging. (U.S. Navy.) 

RuiE.—To length of mast between partners and deck, add half extreme 
breadth of beam of vessel and divide sum by half extreme breadth. Mul+ 
tiply quotient by half square root of tonnage (OM) and extract square root 
of product. 

For Mizzen, take .74 of Fore. and Main. 
EXAMPLy. — Required circumference of hemp rope, for main-mast of a vessel 

having a breadth of beam of 45 feet and a burden of 3213 tons? : 

Extreme length.of mast... ccs. soasccwerese 94-4 feet. 
Depth of hold, or total bury of mast, 21.4 feet. 
Head...) .. SAE SORE LEY sass d TOROS TS" ate, ByoRg te 

Breadth of beam, 45 feet. ARS Na 

set 8a % = 3.58, and / (2:58 ed vse13) = V' 101.46 = 10.11 ins. 
eh 4 

Then if circumference for a wire rope is required, see table, page’164. “ 

Thus, a hemp rope ro ins. in circumference has equivalent strength of an iron 
wire rope of 4 ins. and a steel rope of 3.254 ins, 

Galvanized Iron Wire.—Experiments at’ Navy Yard, Washington, gave for flex- 
ibility a mean loss of 30 per cent., and for tensile strength a like loss of 13.5 per 
cent. : 

Relative Dimensions of Hemp Rope and Iron and Steel 
: Wire Rope.. (U.S. Navy.) 

Circumference in Inches. 

Hemp.25 3.125 4 4.59 §:25)°6.5' 97.75 8) dS aa 00E-75 I3Si2I85 
Tron.) 2.25). 1.625 22 ras oun es the ees 4s 5.5 0 7. 
GBteel.. .875 1.125 1.5 1.625 1.875 ° 2125 2.5 2.75 3-25 3-5-4 4-375 5.25 
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ANCHORS, CABLES, ETC. 
Anchors, Chains, etc., for a Given Tonnage. 

(American Shipmasters’. Association.) 

SAILS. 

S oe ANCHORS. Cuan CaBie.—Srup. 
#3 Bowers. Including Stock. : Weight per Fathom, 
es rs * <4 Admi. 
& rn sos ae Si ae od ||Diameter. =) ralty Short | Eng- 

HEE! stock. | Test, [tem | Kedge: | Kedge. Bo | Best. | Stade Tim. | diehe 

: Lbs. | Tons. Lbs. Lbs. Lbs. Ins. Faths. | Tons. Lbs. Lbs, % 

752 Or 7, 168} 84 | — -8125| 90 | rr 40 |. 42 | 35 
Ioo| 728/ 8 196| 112} — -875 | 105 | 13 44} 48 | — 
125|-840! 9 224.) 212" —= -9375 | 105 | 15 Sr 55 | 48 

“150 | 952) 10 280| 140} — || 120 | 17-5 | 59 | 63 | 54 
175 | 1036 | 1 336| 168) — |} 3.0625} 120 | 20 66} 7o | — 
200 | 1120 | 12 392 | -1964°— |) 4.125) 120 | 22:5 |°.75-F'79 |'-68 
250 | 1288 | 13 448 | 224} 112 11.1875 | 135 | 25 82} 88 | — 
300 | 1456 | 14 504} 252 |'126'}] 1.25 135 | 28 Or} 98} 84 
350 | 1624 15.5| 560) 280) 140 || 1.3125] 150 | 31 roo | 106 | — 
400 | 1848 | 17 616} 308) 154 || 1.3125] 150 | 31 100 | 106 | — 
450 | 1904 | 18.5 | 672 |) 336] 168 ||1.375 | 165 | 37 115 | 118 | ro2 
500 | 2016 | 20 784 | 392] 196 || 1.43751 165 | go 120 | — | — 
600 | 2352 | 22 896| 448 | 224 |] 1.5 180 | 44 132 | — 
700 | 2688 | 24 | 1008| 504) 252 || 1.5625) 180 | 47 45 | — 
800 | 3024 | 26 | 1120| 560}'280 || 1.625 | 180 | 51 156] — | 143 
goo | 3248 | 28 | 1232] 616! 308 || 1.6875} 180 | 55 162 | — | — 

1000 | 3584 | 29.5 | 1344| 672) 336|1-75 | 180 | 59 | 175 166 
1200 | 3808} 31 |'1456] 738] 364 || 1.875 | 180 | 63 189 191 
1400 | 4032 | 32.5 | 1568’) 784 | 392 || 1.9375 | 180 | 67 205/ — | — 
1600 | 4256 | 34 | 1680] 840] 420 || 2 180 | 72 219} -- | — 
1800 | 4480 | 35-5 | 1792} 896} 448 || 2 180 | 72 240 | — | 217 
2000 | 4704 |37 | 1904] 952} 504 || 2.0625 | 180 | 81 — + 
2500 | 5040} 39 | 2128] 1120] 560'||2.125 | 180 | 86 a+ = 244 
3000 | 5376] 41 | 2353 | 1232] 616 || 2.1875 | 180 | 96 —{-|]— 

+ Brown, Lennox, & Co. 

To Compute Tonnage. 

Take dimensions as follows: Length. — From after-side of stem to for- 
ward-side of stern-post, measured on spar or upper deck in vessels having 
two decks and under, and on main deck in vessels having three or more 
decks. Breadth.—F-xtreme at widest point. Depth.—At forward coaming 
of main hatch, from top of ceiling at side of keelson to under side of deck. 

Then multiply these dimensions together, divide product by 100, and 
take .75 of quotient. 

All vessels to have 2 bowers and x each stream and kedge anchor, and for 
a tonnage exceeding 1400 a third bower is recommended. 

Hawsers and Warps to be go fathoms in length. 

Shrouds. 

SquaRE-RIGGED. Hemp.—5.75 ins. in diameter for a tonnage of 75, in- 
creasing progressively up to 12.75 ins. for 3000 tons. 

ForE-AND-AFT RIGGED. From .25 to 1 inch in diameter progressively 
greater than for square-rigged, 

_. Wire.—One half diameter of hemp, increasing very slightly as tonnage 
increases. Thus, for 3000 tons, 12.75 ins. for hemp and 6.875 ins. for wire, 

pe 
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(American Shipmasters’ Association.) 

: STEAM, 

ow ANCHORS. ] ‘s Cuain Capie.—Stvp. = 
£322 Bowers. Including Stock, ; | ws | Weight per Fath. 

Bote Ue Ot gs iam- | 3 Ez iam. 7 
eees|4edlere| 2-| & | Shore | = | | geean |S fea as 
BSpelcesisee 2 S a3 4 = ie | 3 |2£) 64 
CBRE IeFh| Fs 2 | <a a |\ad las 

Ins. ‘Pathe Tons. Ins. Lbs. | Lbs. | 

100 |..336| 4.9} z12|,— | — |} -6875, 105! 8.1] .5 —|— | 25 
150 | 448] 6.4) 196) — | — | .8125/ 120 11.9| .5625|. 40] 42] 35 
2060 | 616] 7.6)" 224) — | — ||. .875_|,120 113.8] 5625, 44| -48|.— 

-250| 672) 8.2) 280| — | — || .9375}.120) 15.8} .625 | 51] 55|1~48 
~300 | 812|.9.5) 308} —1| — Ha 1120/18 -625 | 59) 63). 54 
»350 |. 924|10.4| 336| — | —||1.0625)120 20.3} .6875| 66) 70) — 
- 400 | 1120] 12 532] 252| — ||1.125-|.135 22.8 | -6875| 75| 79| 68 
450 |. 1344|13-9| 560) 280 — \\1.1875 135 }25-4} -75 .| 82) 88) — 
#§00 | I512|15.2)] 672) 336) — ||1.25 {150} 28.1] -75 tops 84 
600 |1708|16.7| 738| 364) — ||1-3125) 150. 31 | 8125 | 100 | 106 | — 

- Joo | 1876) 18 784} 392) — }\1-375:) 165 |.34 | .8125|115)118) 104 
800 | 2026) 19 896) 448 224|/1.4375 | 165 | 37-2} -875 | 120) — | — 
-Q0O | 2352) 21.6) 1008; 504 252) 1.5 180 40.5) .875 |132| — | 122 
OOO | 2632 | 23.5} 1120} 560 280} 1.5625, 180 44 .} .9375)145| — ears 
1200 | 2856 | 25.2|1176| 588 308||1.625 | 180| 47.5| .9375|/1560|) — | 143 
1400 | 3108 | 26.9 | 1232) 616) 308! 1.6875 | 180 | 51.21 162| — | — 
1600 | 3360 | 28.6 1344 672 336))1.75 | 180 55.5) x 175 | — | 166 
1800 | 3584 | 30.1 1456 738 364) 1.8125 180 59-54. 1,0625 189| — | 
2000 | 3808 | 31.6) 1512) 766 364||1.875 | 180 | 63.3 | 1.0625 | 205| — | 191 
2300 | 4088 | 33:4 1568, 784 392) 1.9375 180 | 67.6 | 1.125 |215|— | — 
2600 | 4256) 3455. 1624 812 392 2 | 270 | 72 |1.125 |240| — |217 
3000 | 4480 | 35-7 1680! S4o 420]| 2.0625 | 270, 76.6) 1.1875) — | — |— 

3500 4502 | 37 1792, 896 476 2.125 | 270 81.3) 1.1875; — | — | 244 
4000 4816 | 38 11960 952 504) 2-187, 75, 270, 86.1 1.25 | —|}|—|— 
4500 /5040) 39-2, 2128 | 1064 | 532//2.25 | 270 | gi. 1) 1.25 -—-|-i- 
5000 | 5264! 41 | 2352/1120! 560||2.31251 270196 11.3125! — | — | — 

* Brown, Lennox, & Co. 

ANCHORS AND KEDGES. 

(U. S. Navy.) 
To Compute Weight of a Bower Anchor for a Vessel 

of a given Character and Rate. 

» Ruie.—Multiply approximate displacement in tons, by unit in following 
table, and product will give weight in lbs., inclusive of stock. 

Units to determine Weights and Number of Anchors 
or I<tedges. 

Displacement : s | 3 I Displacement : 8 3 S 
of V Vessel in = E 3 $ 3 of Vessel in % z 3 2 

Tons. 5 fa) | Dn Na te Tons. pb a a eI ~ 

Over 3700] 1.75] 2 2 I 4 |\Oversxgeo, 2.5) | 2) Joanihig 
‘2400 | 2 2 2 I 3 OTE OOO Bae 2 575) ee I S 
* 1900||'2.25 |) 2 2 I 3 || goo and under | 3 2 aes 2 
EXAMPLE, —Tonnage an bark-rigged steamer i§ 1500. : 

1500 X 2.5 = 3750 lbs. , weight ofunchor’ 5) 

Bower and Sheet Anchors should be alike in weight. 
Stream Anchors and Kedges are proportional to weight of bowers. Thus, 

Stream Anchor .25 weight. Kedges.—If 1,.125 weights if 2, .16 and 1 
weight; if 3, .16,.125, and .1 weight. 
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To Compute Diameter of a Chain Cable corresponding 
- to a Given Weight of Anchor, 

(U. S. Navy.) : ) 
RuLe.—Cut off the two right-hand figures of the anchor’s weight in Ibs., 

multiply square root of remainder by 4, and result will give diameter of, 
chain in sixteenths of an inch. 

_ Exampie,—The weight of an anchor is 2500 Ibs. 
: 4/25.00 X 4 = 20 stxteenths = 1.25 ins. J 

Notr.—Diam. of a messenger should be .66 that of the cable to which it is applied, 

Lengths of Chain Cables for each Anchor. 

(U.S. Navy.) 
Weight of Anchor. | Bower, | Sheet. | Streain. || Weight of Anchor.| Bower, | Sheet. | Stream. 

Lbs. Fathoms,| Fathoms,|Fathoms, Lbs. Fathoms,| Fathoms,| Fathoms, 

Under 800 Over 2000 120 I20 Ome 
Over 800 go go 60 # 3000 120 120 90 
BOT Z00 go 90 75 ‘5000 120 120 105 

J. 1600 | 105 105 THU i. 17300 135 135 105 

ANCHORS. 

From Experiments of a Joint Committee of Representatives of Ship- 
owners and Admiralty of Great Britain. 

An anchor of ordinary or Admiralty pattern, Trotman or Porter’s im- 
roved (pivot fluke), Honiball, Porter’s, Aylin’s, Rodgers’s, Mitcheson’s, and 
ennox’s, each weighing, inclusive of stock, 27000 lbs., withstood without 

injury a proof strain of 45000 lbs. 
- Breaking weights between a Porter and Admiralty anchor, as tested at 
Woolwich Dock-yard, were as 43 to 14. 

Comparative Resistance to Dragging. 

. Trotman’s dragged Aylin’s, Honiball’s Mitcheson’s and Lennox’s; Aylin’s 
and Mitcheson’s dragged Rodgers’s; and Rodgers’s and Lennox’s dragged 
Admiralty’s. 

TONNAGE OF VESSELS. 

To Compute Tonnage of Vessels. 

For Laws of United States of America, with amendments of 1882 relative 
to Steam-vessels, see Mechanics’ Tables, with rule and illustrated diagrams, 
by Chas. H. Haswell, 3d edition, Harper & Bros., New York, 1878. ; 

English Registered Tonnage. (New Measurement.) 

Divide length of upper deck between after-part of stem and fore-part of stern- 
post into 6 equal parts, and note foremost, middle, and aftermost points of division. 
Measure depths at these three points in fect and tenths of a foot; also depths from 
under-side of upper deck to ceiling of limber-strake; or in case of a break in the 
upper deck, from a line stretched in continuation of the deck. For breadths, divide 
each depth into 5 equal parts, and measure the inside breadths.at following points, 
viz. :—At .2 and.8 from upper deck of foremost-and aftermost depths; and from 
.4 and .8 from upper deck of amidship depth. Take length at half amidship depth 
from after-part of stem to fore-part of stern-post. 

Then, to twice amidship depth add foremost and aftermost depths for sum of 
depths, and add together foremost upper and lower breadths, 3 times upper breadth 
with lower breadth at amidship, and upper and twice lower breadth at after division 
for sum of breadths. 

Multiply together sum of depths, sum of breadths, and length, and divide product 
by 3500, which will give number of tons. 

If the vessel has a, poop or half-deck, or a break in upper deck, measure inside 
mean length, breadth, and height of such part thereof as may be included within 
the bulkhead; multiply these three measurements together, divide product by 92.4, 
and quotient will give number of tons to be added to result as above ascertained, 



176 TONNAGE OF VESSELS: 

For Open Vessels.—Depths are to be taken from upper edge of upper strake. 

For Steam Vessels. —Tonnage due to engine-room is deducted from total tonnage 
computed by above rule. To determine this, measure inside of the engine-room 
from foremost to aftermost bulkhead; then multiply this length by amidship depth 
of vessel, and product by inside amidship breadth at .4 of depth from deck, and 
divide final product by 92.4. 

The volume of the poop, deck-houses, and other permanently enclosed spaces, 
available for cargo or passengers, .is to be measured and included in the tonnage, 
but following deductions are allowed, the remainder being the Register tonnage. 

Deductions.—Houses for the shelter of passengers only; space allotted to crew 
(x2 square feet in surface and 72 cube feet in volume for each person); and space 
occupied by propelling power. whe 

Approximate Rule. 

Gross Register.—Tonnage of a vessel expresses her entire cubical yolame in tons 
of x00 cube feet each, and is ascertained by following formula : 

Se) eats tonnage, and =" aE E c= Register tonnage. L representing length 

of keel between perpendiculars, B breadth of vessel, and D depth of hold, all in feet. 

Builders’? Measurement. 

(L—.6 B)XBxX.5B 

94 
Fore-perpendicular is taken at fore-part of stem at height of upper deck. 
Aft-perpendicular is taken at back of stern-post at height of upper deck. 
In three-deckers, middle deck is taken instead of upper deck. 
Breadth is taken as extreme breadth at height of the wales, subtracting differ- 

ence between thickness of wales and bottom plank. Deductions to be made for 
rake of stem and stern. 

18 /Girth + Breadth 

10 000 ( 

Length measured on upper deck, between outside of outer plank at stem and 
the after-side of stern-post and rabbet of stern-post, at point where counter-plank 
crosses it. Girth measured by a chain passed under bottom from upper deck at 
extreme breadth, on one side, to corresponding point on the other. 

= Tonnage. 

Iron Vessels. 
2 

) X length = Gross tonnage. 
2 

BxD : “ 
Register tonnage =~ * 3X xC. C representing a coefficient for vessels as 

ei 

follows : 

Ships of usual form..........e.e eee .7 | Yachts above 60 tons............ tees 
: 2 decks... .65 2 fsharpoarees!. ts. cael. é 

Clippers and Steamers ie Pr “68 Small vessels (very sharp.......... BA 

Units for Measurement and Dead-weight Cargoes. 

(C. Mackrow, M. S. N. A.) 

To Compute Approximately for an Average Length of Voyage the Measure- 
ment Cargo, at 40 feet per Ton, which « Vessel can carry. 

Roure.—Multiply number of register tons by unit 1.875, and product will 
give approximate measurement cargo. 

To Compute Approximately Dead-weight Cargo in Tons which a Vessel can 
carry on an Average Length of Voyage. 

Rute.— Multiply number of register tons by 1.5, and product will give 
approximate dead-weight cargo required. j 

With regard to cargoes of coasters and colliers, as ascertained above, about 
ro per cent. may be added to said results, while about 10 per cent. may be 
deducted in cases of larger vessels on longer voyages. 2 
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In case of measurement cargoes of steam-yessels, spaces occupied by ma- 
chinery, fuel, and passenger cabins under the deck must be deducted from 
space or tonnage under deck before application of measurement unit thereto, 

_ In case of dead-weight cargoes, weight of machinery, water in boilers, and 
fuel must be deducted from whole dead weight, as ascertained above, by 
‘application of dead-weight unit. i 

¢ -The deductions necessary for provisions, stores, ete., are allowed for in 
selection of the two units. 

‘To Ascertain Weight of Cargo for an Average Length of Voyage. (Moorsom.) 

~~ Deduct tonnage of spaces of passenger accommodations from net register 
tonnage, and multiply remainder by 1.5. J 

Average space for each ton weight of cargo on such a voyage 67 cube feet. 

Freight Tonnage or Measurement Cargo. 

Freight Tonnage or Measurement Cargo is 40 cube feet of.space for cargo, 
.and it is about 1.875 times net register tonnage less that for passenger space, 

Royal Thames Yacht Club. 

Measure length of yacht in a straight line at deck from fore-part of stem to after- 
‘part of stern-post, from which deduct extreme breadth (measured from outside of 
outside planking), both in feet; remainder is length for tonnage. Multiply length 
for tonnage by extreme breadth, that product by half extreme breadth, divide re- 
sult by 94, and quotient will give tonnage. 

If any part of stem or stern-post projects beyond length as taken above, such 
projection or projections shall, for purpose of computing tonnage, be added to length 
taken as before mentioned. 

All fractional parts of a ton are to be considered as a ton. 

Measurements to be: taken either above or below main wales, 

L—BxXBx.5B 

94 
= Tons. L representing length and B breadth, in feet. 

- Corinthian and New Thames Yacht Olub. 

Measure length and breadth as in foregoing rule, and depth to top of covering 
board; multiply length, breadth, and depth together, divide result by 200, and quo- 
tient will give tonnage, 

LxXBxD 

200 
= Tons. 

Suez Canal Tonnage. 

Gross Tonnage.—Spaces under tonnage deck, below tonnage and uppermost deck, 
all covered or closed-in spaces, such as poop, forecastle, officers’ cabins, galley, 

; co9k, deck, and wheel houses, and all inclosed or coyered-in spaces for working the 
vessel. 
From which are to be deducted berthing accommodations for crew, not including 

spaces for stewards and passengers’ servauts; berthing accommodations for officers, 
cexcept captain; galleys, cook-houses, etc., used exclusively for crew, and inclosed 
spaces above uppermost deck, designed for working the vessel. In aone of these 

Spaces. can passengers be berthed or cargo carried, and total deduction under all of 
“these spaces must not exceed 5 per cent. of gross tonnage. 

In steamers with standing coal-bunkers, English rule may be followed, or owner 
may elect to have tonnage of his vessel computed by ‘‘Danube rule,” which is an 
allowance of so per cent. above space allowed to machinery in side-wheel steamers 
and 75 in screw steamers. 1 

| In no case, however, except with tow-boats, must deduction for propelling power 
exceed so per cent. of gross tonnage, [ 
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WORKS OF MAGNITUDE. 

American. 

Aqueducts, Roads, and Railroads. 

Croton Aqueduct, N. Y.— Has a section of 53.34 square feet and capacity of 

100 000 000 tO 113000000 gallons per day, and from Dam to Receiving Reservoir is 

38.134 miles in length. 

Aqueduct, Washington.—Cylinder of masonry 9 feet in diameter. Stone arch 
over Cabin John’s Creek, 220 feet span, 57.25 feet rise. 

National Road.—Over the Alleghany Mountains, Cumberland to Illinois Town, 
650.625 miles in length, and 80 feet in width. Macadamized for a width of 30 feet. 

Illinois Central Railroad.—Chicago to Cairo, length 365 miles, Centralia to Dun- 
leith 344 miles, total 709 miles. 

Bridges. 

Suspension Bridge, Niagara River.—Wire, Span 1042 feet 10 ins. 

Suspension Bridge, New York and Brooklyn. — Length of river span 1595 feet 6 
ins.; of each land span g30 feet; length of Brooklyn approach 971 feet; of N. Y. 
approach 1562 feet 6 ins.; total length of bridge 5989 feet; width 85 feet; number 
of cables 4; diameter of each cable 15.5 ins.; each consisting of 6300 parallel steel 
wires No. 7 gauge, closely laid and wrapped to a solid cylinder; ultimate strength 
of each cable 11200 tons; depth of tower foundation below high water, Brooklyn, 
45 feet—New York 78 feet; towers at high-water line 140X509 leet; towers at roof 
course 13653 feet; total height of towers above high water 277 feet; clear height 
of bridge in centre of river span above high water, at 50°, 135 feet; height of floor 
at towers above high water 1x9 feet 3 ins.; grade of roadway 3 feet in roo; anchor- 
ages, at base 129 X 1109 feet, at top 117 X 104 feet; weight of each anchor-plate 23 tons. 

Iron Pipe Bridge over Rock Creek.—200 feet span, 20 feet rise. Arch of 2 lateral 
courses of cast-iron pipe, 4 feet internal diameter, and x inch thick. These pipes 
conveying the water not only sustain themselves over the great span, but support 
a street road and railway. 

Iron Bridge over Kentucky River near Shakers’ Ferry, Md.—3 spans, each 375 
feet, and 275.5 feet above low water. 

Bridge on line of New York, Erie, and Western Railroad across the Kinzua.— 
Of iron; length 2060 feet; central span 30x feet in height. 

Iron Truss.—Cincinnati and Southern Railway, over Ohio River, sro feet. 

HMoreign. 

Pyramids, Statues, etc. 

Pyramid of Cheops, Egypt.—Length of side at base 762 feet; height to present 
summit 453.3 feet; to original summit 485.2 feet; inclined length 568.25 feet; angle 
of side 51° 51’ 14’’; area of each face =square of height; weight 5 272600 tons; 
built 2170 years B.C. 

Peter the Great, St. Petersburg, Russia.—Bronze; height of horse 17 feet; of man 
rr feet; base of rock 42 feet at bottom, 36 at top, 2x wide, and 17 high, weighing 
rroo tons. 

Liberty, New York Harbor. — rzo feet in height from head to foot and r40 feet to 
flambeau; including base, 309 feet. Weight of statue 150 tons. 

Daibutsu, of stone, Japan. —Sitting posture; height 44 feet; circumference 87 
feet; face 8.5 feet; circumference of thumb 3.5 feet. 

Colossus of Rhodes. —Height, 105 feet. 

: Bridge. 

Britannia Tubular Bridge. —Of iron, with a double line of Railway, 964 feet in 
length, with two approaches of 230 feet each.. Weight 3658 tons. : f 
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_.. Monoliths. 

Obelisk at Karnak, Egypt.—Of granite, 108 feet ro ins.; pedestal 13 feet 2 ins.; 
Weight 400 tons. X : 

Obelisk in Central Park, N. Y.—Of granite, 68 feet rx ins.; weight 168 tons. 

U. S. Treasury, Washington.—Some stones of, are heavier than any in the Pyra- 
mids of Egypt. 

Steam Hammers. 

At workshops of Herr Krupp, at Essen, there is a steam hammer weighing 50 tons 
having a fall of 3 metres; and at Creusot there is a hammer weighing between 75 
and 80 tons having a fall of 5 metres. 

Crane. 

At Creusot there isa steam crane having a capacity to lift and revolve with 150 
tons. 

Chimneys. 

-J. Townsend’s chemical works, Glasgow, diameter at foundation so feet; at top 
12 feet 8 ins.; height from foundation 488 feet; from ground 474 feet. 

New York Steam Heating Co., 220 feet in height. 

Pillar. 

At a gate near Delhi is a wrought-iron pillar having diameters of 16.4 ins, at 22 
feet in its height above ground and 12 ins, at its top. It is estimated from the re- 
sult of excavations at its base to be 60 feet in length or height and to weigh 17 
tons, Its period of structure is assigned to the 3d or 4th century A.D. 

f Roofs. 
Midland Railway Station,London. 240 ft. | Union Railway Station, Glasgow. x95 ft. 
Imperial Riding-School, Moscow. 235 ‘* | Grand Central Station, N. Y..... 200 ‘ 

Diameters of Domes. 
Dongs. Feet. | Doms, Feet. Domes. Feet, 

Capitol, Washington | 124.75 || St. Paul’s, London, | rz || Midl’nd Rail’y, Lon. 240 
Glasgow W. Railw’y | 198 | St. Peter’s, Rome.. | 139 || Great North’n, Eng.} 210 

Lengths of Tunnels. 
TUNNELS. Feet. TUNNELS. | Feet. TUNNELS. Feet. 

PBPLY iter 0001p cie's 13 455 || Gunpowder, Md... | 36 soo || Nerthe......... 15153 
Blue Ridge...... 4280 || Sutro............ 20028 || Nochistongo.... | 21659 
Hoosac.:,'.'.'.;....- 25031 || Semmering..... «| 5630 || Riquivel........ 18623 

Thames and Medway, 11 880 feet. Weehawken, 4000 feet. 

Mont Cenis 7.5 miles 242 yards, rises 1 in 45, and descends x in 2000, 
St. Gothard Tunnels and Roads 9 miles 477 yards; tunnels 116 156.5 feet, and rises 

x in 233 in whole length; 26.5 feet in width; 1g feet 10 inches in height. Maxi- 
mum grade 2.7 feet per 100. 

Miscellaneous. 

Fortress Monroe, Old: Point Comfort, Va,—Largest fortress. 

Telegraph Wire.—Span over river Kistnah between Bezorah and Sectanagran, 
6000 feet in length. 

Deer Park, Copenhagen.—4200 acres. 
Oxford College, England:— Largest University; said to have been founded by 
_ Alfred. 

Cathedral. St. Peter's, Rome.—Width of front 216 feet; of the cross 25x feet; total 
height 469.5 feet. : i 

_ Steamer Great Eastern.—Of iron, 680 feet in length; 83 feet width of beam; 60 
feet depth of hold; 22927 tons; built at Millwall, England, 1857. 

| Chinese Wall.—2s5 feet at base; 15 at top; height, with a parapet of 5 feet, 20 feet; 
length r250 miles. 
Artesian’ Well, Perth.—3os0 feet, in depth; temperature of water 99°; volume 
_ of discharge 18 000 gallons per day, . ‘ 
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“Weis taunt elias 
Beus, Lbs. | Bets. | Lbs. Jj Betts. 

Pekin. ¢...!.:.++s| 120000/| Oxford, _**Great) | St. Peter’s, Rome.| 18000 
Lewiston, Me..,.. 10 233||. Tom, EDg s+. 17-024 || Vienna vs.....06- 40 200 
Montreal, Can..... 28 560), Olmutz, Bohemia.| 40320 | Westm’ster, ‘‘ Big ¢ 
Moscow, Russia. .. 443772 | Rouen, "France... 40 000. tly, oe vd England. 35 620 
Erfurt, Saxouy.. 30 800 || St. Paul's, Eng...| 42000 ya 24 
Notre Dame, Paris| 28 670 I St. Ivan’s, Moscow, 127 830 || Santa Hons: Phila.| 13000 ; 

Rangoon, Burmah, 201 600 Ibs. 

Lbs. 

Capacity of Principal Churches and Opera Hlouses,. 

Estimating a person to occupy an Area of 19.7 Ins. Square. 

Churches. 

St, Peter’s.i2..0.sedhalesseg- ace) $4000 | St, John, Lateran. ai.s.0hus..5 
Milan Cathedral..... se éeeeeveese 37000 | Notre Dame, Paris.... 
St. Paul’s, Rome..............- 32000 | Pisa Cathedral...........+6.+00% 
St atl’s, LOMO... sc steeecae ge 25 600 | St. Stephen’s, Vienna........... + 12400 
St. Petronio, Bologna............ 24 400-| St: Dominic’s, Bologna.......... 12000 
Florence Cathedral.....,... tees» 24300 | St. Peter’s, Bologna. SP ae + I1 400 
Antwerp Cathedral. ............. 24000 | Cathedral of Senha eee ee II 000 
St. Sophia’s, Constantinople..... 23.000 | St. Mark’s, Venice .......,.., 8095 97,290» 

Opera Houses and Theatres. 

Carlo)Felice, Genoa... 2.02.0. 5.5. 2560} Teatro del Liceo, Barcelona 
Opera House, Munich.....,..-. ..s- 2370 | Covent Garden, Learn Tes bie 
Alexander, St. Petersburg......... 2332 | Opera House, Berlin... 
San Carlos; Naples... .. 068. se0ses 2240 New York ‘Academy. . 
Imperial, St. Petersburg. .........6 2160 SS WARES. Joa. s wees 3400 
La Scala, Milan... sy... ses esneenes 2113 Philadelphia aeeeeny< aiele'v e-em 3124 
Academy of Paris..........+-++.6 20g2.| Chicago.» gp.) Ha f&-  santcaests ones + 3000 

Heights of Columns, Towers, Domes, Spires, ete. 

Locations. | Feet. Locarions, Feet. 

CHIMNEYS. TOWERS AND DOMES. 
Townsend's... 2... 6.6 Glasgow...| 474 C athedral, eR GRE RS Florence ..| 390.5 
MOUs TNOMOR ae «noisy pins IS 455:5 a eae asp Magdeb’rg 339-9 
DIMSP TAGS, craleiscls aainals Liverpool .| 406 Reapeaiiets Oats oisieareve> Milan..... 438 
Gas WOrKS einen Edinburgh | 34%.5 Sri URais ela nab aietacale Petersburg | 363 
New England Glass Co. Boston... .| 230 MCAD eee cence cae vets Siete ss cwies 188 
Steam Heating Co....New York.| 220 Porcelai tyres ege seine China..... 200 

Sh Markigy.  cbalestien Venice..,.| 328 
COLUMNS. St. Nicholas..... +.+-,Hamburg. .| 473 

Alexander....2.0) ..8 St. Peters’ ’s 175 Mi; Pauls ote eee .-London ...| 355.1 
Bunker Hill.......... Mass. . 221 St. Stephen ....0 0. Vienna 443-8 

202 Strasburg........... ite visie?=iejn!stei 486 
157 WAGE. 6 thienstybOo ACAM AAO? CoO AO 464 
132 Votive Church..,.....Viepna....| 314.9 
I 
pt SPIRES. 

i 136 | Cathedral c./.hies 00.2 New York.| 325 
Pompey’s Pillar...... Egypt. .... 114 SME OU howe te ere .. Strasburg .| 465.9 
Drajen s\<acoreleomisiide ove Rome..... 145, Grace Church....... -New York.| 216 
Washington...... ....Wash’gton | 555 Freiburg....... §5A5CCH ae AR 410 
PYCONK sina atataniie +-+--London.,.] 138 SIDE NTA Sones cence dn sare 4 

St. John’s 
TOWERS AND DOMES. St. Paul’s 

Babels cect. ewes Eidiel sis Rieke 680 St. Mary’s.: 
Balbeo s,s. see eeme stamens 500 St. Peter’s. ait 
Capitol. ves sice scleterelsin Wash’ gton | 287.5 || Trinity Chureh. SACs. 
@athedralyy, «5 were Antwerp 404.8 || Balustrade of Notre 

RGR BSB .-.Cologne... ‘ | 276 
ERO SSO .--Cremona.. 232.9 
eS noau nado! Escurial...| 200 Hotel des Invalides...“ 344 
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' Areas of Iiakes in) Hurope, Asia, and Africa. 
= < Sq. ¢ Capi : anes Lakes. Miles. Laxgs. ie an 

GENEVE. o.5 snes cme 400 || Dembia, Abyssinia. | 13 000 || Lough Neagh, Irel’d 80 
Tchad, Africa...... ‘11 600 || Loch Lomond...... 27 ||Tonting, China....| 1200 

Lengths of Bridges. ee ; 
Bripczs. | Feet. BripeEs. Feet. {[ «7 BripesEs. _. | Feet. 

Avignon.......... 1560 
Badajoz .. . | 1050 
Belfast ...... +++,« | 2500 || N. Y. and Brook- Q144 
Blackfriars....... 995 lyn spans and 5989 || Strasburg.:...... 3390 
SBS OSLON =o 01> os cfecicie 3483 approaches.... Vauxball ines cies 60 
London........... gso || Pont St. Esprit... | 3060 |} Westminster..... 1223 

Lengths of Spans of Bridges. 
Bripcss. Feet. BrinGEs. Feet. BRIDGES. Feet. 

Britannia......... 460° || Niag’a at the Falls | 1268 |) Schuylkill........ 340 
DOUWAY.§ 0.258. 400 “at Queens- Southwark........ 240 
DEBRA 2. Seco. 580 GOW]: ocesivinte +. | r040 || Wheeling......... 1010 

Canals. 
Lengths.—Lake Erie to Albany 352 miles; Chesapeake and Ohio 307; Schuylkill 

108; Delaware and Hudson 109; Rideau 132; London to Liverpool 265; Caledonia 
25; Liverpool and Leeds 127.5; Rhone to Rhine 203. 

Capacity of Locks of Erie 240 tons, and of Welland 1500. 

meme 26.77 miles. Lake Erie to Montreal via Canal 70.5; Lake and River 
5 miles. 

Ye oitronk to Kingston.—Canal 120 miles; River 126.25. Suez, see page 183. 

Breakwaters. 
Delaware.—Average depth of water 29.4 feet below low-water level; range of tide 

6.66 fect; Outer slope 45°; Inner slopes 1.5, 5, 3, and 1.3 to 1; length of base 172.12 
feet. 

Plymouth.—Outer slopes r.75 to x from bottom to 7 feet 6 ins. below low-water 
line; 4 to x to low-water line; 16 to x to 4 feet 6 ins. above low-water line; 5 to x 
to high water; Inner slope 1.5 to 1 above low-water line; 2 to x below low-water line. 
Depth of water at high tide 46.5 feet; at low tide 30 feet. 
Body of breakwater cased with large squared stones cramped together. 

Portiand.—Depth of high water 58 feet; of low water 51 feet; Outer slopes x to 1 
from bottom to 20 feet below low water; 2 to x to 12 feet below low water; 6 tox 
to low-water line; 4 to 1 to high-water line; Inner slope 1.25 to x. 
Body of breakwater, rubble, with crest wall of ashlar. 

Dover.—Depth of high-water line 61 feet; of low-water line 42 feet. 
Body of breakwater, concrete blocks faced with granite; batter 3. inches to the 

foot, stepped up in each course. 
Marseilles. —Depth of water 33 feet; Outer casing of beton 25.5 tons each; average 

thickness of casing from 14 to 20 feet; slope x to 1 from bottom to water line; 2.5 
to x above water-line; all other slopes .33 to 1; Inner casing of first-class rubble 
(of stones 2 to 5 tons weight), about 12 feet thick; Hearting, second-class rubble 
(of stones.5 to 2 tons weight), about 6 feet thick; Nucleus, of quarry rubbish. 

Algiers. —Depth of water so feet; rubble base carried up to 33 fect from surface of 
water; the remainder composed of large beton blocks 25.5 tons each; slopes of rubble 
base x to 1; Outer slope of beton blocks x.25 to x; Inner slope of beton blocks rx to 1. 

Port Said (Suez Canal).—Concrete blocks, 10 cubic metres each, composed of 1 
of hydraulic lime to 13 of sand, mixed with sea water; 4 days in the mold and dried 
for 4 months before being put in position. In some instances the composition of 
beton blocks is .33 lime or cement to .66 sand and broken stone, about the size of 
ballasting. 

. Rubble or Block Filling.—Proportion of interstices to volume of breakwater fin- 
ished: First-class rubble of 2 to 5 tons,.25; second-class rubble of .5 to 2 tons, .2; 
third-class rubble, quarry chips, etc.,.16; beton blocks, 15 to 25 tons, .33. 
-Norx.—For force of water, see Waves of the Sea, page 853. 



182 

=— 

LAKES, OCEANS, SEAS, MOUNTAINS, ETC. 

Areas, Depths, and Heights of Great Northern Lakes 
of United States. 

Lakes. Length, Breadth. Mean Depth. Ba Area. 

Miles. Miles. Feet. Feet. Sq. Miles. 
DI ees peed Sarees 250 80 200 564 6 000 
PIQTOD.. sce secse ss 200 160 120 574 20 000 
Michigan.....2... 360 109 goo 587 20000 
ONCATION ssc cee 180 65 500 234 6.000 
RIDEDIOR Sorew nrc 400 160 288 635 32000 

* Greatest depth 5400 feet. 

Elevation Above Tide-water at Albany. —Lake Erie 570.6 feet; Hudson River 
2.46 feet. 

Mean Depths and Areas of the Oceans and Seas. 
(Herr Kritmmel.) 

Fathoms. Sq. ae Eatboms.| Sq/ Miles. 

Atlantic. seus aon ee .| 2013 | 29514275 || Gulf of Mexico..... 1001 1 765.910 » 
Archipelago......... 487 3046600 || ‘* ‘+ St:Lawrence} 160 10L075_ 
PAZ Ofere Asics eiig cies siete _— 8800 |, Indians. thakow,.j..< 1829 | 28369595 
Baltic Sea. yo... 2. oa. 36 159690 || Japan............. 1200 383 205, 
Black Sea.... 2...» — 150000 || Mediterranean..... 729 1.109 230 
Behring’s Straits....} 550 864.555 || North Sea...v..... 48 210 505 
Caspian Sea......... _ 120 000 || North Ice Sea...... 845 5 264 600 
China (East) Sea.... 66 472 210 || Persian Guif....... 20 QO 100 * 
Dead) Sea. sc oss apts — 370 || PACING. wos de cca ete 3887 | 60343690 
English Channel, etc. 47 78 416 || Red Sea...........] 243. | 170820 

Mean depth of Ocean surrounding land 1877 fathoms = 2. 19 miles. : 

In his subsequent computations he estimates ocean area at 143703000 square 
miles and determines area of and to water as x to 2.75, and that mean height of 
land = 1377 feet, or one eighth that of Ocean. 

Heights of Mountains, Volcanoes, and Passes 
above Level of Sea. 

Mountains. Feet. Mountains, Feet. Movnrarys. Feet. 

Mount Everest (Him- MOUBUEItl ek ccs 9549 
EUROPE. alaya, Uae .»| 29 003}/ Mount Washington. 426 

Azores Pico....... 7 613||Mount Libanus. . 9 523|| Nevado de Sorata..} 25 248 
Barthélemy, France) 7 365|/ Petcha.......... «| 15 000] Orizaba .......0..5! 18 879 | 
Ben Lomond...... 3 240]/Sinai. eek 7 496}| Potosi .3......060% 18 000 
Ben Nevis......... 4380 Sierra Nevada..... 15 700 
Elbrus, Caucasus. ,.| 17 776 AFRICA. Wahihitt Jo.dSccthe.s 10 895 
Guadarama, Spain. .| 8520]/ Atlas. 2.6... . ee eee 10 400 || White Mountains ..) 6230 
Hecla -.| 5 1247||Compass, Cape of i 
Idactnte.ndeve 4960]} Good Hope...... 10000 YOLGANORS, 
Jungfrau, Switz d. -| 13 725|| Dianai Peak, St He COtOPAX ice iaia e's $c wre 18 887 
Mont Blanc. .......| 15 797 NOU, 5, andah one Se 2900 WHINE was) ait serie ei 10 874) 

ste Cenis. en jo x cssie 6 780|| Kilimanjaro....... 20'000 || Hi@Gl& :. 64/5 «-» a's ae aie 5.000 
Mont d@’ Or, France.| 6510]; Ruivo, Madeira....| 5 x60||Popocatapetl....... 17 784 
Mulahassen,Gren’a. | 11 663 || Teneriffe Peak..... 12 300||Sahama...........| 22350 
Nephin, Ireland. ...| 2634 r St. Helen’s, Oregon. | 13 320 
Olympus... ..« wit 40.520 a MSBICE: Vesuvius........ «-| 3.930 
Parmassuss. oust 6000 || Aconcagua (highest 
Plynlimmon, Wales.} 2 463 en Arpetica) ate 23.910 PASSES. 
The Cylinder, Pyr..| 10930 ue Mount, Jam’a.| 8000 : 1352 
Wetterhorn..’...... 12 ct SKI ose) stars, scaverer ee 3 804 Condilleras i..\ «si ‘ BH eae 

ss Chimborazo........|21 441 |] Mont Cenis........ 6778 
ASIA. Correde, Potosi....|16036]} ‘t Cervis....... II 100 

PARSNGra ths ote isie = rsiets 17 100|| Crows’ Nest, High- Pont d’ Or.........) 9 843 
Caucasus. ooo... 0! 16 433|| lands, N. etna 1370 || St. Bernard, Great..| 8 i72' 
Dhawalagheri.,..../28077|/Great Peak, New PONS NLR GO Cib bles o agg: 
Geta, Java......... 8 soo||  Mexico.......... 19 788 ||St. Gothard....... «| 6 808 
Mount Lebanon... .| 12000]| Mauna Rauh,Owy’e| 18 400 ||Simplon...........| 6578 



CANAL LOCKS, ELEVATIONS, AND RIVERS. 

Dimensions of Canal Locks.—(U. S.) 
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ek ee a |a “ele 
CANAL: 2 & z. pent of Canaan. BR 3 cane au ig 

ereee 5 Son & A | Canal 

PEELS Feet.| Ft.| Ft. | Miles, Feet.| Feet.| Feet. | Miles. 
‘Albemarle ‘and ). BHA bod Champlain. .... +.| 110} 18 of roa 

Chesapeake... f | 77°] 4° r4 Cayuga and 1d j 
Black River, ; Seneca ...... 110/18 7 24-75 

Crook’d L’ke, 73 Delaware and 
Chenango, Raritan...... RZWIES NYA 43 
Chemung, 9°} 1S) 4 97. || Dismal Swamp...| 90/37.5] 5.5 | 44 

- and Genesee 33310) )Miribe Je. teat Se 110/18. |.7 . | 352 
Valley: ..... 113:75|| Falls of Ohio, Ky.|350| 80 | 2-60]> >= \ 

Chesapeake and Oswego... 2.2.5. 110 |'18 4 38 
Deldwares.t1 p.(22° 24/9 4 || Welland,Canada..}270| 4s | 14 28 | 
Length of vessel that can be transported is somewhat less than lengths of locks. 

Suez eat, — Width 196 to 328 feet at surface, 72 at bottom, and 26 deep. 
Length 99 miles, 

Heights of obtained Elevations, and various Places 
and Points above the Sea. 

Locations. Feet. Locations. Feet. || Locatrons. Feet. 

Aconcagua, Chili...|23910/| Geneva city....... Mont. Rosa, Alps...| 15155 
Antisana, highest Geneva Lake Mount Adams ..... 5930 

established eleva- Gibraltar.........¢ Mount Katahdin...} 5 36a 
tion (Farmhouse) ,.| 13 434 || Humboldt’s highest Mount Pitt ........] 9549 

‘Balloon(Gay Lussac)|22900|| elevation. ....... 19 400|| Mount Washington. |) 6.426 
‘* (Green, 1837)| 27 000 || Isthmus of Darien.. 645 || Paris, City... see. 115 
“* (Glaisher and Jungfrau, Switz’d..| 13725 || Pont d@’ Oro, Pyr’s..| 9843 

Coxwell)......... 37 000 || La Paz, Bolivia. 12 225 || Posthouse, Ap. , Peru 14 377 
Brazil, Quito, and 6 000 |} Laguna, Teneriffe. . 2.000 || Potosi, Bolivia..... 13 223 

Mexico plains. , { 8 000|/ London, city....... G4 WQUAON oe vigapenicsen> 13 500 
Condor’s flight..... | 29 500 || Madrid.........06 2200||St. Bernard’s Mon? Y} 8040 
Eagle’s COR PEE 16 500 || Mexico, city of..... 7525 || Vegetation........ 17 000 
Eyerest, Himalaya.| 29 003 || Mont Blanc, Alps.. .| 15 797|{ White Mountain,..| 6230 

Lengths of Rivers. 

Rivers, Miles. Rivers. Miles. Rivers, Miles. 

Ganges M544" || SREB ES aici in'b cise | 1400 
EUROPE. Hoang Ho 3040 |} La Platte.......... 850 

Danwber....6tese. 1800 || Indus...... 1800 || Mackenzie........| 2440 
Dnieper........ wee] 1243 || Jordan 176 || Mississippi. . 1350 
WOOTOH aan: sais yrie.eie ACS NUCH A ate ccraipls eisin'siareie 2762 || Missouri.......... 3030 
MUNI Aiarateisisia.as siais.si0 1035.{|b Li GViSes-» »:s\vels « 1160 || Ohioand Allegheny) 1480 
Wha Cacmteg ar 780 || Yenesei and "Se- Potomac.......... 420 
Garonne.........65 442 longa ss Kopi 6088 3660 MRE oe, ies 1520 
OIC cas. Sicts wi sles sie §45.,|| Yang-Tse....i.,-4+| 3314 || Rio Bravo........ 2300 
POU ad sities yaiaters veel iAgzo: Rio Grande........ 1800 
RANG ccs cat de 760 EAN St. Lawrence...... 2172 
IRDONG wee eee, oss 510 || Gambia... cc ces nee zoo || Susquehanna...... 620 
Seinegrors snes 450 || Niger..,.......-.- 2400 || Tennessee.......++ 790 
Shannon........... Bot Nile. se O. weve se. 4000 5 
TAR) cese ke weiter 510 SOUTE: AMERICA. 
TRH ANOS aia a occias Bis a2) Oe AEC AMAZON 0 ss cscaien 4900 
Tiber... eee eee wee 190 || ATKANSAS. seo. a's oe 2070 || Essequibo ........| 520 
Vistula....... ie are MORO -||) COMOTACAG i sintaiere +100 xo50 || Magdalena........ goo 
Volga, Russia......| 2400 || Columbia......... 1200 || Orinoco....,...... 1600 

Connecticut......, xO! || PIKE, say viatalg» ote 0.« 2300 
5 ASIA. Delaware..'....... 420 || Rio Madeira....... 2300 
AIMOOT. F360 ho5 2 bao als 2500 || Hudson and Mo- Rio Negro..... +s+| 1650 
Euphrates.......4.-| 1786 BAW Kis isi- alee he otf 250 || FURUQUAY. wis aise. +| 1100 
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Iuarge Trees in California. — 

“ Keystone State.’’—Calavera Grove, is 325 feet in height 

“‘ Father of the Forest.’ —Felled, is 385 feet in length, and 2 man on horseback 
can ride erect go feet inside of its trunk. 3 

“Mother of the Forest.’’—Is 315 feet in height, 84 feet in circumference (26.75 feet 
in diameter) inside of its bark, and is computed to contain 537 cco feet of sound’ 
inch lumber. 

Sea Depths. 

| Feet. Feet. || Feet. 

Baltic’Sea.;....e5.. x20 ||Coast of Spain..... 6 000 lor Cape Canaveral.| 2400 
Adriatic. .......... 130 || West of St. Helena.} 27 000 |) ‘‘ Charleston. .... 4200 
English Channel...} 300 || Tortugas to Cuba ..| 4200 || “‘ Cape Hatteras..| 3120 
Straits of Gibraltar.| oo ||Gulf of Florida....| 3720 | “ Cape Henry...) 4200 
Eastward of ‘“ 3000 ||Off Cape Florida...| xg50 || “ Sandy Hook....| 2400 

Estimated depth of Atlantic...........+.0+6 hi? <nd cme fadsiss 26 ooo feet. 
ef mS PACIAIC. ...ccecccccsccescrccvcesccecscccs 2go00 ** 

250 miles off Cape Cod, no bottom at 7800 feet. 

Cascades and Waterfalls. 

Location. Feet. Location. | Feet..|j Location, Feet. 

Arve, Savoy......0.. 1600]/ Genesee, N. Yo... ee. |4 200 | DRM sos eos ce 164 
Cascade, Alps....... 2400|| Lidford, England ....! roo | Great Fall......... 152 

30|| Lulea, Sweden ...... 600 || Passaic......s.eeeee 74 
Cataracts of the Nile.| }34|| Mohawk............ 1 68 }} Potomac... ... 14 

40 | (50 | Ribbon, eG 1M 
Chachia, Asia.......| 362|| Missouri........... 9 8e || Valleys... eseiss 33 
Foyers, Scotland ....| 197 } loa | Ruican, Norway ....| 800 
Garisha, India. ...... rooo |} Montmorenci ....... | 250 || Staubbach, Switz'd..| 798 
Gayvarny, Pyrenees : .| 1260 || Nant d’Apresias.....| 800 ||Tendon, France..... P* x2 

Yosemite Valley............ 2600 feet. 

Expansion and Contraction of Building Stones for each 

Degree of Temperature. (Lieut. W. H.C Bartlett, U. S. E.) 

For One Inch! F For One Inch. 
GYANItO... vie eiceeee's ven ee se «000004 825),| SANAStONE!... 0.02.00 +++ 000.009 532 
EET DO nie ja,crere wictatsietatete ol cree tae -000 005 668 | Whitepine................. «000 002 55 

Resistance of Stones, ete., to the Hffects of Freezing. 

Various experiments show that the power of stones, etc., to resist effects of freez- 
ing is a fair exponent of that to resist compression. 

: Magnetic Bearings of New York. 

The Avenues of the City of New York bear 28° so! 30” East of North. 

Wilters for Waterworks. 

1 square yard of filter for each 840 U.S. and 7oo Imp’l gallons: in 24 
hours; formed of 2.5 feet of fine sand or gravel and 6 inches-of common 
sand or shells: . 

Led off by perforated pipes laid in lowest stratum. 

Distances between New York, Boston, Philadelphia, 
Baltimore, and Western Cities of U.S. 

_Assuming Boston as standard, New York averages 12 per cent. nearer to these 
cities, Philadelphia 18 per cent., and Baltimore 22 per cent. 

Between New York and Chicago the line of the Pennsylvania Railroad is 47 miles 
shorter than that by the Erie and its connections, 50 miles shorter than that by the 
N. Y. Central and Hudson River and its connections, and x14 miles shorter than that 
by the Baltimore and Ohio and its connections, ‘ 

- For Distances between these and other cities of the U.S., see page 88. 
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Weather-foretelling Plants. (Hanneman.) 

If Rain is. imminent.—Chickweed,* Stellaria media; its flowers droop 
and do not open. Crowfoot anemone, Anemone ranunculoides ; its blossoms 
close. Bladder Ketmia, Hibiscus trionum ; its blossoms do not open. Thistle, 
Carduus acaulis; its flowers close.’ Clover, Trifolium pratense, and its allied 
kinds, and Whitlow grass, Draba verna; all droop their leaves. Nipple- 
wort, Lampsana communis; its blossoms will not ciose for the night. Yel- 
low Bedstraw, Galium verum; it swells, and exhales strongly; and Birch, 
Betula alba, exhales and scents the air. 

Indications of Rain.—Marigold, Calendula pluvialis ; when its flowers do 
not open by 7 A.M. Hog Thistle, Sonchus arvensis and oleraceus ; when its 
blossoms open. 

Rain of short duration—Chickweed, Stellaria media ; if its leaves open 
but partially. 

Tf cloudy.— Wind-flower, or Wood Anemone, Anemone memorasa ; its 
flowers droop. / 

Termination of Rain. — Clover, Trifolium pratense ; if it contracts its 
leaves. Birdweed and Pimpernel, Convolvulus and Anagallis arvensis; if 
they spread their leaves. 

Uniform Weather.—Marigold, Calendula pluvialis ; if its flowers open early 
in the A. M. and remain open until 4 P.M. 

Clear Weather.—Wind-flower, or Wood Anemone, Anemone memorasa ; 
‘if it bears its flowers erect, Hog Thistle, Sonchus arvensis and oleraceus ; 
if the heads of its blossoms close at and remain closed during the night. 

Treatment and Antidotes to Severe Ordinary Poisons. 

Antidotes in very small doses. 

Chloroform and Ether,—Cold affusions on head and neck, and ammonia 
to nostrils, Antidote.—Camphor, petroleum, sulphur. 

Toadstools,—(Inedible mushroom), Antidote.—Same as for chloroform. 
- Arsenic or Fly Powder.—Emetic ; after free vomiting give calcined mag- 
nesia freely, If poison has passed out of stomach, give castor oil. 

Antidote. —Camphor, nux vomica, ipecacuanha. 

Acetate of Lead (Sugar of lead).— Mustard emetic, followed by salts, 
Large draughts of milk with white of eggs. 
Antidote.—Alum, sulphuric acid alike to lemonade, belladonna, strychnine. 

Corrosive Sublimate (Bug poison).— White of eggs in 1 quart of cold 
water, give cupful every two minutes, Induce vomiting without aid of 
emetics. Soapsuds and wheat flour is a substitute for white of eggs. 

Antidote.—Nitric acid, camphor, opium, sulphate of zinc. 

Phosphorus Matches.—Rat Puste.—Two teaspoonfuls of calcined magne- 
sia, followed by mucilaginous drinks, Antidote. —Camphor, coffee, nux vomica. 

Carbonic Acid (Charcoal fumes ),' Chlorine, Nitrous Oxide, or Ordinary 
Gas.—Fresh air, artificial respiration, ammonia, ether, or vapor of hot water. 
Antidote.—Camphor, coffee, nux vomica, 

Belladonna (Nightshade). — Emetic and stomach pump, morphine and 
strong coffee, Antidote.—Camphor. 

_ Opium.—Stomach pum or emetic of sulphate of zinc, 20 or 30 grains, or 
mustard or salt. Keep patient in motion. Cold water to head and chest, 

Antidote.—Strong coffee freely and by injection, camphor, ether, and nux vomica. 

Strychnine (Nux vomica).—Stomach pump or emetic, chloroform, cam- 
phor, animal charcoal, lard, or fat. 
Antidote. —W ine, coffee, camphor, opium freely, and alcohol in small doses, , 

- Vegetable Poisons.—As a rule, an emetic of mustard and drink freely of 
warm water, 

i Spreads its leaves about 9 A. M., and they remain open until noon, 
3K 
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Veterinary, ~— '" 
Horses.—Cathartic Ball.—Cape Aloes, 6 to x0 drs. ; Castile Soap, x dr. ; Spirit 

of Wine, 1 dr.; Sirup to form a ball. If Calomel is required, add from 20 to 50 
grains., During its operation, feed upon mashes and give plenty of water. 

Cattle.—Cathartic.—Cape Aloes, 4 drs. to r 0z.; Epsom Salts, 4 to 6 oz.; Gin- 
ger, 3 drs. Mix, and give ina quart of gruel. For Calves, one third will be sufficient. 

Horses and Cattle.—Tonic.—Sulphate of Copper, x 0z. to r2 drs. ; Sugar, 
‘5 0z Mix, and divide into 8 powders, and give one or two daily in food. 

Cordial.—Opium, x dr.; Ginger, 2 drs,; Allspice, 3 drs., and Caraway Seeds, 4 
drs:, all powdered. Make into a ball with sirup, or give as a drench in gruel. 
‘Cordial Astringent Drench, for Diarrhceea, Purging, or Scouring. — Tincture of 

Opium, .5 0z.; Allspice, 2.5 drs. ; powdered Caraway, .5 0z.; Catechu Powder, 2 drs. ; 
strong Ale or Gruel, 1 pint. Give every morning till purging ceases. For Sheep 
.25 this quantity. : 

Alterative.—Ethiop’s Mineral, .5 oz.; Cream of Tartar, 1 0z.; Nitre,2 drs. Diyide 
into from 16 to 24 doses, one morning and evening in all cutaneous diseases. 

Diuretic Ball.—Hard Soap and Turpentine, each 4 drs.; Oil of Juniper, 20 drops; 
and powdered Resin to form a ball. 

| For Dropsy, Water Farcy, Broken Wind, or Febrile Diseases, add to above, All- 
spice and Ginger, each 2 drs, Divide into 4 balls, and give one morning and evening. 

Alterative or Condition. Powder.—Resin and Nitre, each 2 oz.; levigated Anti- 
mony, 1 0z. Mix for 8 or 10 doses, and give one morning and evening. When given 
to Cattle, add Glauber Salts, x 1b. 

Fever Ball.—Cape Aloes,.2 0z.; Nitre, 4 0z.; Sirup to form amass. Divide into 
12 balls, and give one morning and evening until bowels are relaxed; then give an 
Alterative Powder or Worm Ball. 

Hoof Ointment.—Tar and Tallow, each x lb. ; Turpentine .5 lb. Melt and mix. 

Does. — Cathartic. —Cape Aloes, .5 dr. to x 0z.; Calomel, 2 to 3 grs.; Oil of 
Caraway, 6 drops; Sirup to form a ball. Repeat every 5 hours till it operates. 

Emetic.—2 to 4 grs. of Tartar Emetic in a meat ball, or a teaspoonful or two of 
common salt. Give twice a week if required. 

Distemper Powder.—Autimonial Powder, 2, 3, or 4 grs.; Nitre, 5, 10, or 15 grs.; 
powdered Ipecacuanha, 2, 3, or 4 gts. Make into a ball, and give two or three times 
aday. Ifthere is much cough, add from .5 gr. to x gr. of Digitalis, and every 3 or 
4 days give an Emetic. 

Mange Ointment.—Powdered Aloes, 2 drs.; White Hellebore, 4 drs.; Sulphur, 4 
oz.; Lard, 6 0z.—Red Mange, add x oz. of Mercurial Ointment, and apply a muzzle. 

Norr.—Physic, except in urgent cases, should be given in morning, and upon an 
empty stomach; and, if required to be repeated, there should be an interval of sev- 
eral days between each dose. 

Age of Horses. 

To Ascertain a Filorse’s Age. 

A foal of six months has six grinders in each jaw, three in each side, and also six 
nippers or front teeth, with a cavity in each.« 

. At age of one year, cavities in front teeth begin to decrease, and he has four 
grinders upon each side, one of permanent and remainder of milk set, 

At age of two years he loses the first milk grinders above and below, and front 
teeth have their cavities filled up alike to teeth of horses of eight years of age. 

At age of three years, or two and a half, he casts his two front uppers, and in a 
short time after the two next. 

At four, grinders are six upon each side; and, about four and a half, his nippers 
are permanent by replacing of remaining two corner teeth; tushes then appear, 
and he is no longer a colt. 

At five, a horse has his tushes, and there is a black-colored cavity in centre ofall 
his lower nippers. ‘ 

At six, this black cavity is obliterated in the two front lower nippers. 
At seven, cavities of next two are filled up, and tushes blunted; and at eight, that 

of the two corner teeth. Horse may now be said to be aged. Cavities in nippers 
of upper jaw are not obliterated till horse is about ten years old, after which time 
tushes become round, and nippers project and change their surface. hit 
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Distances between Principal Cities of Kast and West.. 

In Miles. 

New | Phila- | Balti- || New | Phila- | Balti- Crmigs, Boston. york, delphia.| more, Crrres. Boston.) york, delphia.| more. 

Burlington, la.| 1216 | 1106 | 1030 | 995 || Louisville..... 1161 | 870} 794 | 706 
Chicago....... 1ocg | goo} 823 | 802|)Memphis...... 1438 | 1247 | 1171 | 1083 
Cincinnati,...|.927 | 743), 667 |, 576|| Milwaukee....] 998 | 947 908 | 887 
Cleveland..... 671 | 580] 504 | 483]/Omaha....... 1503, | 1393 | 1327. | 1294 
Columbus, O..| 807 | 623] 547 | 5x22\|St. Joseph... 1478 | 1356 | 1280 | 1223 
Detroit....... 724 | 673| 682 | 661 |/St. Louis...... 1212 | 1050] 973 | 917 
Indianapolis..| 951 | 810] 735 | 7oo||/St. Paul....... 1418 |.1308 | 1232, | 1211 
Kansas City. ..| 1487 | 1324 | 1248 | 1192 || Toledo........ 784 | 693| 617 | 596 

Population of Principal Cities (18S2). 

London... 2.5 +. 3832 440 | Marseilles........ 357.530 | Stockholm....... 168 770 
PALIS\ajsielelsiovelo eee 2225910 | St. Louis......... 350518 | Brussels... .. s 
BEL Me te cay vets 1222500 | Warsaw.........: 339 400 | Cleveland... 
New York...... 1206 299 | Baltimore........ 332 313 | Pittsburgh. 
Vienna,.....<s0» 1203110 | Milan. ..s.....00- 321 440 | Buffalo,......... 
St. Petersburg... 876570 | Amsterdam....... 317010 | Antwerp......... 
Philadelphia.... 847170 | Rome......:...... 300470 | Washington...... 147 293 
Moscow........- 611670 | Lisbon........... 246 300 | Cologne.......... 144770 
Constantinople... 600000} Palermo.........- 244990 | Frankfort........ 136 820 
Chicago......... 583 185 | Copenhagen...... 234850 | Newark.......... 136 508 
Brooklyn....... 566 663 | San Francisco.... 233959 | Venice........... 132 830 
Hamburg....... 410120 | Munich,......... 230 200 | Louisville........ 123 758 
INADIES cn e ace 403 110 | Cincinnati......., 225139 | Jersey City....... 120722 
TENCONS  afajs\e ais'es1a6 372890 | Bucharest........ 221 800 | Detroit..........: 116 340 
EL ACIERrerateipforo ans 367 280 | Dresden.......... 220 820 | Milwaukee........ 115 587 
Boston... ...+0..- 362 839.| New Orleans..... 216190 | Providence....... 104 857 
Buda-Pesth..... 360 580 | Florence......... 169000 | Rouen... ........ 104 O10 

Treatment of Drowning Persons. 

Practice adopted by Board of Health, New York. 

Place patient face downward, with one of his wrists under his forehead. Cleanse 
his mouth. If he does not breathe, turn him on his back with shoulders raised on 
a support. Grasp tongue gently but firmly with fingers covered with end of a hand- 
kerchief or cloth, draw it out beyond lips, and retain it in this position. 

To Produce and Imitate Movements of Breathing.—Raise patient’s extended arms 
upward to sides of his head, pull them steadily, firmly, slowly, outwards. Turn 
down elbows by patient’s sides, and bring arms closely and firmly across pit of 
stomach, and press them and sides and front of chest gently but strongly for a mo- 
ment, then quickly begin to repeat first movement. 
Let these two movements be made very deliberately and without ceasing until 

patient breathes, and let the two movements be repeated about twelve or fifteen 
times in a minute, but not more rapidly, bearing in mind that to thoroughly fill the 
lungs with air is the object of first or upward and outward movement, and to expel 
as much air as practicable is object of second or downward motion and pressure. 
This artificial respiration should be maintained for forty minutes or more, when the 
patient appears not to breathe; and after natural breathing begins, let same motion 
be very gently continued, and give proper stimulants in intervals. 

What Else is to be Done, and What is Not to be Done, while the Movements are 
Being Made.—If help and blankets are at hand, have body stripped, wrapped in 
blankets, but not allow movements to be stopped. Briskly rub feet and legs, press- 
ing them firmly and rubbing upward, while the movements of the arms and chest 
are in progress. Apply hartshorn, or like stimulus, or a feather within the nostrils 
occasionally, and sprinkle or lightly dash cold water upon face and neck. The 
legs and feet should be rubbed and epee in hot blankets, if blue or cold, or if 
weather is cold. 

What to Do when Patient Begins to Breathe, Give stimulants by teaspoonful two 
or three times a minute, until beating of pulse can be felt at. wrist, but be careful 
and not give more of stimulant than is necessary. Warmth should be kept up in 
feet and legs, and as soon as patient breathes naturally, let him be carefully removed 
to an enclosure, and placed in bed, under medical care. ; 
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MISCELLANEOUS ELEMENTS. 
Earth. < 

Polar diameter 7899.3 miles. Mean density or specific gravity of mass 5.672. Mass 
5 272 600 000 000 000 000 000 tons. Apparent diameter as seen from Sun 17 seconds, 

Sun. 
‘ Heat of Sun equal to 322794 thermal units per minute for each sq. foot of pho- 
tosphere or solar surface. 

Diameter of Sun 882000 miles, tangential velocity 1.25 miles per second or 4.41 
times greater than that of the Earth. 

Distance from Earth g1.5 to 92 millions of miles. 

Mason and Dixon’s Line. 

39° 43 26.3’ N. mean latitude. 68.895 miles. 

Area and Population. (Behm and Wagner.) 

Divisions. | Area. | Population. I Divisions. | Area, Population. 

Sq. Miles. | : Sq. Miles. 
AMOTICA : 68 I4 491 000 | 93 495.500 || Oceanica... .... 4500000 4.031 000 
Burope sos... ss 3 760 000 | 315 929 000}, Greenland Roe 
CPA tae ce cacti els 16 313 000 | 834 707 000 || Iceland "4 
RIAs Aevsiacsicrsd 10 936 000 | 205 679 000 | Total...... | 30000 000 | 455923 500 

Countries. 

Austria Germany...... 43900000 | India, British ..240298 000 
aes ee 38 000000 | Great Britain..34000000 | Canada ........ 3 839 000 
Wines east ane 434.626 ooo | { Russia....... 66 000000 | Mexico ........ 9 485 000 
FYANCE, ove ee 37 000000 | ( Territories ...22 000000 | Brazil ......... II 106 000 

( United States....50000000] {Turkey......, 8 866 000 
Ulndians..,. «is ces 300 000 ““ in Asia. .16 320000 

About one thirtieth of whole population are born every year, and nearly an equal 
number die in same time; making about one birth and one death per second. 

Earlier authority estimated population at 1288 000 000, divided as follows: 

Caucasians..... 360000 000 | Malays and \ | Mohammedans. 190 000 000 
Mongolians ....552000 000 | Indo-Amer’s { *77°°°°°° | pagans......... 300 000 000 
Ethiopians..... 190 000 000 | Protestants.... 80000000 | Catholics 
‘Asiatics........ 60.000 000 | Israclites...... 5.000000 | Rom. & Greck } maid lala 

Descent of Western Rivers. 

Slope of rivers flowing into Mississippi from East is about 3 inches per mile; 
and from West 6 inches. 

Mean descent of Ohio River from Pittsburgh to Mississippi, 975 miles, is about 5.2 
inches per mile; and that of Mississippi to Gulf of Mexico, 1180 miles, about 2.8 
inches. 

Transmission of Horse Power. 

Largest, and perhaps most successful, wire rope transmission is one at Schaff- 
hausen, at Falls of the Rhine. Here, power of a number of turbines, amounting 
to over 600 EP, is conveyed across the stream, and thence a mile to a town, where it 
is distributed and utilized. 

At mines of Falun, Sweden, a power of over roo horses is transmitted in like 
manner for a distance of three miles. 

Acids. 

Acetic Acid (Vinegar), acid of Malt beer, etc. Tartaric Acid, acid of Grape wine. 
Lactic Acid, acid of Mile, Millet beer, and Cider. 

Manures. 
Relative Fertiiizing Properties of Various Manures. 

Peruvian Guano.... 7 Horse... +6. -048 | Farm-yard..... .0298 
Human, mixed...... -069 | Swine.......... =044 | COW. 22... cutlets -0259 

Or, x Ib. guano = 14.5 human, 21 horse, 22,5 swine, 33.5 farm-yard, and 38.5 cow. 

Relative Value, Covered and Uncovered, on an Acre of Ground. 
Mavereds...Sarisasits -ss+++-.11 tons 1665 lbs. potatoes, 6x Ibs. wheat, er5 lbs. straw. 
URCOVCM CMa. vivre « «i oistassteisiataeiee gins errant +h 6x. 158 noe ee yr 
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Per Cent. 
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Wield of Oil of, Several Seeds. 

Per Cent, Per Cent. Per Cent. Per Cent. 
Poppy.. 56 to 63 | Castor .. 25 | sunkdeee 15 | Hemp. x14 to 25 | Linseed, segs 

Thickness of Walls of Buildings. (English.) (Molesworth.) 
a Maximum! Width Minimum Width of Walls. 

OuTER WALLS. Height of Ground| rst ad 3d 4th sth 6th 
of Wall. |Footings.| Floor. | Floor. | Floor. | Floor. | Floor. |Floor,| Floor, 

, ‘ Feet. Ins. Ins. Ins. Ins. Ins. Ins. |. Ins, | Ins. 

ist class dwelling. | 85 38.5, | 21-5 | 2065-)27-5 | 17-5-|.17-5 | 13 | 13 
2d 5 oi 70 3O.S oT Tyee Cosa n Lie 5) Pome 13))| ees 

3d. 52 | 30-5.]47-5}13.|13 Fi3 |g fm | 
4th “ y 38 BUS tsp ltS ESB ice || |) eae 

-Party WALLS. 

tst class dwelling. 85 38:5 | 21-5:| 2015 | 17-5] 17-5|17-5| 13 | 13 
6 a ‘ 7O ZIONS aed | a Alyn Ven Payal ty Pol Wwe Wo eae |e 
gaiont i 52. «| 305 | 47-5} 13 0.)13..413) 85) -,) = 
4th “ & 38 -\\s2arg }-1g 85 [1855 11855 |e a | 

If walls are more than 7o feet’ in length, those of lower stories must be widened 
by half a brick. , 

Warehouses Minimum Warehouses = Minimum d Ist Class.) of Wall 2d Classy  Uwall: 
For a height of 36, feet from: Ins. | For a height of 22 feet below Ins. 

topmost ceiling..... seeders 17-5| “topmost “ceiling Hata. powe 
For a height of 40 feet lower.. 21-5 | For a height of 36 feet lower . . W7ae 

easy 24 feet lower.,. 26 8 feet lower.. 21.5 
ROM tODLIE Saerlas aia amie ese oA sen HOT LOOUITE SI. ve esta tart eters Yh. 34.5 

Sd Class. 4th Class. 

For a height of 28 feet below For a height of 9 fect below 
fopmost Ceiling. ..o,0s e206 IG topmost ceiling...... » 8.5 

For a height of 16 feet lower.. 17.5 | For a height of 13 feet below . Archi 
For footings. . suisss'esecesese 30.5) POxrpLOOtIN Sis tly ole ¢,blolels +s oon ies 

Wooden Roofs. (Lnglish.) 

Byes | Peoeles) Pte Beam. | Kinet | Qaggpi af Salk | Staining. | get 
20 4X4 9X4 |4xX4 ae ey ot Fo PN 
25 5 en. | TORS. 21 5) Ab aes is 77 Lyuevesige 
30 6x4 | 1KO | 6X6 _— — _ 6 X3 
35 5X: 4 EDX 4 a 4 Rhy oe DX ALA N22 
45 | (6x5 t'13 x 6 = 0.1. Gilin TX G45 XB 
50 8x6} 13x 8 — 8x8| 8X4] 9x6|5 x3 
55 BX Faas 9 aa 9x8) 9X4} 10x6)} 5.5 *3 
60 8x 8 I5 X 10 — {10 xX 8 |e 5 Ah rt 5¢'G" |" X'S 

Mineral Constituents absorbed’ or removed from an 

Acre of Soil by several Crops. (Johnson. ) 

Cone alee fa a3 eijals a) dg | og 
Crops. 8 net = ge a8 ee Crors, i we fe Cee aS che 

= £1a- 21-8 EB Bla 2) Gag 
Le, | Lbs. | Lbs:..|. Lbs. * Lbs, | Lbs. | Lbs..| Lbs, 

Potassa...... 29. 17-5 | 47-2} 38.2 || Sulphuric 
Soda)... 3 5.2]. 8.2.) r2 hadiae fuk Ee oe ee 
Lime... 12:9 AEF 29-9 | 44/5 ||Chlorine,....} 2 16 3.6 4.1 
Magnesia.. 10.6 |» 9-2 | 19.7] 7:,||| Silica... 118,1 | 129.5 24ip 8} 78.2 
Oxide ofIron.|) 2.6 | 2x 7-5 .6 || Alumina —_ 2.4 = 
Phosphoric 

Acid...... } 2G)0-1 28.8 48! tore Total....J 210 | 213 | 423 | 209 
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Average Quantity ‘of Tannin in’ Several Substances. 

(Morfit.) 
Catechu, Per Cent, | Oak. Per Cent, | Sumac. Per Cent, 
Bombay........ 55 “Young, inner b’kK 15.2 Sicily and Malaga ‘16 
Bengali cc valves. 44 “entire Dk. 6 Virginia........ 10 

MER OTS eo piale o elaie(e 75 “« spring- Carolina........ 5 
Nutgails. cut barkf 77 | Willow. 

Aleppo......)... 65 © yootbark. 8.9 Inner bark..... - 6 
Chinese... 5.19 i.’ 69 Chestnut. | Weeping........ 16 

Oak. Amer. rose, bark 8 Sycamore bark..... 16 
4 14.2 OKO) 4 32S ep as 2 | Tan shrub * 13 

Bee oeuer bak { 21 Sassafras, root bark 58 | Cherry-tree........ 24 
ALA GATT: ewe wadeee see 36 per cent. 

‘To Convert Chemical Formule intoa Mathematical 
Expression, 

Rouie.—Multiply together equivalent and exponent of each substance, and product 
will give proportion in compound by weight. Divide rooo by sum of their products, 
and multiply this quotient by each of these products, and products will give re- 
spective proportion of each part by weight in rooo. 

ExamMPLE.—Chemical formula for alcohol is Cy H¢ O02. 
tional parts by weight in 1000? 

Required their propor- 

Og Carbon F=26.5 si 4-4) 525.82 
He Hydrogen= 1X6= X 21.55 }'129.3. >. by weight. 
Oz Oxygen = 8X2=16 § 344.8 

tooo 46.4 = 21.55 999.92 

Elementary Bodies, with their Symbols and 
Equivalents.” 

Bopy. {Symb, Equiv. Bopy. | Symb.| Equiv. Bony. Symb.| Equiv. 

Aluminium.,..| Al | 13.7.|}Gold......... Au | 196.6 || Platinum....| Pt 98.8 
Antimony....| Sb | 64.6 || Hydrogen. , H {‘°i’ ‘|| Potassium...) K 30.2 
Arsenic. . As | 37.7||Todine....... | 1 4126.5 ||Rhodium....] R’ } 52.2 
Barium: ....: Ba |- 68.6]|Tridium...... Ir 98-5. |jSelenium....| Se} 4o 
Bismuth..... Bi TES | TON oy pce ece Fe 28 _||Silicon....... Si 22 
Boron.......| B Sahel Ware bisa eta: | ‘Pb’ | r03°7 ||Silver........ Ag | 108.3 
Bromine..... Br | 78.4|/Lithium..... | 7 ||Sodium...... Na |>:23.5 
Cadmium....| Cd} 55.8 ||Magnesium..| Mg | 12.7 |/Strontium....| Sr 43.8 
Calcium...... |.Ca | 20.5 |] Manganese...) Mn | 26 .|/Sulphur...... Ss 16.1 
Carbon.,.... C 6.1 || Mercury..... Hg | 200 °|/Tellurium....| Te 64.2 
Chlorine..... Cl 35-5 || Molybdenum.| Mo | 47.9|/Tin.......... Sn | 58.9 
Chromium Cr |) 26.2|| Nickel... | ‘Ni 29.5 || Titanium....| Ti 24.5 
Cobalt....... Co 29.5 || Nitrogen. .... | N 14.2 ||Tungsten....} W 92 
Columbium Ta | 184-8 |)Osmium..... Os -| 99-7 || Uranium....| U 60 
Copper...... Cu 3x7 |WOxygen. we... 10) 8 Yttrium. «...jo¥ 32 
Fluorine..... F 18.7 || Palladium,...| Pd 63-3, ZiNe.. s+. yeep 20. | 32.3 
Glucinum....| G@ 6.9 || Phosphorus..| P_ 15.9 || Zirconium...| Zr | 34 

Analysis of certain Organic Substances by Weight. 

Car- | Hydro-| Oxy- |Nitro- ek - |Hydro- - |N 
Bopy,. bon a . | ge 2 ge ‘ ' Bony. , oe — ee | s 

Albumen....... 52.9 | 7-5 | 23-9 |\x5-7 || Morphine....../-72.3] 6.4 | 16.34. 5 
Alcohol... .. 2.5 52.7 | 12.9 | 34-4 | — ||Narcotine...... 5 5.5 | 27 2.5 
Atmospheric air] — | —. |77 23 || Oil, Castor...... 74 10.3 | 15.7] — 
Camphor...... 73:4 |'10.7 | 15.6 3 Linseed. ...| 76 n1,3, | 12.7 | — 
Caoutchouc ....| 87.2 | 12.8 | — | — Spermaceti.| 78 | 11.8 | 10.2 | — 
WAseIN. cose 59-8| 7.4 | 11-4 | 21.4 || Quinine........ 75-8} 7.5. |..86.)!8.% 
ENTS draiere ieiere 53r4 aly 19-7 | 19.9 || Starch. ........ 44.2 | 6.7. |.49.2 | — 
Gelatine........ 47-9 | 7-9 |-27-2'| 17 || Strychnine.. 76.4 | 6.7 | 11.1] 5.8 
(Chih Wey emapren ies 42.7| 64 |50.9] — |/Sugar.......... 42.2} 6.6) 51.2} — 
Hordein....... +} 44-2] 6.4 | 47-6] 1.8)]/Tannin...... oes) 52:6] 3.8 | 43.6) 
DLiPy oN ee ne 52:5| 57 148 | — || Urea o. +] 18.9 | 9.7 | 26.2: )945.2 
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Dilution Per Cent. Necessary to Reduce Spirituous 
Liquors. 

“Water to be added to 100 volumes of spirit when of following strength: 
Strength 
eer 90 85 80 75 7o 65 60 55 50 

Percent. Per ceut.| Per cent.| Per cent./Per cent. |Per cent. Per cent.|Per cent,| Per cent. Per cent. 

5 59 = 7% = = = = — aime 
80 12.5 6.3 — — _— a a = ei 
75 20 - 13-3 6.7 — — — — = = 
70 28.6 21.4 14.3 7X — — = os oa 
65 38.5 30.8 23.5 154 7 — — = — 
60 50 41-7 Baas 25 16:7 8.3 — — —_ 

55 63.6 545.|-45*5 | 36-4 | 27-4-| 18.2 Oe a a _ 
50 80 7° 60 50 49° 30 20 10 — 
4° 125 112.5 | 100 87.5 75 62.5 50 37-5 25 
30 200 183.3, | 166.7 | 150 1333. | 116:7> | 100 83.3 66.7 

, ILLUSTRATION.—xoo volumes of spirituous liquor haying go per cent. of spirit con- 
tains; alcohol go, water 10, = 100. 

To reduce it to 30 per cent. there is required 200 volumes of water. 

: fo) spirit 
Hence 200+ 10 = 210, and em = or 30 per cent. 

210 7o~° 70 Water, 5° 

Proportion of Alcohol Per Cent. 

In 100 Purts of Spirit, by Weight or Volume, at 60°. 

Alcohol. eure Alcohol. re Alcohol. cei Alcohol. oa 

° I 20. -972 50 Pht 80 848 
5 +991 30 +958 60 896 90 823 

10 +984 4o -94 70 .872 100 “794 

In 100 Parts of Alcohol and Water, by Weight, at 60°. 
Specifi i apeel Spec 

Alcohol. | Geavltg: Alcohol. arecite. Alcohol, | paises Alcohol, errrite, 

{10% I 1.99 “996 5.01 +991 7-99 987 
7653 | +999 3-02 +994 6.02 +99 9:05 985 
1.02 +993 4.02 +993 7:02 988 10.07 984 

Tides of Atlantic and Pacific Oceans at Isthmus of 
Panama. (TVotten.) 

Atlantic, Navy Bay.—Highest tide 1.5 feet ; lowest .63 feet. 

Pacific, Panama Bay.—Highest tide 17.72 to 21.3 feet ; lowest 9.7 feet. 

Areas of U.S. Coal Fields. 
‘Srare, Sq. Miles.| Srare. Sq. Miles, Stare. Sq. Miles. 

LANG} ER aeepCee AMO | OO) fa araiaieséjecuv.aie 11 900 “Tennessee ......« 4300 
WAT QIN ices 5 os 21 oo || Indiana.,... vee] .7 700 || Alabama...,..... 3400 
Pennsylvania*...| 15 437 || Missourif........ 6000 || Maryland,....... 55° 
Rentucky...2i0..<. 13,500 || Michigant....... 5000 || Georgia........-. 150 

* Bituminous and Anthracite, + Anthracite. 

Extremes of Heat in Various Countries. 

England.... 96° | Denmark . | Greece. : Egypt... +216. 1° 
France..... 106.5° | Sweden QOy5e [tal Yas acca 05 Africa, ccs 133-4? 
Holland ee Norway Spain's 07.2. ASH neers 120° 
Belgium § * Russia....... FOZON TUNIS. cote 112.5° | SUCZ. «+009 126,5° 

Germany........ 103° | Manilla...... BI345° 

_ Extremes of temperature upon the Earth 240°. 

pace uae of Cold in Various Countries. 

England.. Denmark) ee prance... 242 |\Italy-s cueesaees cece —x10° 
Holland”) Sweden > —67°) Russia ....—46° | Fort Reliance, N. A..—70° 
Belgium Be seas Germany..—32° | Semipalatinsk, ‘: ..—769 
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Mean Temperatures of Various Localities. 

London ....... 500 [ROME cons. oss 60° | Poles....... —13° | Polar Regions... 36° 
Equator....... 82° | Torrid Zone. 75° { Globe........ Lac) 

ILine of Perpetual Congelation, or Snow Line. 

‘Latitude. Height. | Latitude. Height. Latitude. Height. | Latitude. | Height. 

te) Feet. ° Feet. ° Feet. ° Feet. 
10 14764 30 11-484 50 6334 7o 1278 
15 14760 35 10287 55 5020 75 1016 
20 13 478 40 goco 60 3818 80 451 

25 12557 45 7 670 65 2230 85 327 
At the Equator it is 15 260 feet; at the Alps 8120 feet; and in Iceland 3084 feet 

At Polar Regions ice is constant at surface of the Earth. 

Limits of Vegetation in Temperate Zone. 

The Vine ceases to grow at about 2300 feet above level of the sea, Indian Corn at 
2800, Oak at 3350, Walnut at 3600, Ash at 4800, Yellow Pine at 6200, and Fir at 6700. 

Periods of Gestation and Number of Young. 

Weeks.| No. Weeks.| No. || Weeks.| No. | Weeks.| No. 
Elephant. roo | x || Cow..... 4z°| 2 || Sheep... ox 2 || Dog...... 9| 6 
Homes. 43 Buffalo..; 40 | x || Goat.... 22 ep | es 5 

50 | Stag..... 36. |x Beaver 17 = LS ea 8 | 6 
Camel.... 45 |*x''|)Bear.... 304. 2°] Pig. sist i7”| ‘To Rats. ... 5| 8 
Assiincta. ORNs | Deérs;;.. 24 | 2 | Wolf.... z0] 5 || Squirrel...) 4 | 6 

Rabbit. .../4 ..6_) Guinea Pig. 3. -3 

Periods of Incubation of Birds. 

Swan, 42 days; Parrot, 40 days; Goose and Pheasant, 35 days; Duck, Turkey, and 
Peafowl, 28 days; Hens.of all gallinaceous birds, 2x days; Pigeon and Canary, 14 
days. Temperature of incubation is 104°. 

Ages of Animals, etc. 

Whale, estimated 1000 years; Elephant, 400; Swan, 300; Camel, 100; Eagle, 100; 
Raven, 100; Tortoise, roo to ——; Lion, 70; Dolphin, 30; Horse, 30; Porpoise, 30; 
Bear, 20; Cow, 20; Deer, 20; Rhinoceros, 20; Swine, 20; Wolf, 20; Cat, 15; Fox, rs; 
Dog, 15; Sheep, 10; Hare, Rabbit, and Squirrel, 7. 

Relative Weights of Brain. 

Man, 154.33; Mammifers, 29.88; Birds, 26.22; Reptiles, 4.2; Fish, x. 

Buoyancy of Casks. 

Buoyancy of a cask in fresh water in lbs. = 11.97 times volume of it in U.S. gal- 
lons and xo times in Imperial gallons, less weight of cask. 

Transportation of Horses and Cattle. 

Space required on board of a Marine Transport is: for Horses, 30 ins. by g feet; 
Beeves, 32 ins. by g feet. Provender required per diem is: for Horses, Hay, 15 lbs.; 
Oats, 6 quarts; Water, 4 gallons. Beeves, Hay, 18 lbs. ; Water, 6 gallons. 

Rock and HKarth Hxcavation and Hmbankment. 

Number of Cube Feet of various Earths in a Ton. 

Loose Earth....... Bue BICC TONE Teccicre pine sialelouiers 18.6 | Clay with Gravel.... 14.4 
Coarse Sand........ 18.6 | Karth with Gravel... 17.8 | Common Soil........ 15.6 

The volume of Earth and Sand in embankment exceeds that in a primary ex- 
cavation in following proportions: 

Rock, large...... voles pBin PROCES Dallastin scsiaes) x2 il Cla Vatonca-munisteet pgoRTE 
© © “medium.....,. 1.25 | Samd....eeeseereee +143 | Gravel .eseeeeeeeeves 109 

Clay and Earth will subside about .12. 
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Hills or Plants in an Area of One Acre. 

From x to 40 feet apart from centres. 
Feet apart.) = No. [Beet apart. No, ‘|| Feet apart. ‘No. Feet apart. | No. 

I 43560 |b 5 1742 9 538 x6 17t 
OS 19 360 5.5 1440 9-5 482 q7 I5I 
2 10 890 nih 1210 10 435 18 135 

eA 6 969 6.5 1031 10.5 361 20 108 
3 4840 z 889 12 302 25 69 

35 3556 7-5 775 13 258 30 48 
4 2.722 8 680 14 223 35 35 
4-5 2151 8.5 692 15 193 40 27 

Number of several Seeds in a Bushel, and Number per 
Square Woot per Acre. 

, No. Sq. Foot. No. Sq. Foot. 

Timothy........ 41 823 360 960 HUVOrere siete ee ats 888 390 20.4 
COV OR coir +: 2 16 400.960 376 oi }| Wheat... s00 055 556 290 12.8 

Volumes. 

Permanent gases, as, air, etc., are diminished in their volume in a ratio direct 
with that of pressure applied to them. With vapor, as steam, etc., this rule is 
varied in consequence of presence of the temperature of vaporization. 

Minerals. 

Relative Hardness of some Minerals. 

TAOS 422 8 I Barytes......, spel AOU erpaeisse 6| Emerald....... 8 
Gypsum.:........ 2 Fluor-spar,... 4 MOAT en ars een G Pde Sh: a i 8 
1 VE eis oiaS 2.5 | Feldspar..... 6 Pourmaly es ce. 7 WUD Ys siclee mw viele 9 
Carbonate of lime. 3 Lapis Lazuli. 6 Garnet....,.. 7-5 | Diamond. ..... 10 

Weight of Diamonds. 

i Carats. Carate. ‘ Carats. 
BATE ccpecc ce 20 367. | Regent or Pitt..... 136.75, | Dresdens issu. 0. 76.5 
Grand Mogul*....... 279.9 | Star ofthe Southt.. 125 Sancy..... see sae Bain 
OVO arcianiy ois ale clvine 194.25.| Koh-i-Noor}....... 106.06 | Eugenie, brilliant. 51 
Florentine, brilliant . 139.5 | Piggott ........... 82.25 | Hope (blue)......, 48.5 
Crown of Portugal... 138.5 | Napac............ 78.625 | Polar Star........ 40.25 

* Rough goo. + Rough 254.5. + Originally 793. 

Heat of the Sun. 

Sir, Isaac Newton... ...o0ses0r0 3.138, 7400. | LWALETSLON un.0 eaaiaiste'nsicicni fine 16 000 0009 
Capt. John Ericsson A GOG SOO | OTC oeis.e dciviciisie nies aimee 10 443 323° 

Sundry others ranging from 2520° to 183 600°. 

Moon.—Distance of Moon from Earth 237 ooo miles. 

Hrigorific Mixture. 

_ Lowest temperature yet procured. Faraday obtained 166° by evaporation of a 
mixture of solid carbonic acid and sulphuric ether. 

Current of Rivers, 

A fall of .z of an inch in a mile will produce a current in rivers. 

. Sandstones. 

Structures of sandstone erected in England in 12th century are yet in good 
condition. 

Canal Transportation. 

Brie Canal and Hudson River.—From Buffalo to New York, 495 miles, cost of 
transportation 2.46 mills per ton (inclusive of tolls) per mile. Transportation of 
wheat costs when it reaches New York 4.72 cents per bushel, and .61 cents per 
bushel for elevating and trimming. 

- fowing.—Erie Canal.-—Four mules will tow 230 tons of freight down and 100 
tons back, involving a period of 30 days, at a cost of 8 cents per mile for a course 

of 690 miles. 
R 
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Matter. 

Unit of the Physicist is a molecule, and a mass of matter is composed of them, 
i me physical properties as parent mass. 

ease tise ene known 3 solid, liquid; and gaseous. Solids have indi- 
viduality of form, and they press downward alone. Liquids have not individuality 
of form, except in spherical form of a drop, and they press downward and sideward. 
Gases are wholly deficient in form, expanding in all directions, and consequently 
they press upward, downward, and sideward. 

Liquids are compressible to a very moderate degree. Water has been forced 
through pores of silver, and it may be compressed by a pressure of one pound per 
square inch to the 3 300 0coth part of its volume. 

Gases may be liquefied by pressure or by reduction of their temperature. 
Combustible matter (as coal) may be burned, a structure (as a house) may be 

destroyed as such, and the fluid (of an ink) may be evaporated, yet the matter of 
which coal and house were composed, although dissipated, exists, and the water 
and coloring matter of the ink are yet in existence. 

Spaces between the particles of a body are termed pores. Soak 
All matter is porous. Polished marble will absorb moisture, as evidenced in its 

discoloration by presence of a colored fluid, as ink, ete. 

Silica is the base of the mineral world, and Carbon of the organized. 

Minuteness of Matter. 

A piece of metal, stone, or earth, divided to a powder, a particle of it, however 
minute, is yet a piece of the original material from which it was separated, retain- 
ing its identity, and is termed a molecule. 

It is estimated there are 120 000 000 corpuscles in a drop of blood of the musk-deer. 
Thread of a spider’s web is of a cable form, is but one sixth diameter of a fibre of 

silk, and 4 miles of it is estimated to have a weight of but x grain. 
One imperial gallon (277.24 cube ins.) of water will be colored by mixture therein 

of a grain of carmine or indigo. 
A grain of platinum can be drawn out the length of a mile. 
Film of a soap-and-water bubble is estimated to be but the 30000o0th part of an 

inch in thickness. 
It is computed that it would require 12 000 of the insect known as the twilight 

monad to fill up a line one inch in length. 
A drop of water, or a minute volume of gas, however much expanded—eyen to 

the volume of the Earth—would present distinct molecules. 
Gold leaf is the 280 cooth part of an inch in thickness. 
A thread of silk is 2500th of un inch in diameter. 
A cube inch of chalk in some places in vicinity of Paris contains 100000 of shells 

of the foraminifera.” 
There are animalcules so small that it requires 75 000 000 of them to weigh a grain. 

Velocity, Weight, and Volume of Molecules. 

Velocity.—Collisions among the particles of Hydrogen are estimated to occur at 
the rate of 17 million-million-million per second, and in Oxygen less than half this 
number. 

Weight.—A million-million-million-million molecules of Hydrogen are estimated 
to weigh but 60 grains. 

Volume.—19 million-million-million molecules of Hydrogen have a volume of .o6r 
cube ins. Dvameter.—Five millions in a line would measure but :z inch. 

Charcoal, Alcohol. : 

Charcoal as yet has not been liquefied, nor has Alcohol been solidified. 

Metals. 
2 Morals have five degrees of lustre—splendent, shining, glistening, glimmering, and 
u 

All metals can be vaporized, or exist as a gas, by application to them of their ap- 
propriate temperature of conversion. 

Repeated hammering ofa metal renders ‘t brittle; reheating it restores its tenacity. 
MA de melting of iron renders it harder, and up to twelfth time it becomes 

stronger, : 
Platinum is the most ductile of all metals. 
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Impenetrability. 

Impenetrability expresses the inability of two or more bodies to occupy same 
Space at same time. — 

A mixture of two or more fluids may compose a less volume than that due to sum 
of their original volume, in consequence of a denser or closer occupation of their 
molecules. This is evident in the mixture of alcohol and water in the proportion 
of 16.5 volumes of former to 25 of latter, when there is a loss of one volume. 

Elasticity. 

Elasticity is the term for the capacity of a body to recover its former volume, 
after being subjected to compression by percussion or deflection. 

Glass, ivory, and steel are the most elastic of all bodies, and clay and putty are 
illustrations of bodies almost devoid of elasticity. Caoutchouc (India rubber) is but 
moderately elastic; it possesses contractility, however, in a great degree. 

Momentum. 

Momentum is quantity of motion, and is product of mass and its velocity. Thus, 
the momentum of a cannon-ball is product of its velocity in feet per second and its 
weight, and is denominated foot-pounds. 

A foot-pound is the power that will raise one pound one foot. 

Sound. 

Velocity of sound is proportionate to its volume; thus, report of a blast with 2000 
Ibs. of powder passed 967 feet in one second, and one of 1200 lbs. 1210 feet. It passes 
in water with a velocity of 4708 feet per second. Conversation in a low tone has 
been majntained through cast-iron water pipes for a distance of 3120 feet, and its 
velocity is from 4 to 16 times greater in metals and wood than air, 

Tuight. 

Sun’s rays have a velocity of 185 000 miles per second, equal to 7.5 times around 
the Earth. 

Color Blindness 

Is absence of elementary sensation corresponding to red. 

Luminous Point. 

To produce a visual circle, a luminous point must have a velocity of ro feet In a 
second, the diameter not exceeding r5 ins. 

All solid bodies become luminous at 800 degrees of heat. 

Mirage. 

When air near to surface of Earth becomes so highly heated, as upon a sandy 
plain, that its density within a defined distance from it increases upwards, a line 
of vision directed obliquely downwards will be rendered by refraction, gradually 
increasing, more and more nearly horizontal as it advances, until its direction is so 
great as to produce a total reflection, and the reflected ray then, by successive re- 
fractions, is gradually elevated until it meets the eye of the observer. 

Looming is inverted mirage, frequently seen over calm water, and is effect of 
lower or surface stratum of air being colder than that above it. 

Snow Flakes. 

96 forms of snow flakes have been observed, 

Melted Snow 

Produces from .25 to .x25 of its bulk in water. 

Strength of Ice. 

Two inches thick will support men in single file on planks 6 feet apart; 4 inches 
will support cavalry, light guns, and carts; and 6 inches wagons drawn by horses. 

Temperature. 

Sulphuric acid and water produce a much greater proportionate contraction than 
alcohol and water. Both of these mixtures, however low their temperature, pro- 
duce heat which is in a direct proportion to their diminution in volume. 

At the depth of 45 feet, the temperature of the Earth is uniform throughout the 
year. ; 

Temperature of Earth increases about 1° for every 50 to 60 feet of depth, and its 
erust is estimated at 30 miles. : f 
A body at Equator weighs two hundred and eighty-nine parts less than at the Poles, 
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Colors for Drawings. 

Material. Coors, {| Material. . Coors, 

‘Brass.....| Gamboge. ||Granite..... Indian Ink, light. 
Brick ....| Carmine. Lead..... Bie sf ‘* and Prussian blue. 
Cast Iron.| Neutral tint. Steel weJis.s Light blue and Lake. 
Clay ..... Burned umber. Water. ...... Cobalt or Verdigris. 
Earth.... oe «light. || woods Burned Sienna, deep and light, 
Concrete .| Sepia with dark spots. |} ~~~ ""*""* for dark and light wood. 
Copper...| Lakeand Bur’d Sienna. |] Wr’ght Iron .| Prussian Blue, light. 

Birds’ and Insects.—(¥. De Lacy.) 

Elements of Flight.—Resistance of air to a body in motion is in ratio of surface 
of body and as square of its velocity. 

Wing Surface.—Extent or area of winged surface is in an inyerse ratio to weight 
of bird or insect. 

A Stag-bectle weighs 460 times more than a Gnat. and has but one fourteenth of 
its wing surface; 150 times more than a Lady Bird (bug), and has but one fifth. 
An Australian Crane weighs 339 times more than a sparrow, and has but one sey- 
enth; 3000000 times more than a Gnat, and has but one hundred and fortieth. A 
Stork weighs eight times more than a Pigeon, and has but one half. A Pigeon 
weighs ten times more than a Sparrow, and has but one half; 97 ooo times more than 
a Gnat, and has but one fortieth. 

A resisting surface of 30 sq. yards will enable a man of ordinary weight to descend 
safely from a great elevation. 

Strength of Insects.—Insects are relatively strongest of all animals. A Cricket 
can leap 80 times its length, and a Flea 200 times. 

Application for Stings and Burns. 

Sting of Insects.—Ammonia, or Soda moistened with water, and applied asa paste. 

Burns.—Hot alcohol or turpentine, and afterwards bathed with lime water and 
sweet oil. Cold water not to be applied. 

To Preserve Meat. 

Meat of any kind may be preserved in a temperature of from 80° to 100°, for a 
period of ten days, after it has been soaked in a solution of x pint of salt dissolved 
in 4 gallons of cold water and .5 gallon of a solution of bisulphate of calcium. 
By repeating this process, preservation may be extended by addition of a solution 

of gelatin or white of an egg to the salt and water. 

To Detect Starch in Milk. 

Add a few drops of acetic acid to a small quantity of milk; boil it, and 
after it has cooled filter the whey. If starch is present, a drop of iodine 
solution will produce a blue. tint, 
_ This process is so delicate that it will show the presence of a milligram of starch 
in a cube centimeter of whey (x grain of starch in 2.16 fluid-ounces). : 

Retaining Walls of Iron Piles. 

Sheet Piles.—7 feet from centres, 18 ins. in width and 2 ins. in thickness, strength- 
ened with 2 7tbs 8 ins. in depth. 

Plates.—7 feet in length by 5 feet in width and x inch in thickness, with one 
diagonal feather rx by 6 ins. 

Tie-rods 2 ins. in diameter. 

Stone Sawing. 

Diamond Stone Sawing.—(Emerson.) Alabama marble 6 feet X 2.5 feet in 22 min- 
utes = 41 sq. feet per hour. ; 

Wood Sawing. 

7722 feet of poplar, board measure, from 9 round logs in 1 hour. Engine r2 ing 
diameter by 24 ins. stroke, i : 
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Cost of Dredging. 

Actual cost, if on an extended work, inclusive of Delivery, if dredging into or on a 
vessel alongside of dredger.—(Trautwine.) 

Labor at $x per day and Repairs of Plant included. 

Depth. Cents, Depth. |, Cents. Depth. Cents. | Depth. Cents, 

Feet. Cube Yards. Feet. Cube Yards. Feet. Cube Yards. Feet. Cube Yards. 
10 6 20 8 4 ae 10 35 18 
15 i 22 9 30 13 40 25 

Discharge of Scows or Camels.—Towing .25 mile 4 cents per cube yard, .5 mile 6 
cents, .75 mile 8 cents, and x mile ro cents. 

Notre. —A Scow is a flat-bottomed vessel or boat. A Camel is a shallow, flat- 
bottomed and decked vessel, designed for the transportation of heavy freight or the 
sustaining of attached bodies, as a vessel, by its buoyancy. 

Dredging. 

A steam dredge will raise 6 cube yards, or 8.5 tons, per hour per P. 

Metal Boring and Turning. 

Borine.—Cast iron.—Divide 25 by the diameter of the cylinder in inches for the 
revolutions per minute, 

Wrought tron.—The speed is one fourth to one fifth greater than for cast iron. 

Brass.—The speed is about twice that for cast iron. 

TuRNING. —Cast tvon.—The speed is twice that of boring. 

Wrought ivon.—The speed is one fourth to one fifth greater than that for cast iron, 

Brass.—The speed is twice that of boring. 

Vertical boring.—The speed may be twice that of horizontal boring. 

The feed depends upon the stability of the machine and depth of the cut. 

Well Boring. 

At Coventry, Eng., 750000 galls. of water per day are obtained by two borings of 
6 and 8 ins., at depths of 200 and 300 feet. 

At Liverpool, Eng., 3000000 galls. of water per day are obtained by a bore 6 ins, 
in diameter and 161 feet in depth. 

This large yield is ascribed to the existence of a fault near to it, and extending to 
a depth of 484 feet. 

At Kentish Town, Eng., a well is bored to the depth of 1302 feet. 
At Passy, France, a well with a bore of 1 meter in d’am+ter is sunk to a depth of 

1804 feet, and for a diameter of 2 feet 4 ins. it is further sunk to a depth of 109 feet 
10 ins., or 1903 feet ro ins., from which a yield of 5 582 000 galls. of water are obtained 
er day. 

; iA Tempering Boring Instruments. 

Heat the tool to a blood-red heat; hammer it until it is nearly cold; reheat it to 
a blood-red heat, and plunge it into a mixture of 2 oz, each of vitriol, soda, sal-am- 
moniac, and spirits of nitre, x oz. of oil of vitriol, .5 oz. of saltpetre, and 3 galls. of 
water, retaining it there until it is cool. 

Circular Saws. 

Revolutions per Minute.—8 ins. 4500, 10 ins, 3600, and 36 ins, 1000. 

Masonry. 

Concrete or Beton should be thrown, or let fall from a height of at least ro feet, 
or well beaten down, 

The average weight of brickwork in mortar is about ro2 lbs. per cube foot. 

Plastering. 

In measuring Plasterers’ work all openings, as doors, windows, etc., are com- 
puted at one half of their areas, and cornices are measured upon their extreme 
edges, including that cut off by mitring. 

’ Glazing. 

In Glaziers’ work, oval and round windows are measured as squares. 
* 
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Corn Measure. — 

Two cube feet of corn in ear will make a bushel of corn when shelled. 

Tenacity of Iron Bolts in Woods. 

Diameter 1.125 ins. and r2 ins. in length required for Hemlock 8 tons, and for 
Pine 6 tons to withdraw them. 

Length of Gun Barrels. (C. T. Coathupe.) 

The length of the barrel of a gun, to shoot well, measured from yent-hole, should 
not be less than 44 times diameter of its bore, nor more than 47. 

Hay and Straw. 

Hay, loose, 5 lbs. per cube foot. Ordinarily pressed, as in a stack or mow, 8 Ibs. 
Close pressed, as in a bale, 12 to rq Ibs. 

Ordinarily pressed, as in a wagon load, 450 to 500 cube feet will weigh a ton. 
Straw in a bale zo to r2 lbs. per cube foot. 

Natural Powers. 

Sun.—The power or work performed by the Sun's evaporation is estimated at 
go. 000 000 coo EP. 
Niagara.—Volume of water discharged over the falls is estimated at 33 000000 

tons per hour, and the entire fall from Lake Erie at Buffalo to Lake Ontario is 323.35 
feet. 

Velocity of Stars. 

According to computation of Mr. Trautwine a Star passes a range in 3” 55.91” less 
time each day. 

Service Train of a Quartermaster. 

Quartermaster’s train of an army averages x wagon to every 24 men; and a well- 
equipped army in the field, with artillery, cavalry, and trains, requires x horse or 
mule, upon the average, to every 2 men. 

Tides. 

The difference in time between high water averages about 49 minutes each day. 
Atlantic and Pacific Oceans.—Rise and fall of tide in Atlantic at Aspinwall 2 feet, 

in Pacific at Panama 24 feet. 

Dimensions of Drawings for Patents. 

United States, 8.5 x r2 inches. 

Latitude. 

One minute of latitude, mean level of Sea, nearly 6076 feet = 1.1508 Statute miles, 

Artesian Well. 
White Plains, Ney., Depth 2500 feet. 

Foundation Piles. 

A pile, if driven to a fair refusal by a ram of x ton, falling 30 feet, will bear x ton 
weight for each sq. foot of its external or frictional surface, or a safe load of 750 Ibs. 
per sq. foot of surface. 

Eiarth. 
Density of its mass 5.67. 

Tripolith. 

A new building material, compounded of Coke, Sulphate of Lime, and Oxide of 
Tron. It has increased tensile strength after exposure to the air, being much in 
excess of that of lime and cement. 

Gas and FEilectrie Light. 

Gas light of 16 candle power costs 5 cent per hour; Electric, 4.15 cents, 

Niagara. 

Discovered, 1678. Falls have receded 76 feet in x ears. Height, Americ: 
Falls, 164 feet; Horseshoe, 158 feet. i rete ae sete 
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Suspension Bridges. 
Lengths of Spans in Feet. 

Wou-Mau, China .............0ese0s 390)| Niagara. so ctachies ocieye eievarste tp tess oe O22 
Schuylkill (Phila.)..... --- 342 | Lewistown and Queenstown....... 1040 
Hammersmith, Eng. ....2s:.....08. + 422 | Cincinnati. J2..00...4.. ae anes Lk 1057 
Pesth (Danube) S215: Lise. tied std. b 660: |iNiagara Falls. Jiiwscicu fuil dveiiseed 1280 
New York and Brooklyn, 930, 1595.5, and 930; clear height of Bridge above high 

water at go°, 135\feet. i i} cif 

U. S. ENSIGN, PENNANTS, AND FLAGS, 

Ensign.—Head (Depth, or Hoist).—Ten nineteenths of its length. 

Field.—Thirteen horizontal stripes of equal breadth, alternately red and 
white, beginning with red. 

Union.—A blue field in upper quarter, next the head, .4 of length of field, 
and seven stripes in depth, with white stars ranged in equidistant, horizon- 
tal, and vertical lines, equal in number to number of States of the Union. 
Pennants (Narrow).—Head.—6.24 ins. to a length of 70 feet; 5.04 ins. toa 

length of 4o feet; 4.2 ins. to a length of 35 feet. Wight, 3.6 ins. to a length of 20 
feet, and 3 ins. to a length of 9 feet.—Boat, 2.52 ins. to a lengih of 6 feet. 

Union.—A blue field at head, one fourth the length, with 13 white stars in a hori- 
zontal line. Field,—A red and white stripe uniformly tapered to a point, red up- 
permost. Night and Boat Pennants.—Union to have but 7 stars. 

Union Jack.—Alike to the Union of an Ensign in dimensions and stars. 

Wlags.—President.—Rectangle, with arms of the U.S. in centre of 
a blue field. 

Secretary of Navy.—Rectangle, with a vertical white foul anchor 
in centre of a blue field. 

Admiral.—Rectangle, with 4 white stars in centre of a blue field, set as 
a square. 

Wice-A dmiral.—Same as Admiral’s, with 3 white stars set as an equi- 
teral triangle. 

Rear-Admiral.—Same as Admiral’s, with two white stars set vertical. 

If two or more rear-admirals in command afloat should meet, their seniority is to 
be indicated respectively by a Blue flag, a Red with White stars, and a White with 
Blue stars, and another or all others, a White flag with Blue stars. 

Commiodore’s (Broad Pennant).—Blue, Red, or White, according to 
rank, with one star in centre of field, being white in blue and red pennants, 
and blue in white. 

Swallow-tailed, angle at tail, bisected by a line drawn at a right angle from centre 
of depth or hoist, and at a distance from head of three fifths of length of pennant; 
the lower side rectangular with head or hoist; upper side tapered, running the width 
of pennant at the tails .x the hoist. Head.—.6 length. Fly 1.66 hoist. 

Divisional Marks.—Triangle, 1st Blue, 2d Red, 34 White. Blue 
vertical. Reserve Division,—Yellow Red vertical. Division mark is worn 
by Commander of a division of a squadron at mizzen, when not authorized 
to wear Broad Pennant of a Commander or Flag of an Admiral. Fly .8 hoist. 

Signal Numbers.—Fly 1.25 hoist. Signal Pennants, Fly 4.6 hoist. 
Repeaters 1.89 hoist. 

International, Signal Number, Square, Signal Pennants, . Fly .3 hoist. 
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Alimentary Principles. 
Primary division of Food is into Organic and Inorganic. 
Organic is subdivided into Nitrogenous and Non-Nitrogenous; Inorganic 

is composed of water and various saline principles. The former elements 
are destined for growth and maintenance of the body, and are termed “ plas- 
tic elements of nutrition.” The latter are designed for undergoing oxidation, 
and thus become source of heat, and are termed “ elements of respiration,” or 
“ Calorificient.” 

Although Fat is non-nitrogenous, it is so mixed with nitrogenous matter that it 
becomes a nutrient as well asa calorificient. 
Alimentary Principles. —1. Water; 2. Sugar; 3. Gum; 4. Starch; 5. Pectine; 

6. Acetic Acid; 7. Alcohol; 8. Oil or Fat. Vegetable and Animal.—o. Albumen; 
ro. Fibrine; rz. Caseine; r2. Gluten; 13. Gelatine; 14. Chloride of Sodium. 

These alimentary principles, by their mixture or union, form our ordinary foods, 
which, by way of distinction, may be denominated compound aliments ; thus, meat 
is composed of fibrine, albumen, gelatine, fat, etc. ; wheat consists of starch, gluten, 
sugar, gum, ete. 

Analysis of Meats, Wish, Vegetables, etc. 
Nitro- { Saline | Non-Nitro-| ] a 

Foon. Water. igenous Fats Sl sratgan’ cane Sugar. cae Ash, ete. 

Arrowroot......... 18 oe —— = 32 — = — 
Barley Meal....... 15 6.3 24 | 2 59.4 4-9 — = 
Beans, White...... 9-9 | 25-5 Zi Sieg, — 55-7 _ 2.9 3.2 
Beef, roast......... 54 27:6 (| 15:45 | 295 = — = a3 

HOM Naame ie 51 14.8 | 29.8 ag — _ = os 
MOST stele ateinietats 72 19-3 3:6! ahs — —_ = _= 
EEN Wigeloncn ne) 49.1 | 29.6 Pe PNR | — _ — — 

Beer and Porter....| or a = a 8.7 — — = 
Buckwheat........ 13 13-1 4 64.5 _ 3.5 2.5 
Butter and Fats....| 15 —_ 83 2 — — = a3 
Cabbage. .....s..6. gr 2 5 <7, 5.8 _— = a 
Carrots esses 83 1.3 22 I 7.4 6.1 — I 
WHECSO rs ms puree ren 36.8 | 335 | 24-3 a _— _— oe — 
Comm Meals... 14 III 8.1 1.7 57-6 4 5.9 1.2 
Cream, wader ees 66 2.7 | 26.7 1.8 — 2.8 = ae 
BIR E reed» \ ernie esr a arn 74 I4 10.5 5 — — —_— _ 

YOU MSs chores ara iatanr 52 I 30.7 1.3 _ — a — 
Fish, white flesh..:| 78 18.1 29" | 9x _— os — — 

eis! Sikes sts 75 9-9 | 13-8 ES _ — — 
Lobster, flesh.| 76.6 | 319.17 | 4.17 | 1.8 1.26 _ — —_ 
Oysters ..s/.. 6 80.39 | 14.01 I-52 | 27 1.38 — —_ — 

Liver, Calf/s,.. ois... 72-33 | 20-55 5-58 )} 1.54 — — a 
Milk, Cow’s........ 86 Aad 3-9 8 _— 5.2 — _— 
Mutton, fat........ 53 12.4 | 31-1 3.5 — — = = 
Oatmreali hie. 15 12.6 5.6 3 58.4 5.4 — — 
Oats... 2.6.2 sere eee 23 I4.4 55 _ 48.2 _ 7-6 3-3 
Parsnips ......-... 82 1.1 5 I 9.6 5.8 _— ie 
POASa astetis eerie’ 15 23 ae 2.5 50.2 mi cee 2.1 
IXe date ine oo oAoO 39 9-8 | 48.9 ra} _ _— = = 

Bacon, dry...| 15 Rec in By Se 2.9 — — — o¥ 
Potatoes 75 2.1 a2 7 16.8 3.2 r I 
on 74 2 3-8 1.2 — — —_ = 

TOO. I. aia 13 6.3 hes 5 8.1 : — X 
Rye Meal 15 8 2 1.8 tg 5 ge a 5 
URAL, ss cciiuateneeetns 5 oS = — 95 = — _ 
REMI DOs. sci oe terete 68 13-2 16.4 24 — es es) Bey 
TULDIDSis sine bisa gr 1.2 _ +6 4.3 Qt _ 8 
GANT cere taste Rome 63 16.5 15.8 47 — a — = 
Wheat Hour... se 15 10.8 2 7) 61.1 4.2 325 2 ey 

Bread)... 37 8.1 1.6 2.3 45-4 3.6 — 2 
Bran, 2 ).cuM 13 18 6 _— 60 _ — 3 

* Water absorbed by flour varies from 4o to 60 per cent. of weight of flour, the best quality ab 
ing most. oo lbs, flour yield 130 lbs, bread, ‘ ‘ 2 aS 
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ot Analysis of Different Hoods 

In their Natural Condition. | 
Ni- |Carbon-j Phos- Ni- |Carbon-; Phos- 

trates.| ates. |phates.| Water. trates.| ates, |phates. | Water, 

I 84 Milk of cow.. 5 8 5 86 

3.5 || 10 Mutton ...... 12.5 | 40 4.5 | 43 
3-5 | 14.8 || Oats. see ndace « > 9 joel ikke i lle 13.6 
5 50 Parsnips..... ene 7 I 82.8 

7564 1.8 14.2 Pork. 25208. 10° 5° 1.5 38.5 

Cabbage ..:.. 4 5 I go ||Potatoes..... 24) 225) .9 | 74.2 
Chicken .....] 19: 3-5 -| 4.30173 “ sweet) 1:5 -| 28.4 | 2.6 | 67.5 
Corn, North’ n| 12 73 I 14 Rie. [orca 6:5 | 79.5, Asie cal 

South’n | 35 - | -48 rt EA Turnips...... st 4 +5, | 90-5 
Cucumbers...} 1.5} x -5 | 97. || Veal......... 109) 10.5 1.4.5) 03 
Eambo)s. <2. rr -35.5° 1 S05 “Aco il] Wheat... £2". 15 69.2 | 1.6 | 14.2 

Nitrates—Are that class, which supplies waste of muscle, 

Carbonates—Are that class which supplies lungs with fuel, and thus furnishes heat 
to the system, and supplies fat or adipose substances. 

Phosphates—Are that class which supplies bones, brains, and nerves, and gives 
vital power, both muscular and mental. 

From above it appears, that Southern corn produces most muscle and least fat, 
and contains enough of phosphates to give vital power to brain, and make bones 
strong. Mutton is the meat which should be eaten with Southern corn. 

The nitrates in all the fine bread which a man can eat will not sustain life beyond 
fifty days; but others, fed on unbolted flour bread, would continue to thrive for an 
indefinite period. It is immaterial whether the g general quantity of food be reduced 
too low, or whether either of the muscle-making or heat-producing principles be 
withdrawn while the other is fully supplied. In either case the effect. will be the 
same. A man will become weak, dwindle away and die, sooner or later, according to 
the deficiency; and if food is eaten which is deficient in either principle, the appe- 
tite will demand it in quantity till the deficient element is supplied. All food, be- 
yond the amount necessary to supply the principle that is not deficient, is not only 
wasted, but burdens the system with efforts to dispose of it. 

Analysis of Fruits. 

Albumi- Pectous . f faved soupaits Insoluble be . 
Fruit. Water. | Sugar. Acid ious matter. Fr a Ash 

Apple, white...i...+., 85 7.6 I 22 1,83 3-881) 6.47 
Apricot, average....... 83.5 1.8 LI “51 4:7 755 84 
Blackberry .2..c--s0+ 86.4 4:44 | 1-19 51 5,26 1.72 48 
Cherry, red... .a0c20e TSuAe ||| ¥giz +35 5.83 3:73 69 

SOUT oi. dem eet« 80.5 8.77 |) 1.28 83 5:92 2.07 64 
PlacK. .....--6-55 79:7 | 10.7 56 I 6.04 1.33 67 

*Currantired.-..2...... 85.4 5.6 i7, 36 3:74 2.4 8 
Gooseberry, red....... 85.6 8 1635 44 2.92 1.26 43 

yellow....} 85.4 7 1.2 46 3.47 2.4 37 
Grape, white.......... 80 13.78 1 £83 2.48 I.44 47 
Peach, Dutch, .. ....s:..-:- 85 1.58 61 -46 5:49 6.4 46 
IREBE SHC ctratt a cased Aen 83.5 7-5 o7 +25 3-54 4.8 34 
Plum, yellow gage....| 80.8 2.96 96 +48 3.98 10.48 34 

largé | 9S 2... | 9qn7 3-4 87 4 3.91 ig 42 
black blue..... 88.7 2 1.27 4 6.86 23 54 

Ae ike lo ace 85.3 2125 5) 2-33 43 4.23 5.85 61 
Italian, sweet...| 81.3 6.73 84 83 4.01 5-63 66 

Raspberry, wild....... 83.9 ao 2 +55 8.37 1.28 4 
Strawberry, ‘‘ ....... 87 1.5 -6 5-5 4 “x 
Beaman. fo. t see ecess 73-9 sag, Pectin, Salt, Acid, etc., 26.1. 

Sugar and Water in Various.Products not THeheS in 
the Table. (Per Cent.) 

: ts Sugar, Water. Water. 
Sugar, crude........ 95 MOlS8€8... 0060. 00004- 23 | Cabbage...:..... sees OF 
Molasses - 77- | Lean beef.........- + 72 | Ale and Beers... 2... gz 
Buttermilk.......... 6.4 | Buttermilk........... 88] Coffee and Tea....... 100 
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Relative Values of Foods 

ANIMAL FOOD. 

or Assimilating Quality to 
make an Equal Quantity of Flesh in Cattle or Sheep. 

(Ewart.) 

ARTICLE. Cattle. | Sheep. ARTICLE. Cattle. | Sheep. 

Lb DN OS) mogeceeouean es 800 4oo || Wheat bran............ 45 105 
CBLTOUS . . a2 iecicioe cies once 630 —  |}Corn and Barley meal..| 35 ae 

BOGS. ov rece esice ee cece 600 300) || Oatmeal ,........0. eee 34 — 
Parsnips and Swedes...} 600 zoo || Beanmeal..... EE Ee 33 — 
Meadow grass in bloom.| 400 —_ PERMCA Ae cists aise <i0\s cies 32 =e 

Vetches, pods open..... 360 go || Cabbage ............... — 500 
Potatoes at maturity....| 280 200 || Pea straw.. ae 200 
Oat straw, cut green....] 125 = Rye bran =? 109 

Bean or Vetch straw....| — Deo} iI] Otis. con. cede wcncs suse 7° 
Meadow hay ........+++ 100 roo |} Buckwheat............. = 65 
Vetch Cd ON crore go — IBAPICY 5, hes sarin cn eee — 60 
Linseed cake...........| 50 — || Pease or Beans......... — 54 

Notre. — When these values express W 
about 4 to 5 lbs. beef or mutton. 

eight in lbs., then such food will produce 

Nutritive Constituents and Values of Food in Grains 
per Pound. 

Foop. Carbon. | Nitrogen. || Foop. Carbon. | Nitrogen. 

Bakers’ Bread.......-.| 1975 88 || Mutton..........00e ++] 1900 189 
Barley Meal... i saceraas 2563 68 New Mille. onics% dente os 599 44 
MSO Dhan caters aieiaye sia vase} 1854 184 OatMaAah iis cciensiee sine 2831 136 
Beer and Porter....... 274 I [DBATSHIDS: Ges tea ones 554 12 

Bullock’s Liver....... 934 204 Pearl Barley . 2660 gi 
BNttOMM LK <6 sees reine 387 44 || Potatoes...... 769 22 
O@atrots jase Keenan 508 14 || Red Herrings......... 1435 217 
Cheddar Cheese....... 3344 306 PNCAn ene nial seuvoiareiais 2732 68 
OL Ol rer ahelale-aavore cies ie ees 3934 140 UE OT ae ae See = 2693 86 
IDNVABACONY. |... sc'canieee 5987 95 Salt Butter.....:< nce saw 4585 — 
PatPork, wri. occ 4113 106 Skim Cheese.......... 1047 483 
Flour, Seconds,... 2700 116 Skimmed Milk 438 43 
Fresh Butter,......... 6456 — Split Pease............. 2698 248 
Green Bacon.......... 5426 76 UCL. so. ovo ncesis vielen 4710 — 
Green Vegetables...... 420 14 SUSAE per dinicicsisieliesisiais 2955 — 
Indian Meal........... 3016 120 TUrMiPS.....2e.eeesaes 263 13 
Lard == bl Whey. ccsestcce antes 154 13 
Molasses —' |] Whitefish....2..025562% 871 195 

The Full Daily Diet of a man is 1 held to be 12 oz. bread, 8 oz. potatoes, 
6.0z. meat, 4 0z. boiled rice with milk, .375 pint of broth or pea soup, z pint 
milk, and x pint of beer. 

Nutritive Values and Co nstituents of Millx.—(Payen.) 

2h Nias | Fans Nitrogenous Lactic | 
fatter an an = Mat d 

ANIMAL. | insoluble | Butter. soluble | Water. |) Anima. paidies Butter. soluble Water. 
Salts. Salts. Salts. Salts. 

Goat... 4.5 4.1 5-8 | 85.6 || Ass. I 1.4 | 6 ones ; i “4 90.5 
COW Sean 4:55 3.7 5-35 | 86.4 | Mare 1.62 -2 | 8:75) | 89.43 
Woman. 3:35 3-34 | 3-77 | 89.54 || Ewe 4.68 4-2 [5.5 | 85.62 

Weight of some Different Foods required to furnish 
1220 Grains of Nitrogenous Matter. 

Lbs. Lbs, 
CHEESE), .6/si100s -4| Meat, fat..... Ga. 3 
PERSO 1: -trie<nle. -7 | Oatmeal... 1.5 
Meat, lean..... 9 | Corn Meal..... 1.6 
Fish, White... x | Wheat Flour.. 1.7 

Turnips, 15.9 lbs. ;, Beer or Porter, 158.6 lbs, 

Lbs. Lbs. 
Bacon, fat.:... 1.8 | Barley Meal.. 2.9 
IBECAC i revatenrie bata 2.1 | Milk 4.2 
Rye Meal...... 2.3 | Potatoes...... 8.3 
Rice@dcinexes ce 2.8 | Parsnips...... 15. 9 
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Proportion of Sugar and Acid in Various Fruits. 
(Fresenius. ) 

Frorr. Sugar. Acid. Frorr. Sugar. Acid. 

Per Cent. | Per Cent. Per Cent. | Per Cent. 
Apple... ...- 20.0. 5a ws BAUM So cwistaonere es 2.1 1.3 
ADTICOb. 5.55. .0.n0,0 “ 1.8 xX, PRUNE. 9 stiles siete 5 6.3 9 
Blackberry.......s ‘ 4.4 1.2 Raspberry,...... 4 15 
CUITANtS.. «oe = = sieee0, 6.1 2 Red Pear.... 7-5 WE 
Gooseberry. 7-2 1.5 Sour Cherry, - 8.8 1.3 
Grape...... 14-9 oT, Strawberry.......5. 57 1.3 
DUOLDONTY =e stelle inte 9-2 1.9 Sweet Cherry....... 10.8 . 6 
Peach... sSuseot 1.6 “7. Whortleberry....... 5.8 1.3 

Proportion of Oil in Various Air-dry Seeds. (Berjot.) 

Beechnut...... 24 angel aves 2, 30,, Almonds, J... 40 | Orange..... ago 
PICU cia.5 5 vee we: ADAP REAKo5 wlalee'sin ciate 34 40 fo) ie iiercicion:.. 36,| Peanatec. ss. 38 Molzaieccgesass Oe Poppy ,ceies ee { ae 

Analysis of different Articles of Hood, with Reference 
only to their Properties for giving Heat and Strength. 

(Payen.) In 100 Parts. 

SvupstANcrs. asl 2g SuBsTaNces, ate Sag SupstaNces. co pliie 

Alcohol ...... 52 — |/Coffee........ 9 1.1 ‘{|Oil, Olive..... ; 98 —_ 
BATIOY..\0 o.010.05 4° E.G, || COPD na44 <ipurt 44 1.7, |)Oysters...,.. 7.18 | 2.13 
B@ans.... 2 <.5s1 42 45. || Me]Bicn.« eosleay- 30.05 | 2 Pease... osg-y 44 3:66 
Beef, meat....| 11 3 BSS omeeeek: 13.5 | 1.9 || Potatoes....., II 133 
Beer, strong..] 4.5 .08 || Figs, dried... .} 34 102" || EOICEs te setpteroteneta 4 1.8 
Bread, stale, ..| 28 1.07 || Herring, salt- Rye Flour 41 1.75 
Buckwheat,..| 42.5 | 2.2 Chie sets pe 23 3.11 ||Salmon ,..... 16 2.09 
Butter o.0. 22: 3 -64 || Liver, Calf’s. .] 15.68 | 3.93 ||Sardines...... 29 6 
CELLOS) 0c e591 Zz Lobster...... 10,06 } 2.03 || TOQinsid oe seg or 21 ‘|\t2 
Caviare...... 27-41 | 4-49 || Mackerel..... 19-26)| 3.74 || Truffes....,.. 9:45 | 135 
Cheese,Chest’r} 41.04 | 4.13 || Milk, Cow’s 8 "66")| Wheat... ing, I 3 
Chocolate ....] 58 1.52 || Nuts... 10.65] 1.4 “Flour. ,| 38.5 | 1.64 
Cod-fish, salt’d| 16 5-02 || Oatmeal. . 44 7.05 ||, WiNOfe anew 4 O15 

Notre.—Multiply figures representing nitrogen by 6.5, and equivalent amount of 
nitrogenous matter is obtained. 

Least Quantity of Food required to Sustain Life. 

Adult Man, 
Adult Woman, 3900 

Human and Animal Sustenance. 

(Z. Smith, M.D.) 

Carbon, Hydrogen. 
Gras. ~Grs. 

$299 Mean, 4100. a} Mean, 190. 

An adult man, for his daily sustenance, requires about 1220 grs. nitrog- 
enous matter or 200 of nitrogen, and bread contains 8.t per cent. “of its 

Hence, a = 15062 grains which + 7000 in a lb, = 
-Oo1 

2 lbs. 2.43 02. of bread. 

These quantities and proportions are also contained in about 16 lbs, of 
turnips. 

Thus, by table of nutritive values, page 202, turnips have 263 grains of carbon and 
13 Of nitrogen. 

4300 Hence, ae 

nitrogen. 

and nt 35 lbs. for the necessary carbon ond 15.4 lbs. for the 

Relative Value of Foods compared with 100 lbs. of 

Clover, Breer 
Corn, green . 
Wheat straw . 

Good Hay. 
Lbs, Lbs. ’ Lbs. Sats 
4oo | Rye straw.....°442 | Carrots..... 5; 2710p || COU ate eaterereiare 59 

. 275 | Oat straw..... 195 | Barley,....... 54 | Linseed cake . : 69 

. 374 Cornstalks .... ASG ORS! snciaasisine 57 | Wheat bran.... 105 
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Weight of Articles of Food required to be consumed in 
the human system to develop a power equal to rais- 

ANIMAL FOOD. 

ing 140 lbs. to a height of 10000 feet. (Frankland.) 

SUESTANCEs. Weight. | SuBsTANcES. Weight. | SUBSTANCES. Weight. 

Lbs. Lbs. || 
Cod=liver: oil. sp.%- 61 ) E8q | Bieera-deee thes» ao 1.341 | Salt Beef 
Beef fats c sive sisi. 555: || Lsimglass:tsi.... 1.379 || Veal, lean. 
BACOB A 6. 000d ee ee, jee lump...... &. 505 || Porter... ..<2.2% i 
Butter:...... bordel p- 693) CAM. PANE. 23 2.062 || Potatoes 
COCORE chewed © 797 es boiledii< .....' 2.209 |Fish... 2% 622% 
Fat of Pork....... +07 Bread ! ):i/27...03 2.345 || Apples.........265 
CHEEEER O25 «ote oo 1.156.|| Salt Pork. ./...... 2.82): ||) Milk. 0.222% os 
Oatmeal... x.281 || Ham, lean, boiled. .} 3.001 || Egg, white of. 
Arrowroot.........| 1.287-|| Mackerel......... 3-124 || Carrots 
Wheat flour....... 1.311 || Ale, bottled....... 3.468 || Cabbage 

Relative Value of Various Foods as Productive of Force 
when Oxidized in the Body. 

Cabbage....... I Porter's. k. o. 2.6 | Egg, hard boil’d ‘5.4; Oatmeal..... 9-3 
Carrots... 6c. Veal, lean..... 2.8 | Cream...2.... 5-9 | Cheese...... 10.4 
Skimmed Milk. x.2 | Salt Beef...... 3-3 | Egg, yolk. - 7-9 | Fat of Pork. 12.4 
White of Egg.. 1.4 | Poultry....,.. a03: | SORAE TS Se ay Sry | Cocoa. 05. .5 16.3 
Milkccccrveees x.5 | Lean Beef..... 3.4 | Isinglass...... 8.7 | Pemmican.. 16.9 
Apples....... - 1-5 | Mackerel.:.... 3.8 | Rice sccc an 8.9 | Butter...... 17-3 
Ales 2 E82 .. 1-8 | Ham, lean..... 4 Pea Meal. ..... SL EOGIL ccc cietare 17-94 
Fishes... che. »-1g | Salt Pork...... 4-3 | Wheat Flour.. 9.1 | Fat of Beef.. 21.6 
Potatoes ...... 2-4 | Bread, crumb.. 5.1 | Arrowroot..... 9-3 | Cod-liver Oil. 21.7 

Nutritious Properties of different Vegetables and Oil- 
cake, Tepes with each other in Quantities. 

Oil-cake....... Rye re kal 2.5 | Clover hay..... 4 | Cabbage...... 18 
Hegescnuibainas 15 BAS | TRY Jccote ness. 5 | Wheat straw.. 26 
Wheat, flour... 2 Bran wheat { 3 Potatoes....... 14 | Barley ‘ 26 

Sf) grain... sie COIN. «pete 3 #8 old.... 20 | Oat “ 27.5 
ORtss. ewe bats +205 |-Barley..c... 3 sep Camrotes 2. o. ¥7.5>|' LULMIPS. ee. 30 

ILLUSTRATION. —1 lb. of oil-cake is equal to x8 lbs. of cabbage. 

Volume of Oxygen required to Oxidize 100 parts of following Foods as con- 
sumed in the Body. 

Grape Sugar .. 106 | Starch x20 | Albumen...... TEOM MAL. £ sore nieleleete 203 

Hence, assuming capacity for oxidation as a measure, albumen has half value of 
fat as a food-producing element, and a greater value than either starch or sugar. 

Proportion of Aléohol in 100 Parts of following Liquors. 
(Brande.) 

Small Beer... x1 and 1.08 | Hermitage, red....- 12:32 | Lisbon... 0.0 tess. <5 18.94 
OTE 6. bass 3.5 and 5.26 | Champagne......... 12,61 | Lachryma........... 19-7 

Cider. =. s/o 5.2 andg.8 | Amontillado........ 12.69] Peneriffe ... .sckie ns 19.79 
Brown Stout. 5.5 and 6.8 | Frontignac......... 12.89 | Currant Wine....... 20.55 
Alois. dnitane 6.87 and 10 BAYSaGPiieh stele clase. sep Madeira. t3 ivsoni. 22.27 
Rhenish,........... 7e58 | SAULOLNG see lele ate setts v2 ROLE 6 ninco. «jo SRI 23 
Moselle ......0000n 8.7 | Champagne Burg’dy, * 57. |sMerEy, Old. sttarssche 23.86 
Johannisberger. 8,72;'\)White Port... 0.6. 15 Marsala... .......65 25.09 
Elder Wine..... 8.79 | Bordeaux . “ree |) Raisin= Wine..les icc 25.12 
Claret ordinaire 8.99 | Malmsey........... 16.4 | Madeira, Sercial .... 27.4 
TOKAY. «0.0 sajrnete + HOP Baie ROLL Ving waipive 6 seis 17.17 | Cape Madeira... 29.51 
Rudesheimer....... 10.72 ag87 LCs inWaRNY SIS 3555 «84s 51.6 
Marcobrunner...... 11.6 nie 7- Brandy a eihib iojaeie oid id. 53:39 
Gooseberry Wine... 11.84 Beritan white... 17.43] Rum......... -'53.68 
Hockheimer.....,.. 12. Cape Muscat, . Piero 
Vin de Grave.... Constantia, red. Teese 54.32 
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Proportion of Food Appropriated and Exxpended by 

following Animals. 

& Sheep. Swine, 
"Proportion appropriated .. ' 8 17.6 

PE IDARUTOS 5 o1e ols anieiw etoteca sie she . 31-9 16.9 
as EOSDILCU -oerswrereecs'e va we sia veweeede 60.4 65.5 

100 I0o 

Specific Gravity of Milk and Percentage of Cream, etc. 

. , Volume | Volume Specific 
Mux, Specific of of Gravity when 

Gravity. | Cream. Curd. |, skimmed. 

Milk, POTO* a .nc tate c ast eay et PRISE SS. s 1030 12 6.3 1032 
Io per Cent. waters s.cc. eee e cee 1027 10.5 5.6 1029 

Benen th 6e Sciirs staloiniclara cad aiid 1024 8.5 49 1026 
Seas oe BO Se i ceratcl aii athe fori | 6 4.2 1023 

* For a method of testing the purity of milk, see Pavy on Food (Philadelphia, 1874), page 196. 

Norr.—The average proportion of cream is ro, or 10 per cent. 

Proportion Per cent. of Starch in sundry Vegetables. 

Arrowroot.... 82 | Wheat flour... 66.3 | Oatmeal....... 58.4 | Potatoes..... 18.8 
14,0 oer 79-1 |-Corn meal ,... 64.7 | Pease......,..% 55-4 | Turnips...... re 

Composition of Cheese of Different Countries.—(Payen.) 

Fat. | Nitrogen.| Salt. | Water. Fat. |Nitrogen. | Salt, | Water. 

Neufchate]..| 18.74 | 2.28 | 4.25 | 61.87 || Chester..... 25.41] 5.56 | 4.78] 30.39 
Parmesan...| 21.68} 5.48 | 7.09 | 30.31 || Gruyéres ...| 28.4 5:4 4:29 | 32.05 
Deu Ges Ae Reem «| 24.83 2.39 | 5-63 | 53-99 || Marolles....| 28.73} 3-73 | 5:93] 40.07 
Holland ....| 25.06] 4.1 6.21 | 41.41 || Roquefort...| 32.31] 5,07 | 4-45 | 26.53 

Nutritive Equivalents. Computed from Amount of Ni-e 
trogen in Substances when Dried. Human Milk atl. 

RRICB..., vats 0% .81 || Bread, White.| 1.42 ||Cheesé....... 
Potatoes... ....| . .84|} Milk, Cows’ ..| 2:37 || Helse... .eees 

Herring, 9.14. 

Thermometric Power and Mechanical Energy of 10 
Grains of Various Substances in their Natural Con- 
dition, when Oxidized in the Animal Body into Care 
bonic Acid, Water, and Urea.—(Frankland.) 4 

Water | Lifted Water | Lifted Water Lied 
SvuBstance. peed ace Supsrance. | shee store SunsTance, ralsed Nghe 

Lbs. Lbs, Lbs. Lbs. Lbs, | Lbs. 
Ale, Bass’s -.| 1.99 | 1.54 ||Cheese......) 11.2 8.65 || Mackerel. ...] 4.14 | 3.2 

Apples... 1.48 | 1.29 ||Cocoa-nibs..| 17 7-3 || Milk.....0.- 1.64 | 1.25 
Arrowroot...| 10.06 | 7.77 ||Cod-liver oil.| xx 18,12 ||Oatmeal.,...] 10.1 | 7.8 
Beef, léan...| 3.66 | 2.83 Egg, h’dboil.| 5.86] 4.53 ||Peameal....} 9.57 | 7-49 
Bread. ./:2....| 5:52 |" 4.20 yolk....| '85 6.56 || Potatoes ..,.] 2.56 | 1.99 
Butter......| 18.68 | 14.42 ||“ white...| 2.48} 1.24 |/Porter...... 2.77 | 2:19 
Cabbage..... 1.08 .83 || Flour, wheat, g.87.| 7-62 || Rice, ground.} 9.52 | 7.45 
Carrots......] 1-33] 1-03 ||Ham, ’boiled . 4-3 | 3-32 ||Sugar,grape.| 8.42 | 6.51 
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Digestion. 

Time required for Digestion of several Articles of Food. 
(Beaumont, M.D.) 

Foon. Time. Foop. 

Apple, sweet and mellow . 
sour and mellow ..... 
sour and hard ....... 

Barley, boiled ss:a y+ sjaietaie et 
Beannboiled «ots. « whe eterele = 
Bean and Green Corn, boiled . 
Beef, roasted rare...... eveke 

moasted Oly. < lo - mde s = 
Steak, broiled......... 
bOled |). evel « Nersisrs eer 
boiled, with mustard, ete. 
Tendon, boiled........ 

- fmLedy, Mietaretee ke 

Wheat, baked, fresh... 
Wutterimie\lted sn vstele wees 
Cabbage, crnde.. 0550: st0j0 ares « 

crude, vinegar..... | 

crude, vin’r, boiled | 

Carrot, boiled..... SMCS 
Cartilage, boiled....... 620. 
Cheese, old and strong....... 
Chicken, fricasseed......... | 
Custard, baked... KER k 

ack Ippedyt seek astern 3 
boiled: hard. O46 see 5 
SEBO iat isteneron te 

Fish, Cod or Flounder, fried . 
Cod, cured, boiled...... 
Salmon, salt’d and boil’d 
Trout, boiled or fried... 

Fowl, boiled or roasted. ..... 
Go0Se; VORSTCA IN. clon n ecw ieci e's 
Gelatine, boiled............ 

Ah. m. 

50 

5° 

30 

45 

30 

45 
30 
30 

15 
45 
i) 
30 
30 
30 

30 

75 
t5 
30 

45 
45 

30 

go 
30 

30 
30 

I 
2 
2 
2 
2 

3 
3 
3 
3 
= 

3 
S 
4 
4 

3 
3 
$3 
3 
2 
2 
4 
4 

3 
4 

3 
2 
2 
4 
4 

3 
2 
I 

3 
3 
3 
3 
2 
4 
T30 
4 

3 
2 30 

Heart, Animal, fried 
Lamb, boiled...... 
Liver, Beef’s, boiled 

| Meat and Vegetables, hashed . 
| 

Milk, boiled or fresh....... } 

Mutton, roasted............ 
broiled or boiled... . | 

Oysters. ts ¥ spel wanwr wee 
POASEED a's eas elev ie == 
BEG WCU c= citana'e sierane 

Parsnip, boiled. .... Letdtelews 
Pig, sucking, roasted....... 

Feet, soured, boiled..... 
Pork, fat and lean, roasted... 

recently salted, boiled. . 
“it fed =-5 5 

e “broiled . 
i M TAWen ee 

Potato, boiled. .... San Se 30 
DDaRGd . Csveressrsres cneeet 
roasted... 22-50) te 

Rice: honed. She ise eee. ee 
aso, ‘boiled (esi dno esse oe 
Sausage, Pork, broiled ...... 
OUD POALICY<cesleisiercies esate: 

Beef and Vegetables . 
Ghiekenis9 32 F. E.28e 

|, Sponge-cake, ae 
| Suet, “Beef, boiled. . 

Mutton, boiled . 
| Tapioca, boiled... 
| Tripe, soured. ..... 

Turkey, roasted i 

boiled . 
-Turnip, boiled..... 
Veal) roasted: <7." . 

SeecRI UCU one raters sie 
Brain, boiled . 

Venison Steak, broil 

General Notes. 

The per-centage of loss in the cooking of meats is as follows: Boiling 23; Baking 
31; Roasting 34. 

{Domi ta 

ste ew eee 

see eee 

eee nee 

see ewan es 

ecececres 

see ee ewe 

re 

see eww ee 

we ee wee 

ed, fe. 

Time. 

h. m. 

4 
2 30 
2 

2 30 
2 

2.15 
3 15 

55 
15 
30 
30 
30 

15 
30 
15 
15 

3 
2 

3 
3 

2 
I 

5 
4 
4 

3 
3 
3 30 
3 20 
2 30 
I 
I 

3 
Be 
4 

3 
3 
2 

5 
4 
2 
E 
2 
2 
2 

45 
20 
30 

30 

30 

30 

390 

18 
30 

25 
3°30 

4 50 
I 45 
I 35 

Potatoes possess anti-scorbutic power in a greater degree than any other of the 
succulent vegetables. 

The average yearly consumption of wheat and wheat flour in Great Britain - BiG 
bushels per capita of its population. 

The daily ration of an Esquimaux is 20 Ibs. of flesh and blubber.—_(St John Ross.) 
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An adult healthy man, according to Dr. Edward Smith, requires daily of 

. Phosphoric acid from .. 32 to 79 grains. Potash ....27 to 107 grains. 
* ‘¢@hiorifiey!. 2000005 i gmattoe gE hh Sedan viis8on “iagxy 71s 
{or of common salt....85 “ 291“. VAMC refs ose ony 2a 3s On3 eo 

and of Magnesia 2.5 to 3 grains. 

A common fowl’s egg contains 120 grains of Carbon and 17.75 of Nitrogen. 

An ordinary working-man requires for his daily sustenance 

OB. fel Nim tec SR ICIS 1-47 SAL rar nie mcrae sites Baia O00 
Albuminous matter,........ +305 SPUCROMASPRBARBORIASBE ont ones ACy! 
FAG Dec weeastele ties ecceetoey a2 Water. .... Eb aca elsinle de aie ++ 46535 

= 7.23 lbs. avoirdupois. 

Milk,—If the milk of an animal is taken at three immediately successive periods, 
that which is first received will not be as rich in milk-fat as the last. 

In a Devon cow, milked in this manner, the first milk gave but 1.166 per cent. of 
fat, and the last, or that known as ‘‘strippings,’’ 5.8x per ceut. 

Relative Richness of Millk of Several Animals, 

Human Milk = 1. 

Milk-fat. Casein, Sugar. Milk-fat. Casein. Sugar. 
Cow i 5I020.8 1.66 1.38 69 BBS trate si eislaisieie 8 +38 +94 
Mare........- 1.19 75 -94 Sheep......... 2.52 2.1 72 
AOBD sicie's «ats « 2 1.04 -69 CAMEL... cesee ce ~ .96 

The condensation of milk reduces it to about one third of its original volume. 

A Farm of second-rate quality, properly cultivated, will sustain 100 head of cattle 
per roo acres, besides laboring-stock (employed in cultivation of farm), and swine. 
—(E£wart.) 

Thus, calves 25; do. 1 year 25; do. 2 years 25; cows 25. 

Cane Sugar (Saccharose)—Is insoluble in absolute alcohol, and in diluted alcohol 
it is soluble only in proportion to its weakness. Loaf sugar, as a rule, is chemically 
pure. 

et Root Sugar—Contains 85 to 96 per cent. of cane sugar, 1.6 to 5.x of organic 
matter, and 2 to 4.3 of water. 

Honey—Contains 32 per cent. of sugar (levulose), 25.5 of water, 27.9 of dextrine, 
and 14.6 of other matter, as mannite, wax, pollen, and insoluble matter. 

Molasses—Contains 47 per cent. of cane sugar, 20.4 of fruit sugar, 2.6 of salts, 2.7 
extractive and coloring matter, and 27.3 of water. 

Flour.—Tests of flour, see A. W. Blyth, London, 1882, page 152. 

' Bread.—Wheat loses of water after x day 7.71 per cent., 3 days 8.86, and 7 days 
14.05 per cent. 

Sago.—2.5 \bs. per day will support a healthy man. 

_ Fig—Contains nearly as much gluten as wheat bread (as 6 to 7), and in starch and 
|Sugar it is 16 per cent. richer. 

Gooseberry (dry)—Is as nutritious as wheat’ bread. 

| Watermelon, Vegetable marrow, and Cucumber—Contain 94, 95, and 97 per cent. 
jof water respectively. 

| Onion (dry)—Contains 25 to 30 per cent. of gluten. Potato containing but s. 

Cabbage, Cauliflower, Broccoli, and Leaves are generally rich in gluten, while the 
potato is poor. 

Ratio of Flesh-formers of Tubers. 

Per Cent. 

Flesh- | Starch Ratio to Flesh- { Starch Ratio to 
FOBERS formers.| etc.” Heat-giv’rs, DUBERS: formers.| ete.” Heat-giv’rs, 

eet root...... “4 13-4 |.. 1:30, || Parsnip...... 2 8.7 I:10 
Wurnip........ 3 4 1:8 OIETON <= falasicte 15 4.8 bag Ms 
PAPPOb Wl. se. +5 5 1:10 Sweet Potato.| 1.5 20.2 aE ie 
POAT OR 600 501 I< 18 VEO WAI. sc cose. 2.2 16.3 127.5 
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GRAVITY OF BODIES. 

Gravity acts equally-on all bodies at equal distances from Earth’s 

centre; its force diminishes as distance increases, and increases as dis- 

tance diminishes. 

Gravitating forces of bodies are to each other, 
1. Directly as their masses. 
2. Inversely as squares of their distances. 

Gravity.of a body, or its weight above Earth’s surface, decreases as 
square of its distance from Earth’s centre in semi-diameters of Earth. 

ILLUSTRATION I.—If a body weighs goo lbs. at surface of the Earth, what will it 
weigh 2000 miles above surface ?—Earth’s semi-diameter is 3963 miles (Say 4000). 

OO 

Then 2000 + 4000 = 6000 = 1.5 semi-diam’s, and goo + 1.57 = — = 400 lbs. 

Inversely, If a body weighs 400 lbs. at 2000 miles aboye Earth’s surface, what will 
it weigh at surface? 

400 X 1.57= 900 lbs. 

2,—A body at Earth’s surface weighs 360 lbs.; how high must it be elevated to » 
weigh 40 Ibs.? 

ae = 9 semi-diameters, if gravity acted directly; but as it is inversely as square 
oO 

of the distance, then 1/9 = 3 semi-diameters = 3 X 4000 = 12000 miles. 

3.—To what height must a body be raised to lose half its weight? 

AS 1/1 : x/2 2: 4000 : 5656 =as square root of one semi-diameter ts to square root 
of two semi-diameters, so ts one semi-diameter to distance required. 

Hence 5656 — 4000 = 1656 = distance from Earth's surface. 

Diameters of two Globes being equal, and their densities different, weight 
of a body on their surfaces will be as their densities. 

Their densities being equal and their diameters different, weight of them 
will be as their diameters. 

Diameters and densities being different, weight will be as their product. 
ILLUSTRATION. —If a body weighs ro lbs. at surface of Earth, what will it weigh at 

surface of Sun, densities being 392 and 1oo, and diameters 8000 and 883 000 miles? 

883 000 X 100 + 8000 X 392 = 28.157 = quotient of product of diameter of Sun and 
its density, and product of diameter of Earth and its density. 

Then. 28.157 X 10 = 281.57 lbs. 

Notr.—Gravity of a body is .003 46 less at Equator than at Poles, 

SPECIFIC GRAVITY AND WEIGHT. 

Specific Gravity or Weight of a body is the proportion it bears to the 
weight of another body of known density or of equal volume, and which is 
adopted as a standard. 

If a body float on a fluid, the part immersed is to whole body as specific 
gravity of body is to specific gravity of fluid. , 
When a body is immersed in a fluid, it loses such a portion of its own 

weight as is equal to that of the fluid it displaces. 
An immersed body, ascending or descending. in a fluid, has a force equal 

to difference between its own weight and weight of its bulk of the fluid, less 
resistance of the fluid to its passage. : 

Water is well adapted for standard of gravity; and as a cube foot of it 
at 62° F’. weighs 997.68 ounces avoirdupois, its weight is taken as the unit, 
or approximately 1000, 
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French standard temperature for comparison of density of solid bodies 
and determination of their specifie gravities, is that of maximum density of 
water, at 4° C. or 39.1° F., and for gases and vapors under one atmosphere or 
-76 centimeters of mercury is 32° F. or o° C., and specific gravity of a body 
is expressed by weight in kilogrammes of a cube decimeter of that body, 

Densities of metals vary greatly. 
Potassium, Sodium, Barium, and Lithium are lighter than water. Mercury 

is heaviest liquid and Platinum heaviest metal. Volcanic scorix is lighter 
than water. 

Pomegranate and Lignum-vite are heaviest of woods, Pearl is heaviest 
of animal substances, and Flax and Cotton are heaviest of vegetable sub- 
stances, former weighing nearly twice as much as water. 

Zircon is heaviest of precious stones, being 4.5 times heavier than water. 
Garnet is 4 times heavier, Diamond 3.5 times, and Opal, lightest of all, is but 
twice as heavy as water. 

To Ascertain Specific Gravity of a Solid Body heavier 
than Water. 

Ruir.—Weigh it both in and out of water, and note difference ; then, as 
weight lost in water is to whole weight, so is 1000 to specific gravity of body. 

W x 1000 
Or, a ae 

W-—w 
specific gravity. 

ExampLe. — What 1s specific gravity of a stone which weighs in air 15 lbs., in 
water xo lbs.? 

=G, W and w representing weights out and in water, and G 

15—10=5; then 5: 15 :: 1000: 3000 Spec. Grav. 

To Ascertain Specific Gravity of a Body lighter than 
Water. 

Rvure.—Annex to lighter body one that is heavier than water, or fluid 
used ; weigh piece added and compound mass separately, both in and out of 
water, or fluid; ascertain how much each loses, by subtracting its weight 
from its weight in air, and subtract less of these differences from greater. 

Then, as last remainder is to weight of light body in air, so is 1000 to 
specific gravity of body. 
Exampte.—What is specific gravity of a piece of wood that weighs 2o Ibs, in air; 

annexed to it is a piece of metal that weighs 24 lbs. inair and 21 Ibs. in water, and 
the two pieces in water weigh 8 lbs.? 

20+ 24—8 = 44 — 8 = 36 = Loss of compound mass in water ; 
24 — 21 = 3—/oss of heavy body in water. 

33 1 20:1 1000: 606 = 24 Spec. Grav. 

To Ascertain Specific Gravity of a Fluid. 

Ruie.—Take a body of known specific gravity, weigh it in and out of 
the fluid; then, as weight of body is ‘to loss of weight, so is specific gravity 
of body to that of fluid. 

EXAMPLr. — What is specific gravity of a fluid in which a piece of copper (spec. 
g7av. = 9000) weighs 70 Ibs. in, and 8o lbs, out of it? 

- 80 : 80 —70= 10 :: gooo : 1125 Spec. Grav. 

To Ascertain Specific Gravity of a Solid Body which 
is soluble in Water. 

Ruie.—Weigh it ina liquid in which it is not soluble, divide its weight 
out of the liquid by loss of its weight in the liquid, and multiply quotient 
by specific gravity of liquid; the product is specific gravity. 
Exampiy.—What is specific gravity of a piece of clay, which weighs 15 lbs. in air 

and 5 lbs. in a liquid of a specific gravity of 1500, in which it is insoluble ? 

15 + 10 X 1500 = 2250 Spec. Grav 
S* 
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SOLIDS, 

Weight 

SupsTanczs, isesred ve Cube Suzsrances. 

Metals. — as Metals. 
Aluminum, cast........| 2560] .0926 ||Mereury 60°......... 

M4 wrought. +e|) 2670] 20906 $ oe a 
K Bronze.....| 7700] -2785 ||Molybdenum....... +B 

Antimony:......sseecc0-| 6722] .2428 || Nickel.........2.0.000. | 
Arsenic 5763 | .2084 ECS BAG aaiore a steia,0 so 6 
Barium... 470 | .O17 Osmium ......... oid 
Bismuth. . -| 9823 |..3553 || Palladium ../.......... 
Boron 2.000 } .0723-|| Platinum, hammered .. 
Brass. se native....... 

Sheet, Cop. 75, zinc 25. +3056 Be rolled.2'2.202), 
Yellow + 166520 -2997 || Potassium, 590 
Muntz “ 60, -2966 || Red lead. oo... eo sige oe 
PUAEGs nic 0s 0:.0.s)eisein. aioe -3026 || Rhodium 
Cast Sst. ct ae shade +2930 || Rubidium... 
Wile. cspimene rice core -2972 || Ruthenium 

PAPOM NIG <istasjoieienies washa1BGQ0,| --tO08s, } Seleninm, ..% o%e.d. ss ‘ 
Bronze, gun metal...... 8750 | .3165 Silv er, pure,cast....... 

ordinary mean .| 8217] .2972 « “hammered. 
Kc GON. 94, ‘tin 16..} 8832] .3104 ectias sR as 3 
or (© =81,'* 19..| 8700] .2929 Steel, minimum........ 
small bells, cop. Maximum, <2. s=5 

35, tin 65.. 8060 | .291 ‘¢ plates, mean ..... 
‘6 cop. 21, tin 74...| 7390] -2668 “S$ )ivgodh. yetaag2cs dag 

CROTON ogists sso ciclo +3129 id tomer! dandhard- 
Calcium.... -057 ONO! § kk se cins 
Chromium. +2134 SSWESWAEO) tg claceiire se 
CUNADAL oo. een sivices +2929 SCs EDLStEred 5 dc wet 
ONAL Gun cise Aeiielersivaiciels -3IIr SS 2 ACEUCIIIG . ssi csscolole 
Columbium.......5.... +217 SR RGASU. ein bleeie "st ake 
Copper, cast +3179 66), (Bessemer? 55,5 cf5 w10:0 

ss plates. 0 3140 ‘ordinary mean.... 
oF wire and bolts,.| 8880] .3212 
Ss ordinary mean.} 8880} .3212 

Gold, pure, cast :....... 19 258 | .6965 
‘  bammered ....... 19 361 | «7003 
‘¢ 22 carats fine.. 17486 | .6325 
ORS oneartae ON Sesfoiahy B52, | ueSOS2 

ELALUIN Scopes etree s 18680 | .6756 
« hammered...... 23000 | .8319 

Iron, Cast, gun metal...| 7308] .264 
minimum........ 6900] .2491 

« maximum......... 7500] .2707 
«ordinary mean....| 7207] .2607 
RCeMCAD, PNR... oe. 7217 | .2609 
*¢ “cast, hot blast..... 7065 | 2555 
sé setae (0) Co PRUE 7218 | .261r 
3 Wrought bars...... 7788 | .2817 
“ TWIG. sielsiginie 7774| .281r 
by “ rolled plates} 7704 | .2787 
oe “ average....| 7698 | .2779 
ce “Eng. rails..| 7540) .2722 
ws “ Lowmoor,..| 7808 | .2819 
" LOM oyu fvnsnnec 8140 | .2938 
‘¢ ordinary mean,...| 7744] -280r 

Gerd) cast {. :. 4 iiss Jame IX 352} .4106 
GOT PLOUGGL tiapnteitebian 11388 | .4119 

Lithium........ ABS eDoS 590 | .0213 
Magnesium..... svveveah ¥ 75Q1eeOOss 
Manganese. . seseees| 8000] 2894 
Mercury ae RCH pc aratoit cis 15632 | .5661 

32°. .+.e0+++1 13598] «4918 | 

StrGneiaiy ws fe. ene wwe 
MPOURITIN DN cure cts sca wee 
Thalttiw, HF. Fee 
Tin, Cornish, hammered. 

Cy Bi cede NAL tas erpsaty 
Hae OS a See 
TURZBIEDL A wen wanianineen 
PAREN 5 Cris esniie’tp scree 
WOnteena iv. = Site wis so 
ZIDCHCASten es cee kis tise 

et cc cs ae ee 

Woods (Dry). 

Alder. ..... Gen Seo 055 
(AYP Oisnscietemiaeieiplalpvetiediy 

/Bamboo... 
Baytree...... 

Beeb yereravty'isisirios ss { 

Birch......... Sieeiats As 

Blackwood, India ...... 
Boxwood, Brazil........ 

os France....... 
& Holland..... . 

Bullet-wood....... eteee 
Butternut. wicisierice cine 

| Specific 
Gravity. 

| 13 569 
| 13370 

8 600 
8 800 

8279 
10000 

"| 11350 
20337 
16 000 
22 069 

865 
8940 
10650 

1 520 
8 600 
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Weight Weight 
SupstAnces. Chit of se sGuke SUBSTANCES. erie. of cane 

Woods (Dry). Lbs. Woods (Dry). Lbs. 
Campeachy........005. 13 | 57-062 P : 858 53.62 
(Ge Eh eRe Be ee yc2 ee 35.062 Oak, English, -oap0.-- { 932 | 58. a 
Midas g.fs's lecois vievea], IZL50 [182.157 SO o, BECCI aa isites cis icaisie 1146 |--71.625 

Charcoal, PADOR «io csicyesesets 441 | 27.562 ‘¢ heart, 60 years...,/ 1170] 73.125 
fresh burned..| . 380 | 23.75 ‘live, green BURedsas 1260 | 78.75 

na OBR pakesacsianes 1573 | 98.312 “ *\ seasoned,. 1068 | 66.75 
sf soft wood....} 280) 17.5 Be WANILE watever 06d cielo 860 | 53-75 
eh triturated . 4. .ior3802.|! 86:25) |} OliVe.iscs eee es ceeded 680 |- 42.5 

CHENEYs fel 3) SERIE ops .0r0 715 | 44.687 || Orange...ccseseseesses| 705 44.062 
Chestnut, sweet........ Gro) 38.225 || Peat .a< c.liewoeae seer ess 661 41.312 
CHEKODES Je feloisle 0 hicwins = 726 | 45.375 || Persimmon........ «0» 710 | 44.375 
COLOR’ .|- efuistols « 'soctathstd ro4o | 65 PLUM Saders to <caeslips's.a oto .cbol 785 49.062 
COTAR BN Ticte katstals wh" (esis 01s 240 | I5 °* Pine, DUC recta ovis anes 660 | 41.25 
Cypress, Spanish........ 644 | 40.25 5 EL RRS SBA SDn on 590 | 36.875 
Dog-wo0d, 62.2%. .0..205 750 | 47-25 Sica BUNT Opa araye'n bis piste a's 554 | 34.625 
Ebony, American 83.187 Sis WiellO Were s a> cn slais 461 | 28.812 

‘¢  Todian. 75: 562 PE NOUWAY sy «2.90.0 <2! 740 | 46.25 
IM OTe ie ator aatet abe a lpvervicsoce 43.437 || Pomegranate........:.. 1354 84.625 
Elm SEO POOW pare-)s arias opr cece 580 | 36.25 

atetetetatayateirs! siaieyayacs 41 937 || Poplar 383 | 23-937 
‘* rock... 50 sf 529 | 33.062 

Erroul, India 63.375 || Quince 705 | 44.062 
TVBON6.S 6). aFefale «creer ceiaie 37:5 Rosewood 728 | 45.5 
Fir, Norway Spruce....].. 512 | 32 ' Sassafras 482 | 30.125 

Kees DamtZiGt.tsts;. sicieroraieve 582 | 36.375 ||Satinwood 885 | 55.312 
aeticay |i bie nebo wv 970 | 60.625 || Spruce 500 | 31.25 
Greenheart or Sipiri 1055 | 65.95 SV CAMIOLE, wpirbs vier seine 623 38.937 
Gum; PNG: sist. oles sled 843 |'52:687 || Tamarack..........++.- 383 23-937 
‘water 1000 | 62, . 57 41.068 

Bagkcatiatack 592/37 5 Teak (African oak).... { 980 .|| 67.25 

Hawthorn. gro |/56.875 || Walnut.....cesesereees 671 41,937 
ETAZOUNY Soto atl siaie o/0.cizibtold e 860- | 53.75 bie, WACK om pst e'g'cg 500 31.25 
Hemlock 368 | 23 Willow { 486 | 30.375 
Hickory, pig-nu mozuragre” “Ill! pw taba ge tongs 585 | 36.562 

ef 690. | 43-125 || Yew, Dutch,,.......... 788 | 49.25 
ELON 198 el Ste = aie cresosbse 760 | 47.5 Ga Spanishits «cd. s sot 807 | 50.437 
UNQWAWOOG Hai aieseidlel aie jo | 61.875 , ; 
Jasmine.........ss.e, 770 | 48.18 || (Well Seasoned. *) 

5661417359375. || ASLineele +l vinyadie sec eces 722 | 45.125 
EIZOA(A7 3.107. || BECCH.. «1. caemssteveres 624 | 39 
720 | 45 Chale Gates sfatasate'e’e ere\eloieis 606 37-875 
5 34 JV PTOSS....eeeeae 441 27.562 

ACs favorersve,ce(srercics ee 35 Hickory, red 838 52.375 

IEGIIOHS2(./<,c1a{s}s'e « «sasoie.e-010 703. '| 43-937 ac ht St.Domingo.| 720 | +45 : 
F . 650 0.62 Pine, WHC s s,0001 50262 473 29.562 

Lignum-vite......... | ‘hea asin Davie eollow aaelsbks cosh 541, | 33.812 

SMO S le dal eiehote Giese vesieie 8o4'!| 50.25 || Poplar... ecssereesecs 587 36.687 
Linde mt faiitaicis' ».0ie stots 604 | 37-75 White Oak, upland..... 687 42.937 
TOCUSba folate ieiciesvese.i = 728. |. 45.5 iv ” James River} 759 42:437 

WOO sfoferstolets ip .eteyars\<e 
Legrrved aa ie ik Stones, Earths, 
Mahogany ..........- 1063 | 66.437 etc. 

ae Honduras. . 560 | 35 Alabaster, white........ 2730 | 170.625 
a Spanish...... 852 | 53.25 yellow....... 2699 | 168.6387 

Maples oj. ferctsleielreweserad 75§0°'| 46.875 || Alum.......6.seeeer ees 1714 | 107.125 
6C bITd S-CVes) <asleiale 576 | 36 AMDEM, oes eee sees reese 1078 | 67.375 

MAaSti@s 's.<f<\cisicfaleleleieraaseiey 849 | 53.062 pesca maitre eveleiccis)> 866 By 
6x .062 sbestos, starry.....--- 3073 | 192.062 

Mulberry......- peecsinsh {| B07) Hanes Ksphaltestsiacreicieeisenecce. 2250 | 140.625 
Oak, African......... «| 823 :|-51.437 ts hey { 4000, |,250 
©” Canadian.....+s, oi S72 | 54.5 Barytes, sulphate 3 4865, | 304.062 
“ Dantzic.........--| 759 | 47.437 |! Beton, N. Y, St.Con’g Co.| 2305 | 144.06 

* U.S, Ordnance Manual, 1841. 
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212 SPECIFIC GRAVITY AND WEIGHT. — 

Weight ¢ é Weight 
4 Specifi Specific lof a Cub Supsranczs. Gravity. see ce SuBsTANces. Gravity. ° es e 

Lbs. Lbs. 
Stones, Earths, 

etc. 

Basalt..... ease { 

Bitumen, red 
brown. 

pressed . 
fire 
work in cement... 

se mortar. { 

Carbon , 

Clay, 
we Yih grav el. 

Coal, Anthracite. .... 5 

BOTneO tee. os 3n0ks 

Cannel... .s saws { 

Caking 

Derbyshire ....... 
Lancaster.....:... 
Maryland....:33;. 
Newcastle ........ 

SVU Db iiaeetaiels spine 
a iles, mean 

cattreto, in cement.... 
4 ean 

ee 

“ 

oe 

a“ 

vb 

Ts 

ae 

rammed......:5 
rough sand..... 
with gravel .... 
Potters’ t).:¢.:205 
light vegetable. . 

EM OLY; ss Winslet ere De lsieieieis 
Feldspar. . Be oe 
Flint, black. Seas tor cata 

ae 

HMOrinesg.paaens sees 
Fuel, Warlich’s ., 

‘* -Lignite. . 
Glass, bottle.. 

ees 
170.75 

155-437 || 
183.312 | 
196 

| 

|| lodine 

Stones, Earths, 

“ Susquehanna. . 
i gray 

Graphie.< 1s <jc65 sate 
| Gravel, common. 
| Gritdstone tit... ~300 
Gypsum, opaque 

| Hone, white, razor..... 
|Hornblende......2..... 

| Lava, Vesuvius....... 

LiasSg Recent pence se 
| Lime, quick......... BE 

fo dnydratilic.;.....0 
| Limestone, white 

A @RCCN «tae 

Magnesia, carbonate.... 
Magnetic ore........... 

“ African ........ 
‘© Biscayan, black. 

CAlPATA . sonen< 
common ....... 
Egyptian. ....2. 
French ake oe 5 

Parian SpeSe ees 
Vermont, white. 
Silesian....... 

Marl, mean.... 
“ 

“e 

“ 

GEADIEG: wc cen 
Limestone. . 
Sandstone. 

“* rough work 
INTO AR ct eferatete le osoitya chs aamsns 
Millstone 

ity 

Mortar, 

uc 

“ “e 

NICVOLR Re iebe« v naw eee 
Oyster-shell. . 
Paving- stone. . ae 
Peat, Irish, light........ 

A 8) QORSO: nis <n 
“ .mery. 

* Specific gravity of earth is estimated at from 1520 to 2200. 

175 
155.25 
78:75 

109375 
101.875 . 
r1i2 

120 
118.75 
130-75, 
151 
17-375 
35-125 
42.187 



SPECIFIC. GRAVITY AND WEIGHT, 

. SWBSTANCES. 

Stones, Earths, 
‘etc. 

Peat, black --2, 00h { 

Phosphorus............ : 

Plaster of Paris...... 
iz “cc 

PHMBBAZO: 5 joi adencc occ 
Porcelain, China 
Porphyry, red... 
Pumice-stone. 

Rock, crystal 
Rotten-stone 

Saltpetre ...... 
Sand, coarse 

* ‘common 
damp and loose... 
ee Say hee 

irae Ft. Richm’d 
ad “ "Brooklyn. 

Biliciows. 22245... 
Sandstone, mean. . 

Sydney 

Scoria, volcanic... 
Sewer pipe, mean 
13) CE oy Srey oe ee 

MIAO, ie clclele ting cleo vives 
BOapstOne!, i... st see 
Spar, calcareous........ 

‘¢ Feld, blue 
ae ec 

mG 

Specular ore 
Stalactite........ 
Stone, Bath, Engl 

"Blue Hill 
Bluestone (basalt) 
Breakneck, N-Y.. 
Bristol, Engl....: 

*¢ Caen, Normandy. 
“ common 
at 

ae 

bee 

“ 

© dbs 

iss 

“6 

Kentish rag, “‘; . ; 
Kip’s Bay, N.Y: : 
Norfolk — (Parlia- 
ment House). ; : 

‘Portland, Engl... 
Staten Isl’d, N.Y: 
Sullivan ie % 

Sulphur, native... 
Terra Cotta.. 

“ 

wc 

4c 

ADEA, capes de biareisiene’ db ere 

Craigleith, Scotl. . | 

if Weight 

athe if SuBSTANcEs, 
- - —__—__— 

Abs, Granite. 
; (Gen’l Gillmore, U.S. mH ; 

ro58 | 66.125 || Duluth, Minn., dark... 
1329 | 83.062 || Fall River, Mass. , gray. 
1770 | 110.625 || Garrison’ s, Noy! 
1176 ‘| 73.5 °|| Jersey City, N. J. , soap. 
3400 | 212.5 ° || Keene, N. H. bluish gray 
1400 | 87.5 Maine. alelaleieyeletsiciarsteraichaters 
2100 | 131.25 ||\Millstone Pt., Conn..... 
2300 '|143.75 ||New London, ‘ ..... 
2765 | 172.812 || Quincy, Mass., light.... 
915 | 57-187 Richmond, Va, eee 3 

2660 | 166.25 SO SUE: ciaiaiore 
8940 | 558.75 Staten Tannen devas 
1089 | 68.062 || Westchester Co., Nove. 
2735 | 170.937 || Westerly, R. I., gray. aes 
1981 | 123.812 
2130 | 133-125 Limestone. 

eZee) a3 (Gen’l Gillmore, U.S. A.) 

peti 1 Sipe penis key Ky., dark... 
||Caen, France. .£.eecree. 

see aps |Canajoharie, N. Ye...e. 
1500 | 97.5 Cooper Co., Mo.,d°k drab 
1420 88.75 Erie Co., N. Y’, blue.... 
1659. | 103.66 Garrison's, N.Y... sane 
1716 | 107.25 Glens’ Falls, “) .csceeee 
1701 | 106.33 Joliet, Ill., white....... 
2200 | 137.5 Kingston, NOU hed 
2237 | 139-81 || Lake Champlain, N. jae 
3170 | 198.125 | Lime Island, Mich., drab 
830 51.875 || Marblehead, Ohio, white 

2250 | 140.625 | Marquette, Mich., drab-,}. 
web 162.5 |, Sturgeon Bay, Wis., blu- 
2672 | 167 ish: rabies ceded 

2900 | 181.25 
ee 174 Marble. 

2440 | 152.5 (Gen’l Gillmore, U.S. A.) 

2730 |170.6251|| Dorset, Vt.i.sseeeeeeeee 
2735 | 179.937)|| East Chester, N. Y...... 
2693 | 168.312]/ Italian, common....... 
2704 | 169 Mill Creek, Ill., drab... 
3400 | 212.5 North Bay, Wis. ERD 
5251 | 328.187 

2415 |150-937|| Sandstone. 
1208 paaate ‘(Gen'l Gillmore, U.S. A.) 
2625 | 164.062|) Albion, N.Y., brown... 
2704 | 169 Belleville, N. J., gray...}' 
2510 | 156.875 || Berea, Ohio, drab....... 
2076 | 129.75 | Cleveland, ‘* olive green 
2520 | 157.5 Edinb’h,Se’tl., Craigleith 
2316. | 144.75, || Fond du Lac, Wis., purple 
2651 | 165,687 | Fontenac,Minn.,1’g’t buff 
2750 | 172 Haverstraw, N.Y., red.. 

; Kasota, Minn., pink.... 
2304 | 144. Little Falls, N. Y., brown 
2368 | 148 Marquette, Mich., purple 
2976 | 186 Masillon, O., yellow drab 
2688 | 168, Medina, N. Y., pink..... 
2033 | 127.062 || Middletown, Ct., brown.) 
1952. | 122 | Seneca, Ohio, red‘ 

1815 | 113.437 | Vermillion, Ohio, drab.. 
2720 1170 Warrensburgh, Moscone 

Specific 
Gravity. 

2780 
2635 
2580 

303° 
2656 
2635 
2700 
2660 

2695 
2727 
2630 
2861 
2655 
2670 

2670 
1900 
26085 
2320 

2635, 
2700 
2540 
2690 
2750 
2500 
2400 
2340 

2780 

2635 

2875 
2690 
2570 
2800 

2420 

2259 
2110 

2240 
2260 
2220 
2325 
2130 
2630 
2250 
2285 
2110 
2410 
‘2360 

. 2390. 
2160 
2140 

2640- | 



Precious Stones, 

SPECIFIC GRAVITY AND WEIGHT. 

Spec. Grav. Spec. Gray- Spec. Grav. 
Agate ..........+... 2590 | Emerald, aqua ma- ONYX. os ove ve sicies ewe 2700. 
Amethiyst........... 3920, i + 2730 | Opal... swssnsh onasiare 2090 
Carnelian.......0 4. 2613 4189 | Pearl, Oriental,..... 2650 
Chrysolite.......... 2782 SISO.) BODY... <9 .csen amici 
Diamond, Oriental... 3521 2600 | Sapphire .. Z 

Ke Brazilian.. 3444 Z see | TOPAZ os one ea 
i BULC. os 3520 Tourmaline 

1032) OE RS Saar ental 395° pa aS Turquoise ....... J. 3 2950 

! Weight | | Weight 
Specific Specific 

Supstancrs. | Gravity. i" Cake SuBsTANCES. Ghavity. eee 

Miscellaneous. bas Liquids. om 
PAID OL aldsys canartetacls is ae r0go | 68.125 Acid, PBR OUIC: avis os s'sla> ok 1062 66.375 
Atmospheric Air....... .001292|.080 728 Benzoit.........-| 667 41.687 
BGCSWAKS, Sores a(eciw sine, Gbar POG. Arai eitniG satan e anaee | 1034 |. 04.625 
IB ONO: .rotscelsinseisb een einieif : ‘* Concentrated..... 1521 | 95-062 
BUCGCT 0g fc seuss nfs bi sla ‘«  Fluoric | 1500 93-75 
Cam PHOT os. eee ‘© Muriatic | 1200 | 75 
Caoutchouc SO SETA G a Srotsie: s\n bais 1217 | 76.062 
Cotton...... os) TNIGFORS< 1550, | 96.875 
Dynamite.. ‘© Phosphoric | 1558, | 97-375 
WOginde scmiewinssn cae ne = solid..| 2800 | 175 
Fat of Beef fC ASU FIG 3 ste rcwinras 1849 | 115-562 
Hogs Alcohol, DULG) G0 jo. n08 794 49.622 
“Mutton, 9s per Conta. 816 51 

AK Soretere clabsiti ete ols Gal gnas MY e 863 53-937 
Gamboge i s oe : 934 | 58-375 
Glycerine, 60°... 78.752 cb AO ebess 951 59.437 
Grain, Barley... 36.875 = 25 si 970 .625 

“© Wheat 40.875 ae 10 ae 986 61.625 
sO OatSiaco. vovbiive.s 500 31.25 te Set o0is's RaQ 62 

Gum Arabic......6..065 1452 90.75 se proof spirit,* 50] : 8 
Gunpowder, loose «,....| 900 56.25 per cent. , 60° \ 934 | 59-375 

shaken ....| 1000 2.5 a proof spirit, 50 
7 eotia: { 1550 | 96.875 per cent., 869, ; 875. | 54-687 

“t** ||. 1800. | x12.5 || Ammonia, 27.9 per cent. 891 | 55-687 
Gutta-percha........... 980 | 61.25 Aquafortis, double. ..... 1300 | 81.25 
Hay, old compact...... 128.8] 8.05 bi single ...... 1200 75 
LOND Eris steasts idcs seal T6865) 105-502 ]| BECL . ss cretpen susie saon5 1034 | 64.625 
Human body. ssenc.s 1070 66.635) BENZiNG. ns. sees eee e se 850 | 53-125 
OCTET SES ROW BB OBO 922 57-5 Bitumen, liquid....... 848 | 53 
IDNER OS AE on ayo se cobborn 1009 | 63.062|/ Blood (human)......... 1054 | 65.875 

; Brandy, .83 or.5ofspirit] 924 | 57.75 
BEG IO. «osc ake ny 2966 | 185.375 

63.625 
54-125 
52.812 

69-375 
44.687 

- 90.625 
: 64.5 
p 986 | 61.625 

. Fs 923 | 57-687 
3 x 923 | 57-687 
; 40 | 58.75 

TAROT erate Bees RRS 950 59-375|| ‘S 50 53-125 
SHEAR a cs iactinie esgeeis | 1006 |, 700.3751] * 91s | 57-187 
“66 972, | 60.25. || SS 969 | 60.562 

OO. cc eeneee o 1326 82.875 “ 880 55 

PANO Ws) vesnisiarase elo ap sees] 94x, | 58,812]! ‘ 914, |. 57-125 
Wax 964 |, 60.25 || ‘ Sunflower.. see] 9205) 457.875, 

se a a e 970 | 60.625|| ‘* Turpentine.... 870 | 54-375 

* Specific gravity of proof spirit according to Ure’s Table for Sykes’s Hydrometer, ozo. 



- SPECIFIC GRAVITY AND WEIGHT. 215 

Weight i Weight 
rset Specific . Specific Supstances. Gn wity.| ge Sag oes icon : Gn rity: pig byte 

Liquids. Ea Liquids. be 
Spirit, rectified......... 824. | 5x5 Water, Dead Sea........ 1240 | 77.5 
Steam, at 212°......... , 00061 -038* ‘*  Mediterranean...| 1029 64.312 
Barre. vce Poster ec dacee ws rors | 63.437 OP) BOR cold sapte aie 1029 | 64.312 
Winegan, > aie science ,».4| 1080 |, 67.5 “Black Sea..,....} 1016 63.5 
Water, 26.9200... ee. 998.7 | 62.418 Ce i eae i 5 tees»| LOCO | 62,5 

SS 788 Beare 998.8 | 62.425 || Wine, Burgundy........| 992 | 62 
ee S620 997-7 | 62.355 ‘¢- Champagne. ..:.. 997 | 64.375 
CR ES ares 956.4 | 59.64 “ Madeira.........| 1038 | 62,312 
‘« distilled, at 39°..| 998 | 62.379 Seep eeONtae Jee eis eeer 997. | 62.312 

* .038 18. + 1 cube inch at standard temperature = 252.5954 grains. 

Compression of following fluids under a pressure of 15 lbs, per square inch: 

Aicohol.. .cooo21 6 | Mercury... .o00. 002 65 | Water.. .000 046 63 | Ether. . .000 061 58 

Eilastic Hluids. 

1 Cube Foot of Atmospheric Air at 32° weighs 080728 lbs. Avoirdupots ='565.096 
grains, and at 62° 532.679 grains. 

Its assumed Gravity of x is Unit for Elastic Fluids. 

Spec. Grav. Spec. Gravy, | Spec. Grav. 
Acetic Ether,..... 3-04 Hitric.acid........ 1.217 Vapor. 
Ammonia......... +589 iy, (OSIGG) 2 rane ' 1.094 Alcohol... sy 1.613 
Atmos. air, at32°.. 1 Nitrogen....... aa O74 Bisulphuret — of 
GALOLG: viv cccccanses -976 | Nitrous acid...,. 2.038 CALOUI, 5 cies a 2.64 
Carbonic acid..... Sxi53 Nitrous oxide.... 1.527 Bromine......... 5.4 

gc oxide.... .972 | Olefiant gas...... 9672 Chloric Ether.... 3.44 
Carburet’dHydrog. .559 | Oxygen.......... 1.106 Chloroform ...... 4.2 
Chlorine.......+.... 2.421 | Phosphurett’d Hy- NAGY eases 2.586 
Chloro-carbonic... 3/389 drogen......5.. Xi77, Hydrochlor, Ether 2.255 
Chloroform....... ina Sulphuretted Hy- TOGO etonrugiertie 4 8.716 
Cyanogen......... 1.815 APTOLON. sie since s 1.17 Nitric acid....... 3 
Gas, coal -438 | Sulphurous acid.. 2.21 perteey of Turpen- 

Bile gate © -752 | Steam,fat212°... .47295 CIM, ceeded sortie 5-013 
Hydrochloric acid. 1.278 | Smoke. Sulphuric acid . 
Hydrocyanic ‘* . .g42 Bitum, Coal..., «x02 a Ether.. 2 286 
Hydrogen.......... 10092 |.., COKE. 0.005 oa0. 4. «105 SaIPHUT. | nesses 2,214 
Muriatic acid...... 1.247 W005 0:45 ism 0,0 #2 409 WAC ON acca ara aaa -623 
t Weight of a cube foot 267.26 grains; and compared with water at 62° specific gravity = .o00 612 3. 

Weight of a Cube Foot of Gases at 32° F., and under Pressure of one Atmos- 
phere, or 2116.4 lbs. per Square Foot. 
Lbs. Lbs. Lbs. 

Airy at, 329% 7 sive « -080 728 | Chlorine.......+.. 197 Hydrogen....... +005 594 
RODE aiel edie -076.097 | Chloroform....... 428 Nitrogen ........ -078 596 

BICOTOL, Vaiesisisie «© +1302 COM AS. 016 <x's 610: .035 36 | Olefiant gas...... .079 5 
Carbonic acid.... .12344 | Ether, Sulphuric.. .2093 | Oxygen.......... .089 256 
Carburet. Hydrog. .04462 | Gaseous steam,.., .o5022 | Steam..........+ 1050 22 

Sulphurous acid...,.. «1814 Ibs, 

To Compute Weight’ of a Body or Substance when 
Specific Gravity is given. 

Rou.e.—Multiply specific gravity by unit or standard of body or sub- 
stance, and product is the weight. 

Or, Divide specific gravity of body or substance by 16, and quotient will 
give weight of a cube foot of it in lbs. 
Examp_z.—Specific gravity is 2250; what is weight of a cube foot of it? 

' 2250 X 62.5 = 140.625 Ibs. 
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Weights and Volumes of various Subst 
Ordinary Use. 

SUBSTANCES. \Cube hee Inch. 

Metals. Lbs. Lbs. 

Brass {sine he | 488.75 -2829 

Re gun metal.| 543.75 -3147 
oe sheets: :.:: 513.6 207 
ee WITG 55025 524.16 | .3033 

Copper, cast......... 547-25 | -3179 
ot 4 PUAUOS Lan 2 2 543:625 | .3167 

Tron, ‘cast... te e.. 28 450.437 | 2607 
gun metal...... 466.5 27 
“¢ heavy forging. .| 479.5 2775 
Fes, plates) ociaf, << 81.5, 2787 
“wrought bars...| 486.75 | .2816 

Lead, cast........+.- 709.5 +4106 
ESS EE OHOM steveneistererete 711.75 || -4119 

Mercury, 609... +a | 848.7487] «491174 
Steel; plates......... 487.75 | -2823 

GO SOLU are saisiersiie'e 489.562 | .2833 
PII Since aren eB URE 455-687" | .2637 
Zinc, cast ..........- | 428.812 | .2482 

me TOUG A. siciateters ane, 449-437 | -260r 

Woods. abe Hest 
PMS TNcias tala ateletafssgiciaie/ ses 52.812 | 42.414 
ENE RCO OSES 51.375 | 43-6001 
Bite GUM) sacs voanss 4.3 34.837 
OER Alor wis Sinjne Gane hy, 25 149-333 
MCOSIs cme sicicis mined 35-062 | 63.886 
Chestnut... 2... reef 38125 58.754 
Hickory, pig-nut..... 49:5 45-252 

*e shell-bark..} 43.125] 51-942 
Lignum-vite........ 83.312 '| 26.886 
WOR WOOU ramet siauares 57-062 39-255 

ga? d 35 4 Mahoga’y, Hondur’s 66.437 oye 

Oak, Canadian..... vel 5455 41.101 
Be SUN RLIBEN 0 a's eae 58.25 38.455 
«live, seasoned...| 66.75 33-558 
RSA SNIPE OSS earnest 53°75 41.674 
ec “upland 42.937 52.169 

Pine} piteh’s.\. wesiee 41.25 54.303 
ee LOC nneaisintasaicicusns 36.875 60.745 
SEAMEN LILO. ca leketaiciaus.s 34.625 | 64.693 
«¢ well-seasoned..| 29.562 |' 75-773 

Pine, yellow... sect | 33-812 | . 66.248 

WEIGHTS OF VARIOUS SUBSTANCES. — 

ances in 

Supsrances. lube Foot. atten 

Woods. Lbs. 
SPFUCE).. CFF) J2cc ces 31.25 71.68 
Walnut, black, dry...) 31.25 71.68 
Willow, 2.0. ocec2. 36.562 | 61.265 

Ce ery. sscaee 30-375 | 73-744 

Miscellaneous. 

i a A bBo -0752Q1 — 
Basalt, mean........ 175 12.8 
Brick ire. -o.... ca. 137-562 16.284 

Sits GAN Rite esd 102 21.961 

Coal, anthracite... Bes 3 aces: 
“¢ pbitumin., mean.| 80 28 
f= Cannel. ........ 94-875 | 23.609 
‘* Cumberland....| 84.687 26.451 
“Welsh, mean...) 81.25 27.569 
OR Gite cts n <email ee 62.5 36:04) a 
Cotton, bale, mean...) 14.5 154.48 

“ « 20 114 pressed { 25 89.6 

Earth, clay ; 18. 569 
** common so 16.335 
“ “ 20.49 

‘dry, sand 18.667 
EC OOSD wiry stele 5) . 23-893 
«« “moist, sand... 4 17-482 
ea *:\0) | 17.482 
“mud : 21.987 
*c with gravel...|} 126.25 17-742 

Granite, Quincy. ....: 165.75 13-514 
« Susquehanna} 169 13-254 

GYPSUM. es cs Mo eee 16.532 
TRY, ORO. ewe cereleior d 12 186.66 

‘e “hard pressed....} 25 89.6 
EGG sEt aan mine eee icles 57:5 38.95 
India rubber .......: 56.437 39.69 

st * yulcanized — — 
Limestone .......... 197-25 11.355 
Marble, mean........ 167.875 13-343 
Mortar, dry, mean...} 97.98 22.862 
Plaster of Paris...... 73-5 30.476 
Water, rain... 00... 62.5 35-84 

PEMA BAL. telcos 64.312 34.83 
fOr at 620... e000.) 62.3552] 1352055 

To Compute Proportions of Two Ingredients in a Com-= 
pound, or to Discover Adulteration in Metals. 

Ruir.—Take differences of each specific gravity of ingredients and spe- 
cific gravity of compound, then multiply gravity of one by difference of 
other; and, as sum of products is to respective products, so is specific 
gravity of body to proportions of the ingredients. 

ExampPie. — A compound of gold (spec. grav. = 18.888) and silver (spec. grav. = 
10.535) has a specific gravity of 14; what is propoftion of each metal? ; 

18.888 —14—=4.888 X 10.535—= 51.405. y 
65.447-+51.495 : 65.447 35147 7.835 gold, 65.447-+51.495 551.495.1141 6.165 silver. 

I14—10, 535 3.465 X 18.888=65. 447. 



WEIGHTS. OF VARIOUS SUBSTANCES IN BULK. 217: 

Woeeights of Various Substances per Cube Foot in Bullk.: 
Lbs. : t Lbs, Lbs. 

Lead, in pigs......... 567 | Potters’ clay........130 Coal, caking..,....... 50 
Ua os Pada Laing Nir yn Bar ‘360 | Loam......... Were t20 ATE adie vepraise tis 48 
Marble, in blocks Gravel.) {0 21) 10 2 $69?! | Barley oii, 38° 
Limestone, ‘ } Dia SANG tile seal) Re ax os | Fruit and vegetables... 22 
Ub adepnecoosecaude Bricks, common.... 93 Cotton seeds +. 12 
Granite, in blocks.... Tee, Ae aek Sion o C786 1 LOltoniemacestees on es 10 
Sandstone Oak, seasoned...... P52 Hy, Old le shes ten ce 8 

Ash, dry, roo feet BM... «175 ton, ‘Earth,loose....... ob bidid ete 2.99375) Ibs; 
se=wihite: pera ska Eln, dry, 100 feet BM ..... .13 ton. 

Cement, struck bushel and Me Gypsum, ground, str. bush. 70 lbs. 
packed* ..,.. ;..100 Ibs. ee ‘* wellshaken 80 ‘ 

Cement, Portland, bushel. x10 lbs. Hemlock, dry, 100 feet BM. _.093 ton. 
Cherry, dry, 100 BM..... -156 ton. Hickory, ‘“ ¥3 LEY Sido EM 
Chestnut, dry, roo BM... «153 Masonry, Granite, dressed. . 165 Ibs, 
Coal, anthracite, x cub. yd. es ok ‘s'\ rough... 126 *¢ ? 

broken and loose -.. 1.75 yds. fs Limestone, dres’d 165, ‘¢ 
ide a z ton.. 41-5,cub, fect. Ne Sandstone ....... 135 i! 
Coke, ton’... 2... 80 to 97.cub. feet. ze Brick, pressed ... 140 ‘* 
Earth, common soil...... 137.125 lbs. ne ** com’n, rough, roo ‘ 

* One packed bushel = 1.43 loose. : 

Comparative Weight of Green and Seasoned Timber. 
Weight of a Cube Foot. Weight of a Cube Foot, 

Truser. Greens | Sensoned, ||, TIMBER. Green. | | Seasoned. 

Lbs. Lbs, Lbs. Lbs, 
American Pine.. 44:75 30:7 PAAAE . . Syetcee wove ee 32 28.25, 
PRUecra sister stelsielareis 58.18 50. English Oak....... 71.6 43-5" 
Beech, se sincis Saar ab pry6o,,205 53:37: |p Riga Wires. .6f soak 48.75 35:5 

Application of the Tables. 

When Weight of a Solid or Liquid Substance is required. Ruie.—Ascer- 
tain volume of substance in: eube feet ; multiply it by unit in second column 
of tables (its specific gravity), and divide product by 16; quotient will give 
weight in Ibs. ee 

| When Volume is given or ascertained in Inches. RvuLte.—Multiply it by 
unit in third column of tables (weight of a cube inch), and product will give 
weight in lbs. . | 

/ Exampie,—What is weight of a cube of Italian marble, sides being 3 feet? 

33 & 2708 = 73 116 oz., which + 16 = 4569.75 lbs. 

Or of a sphere of cast iron 2 inches in diameter? 

23 X .5236 X .2607 weight of a cube inch = 1.092 Ibs. 

When Weight of an Elastic Fluid is. required, Rute,—Multiply specific 
gravity of fluid by 532.679 (weight of a cube foot of air at.62° im grains),: 
divide product by 7ooo (grains in a lb. Avoirdupois), and quotient will give 
weight of a cube foot in Ibs. 
EXaMPLe.—What is weight of a cube foot of hydrogen ? 

Specific gravity of hydrogen: /o692. o t 

fai “532.679 X 10692 + 7000 = ;005 265 9 bs. 

To Compute Weight of Cast Metal by Weight of Pattern. 

core or print by.its.length in inches, the product by .o175, and result is 
weight of pattern. of cere or print to be deducted from weight of pattern. q T 

| 
| 

. 
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To Compute Weights of Ingredients, that of Compound 
being given. 

Ruie.—As specific gravity of compound is to weight of compound, so are 
each of the proportions to weight of its material. 
Exampue. — Weight, as above, being 28 lbs., what are weights of the ingredients? 

ey ba: (285 ¢ 25by wale 
Notr. —Specific gravity of alloys does not usually follow ratio of their compo- 

nents, it being sometimes greater and sometimes less than their mean. 

To Compute Capacity of a Balloon. 

Rue.—From specific gravity of air in grains per cube foot, subtract that 
of the gas with which it is inflated ; multiply remainder by volume of bal- 
loon in cube feet; divide product by 7000, and from quotient subtract weight 
of balloon and its attachments. 
Exame.e.—Diameter of a balloon is 26.6 feet, its weight is 100 Ibs., and specific 

gravity of the gas with which it is inflated is .o7 (air being assumed at 1); what is 
its capacity, specific gravity of air assumed at 527.04 grains. 

527.04 — (527.04 X .07) 36.89 X 26.63 X .5236 

7o°0o 
— 100 = 590.04 lbs. 

To Compute Diameter of a Balloon. 

Weight to be raised being given.—By inversion of preceding rule. 

3/W_X 7000 +s — 8 
+5230 

in grains per cube foot, W weight to be raised in lbs., and d diameter of bal- 
loon in fect. 

JLLUSTRATION.—Given elements in preceding case. 

Then .3/39°: 04 + 100 X 7000 + 527.04 — 36.89 a /9854- 9854-69 __ 

5236 AV 425236 

Proof of Spirituous Liquors. 

A cube inch of Proof Spirits, weighs 234 grains; then, if an immersed 
eube inch of any heavy body weighs, 234 grains less in spirits than air, it 
shows that the spirit in which it was weighed is Proof. 

If it lose less of its weight, the spirit is above proof; and if it lose more, 
it is below proof, 

ILLUSTRATION.—A cube inch of glass weighing 7oo grains weighs s50o grains when 
weighed in a certain spirit; what is the proof of it? 

700 — 500 = 200 = grains = weight lost in spirit. 

Then 200 ; 234 1: x: 1.17 = ratio of proof of spirits compared to proof spirits, or 
1=.17 above proof. 

Norr.—lor Hydrometers and Rules for ascertaining Proof of Spirits, see page 
67; and for a very full treatise on Specific Gravities and on Floatation, see Jamie- 
son’s Mechanics of Fluids. Lond. , 1837. 

=d. sand s' representing weight of air and gas 

= 26.6 feet. 

Shrinkage of Castings. 

It is customary, in making of patterns for castings, to allow for shrinkage 
per lineal foot of pattern as follows : 

Iron, small cylinders... = 3 in. per ft. | Ditto in length,... = in 16 ins, 
‘Pipes, sian ter demienus 26) Brass, thin. .....,..=/ ing ins, 
“ Girders, beams, etej5.7¢ Ina 5 ins. |. NICKS 5 gens ae Zi in ro ins, 
‘“* Large cylinders, VALE 45 ACOA BOS Sa eau a foot. 

the contain b = a per. oe Teadiiiith ais) qe OG 
_.. of diam. at top Copper. dtsaalscv. rey § 
“ Ditto at bottom..= py“ Bismuthy 2009 (anges ly 1 
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GEOMETRY. 
Definitions. 

Point has position, but not magnitude. : 
Line is length without breadth, and is either Right, Curved, or Mixed. 
Right Line is shortest distance between two points. 
Curved Line is one that continually changes its direction. 
Mixed Line is composed of a right and a curved line. 
Super icies has length and breadth only, and is plane or curved. 
Solid has length, breadth, and thickness, or depth. 

Angle is opening of two lines having different directions, and.is either 
Right, Acute, or Obtuse. 

Right Angle is made by a line perpendicular to another falling upon it. 
Acute Angle is less than a right angle. 
Obtuse Angle is greater than a right angle, 

Triangle is a figure of three sides. 
Lquilateral Triangle has all its sides equal. 
Tsosceles Triangle has two of its sides equal. 
Scalene Triangle has all its sides unequal. 
Right-angled Triangle has one right angle. 
Obtuse-angled Triangle has one obtuse angle. 
Acute-angled Triangle has all its angles acute. 
Oblique-angled Triangle has no right angle. 

Quadrangle or Quadrilateral is a figure of four sides, and has following 
particular designations—viz., 

Parallelogram, haying its opposite sides parallel. 
Square, having length and breadth eqval. 
Rectangle, a parallelogram having a right angle, 
Rhombus or Lozenge, having equal sides, but its angles not right angles, 
Rhomboid, a parallelogram, its angles not being right angles. 
Trapezium, having unequal sides. 
Trapezoid, having only one pair of opposite sides parallel. 
Nots.—Triangle is sometimes termed a Trigon, and a Square a Tetragon. 

Gnomon is space included between the lines forming two similar parallelo- 
grams, of which smaller is inscribed within larger, so as to have one angle 
in each common to both. 

Polygons are plane figures haying more than four sides, and are either 
Regular or Irregular, according as their sides and angles are equal or un- 
equal, and they are named from number of their sides or angles, Thus: 

) 

Pentagon has five sides. Nonagon has nine sides, 
Hexagon “ six i" . Decagon | ten “ 
Heptagon ‘ seven“ Undecagon “ eleven 
Octagon “ eight “ Dodecagon ‘ twelve “ 

Circle is a plane figure bounded by a curyed line, termed Circumference 
or Periphery. 

Diameter is a right line passing through centre of a circle or sphere, and 
terminated at each end by periphery or surface. 

Arc is any part of circumference of a circle. 
Chord is @ right line joining extremities of an arc. 
Segment of a circle is any part bounded by an are and its chord, 
Radius of a circle is a line drawn from centre to circumference, 
Sector is any part of a circle bounded by an are and its two radii. 
Semicircie is half a circle, 
Quadrant is a quarter of a circle. 
Zone is a part of a circle included between two parallel cords. 
Lune is space between the intersecting ares of two eccentric circles. 
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Secant is line running from centre of circle to extremity of tangent of arc. 
Cosecant is secant of complement of an are,or line running from centre of 

circle to extremity of cotangent of arc. 
Sine.of an arc is a-line running from one extremity of an arc perpendicu- 

lar fo a diameter passing through other extremity, and sine of an angle is 
sine of are that measures that aiigle. ; 

Versed Sine ofan arc or angle is part of diameter intercepted between sine 
and arc. 

Cosine of an are or angle i is part of diameter intercepted between sine and 
centre. 

Coversed Sine of an arc or angle is part of secondary radius intercepted 
between cosine and circumference, At 

Tangent is a right line that touches a circle without cutting it. 
Cotangent is tangent of complement of arc, 

Circumference of every circle is supposed to be divided into- 360 equal 
parts, termed Degrees ; each degree into 60 Minutes, and each minute into 6o 
Seconds, and so on. 

Complement of an angle is'what remains after subtracting angle from 90 
degrees. 

Supplement of an angle is what remains after subtracting angle from 180 
_ degrees. 

To exemplify these definitions, let Acb, in following Figure, be an ainened 
-aie of a cirélé described with radius B A; 

g Acb,an Arc of circle ACE D. arr 
Ab, Chord of that arc. Oe 
B A, an Initial radius. ° 
BG, a Secondary radius. * - < 
eD i, a Segment of the circle. 
AB b, a'Sector. . 
AD Ei a Semicirele, 
CB BE, a Quadrant, 
AedE,a Zone, 

A, woh, a Lune. 
Bg, Secant of are Ac b; written Sec. 
bk, Sine ofare Acb; written Sin. 
Ak, Versed Sine of are Ac 6; written Versin,., 
Bk or mb, Cosine of are Ac 0. 
AQ, Tangent ofarc Acb. 
CBb, Complement, and } BE, Supplement of 

i DY arc Aco. 
Cs, Cotangent of arc, written Cot... Bs, Cosecant of arc; written Cosee. 
m G, Coversed sine of are, or, by convention, of angle AB 6; written Coyersin, - 

Vertex of a figtire is its top or upper point. ‘In Conie Sections it is point 
through which generating line of the conical surface always passes: | 

Altitude, or height of a figure, is a pee pendicular let fall from its —— 
to opposite side, termed base. 

Measure of an angle is an are of a carale contained between the fees lines 
that form the ang gle, and is estimated by number of degrees in are. 
Segment is a part cut off by a plane, parallel to base, 
Frustum is the part remaining after segment. is, cut off, 
Perimeter of a figure isthe sum of all its sides, 
Problem is something proposed to be done, 
Postulate is something required,, 
Theorem is.something proposed to be demonstrated. 
Lemma is something premised, to render what follows more easy. 
Corollary is a truth “consequent upon a preceding demonstration, 
Scholium,is a remark upon something going before it. 

For-other definitions see Mensuration of Surfaces and Solids, and wala habeas 
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Lengths of following Elements, Radius=1. 

| Angle 45°. | Angle 60°. Angle 45°. Angle 60°. 

Sine........| .707107|' .866025 || Cosecant.....| 1.414214 | 1.1547 
Cosine ......{|  .707107| .5 Tangent.....| 1 1.73205 
Versed Sine..| .292893] -5°- Cotangent ...| 1 577 349 
Coversed “ ..| .292893] 133.975 || Chord......% | -.765 366 | x 
Secant eee ve | Del 214 | 2 AdCscas Vasey oo SOS) | PtO4 ge 

Scales. 5 
To Divide a Line, as AB, with any required Number 

of Equal Parts.—Fig. 1. 

1. 2 pelea ie ,---0 From A and B draw two parallel lines, 
Toa | H Ao, Br, to an indefinite length, and upon 

them point off required number of equal 
parts, as Ax, 2,3, 4,and By, 2, 3,4; join 
o B, 4 1, ete, 

a 
' 

t 
‘ 

i | ere eae ‘B Or, point off on Ao, join o B; and draw 
aaaee hgtny 2 A the other lines parallel thereto. 

To Construct a Diagonal Scale, as A B—Wig. 2. 

%, Aab i G © RB Divide a line into as many di- 
Nea k Visions as there are hundreds of 

\ 1 feet, spaces of ten feet, feet, or 
inches required, 
Draw perpendiculars from each 

division to a parallel line, C D, 
tH Divide them and one of divisions, 

AE, CF, into spaces of ten if for 

che D feet and hundredths, and twelve 
aid x i P if for feet and inches; draw the 

lines Avr, a 2, 6 3, etc., and they will complete scale. 
Thus: Line A B representing ten feet; A to E, E to G, etc., will measure one 

foot; A to a, C to 1, x to 2, etc., will measure 1-10th of a foot. ‘The several lines 
A 1, @ 2, etc., will measure upon lines 7, J, etc., 1-100th of a foot; and op will 
measure upon ke, J, etc., divisions of 1-zoth of a foot. 

Lines. 
To Draw a Perpendicular to a Right Line, 
3. as 07, Fig. 3,¢ A, Fig. 4, or 

from a Point external to 

it, as A, Wig. 5, and from 
any two Points, as c d, 

Fig. 6. 

With any radius as 7 A, 7 B, cut line 
at Aand B; then with a longer radius, 
as Ao, Bo, describe arcs cutting each 

| other at o,and connector, (Fig.3.) | 

A B Or, from A, set off A B equal to % 
5. A ‘parts by scale; from A B, with radii 6. 

i of 4 and 5 parts, describe arcs cut- 

i 

i 
‘ 

4, ec 
\ \ 

‘ Yi oe 

Sate 
. 

ee * 
S 

» 

Ft ‘. 
. . ~ 

~, 

ting atc, and connect c A. (Fig. 4.) 2 

Nort. — This method is useful i 
where straight edges are inappli- m 

/ cable. Any multiples of numbers + 7” 
3, 4,5 may be taken with same ef- _/ 

. 
x 

a ee : 

~ ‘ 

/ fect, as 6, 8, 10, Or 9, 12, 15. eae SE A. OES 

a From A, with a sufficient radius, 
H cut line at o ¢, and from them de- 

scribe arcs cutting at r, and connect 
Lith Se Ar, (Fig. 5.) 
Waa c From any two points, as c d, at a proper 

“T distance apart, describe arcs cutting at A B, 
and connect them. (Fig. 6.7 

px 

“ b's 
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“ 2 ‘ ee ee > os 

ae c iFuerS envyitoeres Bai“ > mI i's 

aig To Bisect a Right Line or an Arc ofa 
AN ..,Cirele,; and to Draw a Perpendicus 
ies _. lar to a Circular or Right Line,ora 

© 

cove PTS Radial Arc.—Fig. 7. 

: B: rom AB as centres describe ares cutting each other 
“at cand d, connect ¢ d, and Ime and arc are bisected 
at e and o. 

Line cd.is also perpendicular to a right line as AB, 

b 

a 

AN and radial to a circular arc as Ao B. 

Pet d 
8. ¢ To Draw a Line Parallel to a Gin 

PACA Sa RE RRR er ' Right Line, as cd, Fig. 8. 

: i From AB describe arcs Ac, Ad, and pe ala a line par- 
: _'. allel thereto, touching arcs c and d. 
A B 

: Angles. 

He Describe Angles of 30° and 60°, Fig. 9, and 459, 
Wig. 10. . 

From A, with any radius, A o, de- 
scribe o7, and from o with a like ra- 
dius cut it at 7, let fall perpendicular 
ms; then 0 Ar = 60°, and Ars = 30° 
(Fig. 9.) 

Set off any distance, as A B, erect 
perpendicular Ao =A B, and connect 
oB. (Fig. r0.} B A 

To Bisect Inclination of Two Lines, 
when Point of Intersection is Inac- 
cessible.—FMig. 11. 

Upon given lines, A B, C D, at any points draw perpen- 
diculars eo, sr, of equal lengths, and from o and s draw 
parallels to their respective lines, cutting at.; bisect 
angle ons, connect nm, and line will bisect lines as re- 
quired. 

Rectilineal Higures. 

To Describe an Octagon upon a Tuine, as A B.—Hig. 12. 

12, f e From points A B erect indefinite perpendiculars Af, Bes 
~ produce A B to m and n, and bisect anglesm Ao ancl iB p 

vy with Awand Br. 

Make Aw and B» equal to A B, and draty wz, * v parallel 
2 to Af, and equal to A B, 

ae , From 2 and v, as centres, with a ‘radius equal to A B, de- 
sc 

1 

| 
(208 ! rhe arcs cutting Af, Be, in fand e. Connect zf, fe, 

Se Sr ACerS B and ev. 

To Inscribe any Regular Polygon in a 
~ Circle, or to Divide Circumference into 
a given Number of Equal Parts.—Wig. 13, 

If Circle is to contain a Heptagon. — Draw angle AoB at 
_/ centre o for 360° 7 = 51° 42! 5p or 513, then set off upon 

circumference distance A B or remaining angles AoB, 
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Jc Inscribe a Hexagon in 
eas a ewe i ig. 14. 

14, Ce ——e 
Draw a ‘diam- 

_eter, AoB, From 
3B A and Bas cen- 

| tres, with Ao and 
Bo, ent circle at 

nn connect. 

To Describe a Hexagon 
X ” cin a Circle:=Fig/15. 

' Draw a diam- 
eteras aob; and 
withaocutcircle 

Mi atc; join ac,and 

(i dius or, through 
/ 7 draw er paral- 

lel to ¢.a, cutting 
diameter at m5 
then with radius 

o.m describe circle, within which describe 
a hexagon as above. 

cm and en, and } 

322 

To Inséribe'a Pentagon in 
a Circle.—Wig.16. © 

Draw diameters 
Ac -and-mn, at 
right angles to 
each other; Disect 
on in tr, ‘and with 

Diy A describe A oe 
from A: with’ A § 
deseribe s B. 

Connect AB, and 
distance is equal to 

one side ofa pentagon, 

To Describe a Pentagon 
upon a aye as s AB.—FWig, 
17. 474 

i Draw Bm _ per- 17. Cc pendicular to A B, 
and equal to one 

‘half of it; extend 
~ Am until mn is 

equal to Bm, * 

From A: and B, 
with radius Bn, de- 
scribe arcs cutting 
each other in’ 0; 

then from o, with radius o B, describe 
circle ACB, and line AB is equal to one 
side ofa pentagon upon circle described. 

TP eray ee a Regular Polygon of any required Number 
of Sides.—Fig. 

From. point 0, with distance o B, describe semicircle 
Bb A, which divide into as many equal parts, A ras ab, be, 
etc,, as the polygon is to have sides. 
Thus, let a Hexagon be required: . 

From o to second point b of six divisions draw o bs, and 
through other points, ¢, d, and e, draw 0 C,0 D, etc. 

Apply distance o B, from B to Bf, from E to D, from-D to 
Join these points, as b C, CD, ete. 

18, 

C, ete. 

To Construct a Square or 
“a Rectangle on a given 
Line.—Fig. 19. | 

On AB as cen- 
tres, with AB as 
radius, describe 
ares cutting at 
c;\ on ¢ deseribe 
arcs cutting at 
ov; and onor 
describe others, 
cutting at mn; 
draw Am, and 

Bn, and join or. 

21. - To Inseribe an Octagon in a Circle.—Fig. <1. 

Draw diameters, A €, B D, at right 

18. 

To Construct a Hexagon 
upon a given Line.—Fig. 
RO. 

From ends ofline, 
AB, describe arcs 
cutting each other 
at o, and from o as 
acentre, with radius 
o A, describe a éir- 
cle, and with same 
radius set off A c, 
ed, BS, fe, and con- 
nect them. 

angles, bisect arcs, A B, BC, etc., at s,7, 
0, é, and join Ao, 0B, etc, (Fig. 21.) 

To Describe an Octagon 
), about a,Circle.—Fig. 22. 

Describe a square about circle A B, 
draw diagonals cf, ¢ d, draw 0 4, etc., 
perpendicular to diagonals and. touch: 
ing circle. (Fig. 22.) 
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To Inscribe a Square in a Circle.—Fig. 23. 
23. Cc _ ‘Draw line A B through centre of circle; Cc 24. 

aa SERA take any radius, as A e, and describe the r 
B36 ~ arcs Aee, Bee; connect ee, continuing 

line to Cand D; join AG, AD, ete. (Fig.23.) 

Sh a la Bes R To Describela Square about A{--—->-+-<---- B 
a Circle.—Fig. 24. ‘ 

Draw line A B through centre of circle, 
Take any radius, as A e; describe arcs 

Tha Aee, Bee; connect ee, continuing line D 
to CD. 

“8S Ors 

Describe Br and. Dr; draw and extend Br and Dr, and sides A and C parallel to 
them. (Fig. 24.) : 

. To Describe an Octagon in a Square.—Fig. 25. 

25. r mas Let ABC D be given square. £ 26. 

deh 3 Describe Aor7, Borr, etc.; join in- 
i } ~ tersections 7777, etc., and figure formed 

is octagon required. (Fig. 25.) 

To Inscribe an Equilateral 
Triangle in a Circle.— 
Fig. 26. 

Draat5 --=C From point A, with Ao equal to radius 
of circle, describe 00; from o and o describe or, 07; join Av, r7,and 7A. (Fig. 26.) 

Norr.—aAll figures of 10 or 20 sides are readily determined from side of a pentagon, 
being halved or quartered; and in like manner, all figures of 6, 12, or 24 sides are 
readily determined from radius of a circle, being equal to the side of a hexagon. 

r 

Circles, 
To Describe an Arc ofa Circle, 

through [wo given Points, 
27. ' with a given Radius.—Fig. 

7 RV. 
ps On.A B as centres, with given radius, de- *" 
/ \, scribe ares cutting at 0, and from o with 

F \, | same radius describe are A B. (Fig. 27.) 

Peds Suess aoe To Ascertain Centre ofaCircle i 
orofan ArcofaCircle.—Fig. su 
2s. a 

Draw chord A B, bisect it with perpendicular cd, then bisect ¢ d for centre o. 
(Fig. 28.) 

2' To Describe a Circular Segment that 
a0) wvill both fill the angle between two 

diverging lines and touch them,=— 
Fig..Ro9. 

Bisect inclined lines, A B, D E, by line e £ and connect 
perpendicular thereto, B D, to define boundary of seg- 
ment to be described. Bisect angles at B and D by lines 
cutting at o, and from o, with radius o e, describe arc 
men. 

To Draw a Series of Circles between Two Inclined 
Lines, touching them and each other.—Fig. 30. 

80. B Bisect given lines A B, CD, by line oc. 
From a point 7 in this line erect 2s perpen- 
dicular to A B, and on r describe circle sm, 
cutting centre line at w; from w erect un 

© perpendicular to centre line, cutting AB at 
n, and from m describe an arc n wv, cutting 
AB at v, erect x v parallel to rs, making x 

D centre of next circle to be described, with 
radius # w, and so on, 

Norg.—Largest circle may be described first, 
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To Describe a Circle that shall pass through any three 
a given Points, as AB C—WHigs. 31 and 382. 

“=< " *“Upén points A and’ B, eae .° 
with any opening of a 
dividers, describe ares 
cutting each other at ee. 

. /»:On points BC describe 
¢ tO more cutting each 

_ other in points.ce. 

Draw lines ee and cc, 
and intersection of these 
lines, 0, is centre of circle 
ABC... (Fig. 31.) 

When Centre is not attainable. —¥From A B as centres, describe arcs A g, Bh; 
through C draw Ae. Be, Divide Ae and Bc into any number of equal parts, also 

¢g and, Bh into a like number. Draw-A 1, 2, 3j etc., and B 1, 2, ete., and intersec- 
tion of these lines as at.o are points in the circle required, (Fig. 321) 

88. ‘c Or, let A B @ be given points, connect 
i c AB, AC,CB, and draw ec'parallel. to. A.B. 
abe aa g Divide CA into a number of equal parts, 
og as at 1,2, and'3, and from C describe arcs 
3 through these points to meet right lines 
ligtioenwatohtrhrstshr rs TaTIMT,. B from O'to points x, 2, and 3, orA e, and 

these are points in a circle, to be drawn as 
before directed. (Fig. 33.) 

Wo Draw a Tangent to a|jTo Draw Tangents toa 
Circle from a given’ Point Circle from a Point with+ 
in Circumference. =— Fig. out it.—Wig. 35. 
S44, e ” 35. 

A 

WwW 

From A draw Ao, and bisect it at s; 
-°Thréugh point A draw radial line Ao, | describe arc through o, cutting circle at 
and erect perpendicular ef. (Fig. 34.) mn; join Am or An. 

iho Draw from or to Circumference of a Circle, Lines 
fa leading to. an Inaccessible Centre.—Fig, 36. 

Divide whole or any given portion of 
circumference into desired number .of 
parts; then, with any radius less than 
distance, of two divisions, describe arcs 
cutting each other, as Av, br, or, dr, 
etc.; draw lines b 7, ¢ 7, etc., and they 
will lead to centre. 

To drano end lines, as ‘Ar, Fr. From b describe arc o, and with radius } x, from 
A or F as centres, cut ares A 7, etc., and lines A 7, F 7, will lead to centre. 

To Describe an Arc, or Segment of a Circle, of a large 
3 Radius.—Vig. 37.. | 

Draw chord Ac B; also lineh Di 
parallel with chord, and at a distance 
equal to height of segment; bisect 
chord in c, and erect; perpendicular 
cD; join AD, DB; draw AA and Bi 

perpendicular to A D, BD; erect also perpendiculars An, Bn; divide A B and ht 
into any number of equal parts; draw lines x x, 2 2, etc., and divide lines An, Bn, 
-each into half number of equal parts in AB; draw lines to D from,ecach division in 
lines An, Bm, and at points of intersection with former lines describe arc or segment, 
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Ellipse. 

To Describe an Ellipse to any Length and Breadth 
given.—Fig. 38. 

38. H Let longest diameter be C D, and shortest EF. Take 
y distance Go or o D, and with it, from points E and F, 

describe arcs A and f upon diameter C D. 

Insert pins at h and at f, and loop a string around 
them of such a Jength that when a pencil is introduced 
within it it will just reach to E or F. Bear upon 
string, sweep it around centre o, and it will describe 
ellipse. 

Norr.—It is a property of Ellipse that sum of two lines drawn from foci to meet in any point in 
curve is equal to transverse diameter, 

39. D 
Bisect transverse axis A B at 0, and on centre o 

erect perpendicular C D, making o D and o C each 
equal to half conjugate axis. From C or D, with 
radius A 0, cut transverse axis at ss for foci. Divide 
Ao into any number of equal parts, as 1, 2, 3, ete. 
With radii A1, Bx, on sand s as centres, describe 
ares, and repeat this operation for all other divis- 
ions 1, 2, 3, etc., and these points of intersection will 
give line of curve. 

To Ascertain Centre and Two Diameters of an Ellipse. 
—Fig. 40. 

Let A B cu be diameters of an Ellipse. 

Draw at pleasure two lines, g q, o m, parallel to 
each other, and equidistant from A and B; bisect 
them in points A, and draw line wr; bisect it 
in s, and upon s, as a centre, describe a circle at 
pleasure, as fl v, cutting figure in points f v. 

Draw right line fv; bisect it in 7, and through 
points zs draw greatest diameter A B, and through 
centre, s, draw least diameter c w, parallel to fv. 

To Describe an Ellipse approximately by Circular Ares. 
—Fig. 41. 

Set off differences of axes from centre o to a and 
coroAandoC; draw ac and bisect it, and set off 
its half to »; draw 7s parallel to ac, set of on 
equal to o 7, connect n s, and draw parallels rm 
nm; from m, with radii ms and s m, describe ares 
through © and D, and from m and » describe ares 
through A and B. 

Notr.—This method is not satisfactory when con- 
jugate axis is less than two thirds of transverse axis. 

With Ares of Three Radii. — His. 
42. 

On transverse axis AB draw rectangle A Bed, 
on height o e; to diagonal Ae draw perpendicular. 
dhO}; set off ov equal to 0 e, describe a semicircle 
on A 7, and produce Oe to J; set off om equal to 
el, and on o describe an arc with radius Om; on 
A, with radius 07, cut this arc at a. Thus the five 
centres, O, a, a’, h, h’, are found, from which ares 
are described to form ellipse. 

Nors.—This process answers for nearly all pro- 
portions of ellipses, It is used in ‘striking vaults, 
stone bridges, etc. 

Ny 

° 
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To Consteust an Ellipse from Two 
Circles.—Fig. 438. 

Describe two semicircles, as A B, C D, diameters of 
which are respectively lengths of major and minor 
axes. The intersection of the horizontal and vertical 

SSS lines drawn from any radial line will give a point jin 
Cc A BD the curve CD. 

To Constructan Ellipse, when Two 
Diameters are Given.—Fig. 44. 

Make co and A v equal to each other, but less 
than half breadth. Draw vo, and from its centre ¢ 
draw and extend perpendicular at 7 to d, draw dum, 
make Bu=Av, draw dur, from uw and v describe 
Br and Am, from d describe m ¢ r, extend ¢ z to-s, 
and it will be centre for other half of figure. 

Ellipse by Ordinates.—Fig. 45. 

Divide semi-transverse axis, as A b, into 8 or ra 
divisions, as may be convenient, and erect ordi- 
nates, the lengths of which are equal to semi-con- 
jugate, multiplied by the units for each division as 
follows: 

Divisions, 
Eighths. Tenths. 

1.48412 | 5— .92703 aes 453 89 5 — -866 02 9— -99499 
2— .661 44 6— .968 24 2—-. 6—.91651 1o—1 

3—'-78063 7" .g92'16 gt. ae 7 — -99394 
4— .866 03 8—1 4—.8 8 — .999 79 

To Construct an Ellipse when Diameters do not Inter- 
sect at Right Angles.—Fig. 46. 

Let A B and C D be given diameters, 

Draw boundary lines parallel to diameters, 
divide longest diameter into any number of 
equal parts, and divide shortest boundary lines 
into same number of equal parts. 

From one end of shortest diameter, D, draw 
radial lines’ tlrough divisions of longest diame- 

1” ter, and from opposite end, C, draw radial lines 
1 to divisions on shortest boundary lines ; the 

aa | intersection of these lines will give points in the 
Di itresed) 1 CURVE: 

Ss mr) $ = i J ! ' H Q 

1 
1 
i) 
5 
' 
4 
1 

Arcs. 

To Describe a Gothic Arc.—Fig. 47. 

Take line AB, At points A and B draw arcs Ba and Ac, 
and it will describe arc required. 

B 

To Describe an Elliptic Arc, Chord and Height being 
given.—Fig. 48. 

Bisect AB at c; erect perpendicular A q, and 
draw line g D equal and parallel to Ac, 

Bisect A ¢ and Aq in vr and n; make c/ equal to 
cD, and draw line 1 rq; draw also line ns D;- bisect 
$D with a line at right angles, and cutting line 
cD at o; draw line og; make cp equal to c k, and 
draw line o pt. 

Then, from o as a centre, with radius o D, describe 
are sD’ 7; and from & and p as centres, with radius 
Ak, describe arcs As and Bi. 
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£ : : a 
Divide line A.B into three equal parts, ec ; from points 

A and B let fall perpendiculars A o and B-7, equal in length 
to two of divisions of line A B; 
draw lines oh and rg from points 
e, ¢; with length of c B, describe arcs 
Agand Bh, and from pointsoand r 

To Describe a Gothic Arc.—Figs. 49 and-5O. eh 

' a, H describe ares giandth. (Fig. 49.) 
is, pa ; + : . 

Ha SO seed t Or, divide line A B into three 
Hee 7a ‘So | equal parts at a and b, and on points 
Leet “|, Ay @,.6, and B, with distance of two 
i? “y.. divisions, make four arcs intersect- 
o 7 ing at c and o, Me 

» Through points ¢,0, and divisions a, b, draw lines cf and o e, on points a and® 
describe arcs Ae and Bf, and on points co ares fsandes. (Fig. 50.) 

Cycloid and E)picycloid. 

To Describe a Cycloid.—Fig. 51. 

When a circle, as a wheel, rolls over a 
\ straight right line, beginning as at.A and 

‘ ending at B, it completes one. revolution, 
oxi : and measures a straight-line, A B, exactly. 

r \ equal to circumference of circle cer, which 
is termed the generating circle, and a point 
or pencil fixed at point in circumference 
traces out acurvilinear-path, Av B, termeda 
cycloid. AB is its base-and crits axis: 

ze Place generating cirele.in middle of Cy- 
GSS* eee Bn ry cloid, as in figure; draw a line, m n, paral- 

mito ctirve at point n° The iv... - lel to base, cutting circle at e; and tangent 
wing are sotne of properties of Cycloid: 

Horizontal line en are of circle e. 

bl... if 

Ao 2 --=---8 

7 

Half-base A c—half-circumference ce7,. | rt wale are of Cycloid A 7 B= four_ 
Arc of Cycloid +n = twice chord re. Saxiscr. — : 
Half.arc of cycloid Ar=twice diameter | areArea of Cycloid Av B A= three times 

of-circle 7c, | Tarot generating circle rc. 
‘ent nz is parallel to chord er. 

' i of a Cyc Poa Pessxibe Guewe ‘oid.=Fig. 52. 
On an ina \ 

circum ferencrfinite line, A B, set off co 
vide this line 2 of generating circle, di- 
parts (8 in figuiinto any number of equal 

ion erect perpere), and at points of divis- 
each of these lisdiculars thereto, Upon. 

F ‘ 7 generating cirelies describe a circle = 
.25 ¢ 1, and with z as a centre, with radius zc=.75 cr, descrife. On cx taker a= 
at 1’; from 2 on next circle, with two distances of x x’, mbe an arc cutting circle 
circle at 2/; from 3 on next circle, with three distances of 1 easured as chords, cut 
proceed in like manner from each side until figure is Nene and cut circle at 3’, and 

Tro Describe an Interior Epicycloid or ay z 
Ui ve abhe tte on ypocycloid.— 

If generating circle isrolledom ah 
circle,*as in Fig. 53, it forms ary inside of fundamental’ 
hypocycloid, Ac B, which becomi tterior epicyclotd, or 
straight line. Other points of is in this case nearly a 

- respond to those in Fig. 5x. Whreference in figure cor- 
ing circle is equal to half thatien diameter of generat- 
epicycloid becomes a. straight ) of fundamental circle, 
the larger circle. | dine, being diameter of 

we See explanation, Fig. 54. H v 
= 9 
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To Describe an Exterior Epicycloid.— 
Mig. 54. 

An Epicycloid differs from a Cycloid in this, that it is 
generated by a point, o’’’, in one circle, o 7, rolling upon 
circumference of another, A-r s, instead of upon a right 
line or horizontal surface, former being generating circle 
and latter fundamental circle. 

Generating circle is shown in‘four positions, in which 
its generating point is indicated by.o0! 0! 0’, Ao!’’s 
is an Epicycloid. 1 

Involute.- 

To Describe an Involute.—Wig. 55. 

Assume A as centre of a circle, bc 0; acord laid partly 
upon its circumference, as be; then the curve eimn, 
described by a tracer at.end of cord, when unwound from 
a circle, is an involute. 

This curve can also be defined by a batten, z, rolling on 
a circle, as su. 

Parabola. 
56. ce To Construct a .Parabola by Ordinates or 

Abscissa.—HMigs. 56 and 57. 

By Ordinates. 

Divide ordinate a b into xo equal parts, and erect perpendicu- 
lars, length of which will be determined by multiplying abscissa 
ac by respective units for each perpendicular, as follows: 57. 

Divisions. 

De aie Od on Liga OE O99 
2—.36. 4—.64 6—.84 8—.96 10—1 YR ae aS 

s4 By Abscissa. 
Divide abcissa a ¢ into 8 or 10 equal parts, as may be convenient, 

and draw ordinates thereto, the lengths of which will be deter- 
mined by multiplying half ordinate ab by respective units for 
each ordinate, as follows: 

Divisions. Tenths. 

Highths. ; I—.316 23 6—. 
9353.5 5 4 *790 57 2— 447 21 
2—.5 6— .86602 3—-547 72 

3—-612 27 7— +935 4% 4— .632 45 9—- 
4—.-707 11 8—1 5 707 11 IO—1 

With a Square and Cord.—Fig. 58. 

Place a straight edge to directrix A B, and apply to it a 
square, ¢ 0, 

Attach to end o end of a cord equal to o A, and attach other 
end to focus e; slide square along straight edge, maintaining 
cord taut against edge ofsquare, by a point or pencil, and curve 
will be traced. (Fig. 58.) , 59 

o 

an eae 
Ratt 

When Height and yp,-_- 
Base are given.=— 
Fig. 59. 

Assume A B axis and cd a double ordinate or base. 
‘Through A draw mn parallel to ¢d, and through c 

and. ddraw em, dn, parallel to axis AB, Divide cm, 
dn into any number of equal parts, as at ac¢o, also 
cB, Bd, into alike number of parts. Through points ¢"-7->-3 
I, 2,3, and 4 draw lines parallel to axis, and through |! 
a@ceo draw lines to vertex A, cutting these perpendiculars, and through these points 
curve may be traced. (Fig. 59:) me Ay 

poneenn= 
' “bs 
1 
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To Describe Curve of a Parabola, Base and 
Height being given.—Fig. 6O. 

Draw an isosceles triangle, as a b d, base of which shall be equal 
to, and. its height, ¢ b, twice that of proposed parabola. Divide 
each side, ab, db, into. any number of equal parts; then draw lines, 
11,22, 3 3, ete., and their intersection will define curve. (Fig. 60.) 

To Describe a Parabola, any Ordinate to Axis 
and its Abscissa being given.—Fig. 61. 

Bisect ordinate, as Ao in 7; join 
Br, and draw r s perpendicular to it, 
meeting axis continued tos. Set off 
Bc, Be, each equal to. 0.s;,draw m 

cu perpendicular to Bs, then m w is directrix and 
Be focus; through e and any number of points, x, 1, 
x, ete., in axis, draw double ordinates » rv, and on 
centre e, with radii ec, i ¢, etc., cut respective or- 
dinates at v v, etc., and trace curve through these 
points. 
-Norg.—Line v ev passing through focus is parameter. 

Spiral. 
To Draw a Spiral about a given Point.— 

Wig. 62. 

2\s\_¥, Assume c the centre. Draw A h, divide it intotwice number 
of parts that there are to be revolutions of line. Upon ¢ de- 
scribe 7-e, os, Ah, and upon e describe 7s, os, etc. 

a c a 

62. 

Hyperbola. 
To Describe a Hyperbola, Transverse and Conjugate 

Diameters being given.—Fig. GS. 

Let A B represent transverse diameter, and C.D 
conjugate. 

Draw Ce parallel to A B, and e* parallel to CD; 
draw oe, and with radius o e, with o as a centre, 
describe circle F e 2, cutting transverse axis pro- 
duced in,F and jf; then will F and fbe foci of fig- 
ure. 

In o B produced take any number of points, , 7, 
etc., and from F and fas centres, with An and Bn 
as radii, describe arcs cutting each other in sg, s, 
etc. Through s, s,etc., draw curve ssssBssss. 

Notr.—If straight lines, as o e y and o ry, are drawn from centre o through ex- 
tremities e7, they will be asymptotes of hyperbola, property of which is to. ap- 
proach continually to curve, and yet never to touch it. 

When Foct and Conjugate Axis are given.—Let F and f be foci, and C D conjugate 
axis, as in preceding figure. 
Through ©-draw g C e parallel to F and f; then, with o asa centre andoF asa 

radius, describe an are cutting g Ce at g and e; from these points let fall perpen- 
diculars upon line connecting F and f, and part intercepted between them, as A B, 
will be transverse axis. i 

Catenary. 
To Delineate a Catenary, Span and Versed Sine bein 
64. given.— Fig. 64. (W. Hildenbrand.) 

number of equal parts, as 1, 2, 3, and let fall BG 
and A 0, each equal to versed sine of curve; divide 
Ao into like number of parts, 1’,.2’, 3’, as A B. 
Connect Cx’, C 2’, and C 3’, and points of intersec- 

tion of perpendiculars let fall from A B will give 
points through which curve is to be drawn. 

Or, suspend a finely linked chain against a ver- 
tical plane, trace curve from it on the plane in accordance with conditions of given 
length and height, or of given width or length of arc. Peis Wavtie 
Nore.—For other methods see D. R. Clark’s Manual, pp. 18, 19. 

A 1 2 3 B.. Divide half span, as AB, into any required 

' ‘ 
' 

Obata ee ee 



Z x AE + 

SESUECRERISKIDEDOLE " ROMERO OS BEDE BE DG BS ES CPUC ERR 

.AREAS OF CIRCLES. 231 

Areas of Circles, from 7 to 150. 
AREA. Dram. AREA. Diam, AREA, | Dram, AREA. 

.000 192 3 Li dy Ss aad a: 753-938 
7 G 7-3002 8 39-8713 156.7 

GET | 7.6699 1% | 41.2826 1K | 159.485 
.003 068 on 7:9798 BE} 42.7184 3¢ | 162.206 
O12 272 % 8.2958 % | 44.1787 76 | 165.13 

6ra || 2m | S578 2 | 45:6636 || 8g | 167.99 
927 OL2 A 8.9462 | 34°) 47.8731 3% | 170.874 
049087 || % 9-2807 % 48.7071 % | 173.782 
076699 M4 9.6211 8 50.2656 || 35 176.715 

“ % | 9-968 7% | 51.8487 % | 179-673 
‘110447 || 9 9g) | 10.3206 74 | 53-4563 % | 182.655 
15033 % | 10.679 36 55.0884 36 | 185.661 

34 | 11.0447 My 56.7451 14% | 188.692 

799.35 we | xr.416 56 | 58.4264 56 | 191-748 
.248 505 Ye) L1-7933 3 | 60.1322 3% | 194.828 
6 We | 12.177 4% | 61.8625 ||. 4% | 197.933 

+306 796 4 12.5664 9 63.6174 || 16. 201.002 
371 224 Ke. | 12.962 | 65.3968 || .- 24: | 204.216 

441 787 || 78 | 13-304 | 24 | 67.2008 |») 24 | 207.395 
4g, | 13-772 % | 69.0293 || 26 | 210.598 

+518 487 1% | 14.1863 44) | 70.8823 ||) d6 | 213.825 
Gor 322 || ie | 14-606 % | 72+7599 | 2} 217-077 

3% | 15.033 $4 | 74.0621 4%, | 220.354 
‘690 292 M4 | 15-405, 1% 76.5888 | \% | 223-655 
+785 4 Wg | 15.9043 10 Ge Wiley eee 226,981 
-8866 Y | 16.349 4% | 80.5158 YY | 230.331 
994.02 4 16.8002 4% | 82.5161 +4 || 233-706 

1.1075 4 | 17-257 2% | 84.5409 36 | 237.105 
1.2272 8% | 17-7206 dg 86.5903 44. '| 240.529 

1.353 wy | 18-19 % | 88.6643 % | 243-977 
1.4849 % | 18.6655 24 | 90.7628 2% | 247-45 
1.6229 we | 19.147 1% | 92.8858 % | 250.948 
1.7671 5 19.635 II 95-0334 || 18 254-47 
1.9175 4 | 20.129 TB | 97.2055 % | 258.016 
2.0739 yw | 20.629 Ye | 99.4022 Y% | 261.587 
2.236 5 OA BEES 5 8% | 101.6234 86 | 265.183 
2.4053 My | 21.6476 4% | 103.8691 16 || 268.803 
2.58 bg | 22.166 % | 106.1394 | 272:448 
2.761 2 86 | 22.6907 8% | 108.4343 84 '| 276.117 
2.948 3 Ue” | 23221 W% | 110.7537 % | 279.811 
3-1416 | 23.7583 || 12 113.098 19 283.529 
3.338 Ye -| 24.301 Vg | 115.466 Y\ 287.272 
3.5466 | 24.8505 Me | 117.859 Ye) 2901.04 

3-758 4 2% | 25-406 86 | 120.277 36 | 294.832 
3-976 8% | 25.9673 1g | 122.719 16 | 298.648 
4-2 Me | 20-535 6 | 125.185 % | 302.489 
4-430 1 % | 27.1086 84 |) 127.677 34 | 306.355 
4.7066 we | 27.688 1% | 130.192 % | 310245 
4-908 7 6 28.2744 || 13 132.733 20 314.16 
5+1573 HH | 29-4648 44°) 135-297 | 318.099 
5-4119 4% | 30-6797 44 | 137-887 74 | 322.063 
5.6723 3g | 31-9191 86 | 140.501 36 | 326.051 
5.9396 44 | 33-1831 || .. 46. | 143-139 44 | 330.064 
6.2126 &% | 34-4717 54.) 145.802 6 a 334-102 
6.4918 || 34 | 35.7848 34 | 148.49 4 338.164 

16.9772  \Ieo KK | 37.4224 || 2236 | 151-202 M% \ 342125 
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Dram. Arnga. (|| Dram. | - AREA, 

21 346.361 || 28 615.754 || 35 

» | 350-497 7% | 621.204)  % 
4, | 354657 7, | 626.798 |) 4 | 975-909 
3 | 358.842 26, | 932.357 36| 982.842 
YB | 363-051 6 637,941 |} +34 989.8 

2% | 307.285 % | 643.549 %-| 999-783 
34) 371-543 84 | 649.182 34 | 1003-79 
"% | 375.826 % | 654.84 % | 1010,822 

22 3801134 || 29 660,521 || 36 «| 1017.878 
4 | 384.466 44 >| 666.228 34 -| 1024.96 | 
14 | 388.822 44% | 671.959 44 | 1032.065 
3% | 393-203 36 -| 677-714 36 | 1039.195 
7% | 397-609 7 | 683.494 7% } 1046.349 
5%} 402.038 |! 1-2 -| 689.299 56 1) 1053.528 

24 | 406.494 |) 24 | 695-128 || « 2% 1}: 1060.732 
© % | 410.973 Y\ 700-982 || 3% |) 1067.96 
23 415-477 || 30° 706.86 || 37 1075-213 
| 420.004 4g |- 712.763 % } 1082.49 | 

| 424.558 %-| 718.69 || ~2¥¢ “| 1089.792 | 
3%} 429-135 96] 724-642 || § 136%) 1097.118 
24 | 433-737 2 | 730.618 + | 1104.469 
5 | 438.364 56\| 736.619 | SK i) r117.844 

34 | 443.015 %4 | 742,645 || 34+} 1179.244 
% | 447-69 % | 748-695 % | 1126,669 

24 452.39 || 31 754-769 || 38 1134.118 
% | 457-1155) 36 | 760.869 Y% | I141.591 | 
| 461,864 4 | 798.992 74 | 1149-089 | 
36 | 466.638 36° | 773-14 8 | 1156.612 | 

4% | 471.436 44 | 779-313 dg | 1164.159 
% | 476.259 8 | 785-51 % | 1171-731 
34 | 481.107 24°) 791-732 4 | 1179-327 
7% | 485.979 || % | 797-979 % | 1186.948 

25 490.875 || 32 804.25 39 1194-593 
‘Ye | 495.790. “1g | 810.545 Ye | 1202.263 
{| 500,742 | Ye) 816.865 YY | 1209.958 
86 | 505.712 || 86 °| 823.21 36 | 1217.677 | 
74) 510-706 || 44 | 829.579 74 | 1225.42 
| 515.726 || 5 | 835.972 6. | 1233-188 
34° | 520.769 | 34 | 842.391 84 | 1240.981 
% | 525-838 % | 848.833 % | 1248.798 

26 530-93 || 33... | 855.307 || 40 1256.64 
4% | 530.048 % | 861.792 46 | 1264.506 

4 | 541.19 +4 | 868.309 Y,-| 1272.397 
86 | 546.356 36 |, 874.85 3¢-| 1280.312 
46.) 551-547 lg | 881.415 +g. | 1288.252 
%% | 550.763 56 |, 888.005 56 | 1296.217 
84.1 562.003 34. | 894.62 84. | 1304.206 
| 567:267 || « 36 -|) 901.259 % | 1312.219 

27 | 572-557 || S4&. | 907-922 || 4x | 1320/57 
~ | 577-87 44°) 914.611 4 | 1328.32 
cod€ | 583.209 1) « 4¢. | 922.323 | 1336.407 

36 | 588.571 || | 86 || 928.061 36 | 1344-519 
74 | 593-959 || «34 | 934.822 44) | 1352-055 

Sieg. 590,371 56 | 941.609 5g | 1360.816 
84% | 604.807 34.) 948.42 84 | 1369.001 

(3% | 610.268 Y | 955-255 || Ko]. 1377-211 

4 

> YS 

SRSA” Seagheanecik 74 

woe 

ea 
oi 
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1385.45 
1393-7 
1401.99 
1410.3 
1418.63 
1426.99 

1435-37 
1443-77 
1452.2 
1460.66 

1469.14 
| 1477-64 
| 1486.17 
1494-73 
1503-3 
I51I.91 
1520.53 

| 1529.19 
1537-86 

| 1546.56 

1555-29 
1564.04 
1572.81 
1581.61 

1590.43 
1599.28 
1608.16 
1617.05 

| 1625.97 
1634.92 
1643.89 
1652.89 

1661.91 
1670.95 
1680.02 
1689.11 
1698.23 

1797-37 
1716.54 

1725:73 

1734:95 
1744.19 

1753-45 
1762.74 

1772.06 
1781.4 

1790.76 
1800.15 

1809.56 
1819 
1828.46 
1837.95 
1847.46 
1856.99 
1866.55 

| 1876.14 
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Dram. Arga. |} Dram. 

49. | 1885.75 || 56 
1895.38 x 

4, || 1905-04 A ° 
36} 1914.72 % 
2% | 1924.43 4 
5 | 1934.16 % 
%4 | 1943-91 4 
% | 1953-69 % 

50 1963.5 57 
4 | 1973-33-41 2% 
4% | 1983.18 | yy 

1 86 | 1993.06 36 
14 | 2002.97 % 
&% | 2012.89 | % 
84 | 2022.85 % 
W% *) 2032.82 || © 1%6 

51: 2042.83 || 58 
«- Mer} 2052.85 i 

44 | 2062.9 cA 
3% | 2072.98 36 
1g | 2083.08 4 
6,. |), 2093.2 % 

3% | 2103.35 % 
Me | 2113-52 % 

Say 2123:72 sie 
6 | 2133-94 6 
| 2144-19 4 
96 | 2154-40 % 

, Ye.) 2164.76 A 
% | 2175.08 % 
84 | 2185.42 A 

% | 2195-79 % 
53 2206.19 || 60 

4g | 2216.61 % 
o Y& -|, 2227.05 4 

36.) 2237.52 || 5 
4g | 2248.01 lg 

6 | 2258.53 % 
34 | 2269.07 a4 
| 2279-64 % 

54 2290.23 || Or 

| 7 | 2300.84 % 
Ye}. 2311.48 BH 
36 |, 2322.15 36 
% | 2332.83 % 

2 | 2343-55 4% 
% |, 2354-29 % 
% |) 2305-05 % 

55 2375-83 || 62 
+) 4 |) 2386.65 KK 

A, | 2397-48 eA 
36 | 2408.34 % 
6 2419.23 cA 

% | 2430-14 4% 
34 |, 2441.07 %% 
% | 2452.03 ||. % 

Diam, 

233 

AREA, Diam. AREA, AREA. 

) 2463.01 || 63 3117.25 || 7o 3848.46 
2474.02 4% } 3129.64 4 >|. 3862.22 
2485.05 Yh | 3142.04 || 0 4 | 3876 
2496.11 96°) 3154-47 3% |. 3889.8 
2507-19 46 | 3166.93 %4, |. 3903-63 
2518.3 % | 3179-41 2% | 3927-49 
2529.43 %4 | 3191.91 % |. 3931-37 
2540.58 Vs} 3204-44 || 016 . |. 3945.27 
2551.76 || 64 3217 7 3959.2 
2562.97 78 | 3229.58 Y% | 3973-15 
2574-2 | 3242.18 4 | 3987-13 
2585-45 % | 3254-81 % | 4001.13 
2590.73 % | 3207.46 % | 4015.16 
2608.03 %-} 3280.14 5% | 4029.21 

2619.30 94 | 3292.84 % | 4043.29 
2630.71 % | 3305-50 % | 4057-39 
2642.09 || 65 3318.31 72 4071-51 

2653-49 7 | 3331-09 74 | 4085.06 
2664.91 || | 74 | 3343-89 74 | 4099.84 
2670.36 ¥% | 3350.71 %% | 4114.04 
2687.84 % | 3309.56 4% |. 4128.26 

2699-33 % | 3382.44 2g | 4142.51 
2710.86 94 | 3395-33 % | 4156.78 
2722.41 i} 3408.20 1% |) 4171.08 

2733-98 || 66 3421-2 73 4185.4 
2745-57 | 3434-17 7% | 4199.74 
2757-2 Ya | 3447-17 YA | 4214.11 
2768.84 86. | 3460.19 86} 4228.51 

2780.51 4% | 3473-24 | 4242.93 
2792-21 % | 3486.3 % '| 4257-37 
2803.93 % | 34994 % | 4271.84 
2815.67 MY \) 3512.52 % | 4286.33 

2827.44 || 67 3525-66 || 74 4300.85 
2839.23 % | 3538.83 % | 4315.39 
2851.05 YY «| 3552.02 M% | 4329.96 

2862.89 36 | 3565-24 % | 4344.55 
2874.76 4, | 3578.48 % | 4359-17 
2830.65 % | 3592-74 % | 4373 81 
2898.57 94) \|) 3005.04 %% | 4388.47 
2910.51 M% | 3618.35 ¥% | 4403.16 

2922.47 || 68 3031-69 || 75 4417.87 
2934-46 7 | 3045-05 % | 4432.61 
2940.48 4, | 3058.44 M& | 4447.38 
2958.52 36 |. 3671.86 36 | 4462.16 
2970.58 74,| 3085.29 4 | 4476.98 
2982.67 &% . |, 3698.76 5 | 44gr.81 
2994-78 94 «| 3712.24 ¥4 | 4500.67 
3006.92 |) 3725-75 % | 4521.56 
3019.08 |} 69 3739:29 || 76 4530.47 
3031.26 4 | 3752.85 | 4551-41 
3043-47 | 3766.43 % | 4506.36 
3055-71 36 | 3780.04 % | 4581.35 
3067.97 % | 3793-68 4% | 4596.36 
3080.25 3 3807.34 % | 4011.39 
3092.56 84, | 3821.02 84 | 4626.45 

3104.89 M% \ 3834-73 % | 4641.53 
Wk 



234 AREAS OF CIRCLES, 

Diam. AREA. Dram, AREA.) Diam. AREA, | Dram. | AREA. © 

77 4050.64 | 84 5541+78 || 91 | 6503.9 98 | 7542.98 
© | 4671.77 % | 5558-29 2%} 6521.78 % | 7562.24 

4% | 4686.92 4Z| 5574.82 1%») 6539-68 44 \ 7581.52 

% | 4702.1 % | 5591.37 3 1 | 6557.61 3% | 7600.82 
4% | 4717-31 %, | 5607.95 % | 6575-56 7% | 7620.15 
% | 4732-54 % | 5624.56 2% >| 6593-54 5g | 7639-5 
% | 4747-79 % | 5641.18 74° 6611.55 % | 7658.88 
% | 4763.07 % | 5657-84 % >| 6629.57 % | 7678.28 

78 4778-37 || 85) °° | 5674-51 || 92 6647-63 || 99° | 7697:71 
“138 | 4793-7 % | 5691.22 | 6665.7 ¥% | 7727-16 
© 4 | 4809.05 %& | 5797-94 4 | 6683.8 7%. | 7736.63 
» 36 | 4824.43 36 | 5724.69 3g | 6701.93 36-| 7756.13 
“36 | 4839.83 M6 | 5741-47 44 | 6720.08 || +034 | 7775.66 
% | 4855-20 2°) 5758.27 % |. 6738.25 % + 7795.21 
34.-| 4870.71 34 | 5775-1 34 | 6756.45 3% | 7814.78 

oi % | 4886.18 |) ¥% | 5791-94 % | 6774.68 % | 7834-38 
79 4901.68 || 86 5808.82 || 93 6792.92 || 100 7854 
#26 | 4917.21 ¥ | 5825.72 % | 6811.2 || YY | 7893-32 

74 | 4932-75 || + 74 | 5842.04 % | 6829.49 % | 7932-74 
36 | 4948.33 36 | 5859-59 36 | 6847.82 34 | 7972.25 

-4@ }. 4963.92 || . d4 | 5876.56 46 | 6866.16. || tor 8011.87 
% | 4979-55 56 | 5893-55 5 | 6884.53 1% | 8051.58 
%4 | 4995-19 34 | 5910.58 34 | 6902.93 36 | 8091.39 
% ‘| 5010.86 % | 5927.62 % | 6921.35 84 | 8137.3 

80 5026.56 || 87 5944-69 || 94 _ | 6939.79 || 102 8171.3) 
4K | 5042.28 4 | 5961.79 4% | 6958.26 34"). 821r.41 
7 | 5058.03 2& | 5978.91 %& | 6976.76 +6 | 825x.61 
36 | 5073-79 36 | 5996.05 3g | 6995.28 34 | 8291.91 
46 | 5089.59 4g | 6013.22 +4 |}: 7013.82 || 103 8332.31 

% | 5105.41 56 | 6030.41 56 || 7032.39 1% | 8372.81 
4 | 5121.25 84 | 6047.03 3% | 7050.98 1% | 8413.4 
q q Wo M% | §137-12 % | 6064.87 || © % | 7069.59 34 | 8454.09 

8r 5153-01 || 88 6082.14 || 95 7088.23 |) 104 8494.89 

7% | 5168.93 || * 26 | 6099.43 3& | 7106.9 % | 8535.78 
| 5184.87 || 34 | 6116.74 %& | 7125.59 26 | 8576.76 
86 | 5200.83 | 36-| 6134.08 | Bg 7144.31 8 | 8617.85 
4% | 5216.82 wy | 6151.45 lg “| 7103.04 || ros 8659.03 
56 |. 5232.84 | 2% | 6168.84 bg | 7181.81 YY |} 8700.32 
3% | 5248.88 || 184. | 6186.25 84 | 7200.6 6 | 8741.7 
% | 5264.94 | % | 6203.69 V+ 7219.41 8% | 8783.18 

82 5281.03 || 89 6221.15 || 96 7238.25 || 106 8824.75 

7 | 5297-14 || 36 | 6238.64 % | 7257-12 % | 8866.43 
| 5313-28 || | a | 6256.15 %& | 7275-99 74, | 8908.2 
3¢ | 5329.44 || 36 | 6273.69 3% \| 7294-91 34 | 8950.07 
% | 5345-63 74 | 6291.25 46‘ | 7313-84 || 107 8992.04 
2%) 5301.84 % | 6308.84 56 | 73328 || 34°) 9034.11 
34 | 5378.08 || | 34 | 6326.45 34 | 735-79 7 | 9076.28 
% | 5394-34 % | 6344.08 % | 7379-79 34 | 9118.54 — 

83 5410.62 || 90 6361-74 || 97 7389.83 || 108 9160.91 

7% | 5426.93 % | 6379.42 & | 7408.89 #4 | 9203.37 
% | 5443-26 4} 6397-13 Mme 7427-97 7 | 9245-93 
36 | 5459.62 36 | 6414.86 % |. 7447.08 84 | 9288.58 
7, | 5476.01 % | 6432.62 % | 7406.21 || 109°''| 9331.34 
2 | 5492-41 5% | 6450.4 %% | 7485.37 || |’ M& | 9374-19 
% | 5508.84 34 | 6468.21 34 | 7504-55 ¥% | 9417.14 

_% | $5253 % | 6486.04 % \-7523-75 24 | 9460.19 



‘AREAS’ OF CIRCLES. ees 

' Dum. | Anza. Dus. | AREA. Dram. | AREA. | Dram: AREA. 

IIo ' 9503.34 || 120 11 309.76 || 130 | 13 273.26 || 140 15 393-84 

| 9546.59 74, | 11 350.93 74 | 13 324-36 74 | 15 448.87 
74 | 9589-93 7 | 11404.2 7% | 13375-56 7% | 15 503-99 
94 | 9033-37 94 | 2451-57 % | 134260.85 % | 15 559-22 

III 9676.91 || 121 II 499.04 || 13% ‘| 13. 478.25 |! 147 I5 614.54 

74 |_ 9720.55 74 | 11 540.61 7% | 13 529-74 %4 | 15 669.96 
% | 9764.29 74 | 11594.27 4 | 13 581.33 ¥% | 15 725-48 
84 | 9808.12 84 | 11642.03 8 '| 13,633.02 34 | 15 781.09 

112 9852.06||. 122 + | 11 689.89 || 132 13,684.81 || 142 15 836.81 

Hh |-9896.09)) 14 | 11.737.85 74 | 13730.69 || 74 | 5892.62 
1g | 9940.22 1g | 11 785.91 Vg |'13 788.68 ¥g | 15.948.53 

%4 | 9984-45 34 | 11 834.06 % | 3840.76 % | 16.004.54 
113 10028.77 || 123 TI 882.32 || 133' || 13 892.94 || 143° |'16.060.64 

YY | 10073.2 Y | 11.930.67 YY | 13.945-22 34 | 16116.85 
Vg | 10117.72 1g | 11979.12 1g | 13.997-6 Vg | 16173.15 
8% | 10 162.34 8% | 12027.66 84 | 14 050.07 87 | 16. 220.55 

114 10 207.06 || 124 12076.31 || 134 14 102.64 || 144 16 286.05 
1 | 10251.88 Vy | 12 125.05 YY | 14155.31 i | 16 342.65 
1G" | 10 296.79 1B 12173.9 1g |-14 208.08 16 | 16 399-35 
3% | 10341.8 34'| 12 222.84 34 | 14253.09 | 8% | 16 456.14 

115 10 386.91 || 125 12 271.87 || 135 14 313-91 || 145 16 513.03 
YY | 10432.12 VY | 12321.01|]\,  ¢ | 14 366.98 YY | 16570.02 
1g | 10477.43 46. | 12.370.25 ||; Vy | 14 420.14 Yg | 16627.11 
8% | 10522.84 8f | 12419.58 84 | 14.473-4 8% | 16 684.3 

116 10 568.34 || 126 12 469.01 || 136 14 520.76 || 146 16 741.59 
MY | 10613.94 Y'| 12518.54 VY | 14 580.21 VY | 16. 798.97 
1g | 10659.05 Vy | 12 568.17 Ys | 14 633.77 1g | 16856.45 
8% | 10 705.44 3% | 12 618.09 87 | 14 687.42 8/ | 16914.03 

117 10 751-34 ||'127 12 667.72 || 137 14 741.17 || 147 16971.71 

H, | 10.797-34 YA, | 12-717-04 4, | 14.795-02 % | 17 029.48 
1g | 10843.43 1g | 12 767.66 lg | 14 848.97 1 | 17087.36 
84 | 10889.62 84 | 12 817.78 84 | 14:903-01 8f | 17 145-33 

118 10935-91 || 128 12 867.99 || 138 14957-16 || 148 17 203.4 
1 | 10982.3 Y% | 12.918.31 VY | 15 011.4 VY | 17 261.57 
Vg | 11028.78 1g | 12:9608.72 1g | 15 065.74 14)| 17 319.84 
8% | 11075.37 % | 13019.23 | 8% |.15,120.18 84 | 17.3782 

‘II9 IT 122105 || 129 13,069.84 || 139. 1517471 || 149 17.430.67 
Y% 11 168.83 | VY | 13120.55 VY | 15 229.35 VY | 17495-23 
Vy | 11215.71 | YG \.1377¥.35 1g |'r5 284.08 16 117 553-89 
84 | 11 262,69 | 84 | 13.222.26 84.| 15 338.91 || 150 17 671.5 

To Compute Area of a Circle greater than any in Table. 

Rurw.—Divide dimension by two, three, four, etc., if practicable to do so, 
until it is reduced to a diameter to be found in table. 

Take tabular area for this diameter, multiply it by square of divisor, and 
product will give area required. 

ExAmPLe.—What is area for a diameter of 1050? 

1050+ 7—=150; tab, area, 150 = 17 671.5, Which X 77 = 865 903.5, area. 

To Cornpute Area of a Circle in Weet and coh ld éte., 
by preceding Table., 

Ruxe.—Reduce dimension to inches or eighths, as the case may ibe and 
take area in that term from table for that number, , 



an AREAS OF CIRCLES. 

Divide this number by 64 (square of 8) if it is in eighths, and quotient will 
give area in inches, and divide again by 144 (square of 12) if it is in inches, 
and quotient will give area in feet. 

ExAamPLE.—What is area of x foot 6.375 ins.? 

=x foot6.375 ins. = 18/375 ts. =147 eighths. Area of 147 = 16 971.71, Which + 64 
== 265.181 25 ims.;, and by 144 = 1.84125 feet. : 

To Compute Area of a Circle Composed of an Integer 
and a Fraction, 

Rvuie.—Double, treble, or quadruple dimension given, until fraction is in- 
ereased to a whole number, or to one of those in the table, as 3<, 44, etc., 
provided it is practicable to do so, 

Take area for this diameter ; and if it is double of that for which area is 
required, take one fourth of it; if treble, take one sixteenth of it, etc. 

EXAMPLE, —Required area for a circle of 2:1875 ins. 

2.1875 X 24.375, area for which = 15.0331, which + 4=3.758 ins. 

“When Diameter is composed of Integers and Fractions contained in Table. 

Ruie.—Point off a decimal to a diameter from table, and add twice as 
many figures or ciphers to the right of the area as there are figures cut off 
from the diameter. 

ExAmpxLE 1.—What is area of 9675 fect diameter? 

Area of 96.75 = 7351-79; hence, area= 73 517 goo feet. 

2.—What is area of 24 375 feet diameter? 

Area Of 2.4275 = 4.6664; hence, area = 466 640000 feet. 

To Ascertain Area of a Circle as 300, 3000, etc., not 
contained in Table. 

Heuer ake area of 3 or 30, and add twice the excess of ciphers to the 
result. 

Examrix.—What is area of a circle 3000 feeti in diameter ? 
6 Area of 30= 706.86, hence area of 3000 = 7 068 600 feet. 

To Compute Area of a Circle by Logarithms. 
Rvuiy.—To twice log. of diameter add 1.8 I (og. of .78 d 

is log. of area, for which take number, aEPO* Oa rboean’ GP 
Examr_e.—What is area of a circle 1200 feet: in diameter? 

Log. 1200 X 2+ 1.89510 I = 6.158 362 +'3.8 =6. no rae 9 58 362 + 1.895 ogr 053453, and number for 

Areas of Birmingham Wire Gauge. 
Diam. Area, Diam, Area, Diam. Area. Diam. Aged; 
No, $q. Inch, No. Sq. Inch. No, Sq. Inch. No. $q. Inch. 
I .070 686 10 -O14 103 19 .| .001385) || 28 || coo 154 
2 063 347 Ir ‘OL 309 || 20 | .co0g962 || 29- | .000133 — 
3 +052 685 12 +009 331 21 -000 804 30 -000 113 
4 .044 488 13 -007 088 22 -000 616 31 .000 078 
5 .038 013 14 .005 411 23 000 491 32 -000 064. , 
6 032 365 15 | .004071 24 .000 38 33 000 05 
7 025 447 16° | .003 318 25 000 314 34 .000 038 
8 021 382 17, | 002642 || 26 | .000254 |) 35 »| .cc0 02 
9 -O17 203 18 oor 886. || 27 -000 201 i | 000 013 



CIRCUMFERENCES OF CIRCLES, 237 

» Circumferences of Circles; from %, to 150. 

SREIERRKIRRRICKC ORRMOMOMOMOG EE A ACRE RCE AC AC AT TAREE CCR 

Dus. | Crecum. 
Les evs Bie s oe 

+049 09 
098 18 

-196 35 
+3927 

+589 

7854 

-981 75 
1.178 1 

1.37445 

1.5708 

| 1.76715 

1.9635 

2.15985 

| 2.3562 

2.552 55 

2.7489 
2.085 25 
3-141 6 

3-337 9 
3:5343 
3-7306 
3-927 
4-123 3 
4-319 7 
4.516 

47124 
4 908 7 
5-105 I 
5-301 4 
5-497 8 
5-694 1 

5-890 5 
6.086 8 
6.2832 

6.479 5 
6.6759 

| 6.8722 
7-068 6 

7-264 9 
7-461 3 
7-057 6 
7-354, 
8.0503 
8.2467 

‘| 8-443 
8.639 4 
8.835 7 
9.032 I 

219.2284 | 

Diam. Crecoum. » Diam. ‘Crrcum, Dum. Crrcum. 

3-4 | 9.4248 8 | 25.1328 || “15° | 47.124 

“He '| 9.6211 7% | 25.5255 || | 6 | 47.8167 
8 || 9:8175 14 ~| 25.9182 2% | 47.9094 
2 || 10.014 3g | 26.3109 3g | 48.3021 
IZ") ro.2102 1g | 26.7036 1 | 48.0948 

Bi’ || 10.406 2 | 27-0963 2% | 49.0875 
| 86!) 10.6029 | 8% | 27.489 34 | 49.4802 
M% | 10.799 % | 27.8817 % | 49.8729 
6 | 10.9956 || - 9 28.2744 16" 50.2656 
Pgri| 1191 46 | 28.6671 4% | 50.6583 

1126 11| 1123883 | 4% | 29.0598 NAEEN| 510051 
ei | 11.584 36 | 29.4525 || 9°86! \] 51.4437 
$40 5| 11.781 tg :| 29.8452 || © 46) %| 51.8364 

Ye | 11.977 56° | 30.2379 56°) 52.2201 
Mai | 12.4737 34°! 30.6306 8 | 52.6218 

8@ | 12.369 % | 31.0233 Y% | 53-0145 
4 12.5664 be) 31.416 17> «| 53-4072 

Ao. | 12-762 } | 31-8087 #6 || 53-7999 
| 12.9591 Yo.,| 32.2014 Yo 54.1926 

Ag | 13-155 B6 | 32-5941 % | 54-5853 
| 13-3518 %, | 32.9868 % | 54.978 
Sg. | 13-547 5%. | 33-3795 % | 55-3707 
% | 13-7445 Ys» | 33-7722 % | 55-7034 
4p. | 13-94 %..| 34-1649 Ye | 56.1561 
14 | 14-1372 || -11 34-5570 18 56.5488 

4g.| 14-333 ||. 26 .,| 34-9503 7 | 50.9415 
% | 14.5299 | Y4,.| 35-343 4 | 57-3342 
4g,| 14-725 8% | 35-7357 36 | 57.7209 
8f | 14.9226 Vy | 36.1284 16 | 58.2196 
pee | LSHIO 7% | 30-5211 &% | 58.5123 

Ye | 15-3153 % | 30.9138 % | 58.905 
| 15-511 % | 37-3005 % | 59-2977 

5 15-708 12 37-6992 || 19 59-6904 
¥ || 16.1007 4 | 38.0919 Y_ | 60.0831 

% | 16:4934 4%, | 38.4846 4, | 60.4758 
£8 || 16.8861 86 | 38.8773 86 | 60.8685 
Vg | 17.2788 Vs | 39.27 Wy | 61.2612 
og | 17:6715 a | 39.6627 be | 61.6539 
8% || 18.0642 8% | 40.0554 84 | 62.0466 

Ye | 18.4569 % | 40.4481 % | 62.4393 
6 18.8496 13 40.8408 || 20 62.832 

'% | 19.2423 7% | 41.2335 | 63.2247 
LOALe | 19.635 WY | 41.6262 OYE 6310174 

36. | 20.0277 8% | 42,0189 3¢ | 64.0101 
1g) | 20.4204 46°} 42.4116 Vy | 64.4028 
566.1) 20.8131 Se! 42.8043 &6 | 64.7955 
84 || 21.2058 34% | 43-197 34 | 65.1882 
% | 21.5985 % | 43-5807 % | 65.5809 

7..; | 21.9912 14 43-9824 || 21 65.9736 

7% | 22.3839 | 44-3752 % | 66.3663 
© Zh) | 22.7766 4 .| 44.7678 || ~~ | 66.759 
86- | 23.1693 86 |. 45.1605 36° | 67.1517 

124°) 23-562 44) | 45-5532 4% | 67.5444 
» %% | 23-9547 % | 45-9459 % | 67.9371 

34 | 24.3474 Y4| 46.3386 || 194 | 68.3298 
 % | 24.7401 % +) 46.7313 % | 68.7225 



CIRCUMFERENCES OF CIRCLES, __ 238 
Diam. |. ‘Cracum, Diam, . Crncvm. 

22 69.1152 || 29 91.1064 

7 | 69.5079 7 | 91-4991 
7 | 69.9006 | 91.8918 
2% | 70.2933 4% | 92.2845 
4g | 70.686 4% 92.6772 

% | 71.0787 % | 93.0699 
“| 73-4714 % | 93-4626 

fe | 718641 % | 93-8553 
23 72.2568 || 30 94.248 

2% | 72-6495 Z| 94-6407 
| 73:0422 7 | 95-0334 
96 | 73-4349 36 | 95.4261 
1g | 73-8276 1g 95.8188 
6 | 74.2203 % 96.2115 

24 | 74:613 2% | 96.6042 
% | 75-0057 % | 96.9969 

24 75-3984 || 3r 97.3896 
26 | 75-7981 % | 97-7823 
44 \ 76.1838 yy 98.175 

36 | 76.5765 36 |. 98.5677 
7%, | 76.9692 | 98.9604 
% | 77-3619 % | 99.3531 
%4 | 77:7546 % | 99-7458 
% | 78-1473 || - 3%: | 100.1385 

25 78.54 32 100.5312 

26 | 78.9327 7% | 100.9239 
| 7913254 44 | 101.3166 
3¢ | 79.7181 2g | 101.7093 
44 | 80.1108 14 | 102.102 
26 | 80.5035 2% | 102.4947 
3% | 80.8962 | 34° |. 102.8874 
% | 81.2889 % | 103.2801 

26 81.6816 || 33 103.673 
76 | 82.0743 * | 104.065 
v4 | 82:467 +4 | 104.458 
6 | 82.8597 | 3g | 104.851 
73, | 83-2524 || 14 | 105.244 
2% | 83.6451 & | 105.636 
34 | 840378 | 24 | 106.029 
%_| 84-4305 || 3% | 106.422 

"27 | 84.8232 || 34 106.814 
+6. | 85.2159 || . 3 107.207 
My | 85.6086 4% |. 107.6 
8 | 86.0013 8¢ | 107.992 
74, | 86.394 || 26 | 108.385 
56. |, 86.7867 &% | 108.778 
% | 87.1794 3% | 109.171 

— | 87-5721 % | 109.563 
28 87.9648 || 35 109.956 
26 | 88.3575 % | 110.349 
14 | 88.7502 24. |.110.741 
36 | 89.1429 36.2). 111.134 

26 | 89.5356 6246. Ab 1116827 
1% 6 89.9283 56 | 111.919 

4 | 90.321 YA, 112,312 
% | 90-7137 %- | 112.705 

| Dum, 

w w . 

SOREL "RIOR sereheaeyeege® 
w ve} 

a 
io) 

+ > bal ° 

ONDROLELARNN | ON ARARINRRAL 

ARERR 
aN N 

RRO 

113.098 
113-49 
113-883 
114.276 
114.668 
115.061 

115-454 
115.846 

116.239 
116.632 
I17.025 | 
117-417 
117.81 
118.203 
118.595 
118.988 

I19.381 

119.773 
120.166 
120.559 
120.952 
121.344 

125.737 
122.13 

122.522 || 
122.915 | 
123.308 

12337 
124.093 
124.486 
124.879 
125.271 

125.664 
126.057 
126.449 
126,842 
127.235 
127.627 
128.02 
128.413 

128.806 
129.198 
129.591 
129.984 
130.376 

130-769 
131.162 

131-554 
131.947 

132234 
132-733 
133-125 
133.518 
133-911 

134-303 
| 134.696 

| 

a 

amo” eee 
- 

Shed” oe 

Sef’ > 

SIEM Shei” 
as 

SRSA IEA 

Ww 

ie) 

_135.089 
135-481 

135.874 
136.267 
136.66 
137.052 

137-445 
137.838 

138.23 
138.623 
139.016 
139.408 
139.801 
140.194 
140.587 

140.979 
141.372 

141.765 
142.157 
142.55 

142-043 
143-335 
143.728 
144,121 

144.514 
144.906 

145-299 
145.692 
146.084 

146.477 
146.87 
147.262 

147,655 
147.048 
148.441 
148.833 
149.226 
149.619 
150.011 
150.404 

| 150.797 
151.189 
151.582 

151.975 
152.368 
152.76 

153-153 . 
153.546 
153-938 
154-331 
154:724 
155-116 

155509 
155-902 

| 156.295 
. 156.687 



Diam. 

cae rom 

SRE 
wn Ht 

SUEROOE” MwEE 

5 

5 OT 

SOME” 
wn BN 

5 

SUE SARI 

k wn RIG 

157-473 
157-865 

158.258 
158.651 

159-043 
159.436 
159.829 

160.222 
160.614 

| 161.007 
161.4 

| 161.792" | 
162.185 

162.97 

164.149 
164.541 

164.934 
165.327 

165.719 
166,112 

166.897 
167.29 
167.683 

* 168.076 
168.468 
168,861 

169.254 
169.646 
170.039 
170.432 
170.824 
171.217 
171.61 
172.003 

172-395 
172.788 
173-181 

173-573 
173.966 

}. 174+752 
175-144 

175-537 
175-93 
176.322 
176.715 
177.108 

177°5 
| 177.893 
| 178.286 
| 178.678 

{ Crecum. * 

‘|. 157.08 

162.578 | 

163.363 | 
163.756 | 

166.505" 

174-359" 

CIRCUMFERENCES: OF CIRCLES.) 

| i Dram. 

on “ 

SEGRE SOGRRK SEGRE 

on 

g So we 8 
SEHR ISEREE SORE 

RAIA 

= 

Crroum. Drime'| Crroum.: 

179.071 || 64 §.~}°201.062 

| 479-404 || © 2§«'| 201-455 
179.857 Dg | 201.848 
180.249 36 | 202.24 
180,642 44 | 202.633 
181.035 6 | 203,026 
181.427 84 203.419 
181.82 UN 203.811 

182.213)|| 65 204.204 
| 182.605 36 | 204.507 

182.998 34. | 204.989 
183.391 Bg | 205.382 
183.784 YW} 205-775 
184.176 1% | 206.167 
184.569 8%. | 206.56 
184.962 % | 206.953 
185.354 || 66 207.346 

185.747 ¥% | 207.738 | 
186.14 Y% | 208.131 | 
186.532 | 86 | 208.524 
186.925 | 36 | 208.916 
187.318 %~| 209.309 
187.711 34 - | 209.702 
188.103 VY! °210.094. 

188.496 || 67 210.487 
188.889 AZ| 210,88 
189,285 PZT E2T 1.273 
189.674 86 | 211.665 
190.067 4g- | 212.058 

190.459 % | 212.451 
190.852 34 | 212.843 
191.245 We | 213.230 

191.638 || 68 213.629 
192.03 YB | 214.021 
192.423 Yeo 214.414 
192.816 86 0)214.807 
193-208 dy 215.2 
193.601 6 | <215.592 

193.994 % | 215.985 
194.386 W%_| 216.378 

194-779 || 69°} 216.77 
195-172 Xj | 217.163 

195.505 A, | 217-558 
195-957 3% | 217.948 
196.35 4) | 218.341 

196.743 % | 218.734 
197-135 84 | 219.127 
197-528 Ke | 219.519 
197.921'|| 70 219.912 
198.313 3% |:220.305 
198.706 44 \220.697 
199.099 » 86 | 227.09 
199.492 de | 221.483 
199.884 og |. 221.875 
200.277 34 |-222.268 
200.67 | 222,061 

9 > 5 

7 

T 

x | > Q 

~s a 

WACRLAATAR 

SRE 
‘n “ 

SURE” SR 

SORA 

NAKA 

AAAI 

239: 
) Crreum,! 

"223,054 
© 223.446 
223.839 
224,232 
224.024 
225.017 

| 225.41 
225.802 

226.195 
226.583 
226.981 

‘}-227.373 

227.706 
228.159 
228,551 
228.944 

229.337 
229.729 
230,122 
230.515 
230.908 
231.8 
231.693 

| 232,086 

232.478 
232.871 
233-204. 

233,656 
234.049 
234.442 
234.835 
235.227 

235-62. 
230.013 
230.405 

236.798 
237-191 
237-583 
237-976 
238.369 

238.762 

239-154 
239-547 
239:94 
240.332 
240.725 
241,118 
241.51 

241.903 
242.296 
242.689 
243.081 

243-474 
243.867 

244.259 
244.052 



6 
: 

serge” 
4 

SpEeee” seme 

= O- n los} > io 7 * Ga “ Ain © 

IMO DRIES e " SRE” meee 
- © 
a4 

PINE NO 

) Crreum. 
Pa EEBES ios! 

245-045 
245.437 
245.83 
240,223 
246.616 | 
247.008 
247.401 | 

247-794 
248.186 

248.579 | 
248.972 

249,364 
249.757 
250.15 

250.543 | 
250,935 
251.328 
251.721 
252.113 
252.500 
252.899 
253.291 
253-684 

254.077 
254-47 
254.862 

255.255 
255,048 
250.04 

256.433 
256.826 
257.218 

257-011 
258.004 

258.397 
258.789 
259.182 

259575 
259.907 
260.36 

260.753 
261.145 
261.538 
261.931 
262.324 
262.716 
263.109 
263.502 

263.894 
264.287 
264.68 
265.072 
265.465 
265.858 
266.251 
266.643 

CIRCUMFERENCES OF CIRCLES.. 

| Dram, | Crroum, | Dus, {| Crrcum. Dus. | Crecem, 

85 267.036 || 92... { 289.027. 99 311.018 

7% | 267.429 KB | 289.42 - ¥ | 311.411 
44 | 267.821 14. | 289.813 Y 311,804 
86. | 268.214 8g | 290.205 3G.-|, 312.196 
¥% -| 268.607 2% | 290.598 2% |: 312,589 
% |. 268.999 5% | 290.991 % | 312.982 

4. | 269.392 Hh | 291.383 ee 313.375 
M% |, 269.785 4% | 291.776 « 4-1 313.767 

86 270.178 || 93 292.169 || 100 314.16. 
YK) }<270.57 44. | 292.562 a 314.945 

A | 270.963 || 74.| 292.954 4& | 345-731 
% >} 271.356 || 36+} 293.347 % |, 316.516 
7) 271-748 || .4¢-+ 293-74 || 10x 317-302 
% |272.141 % 294.132 #4 |. 318.087 
% | 272-534 % | 204-525 ~2% | 318.872 
% | 272.926 || % | 294.918 %.| 319.658 

87 273-319 || 94 295-31 =|} 108, ; |: 320.443 
WG =| 273.712 | 36 -| 295-703 4 321.229 
14 *)274.105 | +4 | 296.096 42 | 322,014 
36° | 274.497 36 | 296.488 4 | 322799 
7%, }274.89 7%. | 296.881 |} 1030.) |: 323.585 
26 }-275.283 ||» 5¢.} 297.274 74> | 324.37 
94.\:275.675 || . 84 ~| 297.667 38. |: 325.156 
% |. 276.068 %. | 298.059 «1341 325,941 

88 °276.46r || 95 ©} 298.452) || 104: 326.726 
2 | 276.853 || 26 | 298.845 |] 24.|: 327-512 
4° | 277.246 +: | 299.237 Zs 328.297 
36 | 277.629 36 | 299.63 4. |) 329.083 
14 © }5278.032 34} 300.023 |} 105. | 329.868 

26 | 278.424 || 5. }:goo.415 YE\) 330.653 
%° | 278.817 | 384. | 300.808 28 | 331.439 
MW ¢ |) 279-21 % | gor.201 84 11 332,224 

89 279.602) || 96 301.594 || 106. .| 333.01- 
36: | 279.905 3 | 301.986 74 +| 333795 
24 | 280.388 34 | 302.379 72 334-58 
36». | 280.78 3g | 302.772 % © 335.366 
6 >| 281.173 #4 {303-164 || 107. 1 -\1 336.151 
2% | 281.566 26+ | 303-557 74 | 336.037 
%4 | 281.959 %4 | 303-95 2\|\ 3370922 
% | 282.351 % || 304-342 4 338.507 

90. 282.744 || 97.°)| 304.735) || 108 | 339-29, 
36 | 283.137 26 | 305.128 Y& |: 340,07 
7 | 283.529 34> | 305.521 7 | 340.864 
26 | 283.922 36 | 305-913 % “|: 341.649 
% | 284.315 7, \| 300.306 || 109 | 342.434 
26 | 284.707 2% | 306-699 74 \|: 343.22 
% | 285.1 24 | 307-091 4 -)\ 344.005 
% | 285-493 % | 307-484 34 |) 344.791 - 

gr 285.886 || 98 307.877 || 110 345-576 
% | 286.278 >) 308.27 24 -| 346.361 
14 | 286.671 14 | 308.662 +6 | 347147 
36 | 287.064 36 | 309.055 94 (|) 347-932 
2 | 287.456 44} 309.448 || rrr... 348.718 
2% | 287.849 56 | 309.84 °Y& ||) 349.503 
34 | 288.242 840} 310.233 || 16 «hi 350.288 
% | 288.634 % | 310.626 || © 8g +), 351.074 



CIRCUMFERENCES OF CIRCLES. 241° 

Diam. Crrcum,: Drame |) Circuis ||) Draws |) Cincom. | Diam, -Circum, 

132°) }' 351.859. || -12x 380.134. || 130. -| 408.408 || 139) 6.682, 

cs 352.645 7% | 380.919 Y&| 4ogi192 me aera 
a 353-43 74 | 381-704 + | 409.979 76,| 438-253 
34 | 354-215 34 |, 382-49. || ..34| 410.763 % | 439-037 

113 | 355.001 || 122, | 383.275 |), 137 ~ |. 411-55 «|| 140. 82 
4 | 355-786 % | 384.061 7% | 412.334 y YA pies 
4 | 356.572 34 | 384.846 Ye {\/ 413.12 4%) 441.395 
4 5 yee 34 oer % | 413.905 34 | 442.179 

114-_| 358.142 ||,123 386.417 || 132 414.691 || 14x | 442. 

1K | 358.928 % |. 387.202 4 | 415.476 Vy digas! 
4 | 359.713 14 | 387.988 1g | 416.262 461 444.536 

A Spee 94 | 388.773 % | 417.046 94 | 445.321 
II5 361.284 || 124 389.558 || 133 417.833 || 142 446.107 

ZA 362.069 #4 | 390-344 4 | 418.617 %& pe 
7%, | 362.855 2 | 391-129 78, | 419.404 2%, |. 447-078 . 
Re gee) 84 | 391-915 34% | 420.188 34 | 448.462 

II 304.426 || 125 |. 392.7 134 | 420.974 || 143 | 449.24 
7% | 305.211 ||’ 14| 393-484 4 | 421-759 % 4501083 
24 |. 365.996 7, | 394-271 6 | 422.545 26,|, 450.82 
cA ab rth 395-055 % | 423:33...||. 24) 451,604 

T17__ | - 307.567 || 12 395-842 || 135. | 424.116 |).144 452.3 
% | 363.353 4 | 396.626 74, | 424.9 Yh} 453: 273 
4% | 309.138 46| 397-412 44,| 425.087 1, | 453-901 
94 | 309.923 % | 398-197 94 | 420.471 % | 454-745 

118 _| 370.709 || 127 | 398.983 || 136 | 427.258 || 145 | 455.532 
4% | 371-494 4 | 399-768 XM | 428.042 {| 450.316 
1g | 372.28 4g | 400.554 VW |-'428.828 tg | 457-103 

24 | 373-065 % | 401.338 % | 429-613, || 146 | 458.674 
119 | 373-85 || 128 | 402.125 || 137 | 430.309 76, | 400.244 

24 | 374-636 7% | 402.909 74 | 431-183 || 147, | 461.815 
46 | 375-421 % | 403.696 4 | 431-97 % | 493.386 
34 | 370-207 34 | 404.48 % | 432-754 || 148. |. 464.957 

120 | 376.992 || 129 | 405.266 || 138 | 433.541 4 | 460.528 
Z| 377-777 74, | 400.051 4% | 434.325 || 149 | 468.098 
4 | 378-563 2% | 406.837 4 | 435.112 4%, | 469.669 
34° | 379-348 94 | 407.622 94 | 435.896 || 150 | 471-24 

To Compute Circumference of a Diameter greater than 
any in preceding Table. 

~ Ruit.—Divide dimension by two, three, four, etc., if practicable to do so, 
until it is reduced to a diameter in table. 
_ Take-tabular circumference for this dimension, multiply it by divisor, 
according as it was divided, and product will give circumference required, 

 Exampiy.—What is circumference for a diameter of 1050? 

1050-7 = 150; tab, cirewm,, 150 = 471-24, Which X 7 = 3298.68, circumference. 

To Compute Circumference of a Diameter in Feet and 
Inches, etc., by preceding Table. 

- Rure.—Reduce dimension to inches or eighths, as the case may be, and 
ake circumference in that term from table for that number, 
- Divide this number by 8 if it is in eighths, and by 12 if in inches, and 
yuotient will give circumference in feet. 

x 



242° CIRCUMFERENCES OF CIRCLES. > 

EXAMPLE. —Required circumference of a circle of 1 foot 6.375 ins.” 

r foot 6.375 ins. = 18.375 Ins. = 147 eiguths.; — of 147 = 461.815; which +8 
= 57 721 ins.; and by 12 = 4.8106 feet. 

To! SOSA ute Circumference for a Diameter composed of 
an Integer and a Wraction. 

Rute.—Double, treble, or quadruple dimension given, until fraction is in- 
creased to a whole number or to one of those in the table, as 4, }4, etc., pro- 
vided it is practicable to do so. 

‘Take circumference for this diameter; and if it is double of that for which 
circumference is required, take one half of it; if treble, take one third of it; 
and if quadruple, one fourth of it. 

EXAMPLE. —Required circumference of 2.21875 ins. 

2,218 75. 24.4375, Which X 2= 8.875; circum: for which = 27.8817, which + 4 
= a 9704 ins. 

When ‘Diameter consists of Integers and Fractions contained in Table. 

Rute. —Point a decimal to a diameter in table, take circumference from 
table, and add as many figures to the right as there are figures cut off. 

Exampie.—What is circumference of a circle 9675 feet in diameter? 

Circumference of 96.75 = 303-953 hence, circumference of 9675 = 30395 se 

To Ascertain Circumference for a Diameter, as 500, 
5OOO, ete., not contained in ‘Table. 

Risle, —Take. circumference of 5 or 50 ae table; and add the excess of 
ciphers to the result, 

Exawpny,—What is circumference of a circle 8000 feet in diameter ? 

Circumference ‘of 80 = 251.38; hence, circumference of 8000 = 25 138 feet. 

To Compute Cireumference of.a Circle by Logarithms. 

Rvutr.—To log. of diameter add .4970r (log. of 3.1416), and sum is log. 
of circumference, from which take number. 

Exampnr,—What is circumference of a circle 1200 feet in diameter? 

Log. 1200 = 3.079 18 +-. 497.01 = 3.576 195 and number for which = 3769.91 feet. _ 

a Cireum ferences of Birminghain Wire Gauge. 

Dinm. ~~ Cireum. Diam. | Cireum. Diam. ‘Cireum. Diam. | ° Cireum; 

No. Ins. [Nor fe | eon =| Tus.) Not (|e iat 
I 942.48, }. TO. | . 42097. ||, 19 +131 95. 28 043 98 
2 89221 ||| 11° | ‘37699 20 .109 95 29 | .040 84" 
3 813.67 _.|| 12. | -34243, || 2r | -10053 30 | -0377 

747 7— nigh 298.45 22°} .08796° > 35. |; .0g14In + 
691 15 “|! 14 ~ | © .260 75 23°) Jer 078 5a I> 832 .028 27 
637.74.) o¥5; | -.22619 24.,: |... 06911.) 33 025 13- 
+505 49 16, | ,.2042 25,°| ,.06283 ||| 34 | .02199 

3518 36 i) 275 |) ueT822E |] 26: | 05655. | 35 .| O15 71 
464.95 18’ | .15394 ||: 27.:|. .05026. || 30 | .01257 0 OBA DUA 



AREAS AND CIRCUMFERENCES OF CIRCLES, 1243 

» Areas and Circumferences. (Advancing by Tenths.) | 
~ Drs, te 

ot 

2 

23 
4 
5 
6 

asd 

AREA. Crrcum. Diam. 

.007 854 | -31416 6 

.031 416 +628 32 7 

.070 686 -942 48 , 8 
+125 664 1.2566 9 

+196 35 1.5708 6 
+282 744 1.885 it 
-384.846 2.1991 2 
+502 656 2.5133 3 
-636 174 2.8274 4 
+7854 3.1416 1s 

© 9503 3-4558 6 
1.131 3-7999 "7 
1.3273 4.084 I 38 
1.5394 4.3982 9 
1.7671 4-7124 7 
2.0106 5.0266 rt 
2.2098 53407 a 

2.5447 5.6549 3 
2.8353 59 er 
3.1416 6.2832 5 

3.4636 6.5974 3 
3.8013 6.9115 7 

4-1548 7-225 7 8 
4.5239 7:5398 9 
4-908 7 7-354 8 
5-309 3 8.168 2 
5.72506 8.4823 3 
6.1575 8.796 5 : 
6.605 2 9.1106 33 
7.0686 9.4248 oe 

7.5477 9-739 2 
8.042 5 10.053 1 : 

8.553 10.367 3 if! 
9.0792 10.681 4 s 
9.621 1 10.995 6 9 
10.1788 11.3098 9 
10.7521 11.6239 I 
11.3412 I1.938 I 2 
11.9459 12.2522 “3 
12.566 4 12.506 4 “4 
13.2026 12.8806 5 

13.8545 13-1947 6 
14.522 13.5089 7 

’ 15.2053 13.823 8 

15.9043 14.1372 Pe 
16.6191 14.4514 to 

» 17-3495 14.705 5 I 
18.0956 15.0797 2 

18.8575 15-3938 3 
19.635 15.708 4 
20.4283 16,022 2 5 

) 21.2372 16.3363 6 
22.0619 16.650 5 ‘7 
22.9023 16.9646 8 
23-7583 BT aISe Re) 

AREA. 

24.6301 
25.5176 
2614209 

27:3398 
28.2744 
29:2247 
30-1908 ° 
31.1725 
(320807)> om 

331831 
34-212 
35-2506 

36.3169 
37-3929 
38.4846 

39-592 
40.7151 

41.854 
43-0085 
44.1787 
45-3047 
46.5064 
47.7837 
49.0168 

50.2656 
51.5301 
52.8103 
54.1062 

55-4178 
56.7451 
58.0882 

59-4469 
60.8214 
62.2115 

63.6174 
65.039 

66.4763 
67.9292 

69.3979 
70.8823 

72.3825 
73-8983 
75.4298 
78.9771 
78.54 
80.1187 
81.713 
83.3231 

84.9489 
86.5903 
88.2475 
89.9204 
gI.6091 

933134 

Circum. 

17-593 
17.9071 
18.2213 
18.5354 

18.8496 
19.1638 

19.4779 
19.7921 
20.1062 
20.4204 
'20.7346 
(21.0487 
21.3629 

21.677 
21.9912 
22.3054 
22.6195 
22.9337 
23-2478 
23.562! 
23.8762 

24.1903 
24-5045 
24.8186 

25.1328 

25-447 
25.7011 
26.0753 

26.3894 
26.7036 
27.0178 

27-3319 
27.0461 
27.9002 

28.2744 
28.5886 
28.9027 
29.2169 

29.531 
29.8452 

30-1594 
39-4735 
30.7877 
31.1018 

31.416 
31.7302 

32-0443 
32-3585 
32.6726 
32.9868 

33-301 
33-0751 

33-9293, 
34-2434 



244 AREAS AND CIRCUMFERENCES 

es 

OF CIRCLES. 

Dra. AREA, Cimoum, Diam. AREA. Crccn. 

II 95-0334 34-5578 +5 213-8251 51.8364 
al 96.7691 34-8718 6. | 216.4248 52.1505 

2 98.5206 35-1859 <]. | 219-0402 52-4647 
43. 100.2877 35-5001 8. | 22n6773 52.7789 

“4 102.0706 35.8142 9 224.3181 53-093 
5 103.8691 36.1284 17 226.9806 ‘| 53.4072 

Bese 105.6834 36.4426 1 229.6588. 53-7214 
7 107-5134 36-7567, 32 232.3527 54-0355 
38 109.3591 37-2799 3 235.0624 54-3497 
9 I11.2205 37-385 4° | 237-7877 54.0638 

12 113.0976 37-6992 <5 | 240.5287 54-978 
I 114.9904 38.0134 6 243-2855 55-2922 
2 116.8989 38.3275 47 246.058 55.0063, 

503 118.8232 38.0417 8 248.8461 55-9205 
4 120.7631 38.9558 9 251.65 56.2346 

“5 122.7187 39:27 18 254.4696 56.5488 
6 124.6901 39-5842 | 257.3049 56.863 
7 126.6772 39-8983 2 260.1559 57-1771 
38 128.6799 40.2125 3 263.0226 57-4913 
9 130.6984 40.5266 4 265.905 57-8054 

13 132.7326 40.8408 5 268.8031 58.1196 
“2 134-7825 41.155 6 271-717 58.4338 
2 130.8481 41.4691 7 274.6465 58.7479 
53 138.9294 41.7833 8 277-5918 59.0621 
4 141.0264 42.0974 9 280.5527 59.3762 

5 143-1391 42.4116 19 283.5294 59.6904 
6 145.2076 42.7258 ar 286.5218 60.0046 
“7 147-4117 43-0399 2 289.5299 60.3187 
38 149.5710 43-3541 3 292.5530 60.6329 
9 I51-7471 43-6682 4 295-5931 60.947 

14 153-9384 43.9824 a 298.6483 61.2612 

“I 150.1454 44.2966 6 301-7193 61.5754 
“2 158.3681 44.6107 A) 304.806 61.8895 
3 160.6064 44.9249 8 307-9082 62.2037 
4 162.8605 45.239 Ke} 311.0263 62.5178 

“5 165-1303 45-5532 20 314.16 62.832 
6 167.4159 45-8674 ki 317-3094 63-1462 
7 169.7171 46.1815 sk 320.4746 63.4603 
38 172.034 49.4957 3 323-0555 63-7745 
9 174.3007 46.8098 a 326.8521 64.0886 

15 176.715 47-124 5 330.0043 64.4028 

I 179.0791 47-4382 6 333-2923 64.717. 
2 181.4588 47-7523 a 330.530 65.0311 

3 183.8543 48.0065 38 339-7955 65-3453 
4 186.2055 48.3806 Re) 343-0706 65.6594 

5 188.6924 48.6948 21 346.3614 65.9736 
6 T91-1349 49-009 x 349.6679 66.2878 
sh 193-5932 49-3231 2 352-9902 66.6019 © 
38 196.0673 49-6373 3 356.3281 66.9161 
9 198.557 49-9514 4. 359.0818 67.2302 

16 201.0624 50.2656 5 363.0511 67.5444 
+I 203.5835 50.5797 6 366.4362 67.8586 
2. 206.1204 50.8939 uy 309.837 68.1727 
3. 208.6729 51.2081 38 373-2535" 68.4869 
4 | 211.2412 51.5222 Be 376.6857 |! 68.801. 



Diam. 

AREAS AND CIRCUMFERENCES OF CIRCLES. 245 

AREA. Crreum, Diam. ' AREAS» | ‘Crrcum, 

380.1336 69.1152 55 593-9587 86.304 
383-5972 69.4294 6 598.2863 8627082 
387.0705 69-7435 ry 602.6296 8710223 
390.5716 70.0577 38 606.9885 873365 
394.0823 70.3718 9 611.3632 87.6506 

397-6087 79-686 28 615.7536 87.9648 
401.1509 7E-QQ02 cE 620.1597 88.279 
404.7088 71-3143 2 624.5815 88.5931 
408.2823 71.6285 3 629.019 88.9073 
411.8716 72.9426 4 633-4722 89.2214 

415.4766. | 72.2568 5 637-9411 89.5356 
419.0973 -| 72-571 6 642.4258 89.8498 
422.7337 72.8851 4 646.9261 90.1639 
426.3858 73-1993 38 651.4422 90.4781 

430.0536 73-5134 9 655-9739 90.7922 
433-7372 73-8276 29 660.5214 91.1064 
437-4304 | 74-1418 a 665-0846 91.4206 
442.1513 74-4559 2 669.6635 91-7347 
444.882 74-7701 i3 674.258 92.0489 
448.6283 75-0842 4 678.8683 92.303 
452-3904 75-3984 5 683.4943 92.6772 
450.1682 75-7120 6 688.1361 92-9914 

459-9617 78.0267 7 692-7935 93-3055 
463-7708 76.3409 38 697-4666 93-6197 
467:5957 | 76-055 9 702.1555 93-9338 
471.4363 76.9092 30 706.86 94.248 
475-2927 77-2834 4 711.5803 94-5022 
479.1047 77-5975 2 716.3162 94.8763 
483-0524 77-9117 3 721.0079 95-1905 
486.9559 78.2258 4 725.8353 95.5046 
490.875 78.54 ‘5 730.6183 95.8188 

494.8099 73.8542 6 735-4171 96.133 
498.7604 79-1683 3 740.2316 96.4471 
502.7267 79-4825 8 745.0019 96.7613 

506.7087 79-7906 9 749:9078 97-9754 
510.7063 80.1108 31 754-7694 97.3896 
514+7190 80.425 Ai 759.6467 97-7038 
518.7488 80.7391 ‘2 764.5398 98.0179 
522+7937 81.0533 oie: 769.4485 98.3321 
526.8542 81.3674 4 7174-373 98.6462 
530.9304 81.6816 45 779-3131 98.9604 
535.0223 81.9958 6 784.209 99-2740 

539-13 82.3099 ‘7 789:2406 99-5887 
543-2533 82.6241 8 794:2279 99.9029 
547-3924 82.9382 xe) 799-2309 100.217 

552-5472 83.2524 Be 804.2496 100.5312 
555-7170 83.5666 © 809.284 100.8454. 
559-9038 83-8807 2 814.3341 101.1595 

564.1057 84.1949 3 819.4 101.4737 
568.3233 84.509 4 824.4815 | 101.7878 
572.5500 84.8232 5 829.5787 102.102 
570.8056 85.1374 6 834:6917 102.4162 
581.0703 85.4515 7 839:8204. 102.7303 

585-3508 |) 85-7657 38 8449647 103.0445 
589.6469 86.0798 9 850.1248 103.3586 

a6 * 
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CIRCUMFERENCES OF CIRC LES,- 

AREAS Crrcum. Dram, AREA. Crecum. 

855.3006 103.6728 5 1164.1591 120.9516 
860.4921 103.987 6 1170.2146 121.2658 
865.6993 1043011 re 1170.2857 121-5799 
870.9222 104.6153 38 1182.3726 121.8941 
876.1608 104.9294 9 1188.4751 122.2082 
881.4151 105.2436 39 1194.5034 122.5224- 
886.6852 105-5578 .I 1200.7274 122.8366 
891.9709 105.8719 2 1206.8771 123.1507 
897.2724 106.1861 3 1213.0424 123.4649 
902.5895 106.5002 i4 1219.2235 123-779 
907.9224 106,8144 “5 1225.4203 124.0932 
913-271 107.1286 6 1231.6329 124:4074 
918.6353 107:4427 a 1237-8611 124.7215 
924.0152 107.7569 8 1244.105 125-0357 
929.4109 108,071 9 1250.3647 125.3498 
934-8223 108.3852 40 1256.04 125.664 
940-2495 108.6994 iz 1262.9311 125.9782 
945.6923 109.0135 i 1269.2378 126.2923 
951.1508 109.3277 3 1275-5003 126.6065 
958.6251 109.6418 4 1281.8985 126.9206 
962.115 109.956 5 1288.2523 127.2348 
967.6207 110.2702 6 1294.6219 127-549 
973-142 110.5843 7 I301.0072 127.8631 
978.6791 110.8985 3 1307.4083 128.1773 
984.2319 II1,2126 ‘9 1313 825 128.4914 
989.8003 III.5268 41 1320-2574 128.8056 
995-3845 111.841 “e 1326.7055 129.1198 
1000.9844 TI2.1551 2 1333-1694 129.4339 
1006,6001 112.4693 3! 1339-6489 129.7481 
TOI2.2314 112.7834 4 1346.1442 130.0622 
1017.8784 113.0976 ri 1352-6551 130.3764 
1023.5411 I13.4118 6 13591818 130:6906 
1029.2196 113:7259 7 1365-7242 131.0047 
1034.9137 114.0401 38 1372-2823 131.3189 
x2AG OAR Praas4 xe} 1378.8561r 131.633 
1046.3491 114.6684 2 1385-4456 131.9472 105 2.0904. 114.9826 i = Prolene ee Us 
1057.84.74 115.2967 i 1398.6717 132.5755 
1063-6201 115.6109 3 1405.3084 132.8897 
1069.4085 115-925 +4. 141.9607 133.2038 
1075.2120 116.2392 by 3 1418.6287 133-518 
I081.0324 116.5534 6 1425-3125 13318322 
1086.8679 116.8675 1 1432.012 134-1463 
1092.7192 I17.1817 8 1438/7271 134.4605 
1098.5861 117-4958 9 1445-458 134.7746 1104.4687 117.81 43 1452.2046 135.0888 II10.3671 118.1242 I 14.58.9669 135-403 
1116.2812 118.4383 2 1465.7449 135:7171 
I122.2109 118.7525 3 (| 1472.5386 136.0313 
11281564. | 119.0666 4 | 1479348 | 136.3454 I134,1176 119.3808 +5 ‘| 1486.1731 136.6596 
11.40.0945 119.695 6 1493-014 136.9738 
1146,0871 120.0091 “7 1499-8705 137-2879 
I152.0954. 120.3233 8 1506.7428 137,6021 II58.1194 120.6374 ‘9 | 1513.6307 137-9162 



AREAS AND: CIRCUMFERENCES OF CIRCLES. 247 : 

Diam. AREA, Crrcum. Dram. AREA. ¢ Circum. 

44 © | 31520.5344 138.2304 5 | 1924.4263° 155-5092 
cS 1527-4538 | 138.5446 6 1932-2097 |. 155.8234 
2 1534+3889 | - 138.8587 ry 1940.0087 © |. 156.1375 

3 1541-3390 | - 139-1729 8 19478234 156.4517 
4 1548.3061 | - 139.487 9 1955-6539 156.7658 
5 155512883 139.8012 50 1963-5 157.08 
6 1562.2863 140.1154 x 1971.3619 157-3942 
iG 1569.2999 140.4295 - 2 1979-2394 157-7083 
8 1576.3292 140.7437 43 1987.1327 158.0225 
9 1583-3743 141.0578 4 1995.0417 158.3366 

45° 1590-435 141.372 5 2002.9663 158.6509 
oF 1597-5115 141.6862 6 2010.9067 158.965 
+2 1604.6036 142.0003, oF 2018.8628 159.2791 
“6} YOLI.7IIS 142.3145 38 2026.8347 159-5933 
4 1618.8351 142.6286 9 2034.8222 159-9074 

5 1625.9743 142.9428 51 2042.8254 160.2216 
6 1633-1293 143.257 ay 2050.8443 160.5358 
7 1640.3 143-5711 2 2058.879 160.8499 
38 1647-4865 143-8853 i3 2066.9293 161,1641 
9 1654.6886 144.1994 4 2074-9954 161.4782 

46 1661.9064. 144.5130 5 2083.0771 161.7924. 
ss 1669.1399 144.8278 6 2091-1746 162.1066 
‘2 1676.3892 145.1419 iF 2099.2878 162.4207 
<3 1683,6541 145.4561 8 2107-4167 162.7349 

4 1690.9348 145-7702 9 | 2115-5613 163.049 
5 1698.2311 146.0844 52 2123:7216 163.3632 
6 1705:5432 146.3986 i 2131.8976 163.6774. 
7 1712,871 ~ 146.7127 2 2140.0893 163.9915 
8 1720.2145 147-0269 3 2148,.2968 164.3057 
9 1727-5737 147-341 4 2156.5199 164.6198 

47 1734-9486 147.6552 ‘5 2164.7587 164.934 
fe 1742-3392 147.9694 6 217310133 165.2482 
‘2 1749-7455 148.2835 7 2181.2836 165.5623 
AB 1757-1676 148.5977 8 |. 2189.5695 165.8765 
‘4 1764.6053 . 148.9118 9 2197.8712 166.1906 

5 1772.0587 149.226 53 2206.1886 166.5048 
6 1779-5279 .| 149.5402 +I 2214.5217 166,819 
“7 1787.0128 149-8543 2 2222.8705 167.1331 
8 1794-5133 150.1685 3 2231.235 167.4473 
9 1802.0296 150-4820 4 2239:6152 167.7614 

8 1809.5616 150.7968 5 2248,0111 168.0756 
Ny bi ihc naan I51I.111 6 2256.4228 168.3898 

2 1824.6727 151.4251 7 2264:8501 168.7039 
x 1832.2518 151.7393 38 2273:2932 169.0181 
4. 1839.8466 152.0534 Ke) 2281.7519 169.3322 

5 1847.4571 152.3076 54 2290.2264, 169.6464 
6 1855-0834. 152.6818 or 2298.7166 169.9606 
7 1862.7253 152.9959 ‘2 2307+2225 170.2747 
8 1870.383 153-3101 re 2315-744 170.5889 
9 1878.0563 153-6242 4 23.24.2813 170.903 

49 1885-7454 153.9384 ‘5 2332-8343 171.2172 
a 1893.4502 154.2520 6 2341-4031 171.5314 

2 IQO1-I707 154-5067 ‘7 2349.9875 171.8455 
413 1908.9068 154.8809 38 2358.5876 172.1597 

4 | 1916.6587 | . 155-195 9] 2367-2035 172.4738 



AREAS AND, CIRCUMFERENCES OF CIRCLES. 

Dram. AREA. Cincum, Dram. 

55 2375-835 172.788 5 
(ns 2384.4823 173-1022 6 
2 2393-1452 173-4163 op 
3 2401 .8239 173-7305 8 
+4 2410.5183 174.0440 Ke) 

5 2419.2283 174-3588 61 
6 2427-9541 174.673 I 
‘7 2430.6957 174.9871 2 
8 2445-4529 175-3013 4 
9 2454.2258 175-6154 4 

56 2463.0144 175-9296 pt 
BS : 2471.8187 176.2438 6 
+2 2480.6388 176.5579 “J 
3 2489-4745 176.8721 3 
4 2498.326 177-1862 9 

5 2507-1931 177-5004 62 
6 2516.076 177-8146 a 
Ay! 2524.9730 178.1287 om 
8 2533-8889 178.4429 3 
9 2542,8189 178.757 4 

57 2551.7046 179.0712 as 
ne 2560.726 179-3854 6 

2 2569-7031 179-6995 “7 
3 2578.696 180.0137 38 
+4 2587.7045 180.3278 -9 
aS 2590.7287 180.642 63 
6 2605-7687 180.9562 I 
a7 2614.8244 181.2703 2 
8 2623.8957 181.5845 3 
me) 2632.9828 181.8986 4 

58 2642,0856 182.2128 5 
iE 2651,2041 182.527 6 
<2 2660.3383 182.8411 ‘7 
3 2669.4882 183.1553 8 
4 2678.6538 183.4694 xe) 
5 2687.8351 183.7836 64 
6 2697.0322 184.0978 I 
°7, 2700.2449 184.4119 3 
8 2715-4734 184.7261 3 
9 2724.7175, 185.0402 M7. 

59 2733-9774 185-3544 5 
ok 2743-253 185.6686 6 

2 2752-5443 185.9827 7 
2 2761.8512 186.2969 8 
4 2771-1739 186.611 Be) 
5 2780.5123 186.9252 65 
6 2789-8665 187.2394 aI 
7 | 2799-2363 | 187.5535 2 
8 2808.6218 187.8677 3 
9 2818.0231 188.1818 4 

60 2827.44 188.496 +5 
I 2836.8727 .| 188.8102 6 
+2 2846.321 | 189.1243 7 
*) 2855.7851 189.4385 38 
4 2865.2649 189.7520 9 

AREA. 

2874-7603 
2884.2715 

2893-7984 
2903-3411 
2912.8994 
2922.4734 
2932-0631 
2941.6686 

2951-2897 
2960.9266 

2979-5791 
2980-2474 

2989.9314 
2999-0311 

3009.3465 
301g.0776 
3028.8244 

3038.5869 
3048.3652 
3058.1591 

3067.9687 
3°77:7941 
3087.63.41 

3097-4919 
3107-3644 
3117:2526 
3127:1565 
3137-0761 
3147.01 34 

3156.9624 
3166.9291 
3176.9116 

3186.9097 
3196.9236 
3206.9531 

3216.9984 

3227-0594 
3237-1361 
3247-2284 

3257-3305 
3267.4603 
3277:5999 
3287-7551 
3297-9201 
3308.1127 

3318.315 
33285331 
3338-7668 
3349.0163 
3359-2815 
3369-5623 
3379-8589 
3390-1712 
3400-4993 
3410.843 

Crecum. 

190.0668 
190.381 
190.6951 
IQI.0093 

191-3234 
191.6376 
191.9518 
192.2659 
192.5801 
192.8942 
193-2084 
193-5226 

193-8367 
194.1509 

194-465 
194-7792 
195-0934 
195-4975 
195-7217 
196.0358 

196.35 
196.6642 

196.9783 
197-2925 
197-6066 

197-9208 
198.235 
198.5491 
198.8633 

199-1774 
199-4916 
199-8058 
200.1199 

200.4341 
200.7482 

201.0624 
201.3766 
201.6907 
202.0049 
202.319 
202.6332 

202.9474 
203.2615 

203-5757 
203-8898 

204.204 
204.5182 
204.8323 © 
205.1465 
205.4606 
205.7748 
206.089 
206.4031 

206.7173 
207.0314 
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AREAS AND CIRCUMFERENCES OF CIRCLES, 249 

AREA; Crrctm Dram AREA, Crrcum, 

3421.2024 | 207.3456 ACS 4015.1611 224.6244 

3431-5775 | 207.6598 16 | 4026.4002 224.9386 
3441.9684 | 207.9739 “7 4037-655 225.2527 
3452:3749 | 208.2881 8 4048.9255 225.5069 
3462.7972. | 208.6022 Xe) 4060.2117 225.881 

3473-2351 208.9164 72 - 407115136 226.1952 
3483-6888 209.2306 By 4082.83t2 226.5094 
3494.1582 209-5447 2 4094.164'5 226.8235 
3504.6433 209.8589 +3 4105.5136 227.1377 
3515-1441 210.173 4 41168783 227.4518 
3525.6606 210.4872 “5 4128.2587 227.706. 
3536-1928 210.8014 6 4139-655 228.0802 
3546.7407 211.1155 “7 4151,0068 228.3943 
3557-3044 211.4297 8 4162.4943 228.7085 
3507.8837 211.7438 fray 4173-9370 229.0226 

3578.4787 212.058 73 4185.3966 229.3368 
3589.0895 212.3722 4 4196.8713 229.651 
3599-716 212.6863 “3 4208.3617 229.9051 
3610.3581 213-0005 54 4219.8678 230.2793 
3621.016 213-3146 4 4231:38096 230.5934. 

3631.6896 213.6288 5 4242.9271 230.9076 
3642.3789 213.943 6 4254-4804 231.2218 

3653-0839 214.2571 7 4266.0493 231-5359 
3663.805 214.5713 8 4277-634 231.8501 
3674- 541 bakes re) 4289.2343 232.1042 

3095-2931 215-1 00.8504. 232.4784 
3696.061 215.5138 Re He 2.4822 232.7926 
3706.8445 | 215.8279 2 4324.1297' 233-1067 
3717:6438 (| 216.1421 3 4335-7928 233-4209 
S72ReagB Ftp. 2104562 4 | 4347-4717 | 233-735 
3739-2894 |. 216.7704 ‘5 | 4359-1663 | 234.0492 
3750-1358 217-0846 6 43709-8767 234.3034 

3760.9979 | 217.3987 7 | 43826027. | 234.6775 
3771-8756 | 217-7129 8 | 4394:3444 | 234.9917 
3782.7691 Ave a 9 4400.1019 235.3058 
3793-6783 218.3412 “} 4417.875 235.62 
3804.6033 218.0554 Bs, 4429.6639 235:9342 
3815-5439 218.9695 2 4441.4684 230.2483 
3826.5002 219.2837 3 4453.2887 236.5625 
3837.4722 219.5978 4 4405.1247 236.8766 
3848.46 219.912 ‘5 4476.9763 237-1908 
3859-4635 220.2262 6 4488.8437 237+505 
3870.4826 220.5403 7 4500.7268 237.8191 
3881.5175 220.8545 8 4512.0257 238:1333 
3892.5681 221,1686 9 4524-5402 238:4474 

3903-6343 221.4828 76 4530.4704. 238.7616 
3914-7163 220797 1 4548.4163 239.0758 
3925-814 222.1111 2 4560.378 239.3899 

S9SSI9ATS0}, 222:4253 3° | 45723553 | 239-7041 
3948.9566 22257394 4 4584.3484 240.0182 

3959-2014. 223.0536 5 4599-3572 240.3324 
3970.3619 223.3678 6 4608.3816 240,6466 
3981.5382 223.6819 oF 4620.4218 240.9607 

3992-7301 223.9961 8 4632-4777 241.2749 
4003.9378 224.3102 9 4644-5493 241.589 



250 AREAS AND CIRCUMFERENCES, OF CIRCLES, 

Diam. AREA. Crrcum. Diam. | AREA, Crecos. ; 

17 4656.6366 | . 241.9032 5 5345-6287, | 259.182, © 
ae 468.7396 242.2174 6 5358-5957, | 259-4962 

+2 | - 4680.8583 242.5315 7 5371-5784 259-8103 
3 | 46929928 | 242.8457 8 |. 5384.5767 | 260.1245 
4 4705-1429 243-1598 9 5397-5908 260.4386 
5 4717-3087 243-474 83 5410.6206 260.7528 
6. | 4729-4903 243.7882 .x 5423.6661 261.067 
af 4741.0876 244.1023 Lz 5430.7273 261.3811 
38 4753-9005 |. 244.4165 a3 5449-8042 261.6953 
9 4706. 1292 244-7306 + 5462.8968 262.0094 

78 4778.3736 245.0448 5 5476.0051 262.3236 
Scty 4790.6337 245-359 6 5489.1292 262.6378 

2 | - 4802.9095 245-6731 -7 5502.2689 | 262.9519 
3 4815-201 245-9873 38 5515-4244 263.2661 
14 apopaetia ae Re} 5528-5955 263.5802 

5 4939-0311 240.015) 8 1.782 263. 
6 4852.1698 246.9298 as peeps op Bp at 
7 4864.5241 247-2439 2 5508.2033 264.5227 
8 4876.8942 247.5581 3. 5581-4372 264.8369 
‘9 | 4889.2799 | 247.8722 4 | 5594.6869 | 265.151 

79 4901.6814. 248.1864 5 5607.9523 265.4652 

I |- 4914.0986.- |. 248-5006 6 | 5621.2335 | 265-7794 
2 | 4920.5315 | 248.8147 7 | 5634-5303 | 266.0935 
3 4938.98 249.1289 8 5647-8428 266.4077 
4 4951-4443 249-443 9 5661.1711 266.7218 

5 4993-9243 4A9:7572 |i| <8 674.51 267.036 
6 4970-4201 250.0714 | ¥f pth sad eos 
7. |. 4988.9315 |, 250.3855 | 2 5703-25 267-6643 
8 50014586 250.6997 || 3 5714-0411 267.9785 
9 5014.0015 251.0138 | 4 5728.0479 268.2926 

‘80 5026.56 251.328 | 35 5741-4703, 268.6068 

I 5039-1343 | 251.6422 & | 5754.9085 | 268.921 
2 5051.7242 251.9563 y) 5768.3624 269.2351 
3 5064.3299 252.2705 8 578L.8321 269.5493 

4 | 5076.9513 | 252.5846 9 | 5795-3174 | 269.8634 
5 5089-5883 252.8988 | 36 5808.8184 270.1776 
6 5102.2411 253-213 aI 5822-3351 270.4918 
7 5114.9096 253-5271 | 2 5835-8676 270.8059 
38 5127-5939 253-8413 3 5849-4157 271.1201 
9 5140.2938 254.5554 4 5862.9796 271.4342 

81 51.53.0094 254.4696 5 5876-5591 271-7484 
I 5165-7407 254-7838 6 5890.15.44 272.0626 
2 5178.4878 2550979 7 5903-7654 272.3767 
3 5191-2505 255-4121 38 5917-3921 272.0909 
“4 seonaee 2557960 | 9 5931-0345 273.005 
5 §210.0231 259-0404. 8 -6926 273-31 

‘Z| 5242-4580 | 250.0087 || 1: 12 | 597210559. | 273-0475 
38 52552999 256.9829 | ig 5985-7012 274.2017 
“9 5268.1569 2512297 “4 5999-4821 274-5758 

82 5281,0296 257.0112 5 6013.2187 274.89 
A 5293-918 257-9254 6 6026,9711 275-2042 
+2 5306,.8221 258.2395 ey} 6040.7392 275-5183 

133 5319:742 258.5537 8 | 6054.5229 275.8325 
4} 5332-6775 | 2588678 9 | 6068.3224 | 276.1466 
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6082.1376 

6095-9685 
6109.8151 
6123.6774 

6137-5554 
6151.4491 
6165.3586 
6179.2837 
6193-2246 
6207.1811 

6221.1534 
6235-1414 

6249.1451 
6263.1644 

6277.1995 
6291.2503 

6305.3169 
6319.3991 
6333-497 
6347-0107 

6361.74 
6375-8851 

6390.0458 
6404.2223 

, ©418,.4144 
6432.6223 
6446.8459 
6461.0852 

6475-3403 
6489.611 

6503-8974 
6518.1995 

6532-5174 
6546.8509 
6561.2002 

6575:5051 
6589.9458 
6604.3422 
6618.7543 
6633-1821 

6647.6256 
6662.0848 

6676.5598 
6691.0504. 

6705-5567 
6720.0787 
6734.6165 

6749.17 
6763-7391 
6778-324 
6792.9246 

6807.5409 
6822.1729 
6836.8206 
6851.484 

AREAS AND CIRCUMFERENCES OF CIRCLES... 25 

Crreum. Diam. AREA, -« Crrcum. | 

276.4608 ae 6866.1631 293-7390. 
|\ 276.775> 6 6880.858 294.0538 

277-0891 7 6895-5685 294.3679 
277-4033 8 6910.2948 294.6821 

277-7174 ‘9 | 6925-0367 | 294.9962 
Pies OoN.” o4 6939-7944 | 295.3104 
278.3458 aI 6954-5678 205.6246. 
278,6599 .2 | .6969.3569 | 295.9387 
278.9741 3 6984.1616 |. 296.2529, 
279.2882 4 6998.9821 296.567 ° 
279.6024 5 7013.8183 296.8812 
279-9166 6 7028.6703, 297-1954. 

280.2307 7 7943:5379 | 297:5095 
280.5449 38 7058.4212 297.8237 
280.859 9 7073-3203 298.1378 

281.1732 95 7088.235° 208.452 
281.4874 fe 7103-1655 298.7662 
281.8015 az 7118.1116 299.0803 
ae] 3 | 7133-0735 | 299.3045 
282.4208 +4 7148.0511 299.7086 
282.744. 5 7163.0443 300.0228 
283 0582 6 7178.0533 300.337 
283.3723 -7 | °° 7I93:078 300.6511 
283.6865 38 7208.1185 300.9653 
284.0006 Rey 7223.1740 301.2794 

284.3148 96 7238.2464. 301.5936 
284.629 iit 7253-3339 301.9078 
284.9431 aa 7268.4372 302.2219 
285.2573 1B 7283-5501 302.5361 
285-5714 4 7298.6908 302.8502 
285.8856 5 7313-8411 303.1644 
286.1998 6 7329 0072 303.4786 

280.5139 ‘7 7344-189 303-7927 
286.8281 38 7359-3805 304.1069 

287.1422 9 7374-5997 | 304.421 
287.4504 97 7389.8286 304.7352 
287.7706 I 7405 0732 305.0494 

288.0847 12 '| 7420.3335 | 305.3635 
288.3989 ‘3 '| -7435.6096 | 305.6777 
288.713 +4 7450.9013 305.9918 
289.0272 5 7466.2087 306.306 
289.3414 6 7481.5319 306.6202 

289.6555 ‘7 7496.8708 306.9343 
289.9697 3&8 7512.2253 307.2485 
290.2838 Ke) 7527-5950 307-5026 

290.598 98 7542.9816 307.8768 
290.9121 BS 7558.3833 308.191 

291.2203 .2, | .7573-8007 | 308.5051 
291-5495 3 7589-2338 308.8193 
291.8546 4) 7604.0826 309.1334 
292.1688 5 7620.1471 309.4476 
292.483 6 7635.6274 309.7618 

, 292.7971 Ff 7051.1233 310.0759 
t 203.1113 8 7666.635 310.3901 
293 4254 Ke) -7682.1623 310.7042 

qs 



252. AREAS AND CIRCUMFERENCES OF CIRCLES; - 
Dram. AREA. Crecum. | Diam. AREA, Crecum. 

st 7713-2642 311.3326 6 7791.2937 312.9034 
+2 7728.8337 311.6467 z 7806.9467 313-2175 

9 

99°-° | 7697.7054 | 311.0184 5 7775-6563 | 312.5892" 

23 7744-4288 311.9609 7822.6154 313-5317 
“4 | 760.0347 | 312.275 : 7838.2999 | 313-8458 

To Compute Area or Circum ference of a Diameter greater 
than any in preceding Table. 

See Rules, pages 235-6 and 241-2. 

Or, If Diameter exceeds 100 and is less than 100%. 
Put a decimal point, and take out area or circumference as for a Whole Number by removing decimal point, if for an area, two places to right; and 

if for a circumference, one place, 

EXxamMPLE.—What is area and what circumference of a circle 967 feet in diame- ter? 
Area of 96.7 is 7344.189; hence, for 967 it is 734 418.9; and circumference of 96.7 is 303.7927, and for 967 it is 3037-927: 

To Compute Area and Circumference ofa Circle by Log- 
arithms, 

See Rules, pages 236, 242. 

Areas and Circumferences of Circles. 
FROM 1 TO 50 Fret (advancing by an Inch). 

OR, From x T0 50 INcuEs (advancing by a Twelfth). 

Diam. AREA, “Crrcum. | Diam, AREA, Crecum. 
Feet, Feet. Feet. 3 Feet. io 1 jt +7854 3-1416 3 Ih 7-0686 9.4248 -Q217 3-4034 I 7-4668 9.6866 2 1.069 3.6652 2 7.8758 9.9484 fe" 1.2272 3-927 3 8.2958 10.2102 4 1.3963 4.1888 4 8.7267 10.472 5 1.5763 4.4506 5 9.1685 10.7338 6 1.767E | .4.7124 Gan 9.6211 10.9956 7 1.969 4.9742 7 10.0848 11.2574 8 2.1817 5.230 8 10.5593 II.5192 9 2.4053 5:4978 9 II.0447 11.781 10 2.6398 5:7590 Io II.541 12.0428 Ir 2.8853 6.0214 II 12.0483 12.3046 

2 ft. 3-1416 6.2832 4 ft 12.5664 12.5664 I 3.4088 6.545 I 13.0955 12.8282 2 3-687 6.8068 2 13-6354 13.09 3 3-976 7.0686 3 14.1863 13.3518 4 4.2701 7-334. 4 14.7481 13.6136 5 4.5869 7-5922 5 15.3208 13.8754 6 4.9087 7-354. 6 15.9043 14.1372 7, 5.2415 8.1158 a 16.4989 14.499 8 5-5852 8.3776 8 17.1043 14.6608 9 5-9396 8.6304. 9 17.7206 14.9226 10 6.305 . 8.9012 Be) 18.3478 15.1844 Ir 6.6814 9.163 Ir 18.9859 15.4462 
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AREAS AND CIRCUMFERENCES OF CIRCLES. 253 

AREA, Crncum. Dram. AREA, Circun. 

Feet. Feet. Feet. Feet. 

19.635 15-708 6 70.8823 29.8452 ° 
20.2949 15.9698 7: 72.1314 30.107 
20.9658 16.2316 8 73-3913 30.3688 
21.6476 16.4934 9 74.6621 30.6306 
22.3403 16.7552 Bite) 75-9439 30.8924 
23-0439 eee IL 77-2305 31.1542 

23-7593 ie 10 ft. 8.54 1.416 maar | pan | | BA oes, 
25.28 17.8024 2 81.1798 31.9390 
25-9073 18.0642 3 82.5161 32.2014 
20.7254 18.326 4 83.8633 32.4632 
27-4944 18.5878 5 85.2214 32.725 
28.2744 18.8496 6 86.5903 32.9868 
29.0653 19.1114 7 87-9703 33-2486 
29.867 19.3732 8 89.3611 33-5104 

30-6797 19-035 9 90.7628 33-7722 
31-5033 19.8968 10 92.1754 34.034. 
32-3378 20.1586 It 93-599 34.2958 
33-1831 20.4204 reve B 15576 
34-0394 20.6822 J a 26. soee ag 

SA OBPTE i, 20-944 2 97-935 35.0812 
35-7848 at 2058 3 99.4022 | 35.343 30.6738 21.4676 4 100.8303 35.6048 

37-5738 21.7294 5 102.3693 35.8666 
38.4846 21.9912 6 103 8691 30.1284 
39-4064 22.253 7 105.38 36.3902 
40.339 22.5148 8 100.9017 36.652 
41.2826 22.7766 9 108.4343 36.9138 
42.2371 23.0384. 10 109.9778 37-1750 

owe gue 11 111.5323 37:4374 
44-1997, 23-50% 12 ft. 113.0976 37.6992 
45-1859 io};, 23-8238 ck 14.6949 ee 
46.1641 ere 2 116,261 38.2228 
47-1731 : 117.8591 38.4846 
48.193 24.0092 I 19.408 38.7464 
49.2238 24.871 13 121.088 39.0082 
50.2656 25.1328 6 122.7187 39:27 

51.3183 25-3946 7 124.3605 39-5318 
52.3818 25-0564 8 120.0131 39.7930 

53-4593 25.9182 9 127.6766 40.0554 
54-5417 26.18 10 129.351 40.3172 
55-638 20.4418 It 131.0366 40.579 

50.7451 20.7036 13, ft. 132.7326 0.8408 
57-8632 20.9654 4 a aA ae 
58.9923 As 2 130.1578 41.3644 
60.1322 27-489 a 137-8868 41.6262 
61.283 27-7508 4 139.6267 41.888 
62.4448 28.0126 5 141.3774 42.1498 

63.6174 28.2744 6 143-1391 42.4116 
64.801 28.5362 i 144.9117 42.6734 

65-9954 28.798 8 146.6953 42.9352 
67.2008 29.0598 9 148.4897 43-197 
68.417 29.3216 Io 150.295 43-4588 
69.6442 29.5834 II 152.1113 43:7206 

ia 
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AREAS AND CIRCUMFERENCES OF CIRCLES; 

AREA. Crecum. Diam. | AREA. Crecum. 
Feet. Feet. Feet. Feet. 153-9384 43-9824 6 268.8031 58.1196 

He oy 44-2442 Z a weet 
157-0254 44-5 273-0053, 58-0432 159-4853 44.7678 | 9 270.1172 58.905 11 G80 45.0296 | 10 278-577 59-1668 ic icon | II 281.0477 59-4286 
ee ee ea 19 ft. 283.5294 59.6904 168.9433 aos I a aie 59.9522 
170.8736 46.3386 is Ct ae | “ae 172.8098 46.6004 2 291.0398" |" 60.4958 
174-7509 | 46.8622 ‘ phen me, le I2 a 
176.715 47-124 6 298.6483 61.2612 
ee 47-3858 Z 301 2004 61.523 eon] yon | 9 | ee | See . i . } 2.04! 184.6563 48.1712 Io 308.9458 62.3084 
ae-eee 43-433 II 311-5475 62.5702 
ees ee 20 ft. sux6 62.832 
192.7721 49-2184 || F a4 ye ee 
194.8283 | 49.4802 | pease 63-3556 hsost | ie | 3 | Sree | aang 
Be pabe ook eager ae 
203.1622 50-5874 7 332-7532 64.6646 
205.273 50.7892 | 8 335-4531 64.9264 

2p 5e1oct! Sraees’ ||. saeid: Saree Cotes . 3128 40.5854 5-45 arr oul 5¥-5746 | II 343-618 65.7118 

dra none abot | a ie 346.3614 65.9736 
218.1667 52.36 ; 349-T1S7 06.2354 : 2 351.881 66.4972 220.3538 52.6218 | 

\ 3 354-0572 66.759 222.5518 52-8836 || 
224.7607 | 53.1454 | ap Ree ety BV hove ; | 5 | 300.2422" |" 67.2826 20.813 |: 33069, || aoe semen Crees 231.453 53-9308 || 8 She tus 68.068 
233-7056 54.1926 9 | 371-5433 68.3298 AS5 0t 54-4544 TO | 374.3958 68.5916 eet 54. bs Ir 377-2592 68.8534 

242.8249 pear se A 380.1336 69.1152 
245-1321 55-5016 | § a oats ol 247-4501 | 55.7634 oe OS 249-779 50.0252 Selo one earned eo eoe 252.1188 56.287 ; 304.0085 TPr024 \ . 70.4242 : ae Se ee | ° 6087. 7p pees 

259.2038. | 57.0724 el ip ae ee aor ees 57-3342 9 | 406.4936 71-4714 
sees 7 37:598 To 409-477 71.7332 .3869 57-857 IL 412.4713 71.995 



AREAS AND CIRCUMFERENCES OF CIRCLES. 255 

Dram. | AREA Crecum. Diam. AREA. Crrcum. 

Feet. Feet. Feet. Feet. as 

23 ft. | 415.4766 72.2568 6 | 593.9587 86.394. 
I 418.4927 72-5186 7 597-5039 86.6558 
2 421.5198 72-7804 8 601.18 86.9176 

3 | 424.5578 | 73.0422 9 | 604.8072 87.1794 
4 427.6067 73-304 10 608.445 87.4412 
5 430.6664 73-5058 II 612,0938 87-703 

43317371 73-927 28 ft. 615.7536 87.9648 
7 430.8187 74-0894 ‘be 619.4242 88.2266 
8 439-91 1423512 2 623.1058 88.4884 
9 443-0147 74-613 3 626.7983 88.7502 

ee 440.129 74-8748 4 630.5016 89.012 
ay 449-2542 75-1306 5 634-2159 89.2738 

24 ft. | 452.3904 75-3984 6 | 637-9411 89.5356 
‘o2 455-5374 75.0602 7 | 641.6772 89.7974 

2 458.6954 75:922 8 645-4243 90.0592 
3 461.8643 76.1838 9 649.1822 90.321 
4 465.044 70.4450 IO 652-951 90.5828 
5 408-2347 eis Ir 656.7307 90.8446 

471.4303 76.9692 29 ft. | 660.5214 | 91.1064 
7 | 474-0488 | 77.231 Oe sx) epee o113682 
8 477-8723 77-4928 a 668.1354 91.63 
9 481.1066 77-7546 3 671.9588 91.8918 

10 484.3518 78.0164 6 6 
BaGOTS Siac85 4 75-7931 92.153) 

a 497.007 19:27 5 679.6382 92.4154 

25 ft. | 490.875 73.54 6 | 683.4943 92.6772 
I 494-1529 78.8018 7 | . 687.3613 92.939 
2 497-4418 79.0636 8 691.2393 93-2008 
3 500.7416 79-3254 9 | 695-1284 93-4626 
4 504.0523 79-5872 10 699.0278 93-7244 
5 507. 3738 79849 Il 702.9384 93-9862 

510113 Oe 0 ft. 06.86 .248 
7 514.0485 80.3726 3 jt bigs? é Co. 4 3 

73 710.7924 94.509) 
Bey} (St feat ae Res 2 14.7358 716 6 8 724-735) 94-77 
9 520.7093 | 80.8962 18.6901 10334 3 7 95-0334 pte) 524.1454 81.158 4 722.6583 95.2952 

II 527-5324 81.4198 5 726.6313 95.857 

26 ft. 530.9304. 81.6816 6 730.6183 95.8188 
I 534-3397 81.9434 7 734-6162 96.0806 
2 537-759 82.2052 8 738.6251 96.3424 
3 541.1897 82.467 9 742.6448 96.6042 
4 544.6313 82.7288 10 740.6754 96.866 
5 548.0837 82.9906 II 750-7164 97:1278 

6 551-5471 83.2524 1 ft 896 2 4.7994 97-309 
7 555.0214 83.5142 3 ib ip pend 97-6514 
8 558.5066 83.776 = 762.907 97.9132 
9 562.0028 84.0378 66 8 

3 700.9922 99.175 
19 565-5098 84.2996 4 771.0883 98.4368 
Ir 569.0277 84.5614 5 775-1952 98.6986 

27 ft. 572.5500 84.8232 6 779+3131 98.9604 
I 576.0963, 85.085 7 783-4419 99.2222 

2 579-6467 85-3408 8 787-5817 99-484 
3) 583.2086 85-6086 9 791-7323 99-7458 
4 586,781 85.8704 10 795-8938 100.0076 
5 It 800.0662 100.2694. 590.3644 86.1322 



256 AREAS AND CIRCUMFERENCES OF CIRCLES, 

Dram. AREA, Crgcum. Dram. AREA, Crecum, 

Feet. Feet, Feet. Feet. g2hft. 804.2496 100.5312 6 | 1046.3491 114.6684 
808.4439 100.793 || 7 1051.1324 114.9302 

8 055.9206 115.192 
9 
° 

812.649 101.0548 
816.8651 IOI.3166 H 1060.7318 115.4538 
821.092 101.5784 | I 1065-5478 115.7156 
825.3299 101.8402 II 1070.3747 115:9774 
829.5787 102,102 t, 1072-2136 116.2 
833.8384 | 102.3638 || 3974 I iene 3 Se ae 838.1091 102.6256 2} 1084.921 116.7628 842.3906 102.8874 3 1089.7916 117.0246 846.683 103.1492 4 1094.6731 117.2864 
850.9863 103-411 5 1099-5654 117.5482 
855.3006 103.6728 6 1104.4687 117.81 
859.6257 103.9346 7 T109.3829 118.0718 

8 863.9618 104.1964 I114.308 118.3336 
868.3088 104.4582 9 II1Q.2441 118.5954 
872.6667 104.72 Io I124.191 118.8572 
877-0354 ee | II 1129.1489 IIg.11g 

I.4151 105-2436 || 29 4 = 
885.8057 105.5054 || 7 ft mo eS Gd 890.2073 105.7672 ‘ 5 Eas : 2 1144.0878 II9.9044 94.6197 106.029 ‘eae 8 6 8 3 149.0893 120.1662 Be Ss ee ee 4 1154.1017 120.428 : : 5 1159.1249 120.6898 
907.9224 106.8144 6 1164.1591 120.9516 912.3784 107.0762 7 1169.2042 127.2734 
916.8454 107.338 8 11.74.2603 121.4758 921.3233 107.5998 9 1179.3272 121.737 
925.812 107.8616 Io 1184.405 121.9988 
930.3117 108.1234 II 1189.4937 122.2606 
934.8223 108.3852 
939-3439 108.647 : 

943-8763 108.9088 s 
48. .1706 
Eases ~~ oe 3 1209.9578 123.3078 
957-5392 | 109.6942 4 | 1215-101 123.5696 

2 1220.2552 123.8314 

7 
8 
9 

39 ft. 1194-5934 122.5224 
T199.7039 122.7848 
1204.8254 123.046 

w w& + w 

H Seu ce Te ON ON OG AW NH HOO ON QUA NHS 8 OO OY CUE o bo 

H > 

Bijele 962.115 109.956 1225.4203 124.0932 I 966.7019 110.2178 1230.5963 124.355 2 971.2998 110.4796 1235-7833 124.6168 Ss 975-9086 110.7414 1240.9811 124.8786 4 980.5287 III.0032 10 1246.1898 125-1404 5 a cuore III.265 Ir 1251-4094 125.4022 
989-5005 TIT.5268 o ft. 1256.6, 25.66. Ro Oebaban | | th-7886 : is 1261 8814 ees RCE. oe 2 1267.1338 126.1876 9 3+ 7993 13 2 1272.3971 126.4494 TO 008.4754. Thee 5 74 4 1277.6712 126.7112 Ir LOI3.1714 112.8358 5 1282.9563 126.973 

36 ft. | x1017.8784 113.0976 6 1288.2523 127.2348 I 1022.5962 113.3594 7 1293-5592 127.4966 2 1027.325 113.6212 8 1298.877 127.7584 3 | 1032.0647 113.883 9 1304.2058 128.0202 4 1036.8153 114.1448 IO'| 1309.5454 128.282 5 104.5767 114.4066 | Ir 1314.8959 128.5438 



“AREAS AND CIRCUMFERENCES OF CIRCLES. 257 

Diam, » AREA. Crrcum. ~ Dram. AREA, Crrcum, 

Feet, Feet. Feet. Feet. ot 

4i ft. 1320.2574 128.8056 6 1625.9743 142.9428 
I 1325-6297 129.0674 7 1631.9357 143.2046 
2 1331-013 129.3292 8 1637.9081 143.4664 

3 1336.4072 129.591 9 | 1643.8913 143.7282 
4 1341.8123 129.8528 Bo) 1649.8854 143-99 
5 1347-2282 130.1146 | Ir 1655-8904 144.2518 

6 | 1352-6551 130.3764 || 46 ft. | 1661.9064 144.5136 
7 1358.0929 130.6382 Tt 1667.9332 144.7754 
8 1363-5416 130.9 2 | 1673.97% 145.0372 
9 1369.0013 131.1618 3 1680.0197 145.299 

10 1374-4718 131.4236 4 1686.0792 145-5008 
il 1379-9532 131-6854 : 1692.1497 145.8226 

t. | 1385-4456 | 131.9472 1698.2311 | 146.0844 Ra | To Sape* Ga obs 7 | 17043195 | 146.3462 
2 1396.463 132.4708 8 1710.4267 146.608 

3 | 1401.9881 132.7326 9 | 1716.5408 146.8698 
4 1407.5241 132.9944 10 1722.6658 147.1316 

5 1413.0709 133-2502 it 1728.8017 147-3934 
6 | 1418.6287 133-518 47 Jt | 1734-9486 | 147.6552 
7 1424.1974 133-7798 v 1741-1003 147-927, 
8 1429.777 134.0416 2 1747-275 148.1788 

9 1435-3076 134.3034 3 1753-4546 148.4406 
10 1440.969 134.5652 4 1759-6451 148.7024 
at 1446.5813 134.827 5 pane yee 

1772.0 149.22! 
43 ft. 1452.2046 135-0888 7 ps i. 143.4358 

tr | 1457-8387 135-3500 8 | 1784.516 149.7496 
= 14634838 ¥35-0724 9 1790.7611 150.0114, 
3 1469.1398 #359742 10 1797-017 150.2732 
4 eee are II 1803-2838 150.535 
5 epee rare ; 8 ft. 1809.5616 150.7968 
6 1480;173% 136.6506 ‘ Js sae bees 151.0586 
7 ches da a30-9214 2 1822.1498 151.3204 
8 1497-5833 137-1832 ey 1828.4603 151.5822 
9 1503-3047 pilisse 4 1834.7817 151.844 

1509-037 737-708 5 1841.1139 152.1058 
I 1514.7802 137-9686 é 1847.4571 152.3676 

44 ft. 1520.5344 138.2304 yi 1853.8112 152.6294 
I 1526.2994 138.4922 8 1860.1763 152.8912 
2 1532-0754 138.754 9 1866.5522 153-153 
3 1537-8623 139.0158 10 1872.939 153-4148 
4 1543-66 139-2776 Ir 1879-3307 153.6766 
5 1549-4687 139-5394 49 ft. 1885.7454 153-9384 
6 1555:2883 139.8012 I 1892.1649 154.2002 
7 1561.1188 140.063 2 1898.5954. 154.462 
8 1566.9603 140.3248 3 1905.0308 154.7238 
9 1572.8126 140.5866 4 1911-4897 154.9856 

ZO 1578.6756 140.8484 5 1917-9522 155-2474 
ba 1584.5499 I41I.1102 6 1924.4263 155-5092 

t. 1590. I41.372 7 1930-9113 155-772 

i I ate 141.6338 8 1937-4073 150.0328 

2 1602-2378 141.8956 9 1943-9142 156.2946 

3 1608.1556 142.1574 10 1950-4318 156.5564 
mt 1614.0843 142.4192 Il 1950.9604 150.8182 

5 | 1620.0238 142.081 50 ft. 1963.5 157.08 
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258 SIDES OF SQUARES EQUAL TO AREAS, ~~ 

Sides of Squares—equal in Area to a Circle. 
Diameter from x to 100. 

Diam, Side of Sq. Diam. Sidé of Sq. Diam.” } Side of Sq. Diam. Side of Sq. 

I 8862 || 14 12.4072 |} 27 23-9281 40 35-4491 
yy 1.1078 {| 12,6287 4 | 24.1497 % | 35.6706 
iy 1.3203 16° | 12.8503 1g | 24.3712 | 1B | 35-8922 
_% | 1.5509 % | 13.0718 %. | 24-5928 |} 84° | 36.1137 
2. 1.7724 || 15 | 13.2934 || 28 24.8144 || 41 36.3353 | Ye! 1.994 %, | 13-515 7% | 25.0359 || 4. | 36.5569 
7 | 2.2156 #6, | 13-7365 73.| 25-2575 || - 34 | 36.7784 % | 2.4371 % | 13.9581 | 25-479 ||. 34. | 37 3 2.6587 || 16 14.1796 || 29 | 25.7006 || 42 | 37.2215 
Y 2.8802 4 | 14.4012 »P43.|' 25.922¥ | 4 | ena | 4g |, 3.1018 1g. | 14.6227 78, |, 20.1437 | 24. | 37-0646 
% | 3-3233 % | 14.8443 % | 26.3653 || 3% | 37.8862 

4 3-5449 || 17 15.0659 || 30 26.5868 || 43 38.1078 A | 3-7065 14, | 15.2874 7 | 26.8084 ||. 4. | 38.3293 lg | .3.988 74, | 15.509 Z% | 27-0299 || 34. | 38.5509 | 34 | 4.2096 34 | 15-7305 %. | 27-2515 || %, | 38.7724 | 5 4.4311 || 18 15.9521 || 34 27-473 || 44... | 38.9004 | % | 4.0527 4, | 16.1736 A | 27.0946 || 34 | 392155 | 7%, | 4.8742]. - lg | 16.3952 7% | 27-9161 |) ~- 26. | 39.4371 | 54 | 5.0958 %4 | 16.6168 “% | 28.1377)||, = 84> | 39.6587 | 6 53174 || 19 16.8383 || 32 28.3593. 45 39-8802 | Yy 5.5389 1 | 17.0509 1¢- | 28.5808 | {| 40.1018 
+4 | 5.7605 74, | 17:2814 7% | 28.8024 || 34 | 40.3233 | +A 5.982 34 | 17.503 34 | 29.0239 24 | 40.5449 

| 5 6.2036 || 20 17.7245 || 33 29.2455'-|| 46 0.766 VY 6.4251 1 | 17.9461 24 | 29.467 | ye 40.088" Vg 6.0467 2g | 18.1677 1g | 29.6886 | 26. | 41.2096 34 | 6.8683 54 | 18.3892 34 | 29.9102 34 | 41.4311 
8. 7-0898 || 21 18.6108 || 34 30.1317 it 4 1.652 
% | 7.3114 4 | 18.8323 Mor.| 30.3538 i} "“ arbres 3 7-5329 24 | 19.0539 28 | 30-5748 || 34. | 42.0958 % | 97-7545 P4-| 192754 %. | 30.7964 |] 9 84. | 42.3173 

9 7-976 || 22 19-497 || 35. figx.0r79 jt 48 42. 4, | 8.1976 #4 | 19.7185 40} 31.2395 4 42i7b04 7%, | 8.4192 74, | 19.9401 24 | 3t-4O11 z3 | 42.982 oA 8.6407 34 | 20.1617 34 | 31.6826 84. | 43.2036 
10 8.8623 ||. 23. | 20.3832 30peies) 31.9042 || 49 4251 
%4 | 9.0838 74 | 20,6048 7 | 32-1257 % 1807 % | 93054 24, | 20.8263 7% | 32.3473 4 | 43.8682 % |. 9.5269 34 | 21.0479 34 | 32.5688 “A | 44.0898 Ir; 9.7485 || 24 21.2694 || 37 | 32.7904 || 50 44.311 4%; 9.97 4, | 21.491 WA | 33.0112 Mu ne 24, | 10.1916 24, | 21.7126 4% | 33-2335 4 | 44.7545 %. | 10.4132 YA, | 21.9341 94 | 33-4551 34 | 44:976 12 10.6347 ||. 25 22.1557 || 38 33-6766 51 .1976 7& | 10.8563 | 22.3772 4 33.8982 ha wy seiko 74, | 11.0778 14, | 22.5988 4, | 34-1197 7% | 45.6407 74 | 12.2994 34 | 22.8203 34 | 34-3413 || 34. | 45.8622 

13 | T1.5209 |} \'26 23.0419 || 39 34-5628 |) 52 + | 46.0838 A | 11.7425 Ya | 23.2634 74 | 34-7884 a 46/3054 75 | 74-9042 7% | 23-485 7 | 35-006 || 16 | 46.5269 % | 12.1856 4 | 23-7006 34 | 35.2275 % | 46.7485 



53. 

ARSOAR 
n ary 

nn 

2 ert 

ARAL ARANAN 

g a 4 w 
SAK RE 

Agata 2 ASSN 

oO Oo O fon BS o = A 

RESUS BRET ARAN ARO 

Side of Sq. | 

46.97 
47-1916 

47-4131 
47-6347 
47.8562 
48.0778 

48.2994 
48.5209 

48.7425 || 
48.964 
49-1856 
49.4071 
49.6287 
49.8503 | 
50.0718 

50.2934. | 
50-5149 
50.7305. », 
50.958 
51.1790 » 

51.4012 
51.6227 
51.8443 
52.0058 

52.2874 
52.5089 

527305 
52.9521 | 

53-1736 
53-3952 
53-0167 

53-8383 
54.0598 
54.2814 | 

54-503 
54-7245 | 

| 54-9461 | 
55-1676 

55-3892 
55-0107 
55-8323 
56.0538 

56.2754 
56.497 
56.7185 
56.9401 
57-1016 

i 

SIDES OF SQUARES EQUAL TO AREAS. 259 

Diam. | Side of Sq. Diam. | Side of Sq. Diam. . | Side of Sq. 

65 57-6047 || 77 68.2395 || 89 78.8742 
YH) 57-8263 74 | 68.461 24 | 79.0957 
%, | 58.0479 74 | 68.6826 4, | 79:3173 

ig aioe 34 | 68.9041 % | 79-5389 
58.491 78 69.1257 AG 

| 58-7125 74 |-69.3473 he” a 
A 58.9341 cA 69.5083 4% 80. 2035 

84 | 59.1556 || 84 | 69.7904 $4 | Ba4a33 
67 59-3772 || 79 79-0119 646 

M4) 59-5088, || 24 | 70.2335 || 9F,, | 80-0467 
14 | 59.8203 || 44 | 70.455 ||. 4 | 80-8082 
8% | 60.0419 84 | 70.6766 3 81,0898 

68 60.2634: || 80 70,8981 7, | 813113 
Vy | 60.485 VY | 71.1197 ||° 92 81.5329 

36 | 60.7065 7% | 73-3413 |lvy. A | 82-7544 
3% | 60.9281 3% | 71.5628 46. | 81.976 

9, 61.1497 2 71.7844 34 | 82.1975 

4 | 61.3712 4, | 72-0059 i 
#6 | 61.5928 7, | 72-2278 Py sr as 
% | 61.8143 24. |. 72-4491 1g | 8218622 

70 62.0359 || 82 72.6700 3% | 83:0838 
MY | 62.2574 VYe| 72.8921 8 

44. | 62.479 46 | 73-1137 |} Py | 93388 
84 |.62.7006\||. 94 | 73.3353 % aoe 

7 62.9221 ||, 83 73-5508 84 83.97 

4 | 63.4437 4% | 73-7784 
1g | 63.3052 || 36. | 73.9999 || 95,,, | 84-1916 
8/ | 63.5868 84 | 74.2215 A, | 84-4131 

72 63.8083 ||, 84 74-4431 7 $4 6397 
4%. | 64.0299 1 | 74.0047 7; | 84-8502 
1g. | 64.2514 7%, | 74-8862 || 96 85.0778 
%4 | 64.4730 94. | 75+1077 | 85.2993 

73 64.6946 || 85 75.3293 7%, | 85.5209 
6 S4exee A 75.5508 34 | 85/7425 
4 | 05.1377 % | 75-7724 85.0646 

2% | 65.3592 %. | 75-9934 ioe $78 
74 65.5808 || 86 76.2155 le | 86.4071 

1%. | 65.8023 24 | 76.4371 || |. 84 | 86.6289 
14g | 66.0239 44 | 76.6586 8 86.8 
84 | 66.2455 84 | 76.8802 |} 9 Y 87.0718 

75 66.467 87 77-1017 iy, 87.2933 
1% | 66.6886 V1 77-3233 8% | 87.5449 
%, | 60.9104 % | 77-5449 
8{ | 67.1317 8f | 77-7664 | 99, ' 87.7364 

76 67.3532 || 88 77-988 a 87.058, 

¥, |.67-5748||, }4.| 78.2095 ||. 52 | gan 29 
dg | 67.7904 || 34.| 78.4316 7h (EBACE 
84 | 68.0179 84 | 78.6526 || 100 88.6227 57-3832 

| 
t 
Application of Table. 

Circle. 
To Ascertain a Square that has same Area as a Given 

“ Iuius.—If side of a square that has same area as a circle of 73-25 ins. is required. 
By Table of Areas, page 233, opposite to 73.25 is 4214.11; and in this table is 

| 64.9161, which is side of a square having same area as a circle of that diameter. 



260 LENGTHS OF CIRCULAR ARCS, 

Lengths of Circular Arcs, up to a Semicircle. 

Diameter of a Circle =1, and divided into 1000 equal Parts. 

Ti’ght,| Length. ||H’ght.| Length, ||H’ght.| Length, |[H’ght. | Length. i H’ght.’ Length. 

3 1.02645 ]|].15 | 1.05896)/ .2 | 1.103 48 || .25 | 1.159 12 | -3° | 1.22495 
IOI |-1.02698]| .151 | 1.059 73}| .201 | | 1.10447 || 251 | 1. 160 33) | 302 | 1.22635 
102 |. I-027 52 || .152 | 1.06051 || .202 | 1.105 48 | .252 | 1.161 57 +302 1.227 76 
-103 } 1.028 06] .153 | 1.0613 || .203 | 1.1065 || .253 | 1.162 79|| .303 | 1-229 18 
104] 1.0286 || .154 | 1.06209] .204.| 1.107 52 254 1. 16402 | .304 1.23061 
105 | 1.029 14] .155 | 1.06288 /] .205 | 1.10855 || .255 | 1.165 26|| .305 | 1.23205 
.106 | 1.0297 || .156| 1.063 68|| .206 | 1.10958 || .256 | 1.166 49 | 306 | 1.233 49 
+107 | 1.030 26 || .157 | 1-064 49 || .207 | 1.11062) .257 | 1.167 74|| .307 1.234.094 
-108 | 1.030 82 || .158 | 7.0653 || .208 | 1.111 65|| .258 | 1.16899) | 308 | 1.236 36 
+109 | 1.031 39 || «159 | 1-066 11 || .209 | 1.11269|| .259 | 1.17024 | 309 | 1.2378 

+EI_ }1.03196]].16 | 1.06693)|.21 | 1.113 74||.26 | 1.1715 || .31 | 1.23925 
-IIT | 1.032 54 || -16r | 1.067 75 || .241 | 1.11479] .261 | 1.17275 i -311 | / 1.2407 
II2 | 1.033 12 || .162 | 1.068 58 || .212 | 1.11584]|.262 1.17401! <312 | 1.24216 | 
113 | 1.033 71 || .163 | 1.06941 || .213 | 1.116.92]| .263 | 1.17527/|.313 | | 1.2436 
T14 | 1.0343 |].164 | 1.07025 ]|.214 1.11796|| .264 | 1.17655 +314 | 1.24506 
115} 1.0349 |) .165 | 1.071 09||.215  1.11904|| .265 | 1.177841] .315 | 1.24654 
116 | 1-035 51 || .166 | r.071.94|| .216 | 1.12011 || .266 | 1.179 12|| .316 | 1.24801 
117 | 1.036 11 || .167 | 1.07279 || .217 | 1-121 18 || .267 | x.1804. |) .317 | 1.24946 
118 | 1.036 72]| .168 | 1.07365 || .218 | 1.12225) .268 | 1.181 62)|| .318 | 1.25095 
+TIQ | 1.037 34 || -169 | 1.074 51 || -219 | 1.123 34 || .269 | 1.182.94]| .319 | 1.25243 
12 .| 1,03797]|-17 | 1.07537]|| .22 | 1.12445|].27 | 1.184281] .32 | 1.25301 
121 1.0386 || .171 | 1.07624|| .221 | 1.125 56]| .271 | 1.185 57|| .32r | 7. 25539 
122 | 1.039 23 || 172 | 1.077 11 || .222 | 1.12663|| .272 | 1.18688) .322 1. 25686 
123 | 1.039 87 || .173 | 1.07799 || .223 | 1-127 74|| .273 | 1.188 19|| .323 | 1.25836 
124 | 1.040 51 || .174 | 1.07888 || .224 | 1.12885 || .274 | 1.189 69|| .324 | 1.25987 
125 | 1.041 16]] .175 | 1.07977 || .225 | 1.12997]| .275 | 1.19082 +325 | 1.261 37 
126 | 1.041 81 || .176 | 1.08066)! .226 | 1.131 08 || .276 | 1.192 14|| .326 | 1.26286 
127 | 1.042 47|| .177 | 1,081 56]| .227 | 1.132 19|} .277 | 1-193 45|| .327 | 1.26437 
128 | 1.043 13]] 478 | 1.082 46 || .228 | 1.13331 || .278 1.194 77|| .328 | 1.265 88 
129 | 1.0438 || .179 | 1.083 37 || .229 | 1.134.44||.279 | 1.1961 || .329 | 1.2674 
‘13 | 1044.47 |] .18 | 1.08428 || .23 | 1.135 57||.28 | 1.19743] .33 | 1-26892 
+131 | 1-045 15 || .18z | 1.085 19|| .231 | 1.13671 |] .28r | 1.198 87] .331 | 1.27044 
132 | 1.045 84 || .182 | 1.086 rr || .232 | 1.13786]| .282 | 1.200 11 || .332 | 1.27196 
+133 | 1-046 52 || .183 | 1.08704 |] .233 | 1.139 03)| .283 | 1.201 46] .333 | 1-273. 49 
+134 | 1.047 22 || .184 | 1.08797 || .234 | 1.1402 || .284 | 1.202 82 +334 | 1-275 02 
+135 | 1-047 92 || .185 | 1.0889 || .235 | 1.141 36]| .285 | 1.204 19|| .335 1.276 56 
+136 | 1.048 62 |] .186 | 1.089 84 || .236 | 1.142 47/| .286 1.205 58]| .336 | 1.278 5 
+137 | 1-049 32 | .187 | 1.090:79|| .237 | 1.143.63]|| .287 | 1.206.96 337 | 1-279 64 
+138 | 1.05003 ]| .188 | 1.091 74|| .238 | 1.1448 || .288 | 1.208 28 -338 | 1.281 18 
+139 | 1.050 75 || .189 | 1.092 69 || .239 | 1.14597|| .289 1.209 67 || .339 | 1-282 73 
‘14 | 1.05147}] 19 | 1.09365 || .24° | 1.14714]|.29 | 1.21202||.34 | 1.28428 
+I4T | 1.0522 || .19I | 1.09461 || .241 | 1.148 31 || 291 1.212 39 || .341 | 1.285 83 
142 | 1.052 93 || .192 | 1-095 57 || .242 | 1.149 49|| .292 | 1.213 81 || .342 1.287 39 
+143 | 1.053 67 |} .193 | 1.09654 || .243 | 1.15067]! .293 1.2152 || .343 | 1.28895 
“144 | 1.054 41 | .194 | 1.097 52|| .244 | 1.151 86]| .294 | 1.216 58|| .344 | 1.29052 
+145 | 1-055 16]] .195 | 1.0985) || .245 | 1.15308 +295 | 1.21794]! .345 | I1-29209 
+146 | 1.05591 || .196 | 1.099 49}| .246 | 1.154 29 :296 | 1.219 26|| .346 | 1.293 66 
+147 | 1.05667 || .197 | 1.10048 |] .247 | 1.155 49 +297 | 1.22061 || .347 | 1.29523 | 
-148 | 1.057 43||| .198 | 1-101 47 || 248 1.1567 || .298 | 1.22203]| .348 | 1.29681 
+149 | 1.058 19] 199 | 1.102 47|| .249 | 1.157 91|| .209 1.223 47 || .349 | 1.298 39 



LENGTHS OF) 

H’ght.| Length. || H’ght. - Length, H’ght,| Length. Heght. 

CIRCULAR ARCS. 

“Length. | 

261 

Length. 

+35 | 1-29997|| .38 
+351 | 1-301 56]|| .381r 
352 | 1-303 15 || .382 

+353 | 1-304. 74 || 383 
+354 | 1-306 34 || 384 
+355 | 1.30794 || -385 
+356 | 1.309 54 || .386 
+357 | £-31I 15.387 
358 | 1.312 76)| .388 

+359 | 1-314 37]}| -389 

+36 | 1.31599] 39 
361 | 1.317 61 || .397 
+362 | 1.319 23]| .392 
+363 | 1.320 86] .393 

+364 | 1.322 49 || .394 
+365 | 1.324 13 || .395 
-306 | 1.32577 || .396 
+367 | 1.327 42 |) 397 
+368 | 1.32905 || .398 

+369 | 1.330 69|| 399 
| 

+37 | 1-332 34!) -4 
+371 | 1.33399 | 407 
+372 | 1-335 64) 
+373 | 1:3373_ || 403 
+374 | 1.338 96, .404 
+375 | 1-34063)|| 405 
+376 | 1.342 29 || .406 

+377 | 1-343 96 || -407 
+378 | 1.345 63 || .408 
+379 | 1-347 31!) .409 

1.34899 
1.350 68 

1.35237 
1.354.006 

1-355.75 
I-35 7,44 
1.359,14 
1.360 84 
1.362 54 
1.364 25 

1.36596 
1.3607 67 

1.369 39 
1.371 11| 
1.372 83 
1.37455, 
1.376 28 
1.378 O1 | 

1-379 74 
I.381 48 

1.383 22 
1.384.960 
1.386 71 
1.388 46 | 
1.390 21 
1.391 96, 
1.393 72 
1.39548 

| 1-397 24 | 
1res00. | 

+41 
41 
412 
413 
414 
+415 
416 

418 
419 

+42 
421 

| .422 
| 423 
+424 
425 

| .420 
427 
-428 
429 

+43 
+431 
432 

433, 
434 
435, 
436 

437 
+438 

439 

417 | 

1.400 77 
1.402 54 
1.404 32 
1.406 1 
1.407 88 
1.409 66 
I.4I1 45 
1.413 24 

| 1.415 03 
| 1.41682 

| 1.418 61 
| 1.420 41 
1.42222 

| 1.424 02 

(1.42583 
| 1.427 04 

1.429 45 

1.43491 
1.436 73 
1.438 50 

1.440 39 
| 1.442 22 

1-444 05 
| 1-445 89 
1-447 73 
1-449 57 

, 1-451 42 

| 1.45327 

1.431 27). 

| 1.433109 || « 

44 
441 
+442 

443 
“444 
“445 
440 

“447 
-448 

449 

45 
451 

1.45512 

1.45697 
1.458 83 
1.460 69 
1.462 55 
1.464 41 
1.466 28 
1.468 15 
1.4.70 02 
1.471 89 

E473. 77 
1.475 65 
1.477 53 
1479 42 
1.481 31 
1.483 2 

1.485 09 
1.48699 
1.488 89 

7-490 79 

1.492 69 
1.4946 
1.496 51 
1.498 42 

3.500 33 
1.502 24 
1.504 16 
1.50608 
1.508 

1.509 92 

488 

-489 
“49 
“491 
“492 
493 
“494. 
“495 
“496 
“497 
+498 
“499 
5 

1.511 85 
1.513 78 
1.515 71 
1.517 64 
1.51958 
I.52I 52 
1.523 46 
1.525 41 
1.527 30 
1.529 31 
1.531 26 

1.533 22 
1.535 18 

1.537 14 
1.5391 
1.541 06 
1.543 02 

1.54499 
1.546 96 

1.548 93 
1.5509 
1.552 88 
1.554 86 
1.556 85 

1.558 54 
1.560 83 
1.502 82 
1.564 81 
1.566 8 
1.568 79 

1-579 79 

To Ascertain Length of an Arc of a Circle by pre- 
ceding ‘Cable. 

Ruie.—Divide height by base, find quotient in column of heights, take 
length for that height opposite to it in next column on the right hand, 
Multiply length thus obtained by base of arc, and product will give length. 

ExampPie.—What is length of an are of a circle, base or span of it being roo fect, 
and height 25? 

25+ 100=.25; and .25, per table, = 1.159 12, length of base, which, multiplied by 
100 = 115.912 feet. 

When, in division of a height by base, the quotient has a remainder after 
third place of decimals, and great accuracy is required, 

Rute.—Take length for first three figures, subtract it from next following 
length; multiply remainder by this fractional remainder, add product to 
first length, and sum will give length for whole quotient. 

ExAmpPLe.—What is length of an arc of a circle, base of which is 35 feet, and 
height or versed sine 8 feet? 

8-35 =.228 5714; tabular length for .228 = 1.13331, and for .229=1. 134 44, 
the difference between which is .oor13. Then .5714 X .oor 13 = .000 645 682. 

= 1.133 31; 

arc ts to be multiplied ; and 1.133955 682 X 3 

Hence 
and 

.228 
+000 571.4 = .000645 682 

1.133 955 682, the sum by which base of 
5 = 39.688 45 feel. © 



262 LENGTHS OF CIRCULAR ARCS. 

Lengths of Circular Ares from 1° to 180°, 
(Radius = 1.) 

- Degrees. Length. | {Degrees, Length. || Degrees. Length. ~ || Degrees. Length. 

I .0174 46 8028 H 91 1.5882 136_ || ° 2.3736 
2 | 0349 47 8203 || 92 | 1.6057 || 137 | 2.3911 
3 | 0524. ||. 48 8377. | 993 | 13-6231 |) 138 | 2.4085 
4 0698 | 49 ‘8552, || 94 eee 139. | 2.426 
5 0873 50 -8727 II ob ee | 140 2.4435 
6.1} “0147 || 952 -890I || 97 1.693 | 141 -| 2.4609 
7 .0222 52 9076 | 98 | 1.7104 || 142 | 2-4784 
8 | 0396 || 53 975 | 69 | 1.7279 | 143 | 2-4958 

pmol | 9424 || | 144 | 2.5133 
o.i| Se 55 | +9599 || 100 | 1.7453 || 145 | 2.5307 

sg “E745 56 9774 - || ‘tor 1.7628 || 146 2.5482 
set Ce 57 -9948 || I02 1.7802 || 147 2.5656 
12 +2094 || 58 1.0123 103 1.7977 || 148 2.5831 
13 12269 59 1.0297 ! 104 1.8151 149 2.6005 
14 +2443 || 105 1.8326 < ap rae Ee sate «| see: | eae sel [meas | b || 107 1.8675 ; 
17 | 2967 | Gs Seis | 108 | 1.8849 |] 152 pris: 
xs BeNOR! [} 709 | 9024 | Pasa" | 42.6898 

65 1.1345. || x10 1.9199 155 2.7053 
as et 66 1.1519 || 11x 1.9373 || 156 2.7227 

“3095 67 1.1694 "|| 112 1.9548 || 157 2.7402 a 384 68 1.1868 || 113 1.9722 || 158 2.7576 
= a 69 1.2043 ||| 114 1.9897 159 2.7751 

|| 2. 25 +4363 || 70 1.2217) «|| aa mets 160 2.7925 

Br Secs, (ee az’ | Maat ese daaaas 
2 4997 73 TATAT soll: Sexg 2.0769 | es oa 29 5061 74 1.2915. || || 164 2.8623 
30 5236 75 1.309 120 2.0944 || 165 2.8798 
31 “541 76 1.3204 12x | 2.1118 || 166 | 2.8972 
32 5585 || 77 1.3439 122 2.1293, || 167 2.9147 
33 5750, || 72 1.3613 °|| 123 2.1467 168 2.9321 
34 5934 || 79 1.3788 124 2.1642 169 2.9496 
35 6109 || 80 1.3963 | AS sere! 170 2.967 

“1.4137 127 | 2.2166 | E7E | 29845 
37 6458 ’ 
38 | 6632 || 35 | ridsg || 228 | 22g04 |] 378 | G08, 39 6807 8 66x -|| 229.| 2:2515 || 

4 1.4661 174 | 3-0369 
40 6981 || 85 1.4835 130 2,2689 L175 3-0543 
41 +7156 86 I.501 I31 2.2864 176 3-0718 
42 733 87 1.5184 || 132 2.3038 177 3-0892 
43 | +7505 88 15359 -|| 133, | 23213 ,]|, 178 |. 3.1067 
44 -7979 89 1.5533 134 | 2.3387 179 | 3.1241 ~ 45 +7854. fore) 1.5708 135 2.3562 || 180 3.1416 

To Ascertain Tength of a Circular Arc by Table. 
Rute.—From column opposite to degrees of arc, take length, and multi- 

ply it by radius of circle, 
EXxampLy.—Number of degrees in an arc are 45°, and diameter of circle 5 feet. 
Then .7854 tab, length x 5+2— 1.9635 feet. ° 



LENGTHS OF ELLIPTIC ARCS.” 

Lengths of Elliptic Arcs. 
Up to a Semi-ellipse. 

Transverse Diameter = 1, and divided into 1000 equal Parts. 

263. 

Hght.) Length. ||H’ght.; Length. ||H’ght.| Length. |{H’ght.; Length. || H’ght. Length. 

Be 1.04162]|.15 | 1.0933 || .2 I.15014]/.25 |1.21136//.3 | 1.27669 
-IOL | 1.042 62 || .151 | 1.094 48 |) .201 | 1.151 31 || -251 | 1.21263] .301 | 1.27803 
«102 | 1.043 62|| .152 | 1.095 58 || .202 | 1.152 48|| .252 | 1.2139 || .302| 1.27937 
+103 | 1.044 62 || .153 | 1.09669 || .203 | 1.153,66]| .253 | 1-215 17]| .303 | 1.280 71 
+104 | 1.045 62||.154 | 1.0978 || .204 | 1-154 84]|| .254 | 1.216 44'|| .304 | 1.28205 
+105, | 1.04662 || .155 | 1.098 91 || -205 | 1.15602|| .255 | 1.217 72/| .305 | 1.283 39 
.106 | 1.047 62|| .156 | r.10002 || .206] 1.1572 ||.256| 1.219 .306 | 1.28474 
+107 | 1.048 62 || .157 | 1.101 13 || -207 | 1.158 38 || .257 | 1.22028] .307 | 1.28609 
+108 | 1.04962 || .158 | 1.102 24 || .208 | 1.159 57|| .258 | 1.221 56|| .308 | 1.28744 
-109 | 1.05063 | .159 | 1.103 35 || 209 | 1-160 76|| .259 | 1.22284]! .309'| 1.288 79 

.1r_ | 1.051 64 | .16 1.10447 || -21 »| 1,16196||.26 | 1.22412|| .gr | 1.29014, 
«III | 1.05265 || .16r | 1.1056 || .211 | 1,163,16]) .261 | 1.225 41] .3r1 | 1.29149, 
+II2 | 1.053 66|| .162 | 1.106 72} 212 | 1.164. 36|| .262 | 1.2267 || 312.) 1.29285 
+113 | 1-05467|| .163 | 1.107 84 || .213 | 1.165 57 || .263 | 1.22799]|| .313 | 1.29421 
+114)| 1.055 68 || .164.| 1.108 96 || .214 | 1-166 78 || .264 | 1.229 28 || .314 | 1.29557. 
+115 | 1.05669 || .165 | 1.11008 || .215 | 1-16799|| .265 | 1-23057|| 315 | 1.29603 
«116 |.1.0577 || 166| 1.1112 ||} .216| 1.1692 || '266| 1.231 86]| .316.| 1.298 29 
117 | 1.058 72|| .167 | 1.112 32]| -217 | 1-17041|| .267 | 1-233 15]| .317.| 1.29965 
+118)| 1.059 74|| 168.) 1.113 44 || .218 | 1.171 63 |] .268 | 1.23445 ]|| .318 | 1.301 02 
FS & ce) 1.060 76 -169 |/1.114.56]| .219.| 1.172 85 || .269 | 1.235 75] .319 | 1-302 39 

{42 "|.1.061 78 || .£7; |.1.115 69|| .22 | 1.17407] .27 «|. 1-23705]|| .32 1} 1.303 76 
.12T | 110628 || .171 | 1.116 82]| .221 | 1.175 29|| .271, | 1-238 35 || 321 | 1.30513 
+122"), 1.063 82 || 172] 1.11795 ||| .222 | 1.17651 || .272 | 1.23960) .322 | 1.3005. 
+123 |\1:064 84 || .173 | 1.11908 || .223 | 1.177 74]| -273 | 1-24097]| .323 | 1.30787 
+124 | 1.065 86}| .174 | 1.12021 || .224 | 1.17897|| .274 | 1.242 28] .324 | 1.30924 
2125 | 1.066 89 || .175 | 1.121 34|| -225| 1.1802 || .275 | 1-24359]| .325 | 1.31061 
2126 | 1,067 92 || .176) 1.12247]| .226| 1.181 43]| .276| 1.2448 |] .326| 1.31198 
+127 | 1,068 95 || .177) 1.1236> || .227 | 1.18266]| .277 | 1.24612]! .327 | 1.31335 
.128 | 1.069 98 || 178 | 1.12473 || -228 | 1.1839. |] .278 1.247 44 328 | 1.314 72 
«12g |, 1.0700F || .179| 1.125.86]| .229 | 1.185 14 || .279 | 1.248 76]| .329 | 1.3101 

113 |'1.07204|| .18 | 1.12699]] .23 -| 1.186 38)/.28 || 1.2501 ||.33 | 1.31748 
+131 | 11073 08]| .18z | 1.12813] .231 | 1.18762] .28r | 1.251742] 330) 1.31886 
-132 | 1.074 12|| 182 | 1.129 271| .232 | 1.188 86]| .282 | 1.252 74 || .332 | 1.32024 
+133 |. 1.075 16]| .183| 1.13041 || .233 | 1-190T || .283 | 1.254.06]| .333 | 1.32162 
+134 |. 1.076 21 || 184] 1.131 55\|| .234 | 1-191 34]| .284 | 1-255 38]] .334 | 1-323 
‘135 | 1.077 26]| .185| 1.13269]|| .235 | 1-192 58 285 | 1.2507 335 | 1.32438 
£136 | 1.07831 || 186} 1.133 83) .236 | 1-193 82 ||| .286 | 1.25803 ]] .330 | 1-325.76 
+137 | 1.07937 || -187) 1.134.97|| -237 | 1-195.06|| .287 | 1-259 36]| .337 | 132715 
+138 | 1.080 43 || .188} 1.13611 || .238 | 1.1963 || .288 | 1.26069 338 | 1.328 54 
+139 |.1.081 49]| .189] 1.137 26|| .239 | 1.19755 ||| -289 | 1-262.02/| .339 | 1.32993 

14 | 1.08255]|.19 | 1.13841]|.24 | 1.1988 ||.29 | 1-26335]|.34 | 2-331 32 
.I41 | 1.083 62]| .19X | 1.139 56]| .24r | 1.20005] .29r | 1.264 681) .341 | 1.332 72 
.142 | 1.084 69]| -192| 1.14071 || .242 | 1.2013 || .292 | 1.26601 || .342 | 1.334 12 
143 1.085 76]| :193| 1.141 86]] .243 | 1.202 §5|| .293 | 1-207 34] -343 | 1-33552 
.144 | 1.086 84|| .194| 1.143 01|| .244 | 1.2038 || .294 1.208 67|| .344 | 1.33692 

145 | 1.08792|| -195| 1.144 16]] .245 | 1.20506]| .295 | 1-27 1345. | 1.338 33 
.146 | 1.089 01]| .196] 1.145 31 || .246 | 1.206 32 || .296 | 1-271 33}| 346) 1-339 74 
1147 | 1.0901 || -197| 1.14646] .247 | 1.207 58 | .297 | 1:27267|| .347 | 1-341 15: 
.148 | 1.091 19|| 198] 1.147 62||| .248 | 1.208 84 || .298 | 1.274 01|| .348 | 1.342 56 

.149 | 1.092 28]| .199| 1.14888||.249/ 1.2101 | .299 | 1-275. 3511 349 | 1-34397 



Length. 
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LENGTHS OF ELLIPTIC ARCS. 

H’ght.| Length. \j H’ght. Length. || H’ght.| Length. I} H’ght,| Length. 

| 1.369 78) 
| 1-372 23] . 
| 1.37268 | 

11.37708| 

Spr. 381 46, 
1.38292) 

/ 1.384 39 

1.391 69) 

| 1.404 81 
| 1.400 27 

1.409 19 

1.345 39 
1.346 81 
1.348 23 
1.349 65 
1.35108 
1.352 51 

1-353. 94 
E359 37 
1.3568 

1.35823 |. 
1.35967 
1.361 11 

|. 1-362 55]| « 

1.363 99 
1.365 43 
1.366 88 |) , 
1.368 33 

1.37414 
1.376 62! 

1.378 54 
1.38 

1.385 85, 
1.387 32) 

1.388 79 
1.390 24 | 

1.393 14 
T.394-59}| 
1.39605) 

1.397 51 
x 39897 | : 
1.400 43 
1.401 89 

1.403 35 

1.407 73 

1.410 65 
1.41211 

1.41357 
1-415 04 
1.416 51 

1.41798 

1.41945 
1.42092 

1422/39 
1.42386). 

1.425 33) 
1.426 81 | 

i 428 29 | 

1.42977 | 
1.431 25) 

| 1-432 73 | 

1.437 18 | 
1.438 67 | 
1.440 16 | 

| 1-441 65) 

1-443.14|| 
1.444 63|| 
1.446 13 

1.44763 
1.449 13 | 
1.45064 | 
| 1-452 14 
| 1.453 64 
Hee Sh 15, 
1.45665 | 
1.458 15 
1.45966 

| 1.461 67]| 

1-462 68 || 
1.464 19 

{1.4657 | 
€: 467 21| 
1.468 72 | 

| 1.470 23 

eee loa I) 
| 1.473 26 | 
} 1-474 78 
| 1.4763 
| 1.477 82 

1.479 34 
ft. 480 86 | 
| 1.482 38 
1.483 91 

1.485 44 
1.48697 | 
1.488 5 

1.490 03 
1.491 57 
1.493 11 
1.494.605 
1.49618 

1.497 71 
1.499 24. 
1-500 77 
1.5023 
1.503 83 
1.505 30 
1.506 89 || 

1.43421) * 
1.435 69 || - 

“47 
“471 | 1.525 39 
“472 |x. 52691 

473 | | 1.528 49 || 
-474 | 1.53004 
475 | 3.531 59 
476 | 1.533 14 

| 48 

481 | 

-482 | 1.54249 
-483 | 1.54405 || 
.484 | 
485 

.486 | 
-487 
-488 

-489 
49 
.491 
-492 | 

493 
+494 
495 
-496 

497 
-498 

499 
5 1.570 89 || 

3.572 34.| - 
1.57389 | - 

«501 
«502 

+503 
+504 
+505 
+500 

+507 
+508 

-5§09 
51 
511 
aoe 
513 
514 | 1.592 52 | 

.46 | 1.50842)! 
-461 | 1.50996 | 

; 1.5115 
1.51304) 

1.51458 
1.51612 

| 1.51766), 
|1.5192 | 
| 1.52074 
| 1.52229 

1.523 84 

477 | 1.534 69) 
478 | 1.53625 
-479 | I. 53781 || 

| 1.53937) 
1.54093 

1.545 61 
| 1.54718 
1.54875 
1.55032 
1.55189 

1.55340 
1.55503 | 
1.5566 | 
1.558 17 

1.55974. 
1.561 31 | 
1.562 89 || 

1.56447) 
1.56605 | 
°S 567 63 | | 
1.569 21. 

57544 

1-578 54 
1.580 09 
1.581 64 
1.583 19} 

1.584 74 

1.58784 | 

1.5894 
1.59096 | 

515 | 1.59408 
. -516 | 1.59564 

| .517 
518 | 1.598 76 
«519 | 1.600 32), 
52 
521 
522 
523 

| 524 
525 
-526 
527 
-528 
529 

53 
531 
+532 
+533 
+534 

-536 

-537 

‘539 

“54 
541 
542 

543 
“544 
-545 
-546 

|, 547 
; | 548 

+549 

“55 
+551 
552 

+553 
+554 

1.57099 || . 

1.58629). 

«567 | 1.675 61 
508 

+569 | 

1.5972 

1.601 88 

1.603 44 
1.605 
1.606 56 
1.608 12) 
1.609 68 | 
I.611 24) 
1.6128 | 
1.614 36) 

| 1.61592 | 

| 1.61748 
1.61904 | 
1.6206 |, 
1.622 16) 
1.623 72 || 
1.625 28 |) 
1.626 84 | 
1.6284 || 
1.629 96 || 
1.631 52 || 

1.633 09 || 
1.634 65 | 
I. 636 23 | | 

1.637 8° || + 

“335 

-538 

1.640 94 | 

1.645 65 

1.650 36 
1.65193 

| 1.6535 
1.65507) 

| 1.65665 
1.658 23 

| 1.659 81 
1.661 39 
1.662 97 

1.664 55 
1.666 13 

| 1.667 71 

1.67087 

1.67245 
1.67403 

1.677 19 
1.67877 | 

+592 

1.639 37 | ° 
6 | 1.72833 

1.642 51 || « 
1.64408 }|. 

1.647 22 || - 

1.648 79 || ° 

| 1.669 29 || « 

-57 | 1.68036 
«571 |-1.68195 

“572 | 1.683 54 
+573 1.68513 
-574 | 1.686 72 
+575 | 1.688 31 

| .576 | 1.6899 

“577 | 1-691 49 
+578 1.69308 

“579 1-694 67 
-58 | 1.69626 
-581 
.582 
583 
+584 1 
585 | 
.586 

+587 

1.697 85 
| 1-69945 
S JOIOS 
-702 64 

1.704 24 
1.705 84 

| 1-707 45 . 
1-70905 
1.71065 

2.71225 
| 1.71286 
| 1-715 46 
1.71707 
1.718 68 
1.72029 
1.7219 

197233; 
| 1.72511 
| 1.726 72 

588 

-589 
“59 
“591 

+593 
-504 | 
+595 
+596 
“597 
+598 

1.729 94 

1-731 55 
1.733 16 

1-734 77 
1.736 38 

1:737-99 
| 1.7396 
1.741 21 

1.74283 
1-744 44 
1.74605 

1.747 07 
1.749 29 
1.75091 
1.75252 

1.754 14 
1.755 70 
1.757 38 
1.759 
1.760 62 
1.762 24 
1.763 86 
1.765 48 
1.7671 



Length. |! H’ght. 

LENGTHS OF ELLIPTIC ARCS. 

Length, H’ght. Length. H’ght. Length. H’ght. 

265 

Length, 

| 1.804 54 | 

‘| 1.837 33 

| 14845 56 

1.768 72 

1-770 34 
1.77197 
1,773.59 
1.775 21 

1.776 84 
1.778 47 
1.78009 
1.781 72 

1.783 35 
1.78498 
1.7866 

1.789 86 

1-791 49 

1.700 38 
1.798 o1 

1.799 64 
1.801 27 
1.8029 

1.806 17) 
1.8078 

1.809 43 
1.81107 
't.812 71 

1.815 99 

1.82091 
1.822 55 
1.824 19 

1.825 83 
1.827 47 
1.829 Ir 

1.8324 
1.834 04 
1.835 68 

1.838 97 
1.840 61 

1.842 26 
1.843 91 

1.8472 
1.848 85 
1.8505 
1.85215 

1.85379 
1.855 44 
1.85709 

1.788 23 ||. 

1.793 12 ||. 

IRT94 TS ||" 

1.814 35]| - 

1.817 63)} . 
1.819 28!|. 

1.830 75 || + 

-68 
.681 
.682 
-68 
“684 
-685 
-686 

733 
‘734 

1.858 74. 
| 1.860 39 
| 1.862 05 
| 1.863 7 
1.865 35 
1.867 
1.868 66 
1.870 31 
1.87196 
1,873 62 
1.875 27 
1.87693 
1.878 59 
1,880 24 
881 9 

1.883 56 
1.885 22 
1,886 88 
1.888 54 
1,890 2 

1.891 86 

1.893 52 
1.895 19 
1.896 85 
1.898 51 
1.900 17 
1.901 84 
1.903 § 
1.905 17 
1.906 84 
1.908 52 
L.Q10 19 

| 1.911 87 

1.913 55 
1.915 23 
I.g1691 
1.918 59 
T.920 27 
1.92195 
1.92363 
1.92531 
1.927 
1.92868 
1.930 36 
1.932 04 

1-933 73 
1.935 41 
1.9371 
1.938 78 
1.940 40 

1.942 15 

1.943 83 
1.945 52 
1.947 21 
1.9489 ||. 

+735 
+730 

°737 
+738 

+739 

“74 
+741 
742 

°743 
744 
“745 
+746 

747 
+748 

*749 

“75 
+751 
+752 

753 
+754 

1-959 59 
L.952 28 

1.95397 
1.955 66. 

1-957 35 

1.959 94 
1.960 74 | * 
1.962 44 

1.96414 

1.967 53 
1.969 23 

1.979 93 
1.97262 

1.974 32 
1.97602 

1.977 72 
1.979 43 
T.981 13 
1.982 83 

1.984 53 
1.986 23 

1.987 94 
1.989 64 
1.00% 34) fi 

1.99305) * 
1.994 76) - 
1.99647) 
1.998 18 || « 

1.999 89 | ° 
2.0016. |! 
2,003 31 
2.005 02 || 
2.000 73 || 
2.008 44 

2.010 16|| - 
2.011 87): 
2.013 59 
2,015 31 ||- 
2.017 02 

2.018 74 
2.02045 /| + 
2 02217 
2.023 89 
2.025 61 

2.027 33 || 
2.02907)|* 
2.0308 
2.032 52 
2.034 25 || + 
2.035 98!!. 
2.037 71,|| « 

2.039 44) 
2.041 17 || + 
2.0429 

Z 

| 1.965 83 || * 

| 

| 

2.053 31 
2,055.05 || . 
2.056.79|| . 

2.058 53]. 
2.000 27 || , 

2.062 02]| . 

2.003 77|| + 
2.005 52/|| « 
2.067 27 
2.009 01 
2.070 76)|', 
2.072 51 

2.07427]! . 
2.07602)) . 

2:07777)\.. 

2.079 53|| + 
2.081 28 || « 

| 2,083 04 || « 
2.084 8 

2.093 6 

2.095 36)| . 
2,097 12). 
2,098 88 |!» 
2.10065 || 

| 2,102 42 
2.104 19]! « 
2.10596] , 
2.107 73]|.. 

2.109 5 
2.111 27)\|,, 
-I13 04 

11481 

.I2015 

bi ie fe: 

112727 
129 05 
+130 83 

2.13261 

NHNNNNNNNNDND ND 

2.134 39 ||» 
2.13018]). 

2.13797 
2.139 76 

| 2.04462 || . 
2.046 35 |l-« 
2.04809 || « 
2.049 83]|.. 
2.051 57 || « 

| 2,086 56|| . 
2.088 32)! , 
2.09008) , 
2,091 98), 

116 59]|. 
118 37]|- 

.121 93/||- 

-125 49. 

898 

2.14155 

2.14334 
2.14513 
2.14692 
2.14871 

2.1505 
2.15229 

2.15409 
2.155 89 
BST 
2.1595 
2.161 3 
2.163 09 
2.164 89 
2.16668 

168 48 
17028 
17209 

-173 89 
1757 
‘T775% 
179 34 
18113 
18294 

184.75 
186 50 
188 37 
19018 
192 
193 82 

195 64 
197 46 

2.199 28 
2.201 I 
2.202 92 

2,204.74 
2.20056 
2.208 39 
2,210 22 
2.21205 
2.213 88 

S 

Ne NY NY NNN NNNNNNNNDND 

| 2.21591 
2.217 54 
2.219 37 
POR nip 

2.22303 
2.224 86 
2.220 7 
2.228 54 
2.230 38 
2.23222 
2.234 006 

2.2359 
2.237 74 

899 | 2.239 58 
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266 LENGTHS OF ELLIPTIC ARCS. 

H’ght.| Length. ||H’ght.| Length. {| H’ght. taco H’ght.| Length. {| H’ght.| Length. 

-9' | 2.241 42||.92 | 2.27803)! .94 2.31479  .96 | 2.352 41|) .98 | 2-390 55 
*QOI | 2.243 25 || .921 | 2.27987 || .o41 | 2.31666 | .o6r | 2.354 31 Ree 2.39247 

| 
1902 | 2.24508 || .922 | 2.2817 | .942 | 2.31852 .962| 2.35621 .982 | 2.39439 
-903 | 2.2461 || .923 | 2.283 54 | .943 | 2.320 38 || .963 | 2.3581 || .083 2.396 31 
904 | 2.248 74|| .924 | 2.285 37|| .944 | 2.322 24|| .964 | 2.36 -984 | 2.398 23 
+905 | 2.25057 || .925 | 2.2872 || .945 | 2.324 12 .965 | 2.361 or 5 | 2.400 16 
+906) 2.2524 ||.926 | 2.28903 || .946 | 2.325 98 ||| .966 | 2.363 81 | 986 2.402 08 
+907 | 2.254 23| .927 | 2.290 86 | .947 | 2.327 85 || .967 2.305 71 || .987 | 2.404 
‘908 _ 2.25606]| .928 | 2.2927 || .948 | 2.329 72|| -968 | 2-307 62) .988 | 2.40592 
-909 | 2.25789 | .929 | 2.294 53)| .949 | 2.3316 || .969 2.369 52 .989 | 2.40784 

| | -99 | 2.409 76 
91 | 2.25972 )|.93. | 2-29636 | .95 |} 2.33348]! .97 | 2.37143) .991 | 2.41169 -QII | 2.261 55 | .931 | 2.2982 || 951 | 2.335 37 || 971 | 2.373 34 || .992 | 2.41362 
(912 | 2.263 38|| .932 2.300 04 ||'.952 | 2.337 26]| .972 +375 25 || .993 | 2.415 56 
6913 | 2.265 21 |) .933 | 2.301 83} .953 | 2-339 15 ‘973 | -377 16), .994 | 2.41749 
+914 | 2.26704 || .934 | 2.303 73 | 954 | 2.341 04 || .974 | 2.37908 | -995 | 2.419 43 *QI5 2.268 88! .935 2.305 57 || 955 | 2.34293 || 975 | 2-381 | +996 2.421 36 
+916 | 2.27071 || .936 | 2-307 41 || .956 | 2.344 83 || -976 | 2.382 91 || .997 | 2.423 29 . 
*QI7 | 2-272 54]|| .937 | 2-309 26)| .957 | 2.346 73]|| 977 | 2.384 82|| .998 | 2.42522 
918 | 2.27437 | .938 | 2.311 I1 || .958 | 2.348 62|| .978 | 2.386 73 || .999 | 2.42715 
919 2.2762 || .939 | 2.31295 || .959 | 2.35051 -979 2.388 64 || 1. 2.429 08 

To Ascertain Iength of an Elliptic Are (Wight Semi- 
Ellipse) by preceding Table. 

_Ruir.—Divide height by base, find quotient in column of heights, and take length for that height from next right-hand column. Multiply length thus obtained by base of are, and product will give length. 
EXxAMPLE.—What is length of are of a semi-ellipse; base being 7o feet, and height 30.10 feet? 

30-10 7o=.43; and 43, per table, = x. 46268, 
Then 1.46268 X 70 = 102. 3876 feet. 7 

When Curve is not that of a right Semi-Ellipse, Height being half of Trans- 
verse Diameter. — 

Ruru.—Divide half base by twice height, then proceed as in preceding aaa multiply tabular length by twice height, and product will give ength. 

Seen What is length of are of a semi-ellipse, height being 35 feet, and base eet? 

60-2 — 30, And 30-35 X 2=. 428, tabular length of which = 1.459 66. 
Then 1.45966 X 35 X2= 102.1762 feet, 

When, tn Division of a Height by Base, Quotient has a Remainder after third Place of Decimals, and great Accuracy is required, 
Rute.—Take length for first three figures, subtract it from next following length; multiply remainder by this fractional remainder, add product to first length, and sum will give length for whole quotient. ; 
ExXampLe. — What is length of an are of a semi-ellipse, base being 171.3 feet and height 125 feet ? 
171.3 2—= 85.65, and-125 X 2= 250, 171.3 = 250 = .3426 tabular length for +342 = 1.334 12, and for .343 = 1.335 52, the difference between which is -OO14. 
Then .6 X .corg =.0084. 

Hence, .342 = 1.33412 
+0006 = .008 4 

as ek 1.342 52, the sum by which base of are ts to be multiplied ; and x. 34252 X 171.3 = 229.973 676. Seet. bes aw 



AREAS OF SEGMENTS OF A CIRCLE. 267 

Areas of Segments of a Circle. 

The Diameter of a Circle =1, and divided into 1000 equal Parts. 

Versed Versed : Versed Versed Versed 
‘Sine. | Seg. Area.|! Sine, | Seg- Area. || Sine. | Seg. Area. Sine. Seg. Area. Sine, Seg. Area, 

+001 | .00004 |} .052 | .015 56 || .103 | .04269 | .154 | .07675 || .205 | .115 84 
+002 | .000 12 || .053 | .or60r || .104 | .043 1 || .155 | .07747 || .200]..11665 
+003 | .000 22 || .054 | .016.46 ||'.105 | .04391 || .156 | .0782 || .207 | ..117.46 
004 | .000 34 || .055 | .o1691 || .106 | .044 52 || .157 | .078 92 || .208'| .118 27 
005 | .000 47 || .056 | .01737 || -107 | .045.14 || .158 | .07965 || .209 | .119.08 

.006,| .00062 || .057 | .01783 || .108 | .04575 || .159 | .08038 || .ar' 1199 

4007 | .00078 || .058 | .0183 || .109 | .04638 || 16 | .o8rir || 211 | 12072 
008 | .00095 || .059 | .01877 || .1r_ | .047 .16r |-.08185 || .212 | .121 53 
1009 | 00113 || .06 | 019 24 |} .11I | .04763 || .162 | .08258 || .213 | .122 35 
4.0L | .001 33 || .061 | .o1g 72 || .112 | -.048 26 || .163 | .083 32 || .214 | 12317 
OII | .001'53 || .062 | .o202 || .113 |.04889 || .164 | .08406 || .215 | .123.99 
O12 | .001 75 || .063 | .02068 || .114 | .04953 || .165 | .0848 || .216]|..124 8r 
“013 | .001 97 || .064 | .0o2T17 || .115 | .05016 | .166 | .085 54 || .217 | .12563 
.014 | .0022 || .065 | .021 65 ||.116 | .0508 || .167 | .08629 || .218 | .12646 
O15 | .002 44 || .066.| .02215 || .117 | .05145 || .168 | .08704 || .219 | .127 28 
s016 |, .00268 || .067 | .02265 || .118 | .05209 || .169 | .08779 || .22 | .128 11 

s017 | .00294 || .068 | .023 15 || 119) .05274 || 17 | .08853 || .221 | .12894 
4018 | 0032 |) .069'| .02336 || 12 | .053.38 ||'.171 | .08929 || 222 | 12977 
O19 |. 00347 || .07 -| .02417 || .12I | .05404 || .172 | .09004 || .223 | .1306 
.02 | .00375 || .071 | .024 68 || .122 | .05469 || .173 | .0908 || .224 | .131 44 
.02I | .004.03 || -072 | .025 19 || .123 | .055 34 || .174 | .091 55 || .225 |. .13227 
«022 | .004 32 || .073 | .025 71 || .124 | .056 .175 | 09231 || .226 | .133 11 

| 004.62 |) .074 | .026 24 || .125 | .05666 || .176 | .09307 || .227 | .13394 
024 | .00492 || .075\| .02676 || .126 |..05733 || -177 | .093 84 || -228 | .134 78 

| 005 23 || .076.|..027 29 || .127 | .05799 || .178 | .0946 || .229 | .13562 
4026 | .005 55 || .077 | .027 82 || .128 | .05866 || .179 | .09537 || .23 | .13646 

1027 | .005 87 || .078 | .028 35 || .129 | .05933 || .18 | .09613 || .23r | .13732 
1028 | .006 19 || .079 | .028 89 || 13, | .06 .181 | .0969 || .232]..13875 
1029 | .006 53 || .08 | .02943 || .131 | .06067 || .182 |. .097 67 |) .233 |. .139 
+03. | .00686 || .081.| .02997 || .132 | .061 35 || .183'| .09845 || .234 | .139 84 
+031 | .007 2I || .082 | .03052 || .133 | .06203 || .184 | .099 22 || .235 | .14069 
3032 | .007 56 || .083'| .031 07 ||'.134 | .062 71 || .185 | .1 -2360 | .141 54 
033 |. .00791 || .084 | .031 62 || .135 | .063.39 || .186.| .10077 || .237 | .14239 
.034/|, .008 27 || .085 | .032 18 || .136 | .06407 || .187 | .101 55 || .238 |..143.24 
035 | .008 64 || .086 | .032 74 || .137 | 06476 || .188 | .102 33 || .239 | .144.09 
4036 |. .009 oF ||'.087 | .0333 || .138 | .06545 || .189 | .10312 || .24 | .144:94 

+037 | .009 38 || .088 | .033 87 || .139 | .06614 |) 19 | .1039 || .241 | .1458 
-038 | .009 76 || .089 | .03444 || .14 |. .06683 ||'.191 | .10468 || .242 | .14665 
+039 | -O1015 |} .og) “| .035 01 || .141 | .06753 || .192 | .105 47 || .243 | .14751 
004 | .01054 || .09r |. .035 58 || .142 | .068 22 || .193 | .10626 ||.244 | .148 37 
+041 | .01093 || .092 | .036 16 ||..143 | .06892 || .194 | .10705 || .245 | .149 23 
042'| .O11 33 || .093 | .036 74 || .144 | .069 62 || :195'| .107 84 || +246 | .150:09 
4043 | .OTT 73 || :094 | .03732 || .145'| .07033 || -196 | .10864 || .247 | .15095 
044 | .012 14 || .095 |. .0379 || .146| .07103 || .197 | .10943 || .248 | .151 82 
045 | 01255 || .096 | .03849 || .147 | .071 74 || .198 | .11023 || .249 | .15268 
.046 | .01297 || .097,| .03908 || .148 |. .07245 || .199 | 11102 || .25 | .153.55 
047 | .013 39 || .098 | .039 68 || .149 | .073 16 || .2 -I11 82 || .251 | .154.41 
.048 } .013 82 || .099| .04027 || 15 | 07387 || .201 | .11262 || .252 | .155 28 
1049 | -O14 25 || .r 040 87 || .151 | .074.59 || .202 | .113. 43 || -253 | -15615 
05 | .01468 || .10r | .041 48 || .152 | .075 31 || -203 | «114. 23 || .254 | .15702 
051 | .OL5 12 || .102 | .04208 || .153 | .07603 || .204 | .115 03 || .255 | -15789 
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Versed Versed | Versed Versed | 
Sine. | Seg. Area.|! Sine, | Seg. Area. Sine. | Seg! Area: {| Sine. | Seg: Area.) Sing, Seg. Area, 

-256 | .15876 || .305 | .202 76 |) .354 |.2488 || .403 | .29631 || .452 | 344.77 
1257 | -15964 || .306 | .20368 | .355 | .249 76 |.+404 | -297 29 || 453 | -345°77 258 | .160 51 || .307 | .2046 | +356 | .25071 || +405 | 298 27 | +454 «346 76 
+259 |.» 161 39 || 2308 |}, .205.53 || .357 | 25167 fe | -29925 | .455 | -347 7€ 
126" | 162.26 || +309 | .20045 | .358  .25263 || .407 | .30024 |) .456 | .348.75 
.261r | .163 74 || .31 | .20738 || +359 | -253.59 || }.«301 22 | 457 }.-34975 
»262 | .16402 |) grr | .2083 || .36 | .25455 | 409.3022 || .458.} .35075 
1263 | «1649. || .312 | .20923 || .36z.} .25551 || .4t | 30379 | . 35174 

) 

A On re) 
.264 | .165 78 || .313 |..21015 || .362 | .25647 ||'42I | -30417 |) .46 | .35274 
+205 | -10666 || .314 | .211 08 || .363 | 25743 || .412 } .30515 || .46r |..353°74 
.266 | .16755 || -315 | 24201 | .364 | .25839 | 413 | +306 14 | -462 | .354 74 
.267.| 168 44 || .316 | .21294 || .365 -259 36 || .414 | 30712 || .463 | .355 72 
-208-| .169 31 || .317 | .21387 | .366 | .260 32 || +415 | 30811 || .464.| .356 73 
1269 |..1702 || 318} .2148 || .367 | .261 28 || .416 | .30909 || -465,| 357-73 
27 |.17LOQ || -319 |.-21573 || .368.| .26225 || 417 | -31008 | .466 | .358.72 
271 |..17197 ||'.32 | .21667 || 6369 | -263 2x || -418 } 31107 || .467 | -35972 
272 -172 87 || .32r |..2176 -37° | .26418 || «419 |. +31205 | -468 | .36072 
+273 |--173 76 || .322 }..21853 || 4371 }..26514 || .42 | .31304 || -469| .361 72 
274 | 17465 || .323 | .21947 |) «372 | 26611 || .g2r | 31403 || .47 | .36272 275. | +175. 54 || +324 |. .2204 ||.373 | .26708 || .422 |..31502 471 | .363 72 
+276 | -176.43 || .325.),.227 34 || .374 | .26804 +423 |-.316 || 472°} -364°71 
277 | 177 33 || .320 |..22228 || 375 | -26g01 || .424 | .316.99 || -473 | 365-71 
278 | -178 22 || .327 | .223 21 | +378 |, .269 98 | 425 | -31798 || .474 |. 360.71 
+279 | -179 12 || .328:} .22415 ||». -27095 || .426 | .31897 || .475 | .36771 
+28 | .18002 || -329 | .22509 || .378 | -27192 || .427 | .31996 |) .476.| 36871 
1281 }..18092 || .33. | .22603 || -379 | 27289 || .428 | .32095 || .477 | -36971 
1282 |..181 82 ||\.331 |..22697 || .38 +273 86 || +429 | -32194 || .478 | .37071 
-283 | .182 72 || .332 |..22791 || .38z .274 83 ||043 | 32293 || 479 | -3717 
1284 | .18361 || .333 |..22886 || .382 | .275 80 || .431 32391 || .48 | .3727 
»285 | .184 52 ||..334|..2298 || .383.]..27677 432 | -3249 || .48r |. .3737 
-286 |..185 42 || .335 | .23074 || .384 | -277 75 ||-433 | 3250 || .482 3747 1287 | .18633 || .336 | .231 69 || . 

Gd “i ~ 

w mm n -278 72 || .434 | -32689 || .483 |. .3757 -288 | .18723 || .337 | .23263 || .386.] .279 69 435 | 32788 || 484 | .3767 
»289 |, .188 14 ||'.338 | .23358 || .387 | .28067 -436 | .32887 || .485 | .3777 
+29) | «18905 || +339). -234 53 || -388 |. .281 64 |) .437 | 32987 || .486 | .3787 
“291 |..18995 || .34 |. .235.47 || -389 | -282 62 | .438 | .33086 || .487 +3797 292 |..19086 || .341 | .23642 || .39 | .28359 | -439 | 33185 || 488 | 3807 +293 | 19177 |)'.342) -23737 || -391 |-.284.57 ||.44 | .33284 || 489 |. 3817 
{294 |. -192 08 || .343 | .298 32 ||-.392 |. .285 54 || -442 | .33384 || 49 +3827 295 )|.-1936 || .344 | .23927 || .393 | 28652 || .442 | .33483|| .49r | 3837 +290 | .19451 || .345 | .24022 +394 |..2875 ||'.443 | .33582|| .4g2 -384 7 
‘297 |. -195 42 || .346 | .241 17 || .395.|. .288.48 || .444 -33082 |) .493 | .3857 
298 | 19634 | .347 | 24212 || .396 .28945 || 445 | .33781 ||..404 +3867 299) -197 25 | .348 | .24307 || 397 | -29043 || .446 | .3388 ||-.495 | 3877 “3 | «19817 |} +349 | -24403 | .398 | -291 41 || '.447 | .3398 || .496.| 3887 #301 | .19908 || .35 | .244.98 || 399 | -29239 || .448 | .34079 || .497 -3897 +302 '|..2 +352 | -24593 || .4 +293 37 || -449 | 34179 || 498 | .3907 +303 | -20092 || .352 | .24689 || .gor | .294 35 | “45 | .34278 || -499 |. -3917 304 | .201 84 || .353 | .247 84 || .402 | .295 33 || -452 | 343.78 [|\5 | .3927 
To Compute Area ofa Segment of a Circle by preceding 

Table. 
Rutr.—Divide height or versed sine by diameter of circle; find quotient in column of yersed sines. Take area for versed sine opposite to it in next col- umn on right hand, multiply it by square of diameter, and it will give area. 
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EXAMPLE. — Required area of a segment of a circle, its height being ro feet and 
diameter of circle 50. 

10+ 50=.2, and .2, per table, =.111 82; then .111 82 X 507 = 279.55 feet. 

When, in Division of a Height by Base, Quotient has a Remainder after 
Third Place of Decimals, and great Accuracy is required, 

Ru.ir.—Take area for first three figures, subtract it from next following 
area, multiply remainder by said fraction, add product to first area, and 
sum will give area for whole quotient. 
Exampie.—What is area ofa segment of a circle, diameter of which.is 10 feet, and 

height of it 1.575? 

1.575 + 10=—.1575; tabular area for .157 =.078 92, and for .158 =.079 65, the dif- 
Jerence between which is .000 73. 

Then .5 X .000 73 =.000 365. 
Hence, +157 =.07892 

+0005 = .000 365 

.079 285, sum by which square of diameter 
of circle is to be multiplied ; and .079 285 X 107 = 7.9285 feet. 

Areas of Zones of a Circle: 

The Diameter of a Circle = 1, and divided into 1000 equal Purts. 

H’ght. Area, P’ght. Area, || H’ght. Area. H’ght. Area, || H’ght.] Area, 

.OOI | .OOL 035 | -03497 || .069 | .068 78 || .103 | .102 27 || .137 | .13527 

.002 | .002 .030 | .03597 07 | .06977 || +104 | .103 25 138) | 13623 

+003 | -003 -037 | 03697 sO7I | .07076 |! «105 | .104 22 |) .139 | -13719 
+004 | -004 .038 | .037.96 || 1072 | .071 75 || 100} -1052 || .14 +138 15 
«005 | .005 :039 | .03896 |! .073 | .072 74 || -107 | 10618 || rar | 139 r1 
006 | .006 04 | .03996 || .074 | .073.73 || +208 | 107.15 |) 142 | .14007 
+007. | -007 :O4I | .04095 || ..075 | 074.72 || -109 +108 13 +143 | -14103 
008 | .008 .042 | .04195 || 076 | .0755 || 11 | .10911 || .144 | .14198 
009 | -009 043 | 04295 || 077 | .07669 || .111 | .11008 || .145 | .14294 
OI | .OL 044 | .043.94 || .078 | .07768 || .x12 | .11106 || .146 | .1439 
,OII,| .O1L 1045 | .044.94 || .079 | .07867 || .113 | .11203 || .147 | .144 85 
.OI2 | .O12 046 | .04593 || .08 | .07966 || -114 | .113 -148 } .145 81 
-013 | .013 047 | .04693 || .o8r | .08064 || -115 | .11398 || .149 | .14677 

014 | O14 .048 | .04793 || .o82 | .081 63 || 116 | «114.95 || 15 | .14772 
2015 | .O15 +049 | .048 92 || .083 | .08262 |} -LI7 | -11592 || .151 | .14867 
.016 | .o16 .05 | .04992 || -084| .0836 || 118] .1169 || 152 | 14962 
sO17 | .OL7 051 | .05091 || 085 | .084.59 || -119 11787 || .153 | .15058 
.018 | .018 052 | .0519. || .086| .08557 || .12 | .118 84 || 1154. | .15153 
019 | .O19 .053 | .0529 || 087 | .08656 || ,121 | .11981 || «155 | 15248 
EO OZ .054 | .053 89 || .088 | .087 54 || .122 | .12078 || .156 | .153.43 
-O2I | .O2I1 055 | .054 89 || -089 | .088 53 || .123 | .121 75 || .157 | .15438 
.022 | .022 056 | .055 88 || 09 | .089 51 || 224 | .122 72 || .158 | .15533 
«023, | .023 057 | .05688 || .og1 | 0905. || -125 | 12369 || «159 | 156.28 
024 | .024 .058 | .057 87 || .og2 | .og1 48 || -126 | .12469 || .16 | .15723 
.025 | .025 .059 | .058 86 |] .093 | .og2. 46 |) -127 | 12562 || .16r | .15817 
.026 | .02599 || .06 | .05986 || .094 | .09344 || +128 | -12059 || .162 | .159 12 
.027 | .02699 || .061 | .o60 85 || 095 | 09443 || -129 | -12755 || .163 | .16006 
.028 | .02799 || .062 | .061 84 || 0960] .0954 || .13. | .12852 || .164 | .16r01 
.029 | .02898 || .063 | .06283 || -097 | .09639 || 131] .129.49 || -165 | 16195 
-03_ | .02998 |! .064 | .063 82 098 | .097 37 || .132 | .13045 || .166 | .1629 
.031 | .03098 || .065 | .064 82 || .099 | .098 35 || .133 | .132 41 || .167 | 163.84 
032 | .031 98 || .066 | .0653. || .x .099 33 || -134 | 13238 || .168 | .164.78 
1033 | 03298 || .067 | .0668 || .tor | .10031 |] .135 | .13334 || -169 | .165.72 
.034 | .03397 || 068 | .0678 |] .102| .101 29 || .136 | .1343 |! .17 | .16667 

; 7 
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H’ght. Area. H’ght. Area. || H’ght.; Area. fl H’ght. Area. H’ ght. Area. 
— mg | 

-171 | .16761 || .226 | .21805 | -281.| .265.41 i +336 | .308 64 || .397 1 34632 
172 | .168 55 || .227 | .21894 || .282 | .266.24 || .337 | .30938 || .392 346.94 
1173) | .169 48 || .228 } .21983 |! .283 | .26706 || -338 | .310 12 || .393 | .347 56 
+174 | .17042'||..229 | .22072 | -284 | .267 89 i +339 | -31085 || .394 | .34818 
-175 | 27136 || 23 | 227 6r || -285'| -26871 34 | 311 59 || 305 | .34879 
-176,| 1723 || 231 | .2225 || 286 26953 341 | 312 32 || -396 | .3404 ‘177 | +173 23 || .232 | 223.35 || :287 | -27935'|| .342 | 31305 || -307 | .3500% 6178) 174.17 || .233 | 22427 | +288 | -27117 | 1343 | .313 78 || 308 | 35062 
“179 | -I751 || .234 | .225 15 || -289 | -27199 | 344 | 3145 || 300] .35122 
-18_| .17603 |} .235 | -22604||.29 | .2728 || .345/.31523|/.4 | 35182 
-18z | .17697 || .236 | .22692 || .291 | .27362 || .346 | 31595 || .401 | .35242 
182 | .1779 || .237 | -2278 || .292 | .274.43 || .347 | .31667 | -402 | .35302 
-183 | .178 83 || .238 | .22868 | .293 | .275 24 || .348 | .31739 || .403 | 35361 »184 | .179 76 || .239 | 22956 | .2904 | .27605 || .349 | .31811 || .404 +3542 
1185 | 18069 || 124° | 23044 || -295 | 27686) 35 | 31882 || .405 | 35479 -186 | .18162 || 241 | .231 gr |) -296 | .27766 || 351 | 31954 || -406 | .35538 
+187 | .182 54 || .242 | .23219 | -297 | .27847 || 352 | .32025 || -407 | .35506 
188 | .183 47 || .243 | .23306 | -298 | :27927 |) 353 | 32006 || -408 | .35654° +189 }..184.4 |} 244°] .233.94 || -299 | :28007 | -354 |'.321 67 || -409 | 35711 
19 | .185 32 || .245 | 23481 | .3 28088 || 355 | -32237 || .41 | .35769 -I9I | .186 25 || .246 | .23568 | 301 | -281 67 +356 | .32307 || .411 | .35826 1192 | 18717 || 247 | .23655 | .302 | .282.47 || “357 | 32377 || .412 35883 
+193 | 18809 || .248 | .237 42 | .303 | .28327 | .358 | 32447 || -413 | 35939 
+194 | .189 02 || -249 | -238 29 || .304 | .284.06 || -359 | -32517 || .414 |'.35995 
+195 | -18994 || .25 23915 || -305 | .28486 || 36 | 32587 || -415 | .360 5 
+196 -190 86 || .251 | .24002 -306 | .285 65 || 361 | 32656 || -416 361 07 
‘197 | -191 78 || .252'| 24089 || 307 | 286.44 || 362 | 32725 |) .417 | .361 62 
-198.} .1927 || 253 | .241 75 || 308 | .28723 -363 | 327094 }!| -418 | .362'r7 
+199 | -193 61 || .254 | .242 61 | +309 | .288 01 || -364 | .32862 || .419 | .36272 
12 -194 53 |] 255 | -243'47 || .3r + | .2888 || -365 | .32931 || .42 -363 26 
+201 | .195 45 || +256 | .244 33 || .31r | .28958 || -366 | -32999 || .42r | 3638 
+202 | .196 36 || +257 | -245 19 || .312 | .29036 || +367 | .33067 || .422 .364 34 
203 | «197 28 || .258 | .24604 || .313 | .291 75 || -368 | .33135 || .423 | 36488 
1204 | «198 19 || «259 } 2469 || .314 | +291 92 || -369 | .33203 || .424 |-.365 41 
ZOS'| 199 |) .26 | 247 75 || “30S |-2927- |] 37 | 3327 || 425 |.36504 +206 | .20001 || .26r | .248 61 | +326 | .293 48 || -37x |.333.37 || -420 | .36646 
“207 | -20092 || .262 | .249 46 || -317 | -290425 || .372 1.33404 || -427 366 98 
-208 | .201 83 1263 | .25021 || .318 | .295 02 || 1373 |..334 71 || 428 3675 
6209 | .202 74 || .264' | 25116 || .319 | 2058 || .374 | 33537 || -429 | 36802 
‘21 | .20365 || .265 | .25207 || 42 | .29656 || -375'| -33604 || 43 |'.36853 
s21T | .204 56 || -206 | .25285 || \321 | 1297 33 || 376 | -3367 || .432 .369 04 
+212 | .205 46 || «267 | .2537- || 322 | 2981 || -377 | -33735 -432 | .36954 
1213 | «206 37 || +268 | .254 55 || 1323 | .29886 || -378.| .33801 || .433 .37005 1214 | .20727 || -269 | 255 39 || .324 | 29962 || -379 | -33866 || 434 37054 
215 | .20818 ||.27 | .25623 |) .325 | .30039 138 | 33931 || -435 | .37704 
»216 | .20908 || .27r | .25707 || .326 | .301 14 -381 | 339.96 || .436 | .371 53 
217 | .20998 || 272 | .25791 || .327 | 3019: || .382'} .3406r || .437 37202 
218 | .21088 || .273 | .258 75 || .328 | .302 66 -383 | -341 25 || -438 | .3725 
#219 | .211 78 || .274 | .259 59 || -329'} -303.41 || .384 | 3419 || 439 -372.98 22 | .21268 || -275 | -26043 || 33 |.304 16 || -385 | .34253 44 | .37346 221 | .21358 || +276 | 26426 || 337 | 20491 || 386 | 34317 ‘441 | .373.93 1222 | .214 47 || +277 | -20209 || 339 | 36566 || -387 | -3438: 442 1.3744 +223 | .215 37 |) +278 | .26293 || 333)! 306 41 || 388 | .344. 44 -443 | .37487 224 | .216 26 || +279 | .20376 || 1334'| .307 15 || -389'| -34597 || .444 | 37533 1225 | 21716 || .28 | .26459 || .335 | 3079 || 39 | .34569 || .445 | 37579 
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H’ght. |. Area. | H’ght.{ Area. H’ght.| Area. H’ght..|, Area. H’ght. | Area. 

-446 | .37624 || .457 | .38096 || -468 | .385 14 || .479 | .38867 || .49 | .391 37 
447 | -37669 || -458 | .381 37 |] -469 | .38549 || 48 | .38895 || -491 | .301 56 
-448 | 37714 || -459 | -38177 |/..47 | .38583 || .481 | .389 23 || -492 | -391 75 
449 | -37758 || .46 | \.38216)||.471 | .38617 || .482 | .3895 || -493 | 39192 

"645 | 37802 || .461 | .38255 || .472 | .3865 || .483 | .389 76 || -494 | .392 08 
-452 | .37845 || 462 | .382.94 |) 473 | 38683 || .484 | .39001 || -495 | -392 23 

+452 | -37888 || .463 | .383 32 || -474 | .38715 | -485 | .39026 || -496 | .392 36 
-453 | 37931 || 464 | .383 69 || 475 | 38747 | -486 | .3905. || -497 | 392 48 
-454 | +37973 || -465 | 38406 || -476 | .38778 | -487 | .39073 || -498 | .392 58 
+455 | 38014 || .466 | .384 43 || -477 | .38808 | .488 | .39095 || -499 | .392 66 
456 | «38056 || .467 | .384 79 ||. -478 | .38838'|| -489 | .391 17 || .5 3927 

This Table is computed only for Zones, longest Chord of which is Diam- 
eter, 

To Compute Area of a Zone by preceding Table. 

When Zone is Less than a Semicircle, ; 

Rue.—Divide height by diameter, find quotient in column of heights. 
Take area for height opposite to it in next eolumn on right hand, multiply 
it by square of longest chord, and product will give area of zone. 

Examp_e.—Required area of a Zone, diameter of which is 50, and its height rs. 

15+ 50=.3; and .3, as per table, =.280 88, 

Hence . 280 88 X 507 = 702.2 area. 

When Zone is Greater than a Semicircle. 

Roure.—Take height on each side of diameter of circle, and ascertain, by 
preceding Rule, their respective areas ; add areas of these two portions to- 
gether, and sum will give area, 

ExAmpLe. — Required area of a zone, diameter of circle being 50,,and heights of 
zone on each side of diameter of circle 20 and 15. 

20+ 50=.4; -4, as per table, =.351 82; and .351 82 X 50? = 870.55. 
15+ 50=.3; -3, 48 per table, =.280 88; and .28088 X 507= 702.2. 

‘Hence 879.55-+ 702.2 = 1581.75 area. 

When, in Division of a Meight. by Chord, Quotient has a Remainder after 
Third Place of Decimals, and great Accuracy is required. 

Route.—Take area for first three figures, subtract it from the next follow- 
ing area, multiply remainder by said fraction, and add product to first area ; 
sum will give area for whole quotient. 

Exameiu. — What is area of a zone of a circle, greater chord being 100 feet, and 
breadth of it x4 feet 3 ins.? 

14 feet 3 ins. = 14.25, and 14.25 100 =.1425; tabular length for .142=.14007, 
and for .143 =.141 03, difference between which %s .000 96. 

Then .5 X .00096=.00048. Hence .142 =.14007 
+0005 = .600 48 

‘ -140 55, Sum by which square of greater 
chord ts to be multiplied ; and .14055 X 100? = 1405.5 feet. 



272 SQUARES, CUBES, AND ROOTS. 
} = 

Squares, Cubes, and Square and Cube Roots, 

Numper. 

0 OI ANUARW NH 

From 1 to 1600. 
Square. | CusE. Square Roor. Cuzz Root. Li 

I I I I 
4 8 1.414 2136 1.259 921 
9 27 1.732 0508 1.442 2496 

16 64 2 1.587 4011 
25 125 2.236 068 | 1.709 9759 
36 216 2.449 489 7 | 1.817 1206 
49 343 2.645 7513 1.912 931 2 64 512 2.828 4271 2 
81 729 3 2.080 083 7 

100 I 000 3-162 2777 2.154 4347 
121 1331 3-316 624 8 2.223 9801 
144 I 728 3-464 1016 2.289 4286 
169 2197 3-605 5513 2.351 3347 
196 2744 3-741 657 4 2.410 1422 225 3375 3-872 983 3 2.466 2121 250 4.096 4 2.519 8421 
289 4913 4.123 1056 2.571 2816 
324 5 832 4.242 6407 2.620 741 4 
361 6859 4.358 5089 2.668 401 6 
400 8 000 4-472 136 2.714.417 7 
441 9261 4-582 5757 2.758 924 3 484 10 648 4.690 4158 2.802 0393 
529 12 167 4-795 8315 2.843 867 
576 13 824 4.898 979 5 2.884 499 I 625 15 62 5 2.924 0177 
676 17 576 5.099 019 5 2.962 496 
729 19 683 5-196 1524 3 784 21952 5.291 5026 3.036 588 9 
841 24 389 5.385 1648 3.072 3168 
goo 27 000 5.477 2256 3-107 2325 
9 6x 29 791 5-507 764.4 3-141 3806 10 24 32 768 5.656 854 2 3-174 802 1 
1089 35 937 5.744 5626 3-207 5343 1156 39 304 5.830 9519 3-239 6118 
1225 42875 5.9160798 3:271 0663 
1290 46 656 6 3-301 927 2 13 69 50653 6.082 762 5 3-332 2208 
1444 54872 6.164.414 3-361 975 4 I5 21 59319 6.244.998 3-391 2114 
16.00 4 000 6.324 5553 3-419 9519 1681 68 g21 6.403 1242 3-448 2172 17 64 74.088 6.480 740 7 3:476 0266 
18 49 79 507 6.557 438 5 3-503 398 I 19 36 85 184 6.633 249 6 3-530 348 3 2025 QI 125 6.708 203 9 3-556 893 3 
2116 97 330 6.782 33 3-583 0479 . 2209 103 823 6.855 6546 3.608 826 r 23,04 TIO 592 6.928 203 2 3-634 241 1 
24 01 117 649 7 3.659 305 7 25.00 125 000 7.071 0678 3-684 O31 4 2601 132651 7-141 4284 3-708 429 8 2704 140 608 7.201 1026 3-732 5111 
28 09 148 877 7.280 109 9 3-750 285 8 
29 16 157 464 7-348 469 2 3-779 763 x 



SQUARES, CUBES, AND ROOTS. 

Numeer.|> ) Square. CuBE. | - Square Roor.: 

55 30 25 166 375 7-416 198 5 
56 31 30 175 616 7-483 3148 
57 3249 185 193 7-549 834 4 
58 33 64 195 112 7-815 773 1 
59 3481 205 379 7-081 145 7 
60 36.00 216.000 7-745 9606 7 | 
61 Mek 226 981 7-810 249 7 
62 38 44 238 328 7.874 0079 

63 39 69 250 047 7-937 2539 
64 40 90 262 144 <8 
65 4225 274 625 8.062 2577 

665 43 56 287 490 8.124 038 4 | 
67 44.89 300 763 8.185 3528 
68 46 24 314 432 8.246 2113 
69 47 O1 328 509 8.306 6239 
70 49 00 343 000 8.366 600 3 
71 5041 357911 8.426 1498 
72 51 84 373 248 8.485 281 4 

73 5329 389 017 8.544.003 7 
74 54 76 405 224 8.602 325 3 
75 5625 421 875 8.660 254 

78 5776 438.976 8.717 7979 
77 59 29 456 533 8.774.994 4 
7B. 60 84 474 552 8.831 7609 
79 62 41 493 039 8.888 194 4 
80 64 00 512000 8.944 2719 

og81 65 61 531 441 9 
2 67 24 551 368 9:055 385 I 
3 68 89 571 787 9.110 433 6 

84 70 50 592 704 9.165 151 4 
85 72 25 614 125 9.219 544 5 
86. 73.90 636056 9.273 018 5 
87 75 69 658 503 9:327 379 I | 
88 77 44 681 472 9:380 831 5 

89 79 21 704 969 9-433 981 1 
mere) 8100 729 0co 9.486 833 

gt 82 81 753 571 9-539 392 
92 84 64 778 688 9.591 663 

93 86 49 804 357 9-643 650 8 
94 88 36 830 584 9:695 3597 
95 90 25 857 375 9:749 7943 
96 g2 16 884 736 9:797 959 
97 94.09 912 673 9.848 857 8 
98 96 04 941 192 9:899 4949 
99 98 o1 979 299 9-949 874 4 
100 10000 I 000 000 Io 
IOT 10201 I 030 301 10.049 875 6 
102 10404 I 061 208 10.099 504.9 
103 10609 I 092 727 10.148 891 6 
104 108 16 I 124 864 10.198 039 
105 I 1025 1157625 10.246 950 8 
106 I 1236 I 191 016 10.295 630 I 
107 11449 I 225 043 10.344 080 4 
108 11664 I 259 712 10.392 304 8 
bifele) 11881 I 295 029 10.440 300 5 
110 I 2100 I 331 000 10.488 088 5 

273 
Cuse Roor. 

3-802 952 5 
3-825 862 4 
3.848 501 1 
3-870 8766 

3-892 996 5 
3-914 867 6 

3.936 497 2 
3.957 891 5 
3-979 0571 
4 
4.020 725 6 
4.041 2401 
4.061 548 
4.081 655 1 
4.101 566 1 
4.121 2853 
4.140 8178 
4.160 167 6 

4-179 339 
4-198 336 4 
4.217 1633 

4.235 8236 
4.254 321 
4.272 6586 

4.290 840 4 
4.308 869 5 

4-326 748 7 
4-344 481 5 
4.362 070 7 

4-379 519 1 
4-396 829 6 

4.414 0049 
4.431 047 6 
4-447 960 2 
4-464 745 I 
4.481 4047 
4-497 941 4 
4-514 3574 
4-530 654.9 
4.546 8359 
4.562 902 6 

4-578 857 
4.594 700 9 
4.610 436 3 
4.626 065 
4-641 588 8 

4-057 009 5 
4-672 328 7 
4-687 548 2 

4.702 669 4 
4-717 694 
4-732 623 5 
4-747 459 4 
4.762 203 2 
4-776 8562 

4-791 4199 



274 
Pe a, 

— 
— 

SQUARES, CUBES, AND ROOTS, 

Numper. Square. } Cuze. Square Roor. Cune Roor. 

II I 23 21 I 367 631 10.535 6538 4.805 895 5 
I12 I 25 44 I 404.928 10.583 005 2 4.820 284 5 
13 > I 27 69 I 442 897 10.630 145 8 4.834 588 1 
Il4 12996 1481 544 10.677 078 3 4.848 807 6 
Ii5 I 3225 I 520875 10.723 805 3 4.862 944 2 
116 1 3456 I 560 896 10.770 3296 4.876.999 
Il7 I 3689 I 601 613 10.816 653 8 4.890 973 2 

» 118 I 39 24 I 643 032 10.862 780 5 4.904 868 1 
119 I 41 61 1685 159 10.908 7121 4.918 684 7 
120 I 44.00 I 728 000 10.954 4512 4.932 424 2 
121 14641 1771 561 II 4.946 087 4 
122 1 48 84 1 815 848 11.045 361 4.959675 7 
123 I 5129 1 860 867 EI.090 536 5 4.973 189 8 
124 I 53 76 I 906 624 I1.135 5287 4.986 631 
125 I 5625 1953 125 11.180 3399 5 
126 15876 2.000 376 11.224 9722 5.013 2979 
127 16129 2.048 383 11.269 4277 5.026 5257 
128 1 63 84 2097 152 11.313 708 5 5.039 684 2 
129 16641 2 146 689 11.357 8167 5.0527743 
130 1 6900 2 197 000 11.401 7543 5.065 797 I3r I 71 61 2248 091 11.445 5231 5.078 7531 
132 17424 2 299 968 11.489 125 3 5.091 643 4 133 1 7689 2 352 637 11.532 5626 5.104 468 7 
134 17956 2 406 104 11.575 8369 5.117 2299 
135 18225 2 460 375 11.618 95 5.129 9278 
136 18496 2515456 11.661 9038 5.142 5632 
137 18769 2571353 11.704 699 9 5.155 1307. 
138 190 44 2628 072 11.747 3401 5.167 139 19321 2 685 619 11.789 826 1 5.180 1685 
140 1 9600 2 744.000 11.832 1596 5.192 4941 
141 198 81 2 803 221 11.874 342 1 5.204 8279 
142 2 01 64. 2 863 288 11.916 3753 5.217 1034 
143 204 49 2 924 207 11.958 260 7 5.229 321 5 
144 207 36 2985 984 x2 5.241 4828 
145 21025 3.048 625 12.041 5946 5-253 5879 
146 21316 3112136 12.083 046 5.265 6374 
147 21609 3176523 12.124 3557 5.277 632 1 
148 21904 3 241 792 12.165 5251 5.289 572 5 
149 22201 3 307 949 12.206 5556 5.301 459 2 
150 22500 3 375 000 12.247 4487 5-313 2928 
I5r 22801 3442951 12.288 205 7 5-325 074 
152 23104 3511 008 12.328 828 5.336 803 3 
153 2 34.09 3581 577 12.369 316.9 5.348 481 2 154 23716 3652 264 12.409 6736 5.360 108 4 
155 2 40 25 3.723 875 12.449 899 6 5.371 685 4 156 2 43 30 3 790 416 12.489 996 5.383 2126 157 24649 3 869 893 12.529 964 1 5-394 690 7 158 2 49 64 3.944 312 ‘12.569 805 1 5-406 120 2 
159 25281 4.019 679 12.609 520 2 | 5-417 501 5 
160 25600 4.096 000 12.649 1106 5.428 835 2 
161 25921 4.173 281 12.688 577 5 5-440 121 8 
162 262 44 4251 528 12.727 9221 5-451 3618 
163 265 69 4 330 747 12.767 145 3 5-462 5556 164 2 68 96 4410 944 12.806 248 5 | 5-473 703 7 
165 27225 4 492 125 12.845 2326 5-484 806 6 166 275 50 4.574 290 12.884 098 7 5-495 864 7 



“SQUARES, CUBES, AND ROOTS. 

NuMBER. SquarE, 

167 © 27889 
168 28224: 
169 285 61 
170 2 89 00 
17 29241 

172 295 84 
173 299 29 
174 302 76 
175 30625 
176 3.09 76 
177 313.29 
178 3 1684 

“179 32041 
180. 324.00 
181 32761 
182 330244 

183 3 34 89 
184 338 56 
185 34225 
186 34596 
187 3.4969 
188 35344 
189 35721 
90 3 6100 
IgI 3 64 81 
192 3 68 64 

193 37249 
194 3 76 36 
‘195 38025 
196 3 84 16 

197 3 88 09 
198 39204 
199 39001 
200 4.00 00 
201 4.04. OL 
202 4.08 04 
203 4.1209 
204, 41616 
205 4.2025 
206 4.24 30 

207 42849 
208 4.32 64 
209 430 81 
210 4.4100 
211 445 21 

ee 44944 
213 453 69 
214 45796 
215 4.62 25 
216 466 56 

217 47089 
218 475 24 
219 479 61 
220 4 84.00 
221 488 41 

4.92 84 

Cun. 

4657 463 
4741 632 
4 826 809 
4913000 
5000 211 
5 088 448 

5177717 
5 268 024 

5 359 375 
5 451 776 
5 545 233 
5 639 752 
5735 339 
5 832 000 

5.929 741 
6028 568 
6 128 487 
6229 504 
6331 625 

6434 856 
6 539 203 
6 644 672 
6751 269 
6859 coo 
6967 871 
7077 888 

7 189 057 
7 301 384. 
7414 875 
7 529 530 
7 945 373 
7 762 392 
7 880 599 
8 000 000 
8 120 601 
8 242 408 

8 365 427 
8 489 664 
8 615 125 
8 741 816 

8 869 743 
8 998 912 

9129 329 
9 261 000 

9 393 931 
9 528 128 

9 663 597 
9 800 344 
9.938 375 
10077 696 
Lo 218 313 
IO 360 232 

TO 503 459 
10 648 000 
IO 793 861 
I0 941 048 

275 
Square Roor. Cuse Roor, 

12.922 848 5.506 878 4 
12.961 481 4 5-517 8484 

13 5-528 7748 
13.038 404 8 5-539 058 3 
13.076 696 8 5-550 499 I 
13.114 877 5.561 2978 

13:152.946 4 5-572 0546 
13-190 906 5.582 7702 
13.228 7566 5-593 4447 
13.266 499 2 5.604 078-7 
13-304 1347 5.614 6724 
13.341 664 1 5.625 2263 
13-379 088 2 5.635 7408 
13.416 4079 5.646 2162 
13.453 624 5.656 6528 

13.490 737 6 5-667 O51 1 
13-527 7493 5-677 411 4 
13-504 66 5-087 734 
13.601 4705 5.698 019 2 
13-638 181 7 5-708 267 5 

13-674 7943 5-718 479 1 
13.711 3092 5.728 654 3 
13-747 727 I 5-738 793 © 
13-784 048 8 5-748 897 1 
13.820 275 5-758 965 2 
13.856 406 5 5-768 998 2 

13.892 44 5-778 9966 
13.928 388 3 5-788 960 4 
13.964 24 5-798 89 
14 5-808 785 7 
14.035 668 8 5.818 6479 
14.071 2473 5.828 4767 
14.106 736 5.838 272 5 
14.142 1356 5.848 035 5 

14.177 4469 5-857 706 
| 14,.2126704 5.867 4643 

14.247 806 8 5.877 1307 
14.282 8569 5.886 765 3 
14.317 821 1 5.896 368 5 
14.352 700 I 5-905 9406 

14.387 494 6 5-915 4817 
14.422 2051 5.924 992 I 

14.456 832 3 5-934 4721 
14.491 3767 5-943 922 
14.525 839 5-953 341 8 
14.560 219 8 5.962 732 

14.594 519 5 5-972 0926 
14.628 738 8 5.981 424 
14.662 878 3 5.990 726 4 

14.696 938 5 6 j 
14-730 919 9 6.009 245 
14.764 823 6.018 461 7 
14.798 648 6 6,027 6502 
14.832 397 6.036 8107 

14.866 068 7 6.045 943 5 
14.899 664 4 6.055 048 9 



| 

SQUARES, CUBES, AND ROOTS. 

— 

NuMBER, SquaReE. Cue. Square Root. 

| 223 49729 11 089 567 14.933 184 5. 
224 501 76 II 239 424 14.966 629 5 
225 50625 II 390 625 15 
220 51070 II 543176 15.033 2964 
227 51529 I1 697 083 15.066 5192. 
228 51984 11 852 352 15.099 668 9 
229 5 24 41 12.008 989 £52132 746 
230 5 2900 I2 467 000 15.165 7509 
231 5 33 61 12 326 391 15-198 684 2 
232 538 24 12 487 168 I5:231 5462 

233 5 4289 12649 337 15.264 337 5 
234 54756 12812904 15-297 058 5 
235 55225 12977 875 15-329 709 7 
2306 5 5696 13144256 15.362 291 5 

237 5 61 69 13 312053 15.394 804 3 
238 5 6644 13 481 272 15-427 248) 

239 571 21 13651919 15.459 6248 
240 5 7600 13 824 000 15-491 933 4 
241 5 8081 13997 521 15-5241747 
242 5 85 64 14.172 488 15-556 349 2 

243 59049 14.348 907 15.588 4573 
244 5.95 36 14 526 784 15-620 499 4 
245 60025 14.706 125 15-652 4758 
246 605 16 14.886 936 15.684 387 1 
247 6 1009 15,069 223 15-716 2336 
248 61504 15 252992 15.748 015 7 

249 6 2001 15 438 249 15-779 7338 
250 62500 15 625000 | 15.811 3883 
251 6 3001 15,813 251 15.842979 5 
252 6 35 04 16.003 008 15.874 5079 

253 6 40.09 16 194 277 15-905 9737 
254 645 16 16 387 064 15:937 3775 
255 6 5025 16,581 375 15.968 719 4 
250 655 36 16.777 216 16 
257 6 60 49 16.974 593 16,031 219 5 
258 665 64 17 £73 512 16.062 378 4 
259 67081 17 373979 16,093 4769 
260 6 76.00 17.576 000 16.124 555 5 
261 681 21 17 779 581 16.155 4944 
262 686 44 17 984 728 16,186 414 1 
263 691 69 18,191 447 16,217 2747 
264 6 96.96 18 399 744 16.248 0768 
265, 70225 18 609 625 16.278 8206 
266 70750 18 821 096 16.309 506 4 
207 71289 19.034 163 16.340 134.6 
268 71824 19 248 832 16.370 705 5 
269 7 23 61 19 465 109 16.401 219 5 
270 7 29 00 19 683 000 16.431 676 7 
271 734.41 19 902 5II 16.462 0776 
272 739 84 20 123 648 16.492 422 5 
273 745 29 20 346 417 16,522 7116 
274 75076 20 570 824 16.552945 4 
275 75625 20 796 875 16.583 124 
276 7 61 76 21 024 576 16.613 247 7 
277 76729 21 253 933 16.643 317 
278 7 7284 21 484 952 16.678 332 

Cuzz Roor * 

6.064 127 

6.073 1779 
6.082 202 
6.091 1994 
6.100 1702 
6.109 1147 
6.118 033.2 
6.126 9257 

6.135 7924 
6.144 6337 

6.153 4455 
6.162 2401 
6.171 0058 
6.179 7466 
6.188 4628 

6.197 154.4 
6.205 821:8 
6.214 465; 
6.223 0843 
6.231 679.7 
6.240 25115 
6.248 7998 
6.257 3248 
6.265 8266 

6.274 305.4 
6.282 7613 
6.291 1946 
6.299 605 3 

6.307 993'5 
6.316 3596 

6.324 703 5 
6.333 025 6 

6.341 3257 
6.349 604 2 
6.357 861 1 
6.366 096 8 
6.374 3111 

6.382 504 3 
6.390 676 5 
6.398 827.9 
6.406 958 5 
6.415 068 7 
6.423 1583 
6.431 2276 

6.439 2767 
6.447 3057 
6.455 3148 
6.463 304.1 

6.471 273.6 
6.479 2236 
6.487 1541 

6.495 005 3 
6.502 9572 
6-510 83 
6.518 683 9 
6.526 5189 
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SQUARES, CUBES, AND ROOTS.) 277 

NuMBER. | Square. CuBE. Square Roor. Cue Root. 

279° - 77841 21717639 16.703 2931. |. » 6.534 335.1 
280 7 8400 21952000 16.733 200 5, 6.542 1326 
281 7 89 61 22 188 041 16.763 0546 6.549 9116 
282 795 24 22 425 708 16.792 855 6 6.557 6722 
283 800 89 22665 187 16,822 603 8. 6.565 414.4 
284 8 06 56 22 906 304 16.852 299 5 6.573 138.5 
285, 81225 23.149 125 16.881 943  - 6.580 8443 
286 81796 23393 056 16.911 534 5./ 6.588 5323 

287 8 23 69 23,639 903 16.9410743 |» 6.596.202 3 
288 - 829 44 23 887 872 16.970 562 7 - 6.603 854.5 
289 8 35 2 24 137 509 17> do; 6.61 489. 
290 84100 24 389 000 17.029 386 4 6.619 106 
291. - 8 46 81 24.642 171 17.058 722 L 6.626 705.4 
292 85264 24 897 088 17-088 007 5 6.634 287 4 
293 85849 25153757 17-117 2428 6.641 8522 
294 8 64 36 25 412 184 17.146 428 2 6.649 3998 
295 8 7025 25 672 375 17.175 564 6.656 9302 
296 8 76 16 25,934 336 17.204 650 5 6.664 443 7 
297 8 8209 26 198 073 17.233 6879 6.671 9403 
298 8 8804 26 463 592 17.262 676 5 6.679 42 
299 894.01 26 730 899 17.291 616 5 6.686 883 1 
300 9 0000 27 000 000 17.320 508 1 6.694 329 5 
301 90601 27 270901 17-349 3516 6.701 7593 
302, |, 91204 27 543 608 17.378 1472 6.709 1729 
303 9 18 09 27 818 127 17.406 895 2 6.716 57 

304, 9 24 16 28 094 464 17-435 5958 6.723. 9508 
305 9 3025 28 372 625 17.464 249 2 6.731 3155 
306 9 36 36 28 652 616 17.492 8557 6.738 664 1 

307 9 4249 28 934 443 17-521 415 § 6.745 996-7 
308, 9 48 64 29218 112 17-549 9288 6.753 313.4 

309 95481 29 503629 17-578 395 8 6.760 6143 
310 96100 29 791 000 17.606 8169 6.767 899 5 
311 9 67 21 30 080 231 17.635 192 1 6.775 169 

312 97344 30 371 328 17.663 521 7 6.782 4229 
313 97969 30 664 297 17.691 806 6.789 661 3 
314 9 85 96 30959 144 17+720 045 1 6.796 884 4 
315 99225 31 255 875 17.748 239 3 6.804 092 1 
316 998 56 31554 490 17-776 388 8 6.811 2847 
317 10 04 89 31 855 013 17.804 493 8 6.818 462 
318 IO Il 24 32.157 432 17.832 5545 6.825 6242 
319 101761 32 401 759 17.860 571 I 6.832 771 4 
320, 10 2400 32.768 000 17.888 543 8 6.839 903 7 

| 32a 10 3041 33 076 161 17.916 4729 6.847 0213 
322 IO 36 84 33 386 248 17-944 358 4 6.854.124 

| 323 10 43 29 33 698 267 17.972 200 8 6.861 212 
324 10 49 76 34.012 224 18 6.868 285 5 

| 325 10 5025 34 328 125 18.027 7564 6.875 3443 
| 326 10 62 76 34.645 970 18.055 4701 6.882 388 8 

| 327 10 69 29 34.965 783 18.083 141 3 6.889 418 8 
| 328 10 75 84 35 287 552 18.110 770 3 6.896 434 5 
| 329 10 82 41 35 O11 289 18.138 357 1 6.903 4359 
| 330 10 89 00 35 937 000 18,165 902 I 6.910 4232 
| 3a 1095 61 30264691 | 18.193 4054 6.917 3964 
| 332 Il 02 24 36 594 368 18.220 8672 6.924 3556 
333 1108 89 36.926 037 18.248 287 6 6.931 3088 

B34: Oli eI DIS SOK 37 259,704 18.275 6669 6.938 232 1 
| é Aa 
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SQUARES, CUBES, AND ROOTS. _ 

NumrEr SquaRE. 

335 II 2225 
336 11 2896 

337 11 35 69 
338 II 42 44 
339 II 49 21 
340! II 5600 
341 11 6281 

342 11 69 64 
343 11 7649 
344 11 83 36 
345 11 90 25 
346 119716 

347 12 04 09) - 
348 I2 1104 
349 121801 
350 122500 
351 123201 
352 12 39 04 
353 12 46.09 
354 125316 
355 1260 25 
350 12 67 36 

357 127449 
(358 1281 64 
359 12 88 81 
360 129600 
301 13,03 21 
362 13 1044 

363 13 1769 
364 13 24.90 
365 13 32 25 
366 13 39 50 
367 13 4689 
368 13 54 24 
369 13 61 61 

370 13 69 00 
371 13 76 41 
372 13 83 84 
373 13 91 29 
374 13.98 76 
375 14.06 25 
376 14 13 76 
377 14 21 29 
378 14.28 84 

379 14 36 41 
380 14 44.00 
381 14.51 61 

382 14 59 24 
383 14 66 89 

-384 14 74 56 
385 14 8225 

386 14 89 96 
387 14.97 69 
388 15.05 44 
389 I5 1320 
‘390 15 2100 

CuBE. 

37 595 375 
37 933 056 
38 272 753 
38 614 472 
38.958 219 
39 304 000 
39 651 821 
40 oor 688 

40 353 607 
40 707 584 
41 063 625 
41 421 736 

41 781 923 
42 144 192 

42 508 549 
42 875 000 

43 243 551 
43 614 208 

43 986 977 
44 301 864 

44 738 875 
45118016 

45 499 293 
45 882 712 
46 268 279 
46 656 000 

47 045 831 
47 437 928 
47 832 147 
48 228 544 
48 627 125 

49 027 896 
49 430 863 
49 836 032 

50 243 409 
50 653 000 
51 064 811 
51 478 848 

51895 117 
52 313 624 
52 734 375 
53 157 376 
53 582 033 
54 O10 152 

54 439 939 
54 872 000 

55 306 341 
55 742 968 
56 181 887 
56 623 104 
57 006 625 

57 512 450 
57 960 603 
58 411 072 
58 863 869 

59 319 000 

| 
Cure Roor. Square Roor. 

18.3030052 | | 6.945 1496 
18.330 302 8 6.952 0533 

18.357 5598 6.958 943 4 
18.384 776 3 6.965 8198 
18.411 9526 6.972 6826 

18.439 088 9 6.979 5321 
18.466 185 3 6.986 368 1 
18.493 242 6.993 1906 
18.520 259 2 7 
18.547 237 7.006 796-2 

18.5741756 7-013 5791 
18.601 075 2 7-020 349 
18.627 936 7.027 1058 

18.654 758 1 7-033 8497 
18.681 541 7 7.040 5806 
18.708 2869 7-047 208-7 

18.734 994 7:054 004 I 
18.761 663 7.060 696 7. 
18.788 294 2 7.067 3767 
18.814 887 7 7-074 044: 
18.841 4437 7.080 6988 
18.867 962 3 7.087 341-1 

18.894 443 6 7-093 9799 
18.920 887 9 7-100 588.5 

18.947 295 3 7-107 193 7 
18.973 666 7-113 7866 

19 7-120 367.4 
19.026 297 6 7-126 936 

19-052 5589 7-133 492 5 
19-078 784 7-140 037 

19-104.973 2 7-146 569 5 
19.131 126 5 7-153 0901 
19-157 2441 7-159 598 8 
19.183 326 5 7-166 095 7 
19.209 3727 7-172 5809 

19.235 3841 7-179 054.4 
19.261 360 3 7-185 5162 
19.287 301 5 7-191 966 2 
19.313 2079 7-198 405 

19.339 079 6 7-204 832 2 
19.364 916 7 7-211 247¢ 

19-399 719 4 7-217 652 2 
19.416 487 8 7.224.045 
19.442 2221 7-230 426 € 
19.467 9223 7-236 797 < 

19.493 588 7 7-243 156 § 
IO(SIO 221 3 7:249 504! 
19.544 820 3 7-255 842 
19.570 385 8 7-262 167 § 
19-595 9179 7-208 482 z 
19.621 4169 7-274 786. 
19.646 882 7 7-281 079 
19.672 315 6 7-287 361." 

19:697 7156 || 7-293, 633 
19.723 0829 | 7-299 893 

19.748 417 7 7-308 143 | 



SQUARES, CUBES, AND ROOTS. 

Numer, Square. | CusE. 

°392 15 28 81 59776 471 
392 15 3664 60.236 288 

393 15 44.49 60.698 457 
304 15 5236 61 162 984 

395 15 6025 61 629 875 
396 15 68 16 62099 136 

397 15 7609 62570773 
398 15 84.04 63.044 792 
399 I5 9201 63 521 199 
400 16.0000 64.000 000 
401 1608 0f 64481 201 
402 16 1604 64 964 808 

403 16 24 09 65 450 827 
404 16 32 16 65.939 204 
405 16 40 25 66 430 125 
406 16 48 36 66.923 416 

407 16 56 49 67 419 143 
408 16 64 64 67-917 312 
409 16 72 81 68 417 929 
410 168100 | 68921000 
41 16 89 21 69 426 531 

412 16.97 44 69 934 528 
433 17 05 69 79 444 997 
414 17 13.96 79 957 944 
415 17 22 25 71 473 375 
416 17 30 56 71-991 296 

417 17 38 89 72 511 713 
418 17 47 24 73 034 632 
419 17 55 OL 73 560 059 
420 17 6400 74 088 000 
421 17 7241 74618 461 
422 17 80 84 75151 448 

423 17 8929 75 686 967 
424 1797 76 76 225 024 
425 18 06 25 76 765 625 
426 18 14 76 77 308 776 

| 427 18 23 29 77 854 483 
428 18 31 84 78 402 752 

429 18 40 41 78.953 589 
43° 18 49 00 79 507 000 
431 18 57 6r 80.062 991 
432 18 66 24 80 621 568 

433 18 74 89 81 182 737 
434 18 83 56 81746 504 
435 18 92 25 82312 875 
436 19 00 96 82 881 856 
437 19 09 69 83 453 453 
438 1918 44 84.027 672 

‘439 19 27 21 84 604 519 
440 19 3600 85 184.000 
44t 19 4481 © 85 766 121 
442 19 53 04 86 350 888 

443 19 62 49 + 86.938 307 : 
444 ‘19 71 36 87 528 384 | 
445. 19 80 25 88 121 125 
446 198916 - | 88716536 
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' Square Roor. Cuzxr Roor. 

19-773 7199 7-312 3828 
19.798 989 9 7-318 611 4 
19.824 2276 7-324 829 5 

19.849 433 2 7:331 0369 
19.874 606 9 7:337 2339 
19.899 748 7 7:343 420 5 
19.924 8588 7-349 596.6 
19:949 937 3 7-355 762 4 
19:974 984 4 7-361 9178 
20 7-368 063 

20.024 984 4 7:374 1979 
20.049 937 7 7-380 322-7 
20.074 8599 7-386 437 3 

_ 20.099 751 2 7-392 5418 
20:124 611 8 7-398 6363 
20.149 441 7 7.404 7206 

“20.174 241 7-410 795 
20,199 009 9 7-416 859 5 
20.223 748 4 7.422 9142 
20.248 4567 7-428 9589 

20.273 1349 7-434 993 8 
20.297 783 1 7-441 0189 
20.322 401 4 7-447 0342 

20.346 989 9 7-453 0399 
20.371 5488 7-459 0359 
20.396 078 I 7-405 0223 

20.420 5779 7:470 999 1 
20.445 048 3 7-476 906 4 
20.469 489 5 7-482 924 2 
20.493 901 5 7-488 872 4 
20.518 284 5 7-404 8113 
20.542 6386 7.500 7406 
20.506 963 8 7.500 660 7 
20.591 260 3 7-512 5715 
20.615 5281 7-518 473 

20.639 767 4 7:524 305 2 
20.663 978 3 7-530 248: 2 
20.688 1609 7-530 122 1 
20.712 3152 7-541 9867 

20.736 441 4 7:547 842 3 
20.760 539 5 7-553 688 8 
20.784 609 7 7:559 526 3 
20.808 652 7-505 3548 
20.832 666 7 7-571 1743 
20.856 6536 7-579 984 9 
20.880 613 7-582 786 § 
20.904 545 7-588 5793 
20.928 449 § 7-594 3633 
20.952 326 8 7.600 1385 

20.976 177 7-605 904 9 
21 7.611 662.6 
21.023 796 7.617 4116 
21.047 505 2 7.623 1519 
21.071 3075 7.628 883 7 
21.095 023 I 7-634 606.7 
21.118 7121 7.040 321 3 



SQUARES, CUBES, AND ROOTS. 

NuMBER. Square. Cusg. | Square Root. 

447 19 98 09. 89 314 623 21,142 374 5 
448 20 07 04 89 915 392 21.166010 5 
449 20 1601 go 518 849 21.189 6201 
450 20 25 00 QI 125 000 21.213 203 4 
451 "20 34 OI QL 733 851 21.236 760 6 ~ 
452 20 43 04 92 345 408 21.260 291 6 

453 20 5209 92.959 677 21.283 7967 
454 20 61 16 93 576 664 21.307 2758 

455 20 7025 94 196 375 21.330 729 
450 20 79 30 94 818 816 21.354 1505 

457 20 88 49 95.443 993 21-377 5583 
458 20 97 64 96071 912 21.400 934 6 
459 210681 96 702 579 21.424 2853 
400 21 1600 97 336.000 21.447 6106 
401 2125 21 97.972 181 21-470 9106 
462 21 34.44 98 611 128 21.494 185 3 

403 21.43 69 99.252 847 21.517 4348 
494.5], 215296 99.897 344 21.540 659 2 
465 216225 100 544625 21.563 8587 
466 21 7156 IOI 194 696 212587 033 I 
407 21 8089 IOI 847 563 21.610 1828 
468 21.9024 102.503 232 21.633 307 7 
469 21 99 OF 103 161 709 21.656 407 8 
470. 22.09 00 103 823 000 21.679 483 4 
471 2218 41 104.487 111 21+702 5344 
472 2227 84 105 154.048 21.725 501 
473 22 3729 105 823 817 214748 563 2 

474 22 46 76 106 496 424 21.771 5411 
475 22 56.25 107 171 875 21.794 494 7 
476 22 65 76 107 850 176 21.817 4242 

477 2275 29 108 531 333 21,840 329 7 
478 22 84 84 109 215 352 21.863 2111 
479 2294 41 109 902 239 21.886 068 6 
480 23 04 00 ILO 592 000 21.908 902 3 
481 23 13,61 111 284 641 21,931 7122 
482 23 23 24 111.980 168 21.954 498 4 
483 23 32 89 112 678 587 21.977 201 

484 23 42 50 113 379 904 22 
485 23 5225 114.084 125 22,022 715 5 
486 23 61 96 114 791 256 22.045 4077 
487 . 23 71 69 II5 501 303 22.068 076 5 
488 23 81 44 116.214 272 22-090 722 
489 23 91 21 116.930 169 22.113 3444» 
490 24.01 00 117 649 000 22.135 943 6. 
491 241081 118 370 771 22.158 5198 
492 24 20 64 119 095 488 22.181 073 

493 24 3049 119 823 157 ; 22.203 603 3 
494 24 40 30 120 553 784 22.226 1108 

495 24 5025 121.287 375 22.248 595 5 
496 24.60 16 122 023 936 22.271 057 5 

497 24 7009 122,763 473 22.293 496 8 | 
498 24 8004 123 505 992 22.315 9136 
499 24 90 OL © 124-251 499 22.338 3079 » 
500 25 00 00 125 000 000 22.360 679 8 
501 25 IOOL 125751 501 22.383 029 3 
502 25 2004 126.506 008 22.405 350 5 

° 

Cuse Root. — 

7-646 0272 

7-051 7247 
7-657 4138 
7-663 094 3 
7-668 766 5 
7-874 4303 
7-680 085 7 

7-685 7328 

7-691 3717 
7-697 002 3 
7-702 6246 
7-708 238 8 

7-713 8448 
7-719 4426 
7-725 032 5 
7-730 614 1 

7-730 187 7 
7-741 753.2 . 
7-747 3109 
7-752 8606 

7-758 402 3 
7-793 936.1 
7-769 462 
7:774 980.1 
7-780 490 4 
7-785 9928 
7:791 487.5 
7-799 9745 
7-802 453.8 

7-807 925 4 
7-813 389 2 
7-818 845.6 
7-824 2942 

7-829 7353 
7-835 1688 

7-840 594.9 
7-846 013 4 
7-851 424.4 
7-856 828 1 
7.862 224 2 
7-867 613, 

7:872 994.4 
7-878 368 4 

7-883 735.2 
7-889 094.6 
7-894 446 8 
7:899 791.7 
7-905 129.4 
7-910 4599 
7-915 7832 
7-921 099 4 
7-926 408 5 

7-931 710.4 
7:937 005 3 
7-942 2931 

'7:947 573.9 



SQUARES, CUBES, AND ROOTS. 

Nomeer. | Square. Cuzz. Square Roor. 

503 25 3009 * ¥27 263 527 22.427 661 5 
504 25 4016 128 024 064 22.449 944 3 
505 255025 128 787 625 ° 22.472 205 1 
506 25 60 36 129 554.216 22.494 443 8 
‘507 25 7949 130 323 843 22.516 660 5 
508 25 8064 131.096 512 22.538 855 3 
509 2590 81 131 872 229 22.561 0283 
510 2601 00 132 651 000 22.583 1796 
SII 26 11 21 133 432 831 22.605 309 r 
512 26 21 44 134 217 728 22.627 417 

513 26 31 69 135,005 697 22.649 503 3 
514 26 41 96 135796 744 22.671 568 1 
515 26 5225 136 590 875 22.693 611 4 
516 2662 56 137 388 096 22.715 633 4 
517 26 72 89 138 188 413 22.737 634 : 
518 26 83 24 138 991 832 22.759 0134 

519 26 93 61 139 798 359 22.781 5715 
520 270400 140 608 000 22.803 508 5 
521 271441 141 420 761 22.825 4244 
522 27 24 84 142 236 648 22.847 3193 

523 27 35 29 143 055 667 22.869 1933 
524 27 45 78 143 877 824 22,891 0463 
525 27 5625 144703 125 22.912 878 5 

526 27 66 76 145 531 576 22.934 689 9 
527 277729 146 363 183 22.956 4806 
528 27 87 84 147 197 952 22.978 2506 
529 2798 41 148 035 889 23 
530 28 09 00 148 877 000 23.021 7289 
531 28 19 61 149 721 2901 23.043 437 2 
532 28 30 24 150 568 768 23.005 1252 

533 28 40 89 151 419 437 23.086 792 8 
534 28 51 56 152 273 304 23.108 44 
535 28 62 25 153 130 375 23.130 067 

536 28 7296 153.990 656 23.151 673 8 
537 28 83 69 154854 153 23.173 260 5 
538 28 94 44 155 720872 23.194 827 
539 29 05 21 156 590 819 23-216 373 5 
540 29 1600 157 464.000 23.237 900 I 
541 29 26 81 158340421 23.259 400 7 
542 29 37 64 159 220 088 23.280 893 5 

543 29 48 49 160 103 007 23.302 300 4. 
544 29 59 36 160 989 184 23-323 807 6 
545 29 70 25, 161 878 625 23-345 235 I 
546 29 81 16 162 771 336 23.3606 6429 

547 29 92 09 163 667 323 23.388 031 1 
548 30 03 04, 164 566 592 23-409 399 8 
549 30 14 OL 165 469 149 23-430 749 
550 30 25 00 166 375 000 23.452 0788 
551 30 3601 167 284 151 23-473 389 2 
552 30 47 04 168 196 608 23.494 O80 2 

553 30 58 09 169 112 377 23-515 952 
554 30 69 16 170 031 464 23.537 2046 

555 30 80 25 170 953 875 23-558 438 
550) “3091 36 171 879 616 23-579 0522 
‘557 31 02 49 172 808 693 23.600 847 4 
558 -| 311364 173 741 112 23.622 023 6 

A a*® 
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Cur Root. 

7-952 847 7 
7-958 114 4 
7-903 3743 
7.968 6271 

7-973 873 1 
7-979 Ii22 

7-984 3444 
7.989 509 7 
7.994 788 3 

8.co5 2049 
8.010 4032 
8.015 5904.6 
8.020 7794 

8.025 957 4 
8.031 1287 
8.036 293 5 

8.041 451 5 
8.046 603 

8.051 7479 
8.056 8862 
8.062 018 
8.067 143 2 
8.072 262 

8.077 3743 
8.082 48 

8.087 5794 
8.092 6723 

8.097 7589 
8,102 839 
8.107 9128 
8.112 9803 
8,118 041 4 
8.123 0962 
8,128 1447 
8,133 187 
8.138 223 
8.143 2529 
8.148 2765 

8.153 2939 
8.158 305 1 
8.163 3102 
8.168 309 2 
8.173 302 
8.178 2888 
8.183 269 5 
8.188 244 I 
8.193 2127 
8.198 1753 
8.203 1319 
8.208 082 5 
8.213 027 1 

8.217 965 7 
8.222 898 5 
8.227 825 4 
8.232 7463 
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SQUARES, CUBES, AND ROOTS. 
— 

NuMBER. Square. Cuse. | Square Roor. |. Ccze Roor, 

559 31 24 81 174 676 879 23-643 1808 8.237 661.4 
560 31 36.00 175616000. | 23.664 3191 8.242 5706 

561 3147 21 176 558 481 _ | - 23.685 4386 8.247 474. 
562 31 58 44 177 504 328 23.706 539 2 8.252 3715 
563 31 69 69 178 453 547 23.727 621 8.257 2633 
564 31 8096 179 406 144 23.748 684 2 8.262 1492 
565 31 9225 180 362 125 23.709 728 6 8.267 0294 

566 32 03 56 181 321 496 23.799 754 5 8.271 9039 
567 32 14 89 182 284 263 23.811 7618 8.276 7726 
568 32 26 24 183 250 432 23.832 7506 8.281 625.5 
569 32 37 61 184.220 009 23.853 7209 8.286 4928 

57° 32 49 00 185 193 000 23.874 6728 8.201 3444 
571 32 60 41 186 169 411 ~ 23.895 6063.-_| > 8.2961903 
572 32 71 84 187 149 248 23.916 5215 8.301 0304 

573 32 83 29 188 132 517 23-937 418 4 8.305 865 2 
574 32 94 76 189 119 224 | 23.958 297 I 8.310 694 1 
575 33.06 25 190 109 375 23-979 1576 8.315 5175 
576 33 17 76; IgI 102.976 24 8.320 3353 - 
577 33 29 29 EO2Z700 033 24.020 824 3 8.325 1475 
578 33 40 84 193.100 552 24.041 6306 8.329 9542 
579 33 52 41 194 104 539 24.062 4188 8.334 7553 
580 33 64.00 I9Q5 II2 000 24.083 189 1 8.339 5509 
581 33 75 Or 196 122 941 24.103 941 6 8.344 341 
582 33 87 24 197 137 368 24.124 6762 8.349 1256 
583 33.98 89 198 155 287 24-145 3929 8.353 9047 
584 34 1056 199 176 704 24.166 og1 g 8.358 678.4 
585 34 2225 200 201 625 24.186 773 2 8.363 4466 
586 34 33.96 201 230056 24.207 4369 8.368 209 5 
587 34 45 69 202 262 003 24.228 0829 8.372 9668 
588 345744 203.297 472 24.248 7113 8.377 7188 
589 34 69 21 204 336 469 24.269 322 2 8.382 465 3 
590 34 81 00 205 379 000 24.289 915 6 8.387 206.5 
591 34.92 81 206 425 071 24-310 491 6 8.391 9423 
592 35 04 64. 207 474 688 24.331 O50 1 8.396 6729 
593 35 16 49 208 527 857 24-351 5913 8.401 398 1 5904 35 28 36 209 584 584 24-372 115 2 8.406 118 
595 35 40 25 210 644 875 24-392 621 8 8.410 8326 
590 35 5216 211 708 736 24-413 Ili 2 8.415 5419 
597 35 64.09 212 776173 24-433 583 4 8.420 246 
598 35 76 04 213 847 192 24-454. 038 5 8.424 9448 
599 35 88 o1 214 921 799 24-474 476 5 8.429 6383 600 36.00 00 216.000 000 24-494 897 4 8.434 3267 
601 36 1201 217 081 801 24-515 3013 8.439 009.8 
602 36 24 04 218 167 208 24-535 688 3 8.443 687.7 
603 36 36 09 219 256 227 24-5560583 8.448 3605 
604 36 48 16 220 348 864 24°570 411 5 8.453 028 1 
605 36 60 25 221 445 125 24-596 7478 8.457 690.6 
606 36 72 36 222 545 016 24-617 067 3 8.462 3479" 
607 36 84 49 223 648 543 24-637 37 8.467 608 36 96 64 224 755 712 24-657 656 8.471 6471 
609 37 08 81 225 806 529 24-677 925 4 8.476 289 2 
610 37 2100 226.981 000 24-698 178 1 8.480 926.1 
611 37 3321 228 099 131 24-718 414 2 8.485 5579 
612 3745 44 229220928. , 24-738 633 8 8.490 184.8 
613 37 5769 230.346 307. 24-758 836 8 8.494 806.5 614 37 69 96 231.475 544 24:7790234 j  8.4994233 



NumBer,| - 

615 
616 

6x7. 
618 
619, 
620 
621 
622 
623 

624 
625 
626 
627 
628 
629 
630 
631 
632 

633 
634 
635 
636 

637 
638 

SQUARES, CUBES, AND ‘ROOTS, 283 

Square. | CuBE. ‘Square Roor. CusE Roor, 

37 82 25 232 608 375 24.799 193 5 8.504 035 
379456 233 744 896 24.819 347 3 8.508 641 7 
38 06 89 234 885 113 24.839 484 7 8.513 243 5 
38 19 24 236 029 032 24.859 605 8 8.517 8403 
38 31 Or 237 170659 -24.879 710 6 8.522 4321 
38 4400 238 328 000, 24.899 799 2: 8.527 0189 
38 5641 239 483 061. 24,919 8716 8.531 6009 
38 68 84 240 641 848 24.939 9278 8.536178 

38 81 29 24 804 367 24.959 997 9 8.540 750 1 
38 93 76 242.970 624 24.979 992 8.545 3173 
39 06 25 244 140 625 25 8.549 879.7 
39 18 76 245 134 376 25.019 992 8.554 437 2 
39 31 29 246.491 883 25-039 908 I 8.558 9899 
39 43 84 24.7 073 152 25-059 928 2 8.563 5377 
39 5641 248 858 189 25.079 8724 8.568 080 7 
39 69 00 250.047 000 25.099 800 8 8.572 6189 

39 81 6r 251 239 591 25-119 713 4 8.577 1523 
39 94 24 252 435 908 25.139 6102 8.581 6809 
40 06 89 253 636 137 25-159 4913 8.586 204 7 
40 19 50 254.840 104 25.179 3506 8.590 7238 
40 32 25 256047 875 25.199 206 3 8.595 238 

40 44 96 257 259 456 25-219 O40 4 8.599 747 6 
40 57 69 258 474 853 25.238 8589 8.604 252 5 
40 70 44 259 694.072 25.258 6619 8.608 752.6 
40 83 21 260.917 119 25.278 449 3 8.613 248 
40 96 00 262 144 000 25.298 221 3 8.617 7388 
41 08 81 203 374721 « 25.3179778 8.622 2248 
41 21 64 264 609 288 25.337 7189 8.626 706 3 

41 34.49 205 847 707 25-357 4447 8.631 183 
41 47 36 267 089 984 25-377 1551 8.635 655 1 
41 6025 268 336 125 25.396 850 2 8.640 1226 

41 73 16 269 585 136 25.410 530 1 8.644 5855 
41 8609 270 840 023 25-436 194 7 8.649 043 7 
4199 04 272 097 792 25-455 844 1 8.653 497 4 
42 1201 273.359 549 25-475 478 4 8.6579495 
42 2500 274 625 000 25.495 0976 8.662 391 1 
42 38 01 275 894 451 25.514 7016 8.666 831 
425104 277 167 808 25.534 2907 8.671 266 5 

42 6409 278 445 077 25.553 8047 8.675 6974 
427716 279 726 264 25-573 423 7 8.680 123 7 
4290 25 281 O11 375 25-592 9078 8.684 5456 
43 03 30 282 300 416 25.012 4909 8.688 963 
43 16 49 283 593 393 25.632 0112 8.693 3759 
43 29 64 284 890 312 25.051 5107 8.697 7343 
43 42 81 286 191 179 25.670 995 3 8.702 188 2 
43 5000 287 496 000 25.690 465 2 8.706 587-7 
43 69 21 288 804 781 25.709 920 3 8.710 9827 

43 82 44 290 117 528 25-729 300 7 8.715 373 4 
43.95 69 201 434.247 25-748 786 4 8.719 7596 
44 08 96 292 754 944 25.7081975 | 8.724 1414 
44.22 25 294.079 625 25-787 5939 | 8.728 5187 
44 35 56 295 408 296 25-806 975 8 8.732 891 8 
44 48 89 296 740 963 25.826 343 1 8.737 260 4 
44 62 24 298 077 632 25-845 696 i 8.741 6246 

44.75 OL 299 418 309 25.8050343 | 8.7459846 
44 89.00 300 763 000 25.884 3582 | 8.7503401 



SQUARES, CUBES, AND ROOTS. 

Square. Cune. Square Roor. Cuse Roor. 

45 02 41 302 111 711 25-903 667 7 8.754 691 3 
45 15 84 303 464 448 25.922 962 8 8.759 038 3 
45 29 29 304 821 217 25.942 243 5 8.763 3809 
454270 306 182 024 25.901 51 8.767 7192 

45 5625 307 546 875 25.980 762 1 8.772 0532 
45 69 76 308 915 776 26 8.776 383 
45 83 29 310 288 733 26.019 2237 8.780 708 4 
45 96 84 311 665 752 26.038 433 1 8.785 0296 
40 1041 313.046 839 26.057 628 4 8.789 3466 
46 24 00 314 432 000 261076 809 6 8.793 6593 
46 37 61 315 821 241 26.095 9767 8.797 9679 
46 51 24 317 214 568 26.115 1297 8.802 2721 
46 64 89 318 611 987 26.134 268 7 8.806 5722 
4678 56 320-013 504 26.153 3937 8.810 868 1 
46 92 25 321 419 125 26.172 5047 8.815 1598 
47 05 90 322 828 856 26.191 601 7 8.819 4474 
47 19 69 324 242 703 26.210 6848 8.823 7307 
4733 44 325 660 672 26.229 754 1 8.828 0099 
474721 327 082 769 26.248 809 5 8.832 285 
47 6100 328 509 000 26.267 851 1 8.836 5559 
477481 329939 371 26.286 8789 8.840 822 7 
478864 | 331373888 26.305 8929 8.845 085 4 
48 02 49 332 812 557 26.324 893 2 8.849 344 | 
48 16 36 334 255 384 26.343 879 7 8.853 5985 
48 30 25 335 702 375 26.362 852 7 8.857 8489 
48 44 16 337.153 536 26.381 8119 8.862 095 2 
48 58 09 338 608 873 26.400 7576 8.866 3375 
48 72:04 340 068 392 26.419 689 6 8.870 5757 
48 86 01 341 532 099 26.438 608 1 8.874 8099 
49 00 00 343 000 000 26.457 5131 8.879 04 
49 1401 344.472 IOI 26.476 4046 8.883 266 1 
49 28 04 345 948 408 26.495 2826 8.887 488 2 
49 42.09 347 428 927 26.514.1472 8.891 7063 
49 56 16 348 913 664 26.532 998 3 8.895 9204 
49 7025 350 402 625 26.551 8361 8.900 1304 
49 84 36 351 895 816 26.570 660 5 8.904 3366 
49 98 49 353 393 243 26.589 471 6 8.908 538 7 501264 354 894 912 26,608 269 4 8.912 7369 
50 26 81 356 400 829 26.627 0539 8.916931 f 
50 41 00 357 911 000 26.645 825 2 8.921 1214 
50 55 21 359 425 431 26.664 583 3 8.925 3078 50 69 44 360 944 128 26.683 328 1 8.929 4902 
50 83 69 362 467 097 26.702 059 8 8.933 668 7 
50.97 96 363 994 344 26.720 778 4 8.937 8433 
51 1225 365 525 875 26.739 483 9 8.942 014 51 2056 367 061 696 26.758 1763 8.946 1809 
51 4089 368 601 813 26.776 855 7 8.950 343 8 | 
5155 24 370 146 232 26.795 522 8.954 5029 51 69 61 371 694 959 26.814.175 4 8.958 658 5 
51 8400 ' 373 248 000 26.832 815 7 8.962 809 5 
5198 41 374 805 361 26.851 443 2 8.966.957 52 1284 376 367 048 § 26.8700577 ©| 8.971 1007 
52 27 29 377 933 067 26.888 659 3 8.975 2406 
5241 76 379 503 424 26.907 248 1 8.979 3766 525025 381 078 125 26.925 824 8.983 5089 
52 7076 382 657 176 26.944 3872 | 8.987 6373 



SQUARES, CUBES, AND ROOTS. 285 

NoumsBer. “Squarg. - CuBE.) Square Roor. Cunr Roor, 

727 528529. | 384240583 26.962 937 5 8.991 762 
728 > 5299 84 385 828 352 26.981 4751 8.995 8829 

729 |. 531440 | 387 420 489 27 Bie) ’ 
739° 53 29 00 389.017 000 27.018 5122 - 9.004 193.4 
731 53 43 61; 390 617 891 27.037 O11 7 9.008 2229 
732: 535824 +; | | 392223 168 27.055 498 5 9.012 3288 

1733) 53 7289 +} 393832837 27-073 972 7 9.016 4309 
734 53 8756 395-446 904 27,092 434 4 9-020 5293 
1735 54.02 25 397 095 375 27-110 883 4 9.024 6239 
736 - 541606 398 688 256 27-129 3199, 9.028 7149 

737 54 31 69 490 315 553, 27-147 7439 9-032 802 1 
5738 544644 401 947 272 27-106 155 4 9.036 885 7 
739 5461 21 403 583 419 27-184 5544 9.040 965 5 
740 54 76 00 405 224 000 27.202 941 9.045 041-7 
©741 54.90 81 406 869 o21 27.221 3152 9.049 1142 
742 5505 64 408 518 488 27.239 6769 9.053 1831 
743 55 2049 410 172 407 27.258 026 3 9.057 248 2 

744 553530 |. 411 830784 27.276 363 4 9.061 309 8 
745 55 50 25 413 493 625 27-294 688 x 9.065 367 7 
746 55 65 16: 415 160 936 27.313 0006 9.069 422 

TAT 558009 416 832 723 27-331 300 7 9:073 4726 
748 55.95 04 418 508 992 27-349 588 7 9:77 5197 
749 56 1001 420 189 749 27-307 864 4 9.081 5631 
752 56 25 00 421 875 000 27.386 1279 9.085 603 

75% 56 40 01 423 504 751 27-404 379 2 9.089 639 2 
752 565504 425 259 008 27.422 6184 9.093 6719 

753 |. 567009 426.957 777 27-440 845 5 9-097 701 
754 5685 160 428 661 064 27.459 060 4 g.10I 7205 

755 570025 430.368 875 27:477 2633 9-105 7485 
750 5715 36 432 081 216 27-495 454 2 9.109 7669 
757 573049 433 798 093 27-513 633 9-113 7818 
758 57 45 64 435 519 512 27-531 7998 9-117 7931 
759 576081 437 245 479 27-549 9546 9.121 801 

~760 57 7600 438.976 000 27.508 097 § 9.125 805 3 
701 057 OT 2% 440.711 O81 27.586 228 4 9.129 806 £ 

762 58 06 44 442 450 728 27.604 347 5 9.133 803 4 
793 58 21 69 444194947 27.622 4546 9-137 7971 
764 58 36.96 445.943 744 27-640 5499 9-141 787 4 
795 58 52 25 447 097 125 27.058 633 4 9-145 7742 
766 58 67 56 449 455 096 27.676 705 9-149 7576 
787 58 82 89 451.217 663 27-694 764 8 9:153 7375 
768 58 98 24 452.984 832 27-712 8129 9-157 7139 
769 59 13 61 454 750 609 27.730 849 2 9.161 6869 
77° 59 29 00 450 533 000 27.748 8739 9.165 6565 
Ti 59444r | 458314011 27.766 886 8 9.169 622 5 

772 59 59 84. 460.099 648 27.784 888 9:173 5852 
773 59 75 29 461 889 917 27.802 877 5 9-177 5445 
774 59 90 76 463 684 824 27,820 855 5 9-181 5003 
Gop 60 06 25 465 484 375 27.838 821 8 9-185 4527 

2778 «| 6021 76 407 288 576 27.856 7766 9.189 4018 

777 603729. | 469097433 27-874 7197 9-193 347 4 
778 60 52 84 479.910 952 27.892 651 4 9.197 289 7 
779 6068 41. |. 472 729 139, 27.910 571 5 9.201 2286 
780. 60 84.00. 474 552 000 27.928 480 L 9.205 1641 

78r | 609961 . | 476379541 27-946 377 2 9.209 096 2 
782 1, 6115 24 478 211 768 27.904 262 9) 9.213 025 



SQUARES, CUBES, AND ROOTS. 

SQuaRE. 

61 30 89° 
61 46 56 
61 6225 

617796 
61 93 69 
62 09 44 
62 25 21 
62 41 00 
62 56 81 
62 72 64 
62 88 49 
63 04 36 
63 20 25 
63 36 16 

63 52.09 
63 68 04 
63 84 01 
64 00 00 
64 1601 

64 32 04 
64 48 09 
64 64 16 
64 80 25 
64.96 36 

68 06 25 
68 22 76 
68 39 29 
68 55 84 
68 72 41 
68 89 00 
69 05 61 
69 22 24 

69 38 89 
69 55 56 
69 72 25 
69 88 96 

70 05 69 
70 22 44 

Cune. 

480.048 687 

481 890 304 
483 736 625 
485 587 656 
487 443 403 
489 303 872 
491 169 069 
493 039 000 
494 913 671 
496 793 088 
498 677 257 
500 566 184 

502 459875 
504 358 336 
506-261 573 
508 169 592 
510 082 399 
512000 000 
513.922 401 
515 849 608 
517 781 627 

519-718 464 
521 660 125 
523 606 616 

525 557943 
527 514112 

529 475 129 
531 441 000 
533411 731 
535 387 328 
537 367 797 
539-353 144 
541 343 375 
543 338 496 
545 338 513 
547 343 432 
549 353 259 
551 368 000 

553 387 661 
555 412 248 
557 441 767 
559-476 224 
561 515 625 

563'559 976 
565 609 283 

567 663 552° 
569 722 789 
571 787 000 
573 856 191 
575 930 368 
578.009 537 
580.093 704 
582 182 875 

584 277 056 
586 376 253 
588 480 472 

_Savane Roor_ 
27.982 1372 ~ 
28 
28.017 851 5 

28.035 691 5 
28.053 5203 
28.071 3377 
28.089 1438 © 
28.106 938 6. 
28.124 7222 
28.142 4946 
28.160 255 7 
28.178 0056 

28.195 7444 
28.213 472 
28.231 188 4 
28.248 893 8 
28.266 588 1 
28.284 271 2 
28.301 9434 
28.319 604 5 

28.337 2546 
28.354 893 8 
28.372 5219 
28.390 139 I 

28.407 745 4 
28.425 3408 

28.442 9253 
28.460 498 9 
28.478 061 7 

28.495 613 7 
28.513 1549 
28.530 685 2 
28.548 2048 

28.565 7137 
28.583 2119 
28.600 699 3 
28.618 176 
28.635 642 1 
28.653 0976 
28.670 5424 
-28.687 9766 
28.705 400 2 
28.722 8132 
28.740 215 7° 

28.757 607 7 
28.774 989 I 
28.792 360 1 
28.809 7206 
28.827 0706 
28.844 410 2 
28.861 739 4 
28.879 058 2 
28.896 366 6 
28.913 6646 
28.930 952 3 
28.948 229 7 

| Cuse Roor. — 

9.216. 9505 
9.220 8726 

9.224 7914 
9.228 7068 
9.232 6189 
9.236 527.7 
9.240 4333 
9-244 3355 
9.248 2344 
9.252 13 

9.256 0224 
9-259 9114 
9.203 7973 
9.267 6798 

9-271 5592 
9-275 435.2 
9.279 308 1 

‘9-2831777 - 
9.287 044 

9-290 907 2 
9.294 767-1 
9.298 6239 

9.302 4775 
9.306 3278 

9.310 175 
9.314 O19 
9.317 8599 
9.321 697 5 
9-325 532 
9-329 363 4 
9.333 1916 
9-337 O16'7 
9.340 8386 

9-344 657.5 
9-348 4731 
9-352 285 7 
9-356 095 2 
9-359 901.6 
9.363 7049 
9-367 505 1 
9-371 302 2 

9-375 096 3 
9.378 887 3 
9.382 675 2 

9.386 46 

9-390 241 9 
9-394 0206 

9-397 796.4 - 
9.401 5691 

9-405 3387 
9.409 105 4 

9.420 387 3 
9-424 142 

9-427 893 6 



SQUARES, CUBES, AND ROOTS. 

Numper,| Square. ruse 

839. | 703921 590 589 719 

840 qo 56 [eve) “592 704.000 © 

841 7° 7281; 594 823 321 

p42: 7° 89 64 590.947 688 
843 71 06 49° » 599.077 107 

844 71 23 36 601 211 584 

845 Ji 4025 603,351 125 i 

Bae g2 57 70) 605 495 736 
847 71 74.09 607 645 423 
848 71 91 04 609,800 192 

849 72 08 01 611960049 
850 72 25 00 614 125 000 

851 (72 4201 616.295 O51 

852 72 59 04 618 470 208 
853 72 76.09 620650477 
854 72.93 16; 622 835 864 
855 731025 625 026 375 

856 73 27 30 627 222016 
857 73.4449 629 422 793 
858 73 61 64 631 628 712 

859° | 73.7881 633,839 779 
860 73.96.00 636.056 000 

861 741321 638 277 381 

862 74 30 44 640.503 928 
863 7447 69 642 735 647 

pes, 74 04 96: 644.972 544 
865 74 8225 647 214 625 

866 74.99 50 649.461 896 
867 75 16 89 651-714 363 

868 75 34 24, 653 972 032 

869 75 51 OI 656 234 909 
870 75 ©9 00 658 503 000 
871 75 86 44 660 776 311 

872 76.03 84 663,054 848 
873 76 21 29 665 338 617 

874 76 38 76 667 627 624 
875 76 56 25 669 921 875 

876 7673 76 672 221 370 
877 |,- 769129 674 526 133 
878 77 08 84 676.836 152 

879 97.2041 679 151 439 
880 77 44.00 681 472 000 

BBs 77 O1 Ox 683,797 841 
882 7779 24 686 128 968 
883 779689 688 465 387 
884 78 14 56 690 807 104 

885 78 32 25 693 154 125 
886 78 49.96 695 500 456 
887 78 67 69 697 864 103 

888 78 85 44 . 700227 072 

889. 79 03 21 702 595 309 

899 79 21 00 704 969 000 

SO 1 :fr:3.29 38 81 797.347 971 
892, 79 56 64 709 732 288 
893 797449. 12 121 957 
894 79 92 36 714.516 984 

Square Roor, 

28.965 496 7. 
28.982 753 5 
29 
29.017 2363 

29.034 462 3 
29.051 6781 
29,068 883 7 
29.086 079 1 

_) 29.103 264 4. 
29.120 439 6 

29.137 6046 
29:754 759 S& 

| 29.171 9043 

29.159 039 
29.206 163 7 
29.223 278 4 

29.240 383 
29-257 4777 
29:274 5023 

29.291 637 
29.308 701 8 

29-325 7506 
29:342 801 5 

29:359 836 5 
29.376 861 6 

29-393 876.9 
29.410 882 3 

29.427 8779 
29.444 863 7 
29:401 839 7 
29.478 805 9 

29.495 762 4 
29:512 709 I 
29.529 646 I 

29546 573 4 
29:503 491 

29.580 398 9 
29.597 297 2 
29.614 1858 
29.631 064 8 

29.647 934 2 
29,664 7939 
29.681 644 2 
29.698 484 8 

29:715 3159 
29.732 1375 

29:748 949 6 
29.765 7521 
29.782 545 2 

29.799 328 9 
29.816 103 
29.832 867 8 
29.849 623 I 
29.866 369 
29.883 105 6 
29.899 832 8 

287 

Cuse Root, 

9.431 642 3 
9-435 38 
9.439 1307 
9.442 870 4 
9-446 607 2 
9-450 341 
9-454 0719 
9-457 7999 
9-401 5249 
9-465 247 

9.468 966 1 
9.472 682.4 

9-476 3957 
9.480 1061 
9.483 8136 
9.487 518.2 
9.491 22 
9.494 9188 
9.498 614.7 

9.502 3078 
9.505 998 
9-509 685.4 
9.513 3699 
9-517 0515 

9-520 7303 
9-524 406 3 
9.528079 4 
9 531 749-7 
9 535 4172 
9.539 081 8 
9-542 7437 
9-546 4027 
9.5500589 
9-553 7123 
9-557 303 
9.561 0108 

9.564.559 
9.508 298 2 
9-571 9377 
9:575 5745 
9.579 208 § 

9.582 839 7 
9.586 468 2 

9.599 093.7 
9 593 7169 
9:597 3373 
9-600 9548 
9-604 5696 
9 608 1817 
9-611 7911 

9-615 3977 
9-619 Col 7 

9.622 603 

9-626 201 6 

9-629 797 5 
9-633 3907 



288 

Nemper, Square. Cure. 

895 80 10 25 716 917 375 
896 80 28 16 719 323 136 

897 © 80 46 09 721 734 273 
898 80 64 04 724 150 792 
899 80 82 01 726 572 699 
goo 810000 729 000 000 
gor 81 1801 731 432 701 
go2 81 36.04 733 870 808 

903 81 54.09 739 314 327 
904 81 7216 738 763 264 
905 81.9025 741 217 625 
906 82 08 36 743 677 416 

907 82 26 49 7489 142 643 
908 82 44 64 748 613 312 
909 82 62 81 751 O89 429 
910 82 81 00 753 571 000 
QIL 8299 21 756058 031 

g12 831744 758 550 528 
913 83 35 69 761 048 497 
914 83 53.96 763 551 944 
915 83 72 25 766 060 875 
916 83.90 56 788 575 296 
917 84 08 89 77% 095 213 
918 8427 24 773 620 632 
919 84.45 61 778 151 559 
920 84 64.00 778 688 000 
921 84 82 41 781 229 961 

922 85 00 84 783 777 448 
923 85 19 29 786 330 467 
924 85 3776 788 889 024 

925 85 5625 79% 453 125 
926 85 7476 794 022 776 
927 85 93 29 796 597 983 
928 86 11 84 799 178 752 
929 86 30 41 8or 765 089 
939 86 49 00 804 357 C00 
931 86 67 61 806 954 491 
932 86 86 24 809 557 568 

933 8704 89 812 166 237 
934 87 23 56 814 780 504 
935 87 42 25 817 400 375 
936 87 60 96 820025 856 
937 87 79 69 822 656 953 
938 87 98 44 825 293 672 
939 88 17 21 827936019 

949 88 36 00 830 584 000 
O41 88 54 81 833 237 621 
942 88 73 64 835 896 888 

943 88 92 49 838 561 807 
944 89 11 36 841 232 384 

945 89 30 25 843 908 625 
946 ' 89 49 16 846 590 536 
947 89 68 09 849 278 123 
948 89 87 04 851.971 392 
949 go 06 or 854.670 349 
950 90 25 00 857 375 000 

| 
* Square Roor. 

29.916 5506 

29-933 259 I 
29.949 958 3 
29.966 648 1 

29.983 328 7 
30 
30.016 662 

30-033 3148 
30-049 958 4 

- 30.066 592 8 
30.083 2179 

30-099 833 9 
30.116 4407 

30-133 038 3 
30-149 6269 
30.166 266 3 
30.182 776 5 

39-199 337 7 
30-215 8899 
30.232 4329 
30.248 966 9 

30.265 491 9 
30.282 007 9 
30.298 5148 
30.315 o128 
30-331 501 8 

30-347 981 8 
30.364 4529 
30.380 915 1 

30-397 368 3 
30.413 8127 
30-430 248 1 

30.446 674 7 
30.463 092 4 
39-479 501 3 
30495 901 4 
30.512 2926 

30.528 675 
30.545 048 7 
30.561 4136 

30-577 769 7 
30-594 117 I 
30-610 455 7 
30.626 785 7 
30.643 1069 

30.659 419 4 
30.675 723 3 
30.692 018 5 
30.708 305 1 

30-724 583 
39740 852 3 
39-757 113 
30-773 365 1 
30:789 608 6 
30.805 843 6 
30.822 07 

SQUARES, CUBES, AND ROOTS. 

Cuzg Root. 

9.636 981 2 

9-640 569 
9-644 1542 

9-647 7367 
9.651 3166 

9-654 893 8 
9-658 468 4 
9.662 0403 
9-665 6096 
9-669 176 2 

9-672 7403 
9.676 301 7 

9-679 8604 
9-683 4166 

9-701 1583 
9-704 698 9 
9.708 2369 

9-711 7723 
9-715 3051 
9-718 835 4 
9.722 3631 
9.725 888 3 

9729 4109 
9732 9309 
9.736 448 4 
9-739 963 4 
9-743 4758 
9-746 985 7 
9-750 493 
9-753 9979 
9-757 5002 
9-761 000 I 

9.794 497 4 
9.757 9922 
9-771 484 5 
9-774 974 3 
9-778 461 6 
9-781 9466 
9-785 428 8 

9-788 908 7 
9-792 386 1 
9-795 861 1 

9-799 333 6 
9.802 803 6. 
9.806 271 1 
9.809 736 2 
9.813 1989 
9.816659 1 
9.820 1169 

9.823 5723 
9.827 025 2 

9-830 475 7 



SQUARES, CUBES, AND ROOTS. 

SquaRe. ~ CusBE. 

90 44 OL 860 085 351 
go 63, 04 862 801 408 

go 82 09 865 523 177 
gi or 16 868 250 664 

OI 20 25 870 983 875 
QI 39 36 873 722 816 

91 58 49 876 467 493 
9177 04 879 217 912 
91 96 81 881 974.079 
g2 1600 884 736 000 
92 35 21 887 503 681 

92 5444 890 277 128 
92 73 69 893 056 347 
92 92 96 895 841 344 
93 1225 8098 632 125 

93 31 56 gor 428 696 
93 50 89 904 231 063 
93 70 24 907 039 232 
93 89 61* 909 853 209 
94.09 00 912 673 000 
94 28 41 915 498 O11 

94 47 84 918 330 048 
94 67 29 921 167 317 
94 86 76 924 O10 424 

95 06 25 926 859 375 
95 25 76 929 714 176 
95 45 29 932 574 833 
95 64 84 935 441 352 
95 84 41 938 313 739 
96 04 00 941 192 000 
96 23 61 944.076 141 

96 43 24 946 966 168 
96 62 89 949 862 087 

96 82 56 952 763 904 
97 02 25 955 ©71 625 
97 2190 958 585 256 
97 41 69 961 504 803 
97 1 44 964 430 272 
97 81 21 967 361 669 
98 or 00 970 299 000 
98 20 81 973 242 271 
98 40 64 976 191 488 

98 60 49 979 146 657 
98 80 36 982 107 784 

99 00 25 985 074 875 
99 20 16 988 047 936 

99 4009 991 026 973 
99 60 04 994 OII 992 

99 80 or 997 002 999 
I 000000 I 000 000 C00 
1000201 I 003 003 0OL 
I 00 4004 I 006 012 008 
I 006009 I 009 027 027 
I 00 80 16 I 012 048 064 
I O1 0025 1015 075 125 
IOI 2036 1018 108 216 

Bs 

Square Roor, » 

~ 30.838 2879 

30.854 497 2 
30.870 698 1 
30.886 890 4 

30.9093 074 3 
39:919 247 7 
30.935 4166 
39.951 5751 
30.967 725 1 
30.983 866 8 
31 

31.016 124 8 
31.032 2413 

31.048 349 4 
31.064 449 1 
31.080 540 5 
31.096 623 6 
3r. 
3t. 
Bi: 
31. 
31. 
3i. 

112 698 4 
128 7648 

144 823 
160 8729 
176.914 5 
1929479 

31.208 973 I 

31.224 99 
Br; 240998 7 
31.256 999 2 
31.272 991 5 
31.288 9757 

31.304 9517 
31. 320.9195 
31.330 879 2 
31.352 8308 

31.308 774 3 
31.384 709 7 
31.400 6369 
31.416 5501 

31.432 467 3 
31-448 370 4 
31.464 265 4 
31.480 152 5 

31-496 031 5 
31511 902 5 
31-527 705 5 
31.543 6206 

31:559 467 7 
31-575 3008 
31-591 138 
31.606 961 3 
31.622 7766 
31.638 584 

31-054 383 6 
31.670 175 2 

31.685 959 
31-701 7349 
31-717 503 

289 

Cuse Roor. 

9.833 923 8: 
9.837 369 5: 
9.840 812-7 

9.844 253 6 
9.847 692 
9.851 128 

9.854 561 7 
9-857 9929 
9.861 421 8 
9.864 848 3 
9.868 272 4 
9.871 694 I 

9.875 113 5) 
9.878 530 5 
9.881 945 I 

9.885 357 4 
9.888 767 3 
9-892 1749 
9.895 580 1 

9.898 983 
9.902 383 5 
9-905 781 7 
9.909 177 6 
9-912 571 2 

9.915 962 4 
9-919 3513 
9:922 7379 
9.926 1222 

9-929 504.2 
9.932 883 9 
9.936 261 3 

9-939 636 3 
9.943 009 2 
9:94 379 7 
9-949 7479 
9-953 1138 
9-959 477 5 
9-959 8389 
9-963 498 I 
9-906 5549 | 
9:969 909 5 
9-973 261 9 
9-976 612 

9-979 9599 
9-983 305 5 
9.986 648 8 
9-989 99 
9-993 328 9 
9.996 665 6 

pce) 

10.003 322 2 
10.006 662 2 
10.009 989 9 
10.013 3155 

* 10.016 638 9 
I0.019 960 I 



290 
NuMBer. 

1007 
1008 

SQUARES, CUBES, AND ROOTS. 

Square. Cuzz. 

IOI 4049 1021 147 343 
ror 6064 
ror 8081 
I 020100 
102 2121 
102 41 44 
I 0261 69 
102 8196 
1030225 
I 03 22 56 

103 4289 
103 63 24 
103 83 61 
1.04 04.00 
I 04 24.41 
104 44 84 
10465 29 
10485 76 
105 06 25 
105 26 76 

105 47 29 
105 67 84 
105 88 41 
I 06.09 00 
106 29 61 
106 50 24 
106 70 89 
10691 56 
1071225 

107 3296 
107 53 69 
107 74.44 
10795 21 
108 1600 
108 36 81 
£08 57 64 
108 78 49 
1 08 99 36 
I 09 20 25 
109 41 16 
I 09 62.09 
109 83 04 
I 100401 
I 102500 
I 104601 
1106704 
I 10 8809 
I110g16 
III 3025 
LI1I 5136 
III 7249 
11193 64 
Ii21481 
I 123600 
1125721 
11278 44 

1024 192 512 

1027 243 729 
I 030 301 000 

1 033 364 331 
1 036 433 728 
1 039 509 197 
1 042 590 744 
1045 678 375 
1 048 772 096 

_ 1051871913 

1.054 977 832 
1.058 089 859 
I 061 208 000 
I 064 332 261 
I 067 462 648 
I 070 599 167 

1073 741 824 
I 076 890 625 
1.080045 570 
I 083 206 683 

1 086 373 952 
1 089 547 389 
I 092 727 000 

1095 912 791 
I 099 104 768 
I 102 302 937 

I 105 507 304 
I 108 717875 
I 111 934.656 

I 115 157653 
I 118 386 872 
I 121 622 319 
I 124 864 000 
1128 111 g2I 
I 131 366 088 
I 134 626 507 

1137 893 184 
I 141 166 125 

I 144 445 330 
1 147 730823 
I 151022 592 
T 154 320649 
I 157 625 000 
1 160935 651 
I 164 252 608 

1 167 575 877 
I 170905 464 
1174 241 375 
1177 583 616 
I 180 932 193 
1184 287 112 

1 187 648 379 
I 191 016.000 

1 194 389 981 
I 197 770328 

Squane Roor. | Cuzg Roor. 

31-733 263 3 10,023 279 
31-749 0157 10,026 595 8 
31-764 7603 10,029 9104 
31-780 497 2 10,033 2228 
31.796 226 2 10,036 533 
31.811 9474 10,039 841 
31.827 6609 10,043 1469 
31.843 3666 10,046 4506 
31.859 064 6 10,049 7521 

31.874. 7549 10,053 0514 
31-890 437 4 10,056 348 5 
31.906 1123 10,059 643 5 

31-921 779 4 10,062 936.4 
31.937 4388 10,066 227 1 

31.953 0906 10,069 5156 
31.9608 7347 10,072 802 
31.984 3712 10,076 086 3 
32 10,079 368 4 
32.015 6282 10,082 648 4 
32.031 2348 10.085 9262 
32.046 840 7 10,089 2019 

32.062 439 I 10,092 475 5 
32.078 029 8 10.095 7469 
32.093 613 1 10.099 016 3 
32.109 188 7 10.102 283 5 
32.124 7568 10,105 5487 
32.140 3173 10,108 811 7 
32.155 8704 10,112 0726 
32-171 4159 10,115 5314 
32.186 9539 10,118 588 2 
32.202 484 4 10,121 8428 
32.218 007 4 10.126 095 3 
32.233 5229 10.128 345 7 
32.249 031 10,131 5941 
32.264 531 6 10,134 8403 
32.280 0248 10,138 084 5 
32-295 5105 10.141 3266 
32.310 988 8 10.144 566 7 
32.326 4598 10.147 8047 
32.341 9233 10.151 0406 

32-357 379 4 10.154 2744 
32.372 828 1 10.157 5002 
32.388 269 5 10.160 7359 
32-403 703 5 10.163 9636 
32.419 1301 10.167 1893 
32-434 549 5 10.170 4129 
32-449 961 5 10.173 634.4 
32.465 366 2 10.176 8539 
32.480 763 5 10.180 0714 
32.496 1536 10,183 2868 
32.511 5304 10.186 500 2 
32.526 9119 10.189 7116 
32.542 280 2 10.192 9209 
32.557 041 2 10.196 128 3 

32-572 994.9 10.199 333.6 
32-588 341 5 10.202 5309 



SQUARES, CUBES, AND ROOTS. 

NouMBeER. SquaRE. 

1063 11299 69 
1064 113.2096 
1065 1134225 
1066 1136356 
1067 113 8489 
1068 1140624 
1069 I 142761 
‘1070 1144900 
1071 1147041 
1072 T1491 84 
1073 I 151329 
1074 1153476 
1075 1155025 
1076 1157776 

1077 11599 29 
1078 1162084 
1079 1164241 
1080 1 166400 
1081 11685 61 
1082 1170724 
1083 1172889 
1084 1175050 
1085 £1772 25 
1086 1179396 
1087 11815 69 
1088 1183744 
1089 11859 21 
1090 1188100 
IOQI I 190281 
1092 I 19 24 64 

1093 1194649 
1094 I 19 68 36 
1095 I 199025 
1096 I 201216 

1097 I 20 34 09 
1098 I 20 5604 
1099 I 207801 
1100 I 210000 
Iiol I 21I 2201 

1102 I 21 44.04 
1103 I 21 6609 
I104 I 21 8816 
1105 1221025 
1106 I 22 32 36 
1107 I 225449 
1108 1 22 7664 
1109 I 2298 81 
I110 I 23 2100 
I1It I 23 43 21 
IIi2 I 2365 44 
1113 1 23 87 69 
1114 1 24 09 96 
IIIS I 24 3225 
1116 1245450 
1117 I 24 7689 
1118 I 24.9924 

CunE. 

I 201 157 047 

1 204 550 144 
I 207 949 625 
I 211 355 496 
1 214 767 763 
1218 186 432 
I 221 611 509 
I 225 043 000 
I 228 480911 
I 231 925 248 

I 235 370017 
I 238 833 224 
I 242 296 875 

1 245 766.976 
1 249 243 533 
I 252 726552 
I 256 216 039 
I 259 712 000 
I 263 214 441 
1 266 723 368 
I 270 238 787 

1 273 760 704 
I 277 289 125 
1 280 824 056 

1 284 365 503 
1 287 913 472 
I 291 467 969 
I 295 029 000 

1 298 596 571 
I 302 170 688 

I 305 751 357 
1 309 338 584 
I 312 932 375 
I 316 532 736 

1 320 139 673 
I 323 753 192 
I 327 373 299 
I 331 000 000 

I 334 633 301 
I 338 273 208 

I 341 919 727 
1 345 572 864 
I 349 232 625 
I 352 899 016 

1356 572043 
I 3600 251 712 
I 363 938 029 
I 367 631 000 
I 371 330 631 
I 375 036 928 

1378 749 897 
1 382 469 544 
1 386 195 875 
1 389 928 896 
I 393 668 613 

1 397 415 032 

291 

Square Roor. Cun Roor. 

32.603 680 7 10.205 738 2 
32.619 0129 10.208 937 5 

32-634 3377 10.212 1347 
32.649 655 4 10.215 33 
32.664 965 9 ° 10.218 5233 
32.680 269 3 10.221 7446 

32.695 565 4 10.224 903 9 
32.710 8544 10.228 Og! 2 
32.726 1363 10.231 2766 

32.741 4111 10.234 4599 
32.756 6787 10.237 6413 
32.771 9392 10.240 820 7 
32.787 1926 10.243 998 1 
32.802 438 9 10.247 1735 
32.817 678 2 10.250 347 
32.832 9103 10.253 5186 
32.848 1354 10,256 688 1 

32.863 353 5 10.259 8557 
32.878 5644 10.263 0213 
32.893 768 4 10.266 185 

32.908 965 3 10.269 346 7 
32.924 1553 10,272 506 5 

32.939 338 2 10.275 664 4 
32.954 5141 10.278 8203 
32.969 683 10.281 9743 
32.984 845 10.285 126 4 
33 10.288 276 5 
33-015 148 10.291 4247 
33.030 289 1 10.294 5709 

33-045 423 3 10.297 7153 
33.060 550 5 10.300 857 7 
33-075 6708 10.303 998 2 

33-090 784 2 10.307 1368 
33-105 890 7 10.310 273 5 
33-120 990 3 10.313 4083 
33-136 083, 10.316 541 1 
33-151 1689 10.319 6721 
33-166 2479 10.322 801 2 
33-181 32 10.325.928 4 

33-196 385 3 10.329 053 7 
33-211 4438 10.332 177 

33-226 695 5 10.335 208 5 
33-241 5403 10.338 418 x 

33:256 5783 10.341 5358 
33-271 609 5 10.344 051 7 
33-286 6339 10.347 795 7 
33-301 6516 10.350 8778 
33-316 662 5 10.353 988 

33-331 6666 10.357 096 4 
33-346 664. 10.360 202 9 
33-301 6546 10.363 307 6 
33-376 638 5 10.366 4103 

33-391 O15 7 10.369 511 3 
33-406 586 2 10.372 6103 

33-421 5499 10.375 707 6 
33-430 507 10.378 803 



292 SQUARES, CUBES, AND ROOTS. 

Cuzz Root. 
NuMBER, Square. CusE. Square Roor. 

IIIg I 25 2161 I 401 168 159 33-451 4573 | 10.381 896 5 1120 I 254400 I 404 928 000 33.466 4or 1 10.384 988 2 1121 I 256641 I 408 694 561 33.481 338 1 10.388 078 r 1122 I 25 8884 I 412 467 848 33.496 268 4 10.391 1661 1123 I 261129 I 416 247 867 33-511 1921 10.394 2523 1124 I 26 33 76 I 420 034 624 33-526 109 2 10.397 3366 1125 1265625 I 423 828 125 33-541 0196 10.400 4192 1126 I 26 78 76 I 427 628 376 33-555 9234 10.403 4999 TL27, I 2701 29 I 431 435 383 33-570 8206 10.406 578 7 1128 I 2723 84 I 435 249 152 33-585 7112 10.409 6557 1129 1274641 I 439 069 689 33.600 595 2 10.412 731 1130 I 276900 I 442 897 000 33-615 4726 10.415 8044 IIZI 12791 61 I 446 731 oo 33-630 343 4 10.418 876 I132 128 14.24 I 450 571 968 33-645 2077 10.421 9458 1133 I 28 36 89 I 454 419 637 33-6600653 {| 10.4250138 1134 I 285956 I 458 274 104 33-674 916 5 10.428 08 1135 I 288225 I 462 135 375 33-689 761 10.431 1443 1136 I 290496 I 466 003 456 33-704 599 1 10.434 2069 . 1137 1 29 27 69 1 469 878 353 33-719 4306 10.437 2677 1138 1295044 I 473 760072 33-734.2556 10.440 3267 T1139 1 29 73 21 1 477 648 619 33-749 074 1 10.443 3839 II4o I 299600 I 481 544000 33-763 886.0 10.446 4393 II41 1301881 1485 446 221 33-778 691 5 10.449 4929 1142 I 3041 64 1 489 355 288 33-793 490 5 10.452 5448 1143 I 306449 I 493 271 207 33-808 283 10.455 5948 1144 I 3087 36 I 497 193 984 33-823 069 1 10.458 643 1 1145 I 311025 I 501 123 625 33-837 848 6 10.461 6896 1140 I 313316 I 505 060 136 33-852 6218 10.464 7343 1147 I 31 5609 I 509 603 523 33-867 388 4 10.467 7773 1148 I 31 7904 I 512953 792 33.882 148 7 10.470 818 5 1149 I 320201 1516910949 33-896 go02 5 10.473 857.9 Iso I 322500 I 520 875 000 33-911 6499 10.476 895 5 II51 I 32 48 or I 524 845 951 33-926 3909 10.479 931 4 II52 ‘I 3271 04 I 528 823 808 33-941 125 5 10.482 965 6 1153 I 32.94.09 I 532 808 577 33-955 8537 10.485 998 TI54 1331716 I 536 800 264 33-9795755 10.489 0286 TI55 I 33 4025 1 540 798 875 33-985 291 10.492 057 5 1156 I 33 63 36 1 544 804 416 34 10.495 084 7 1157 I 33 8649 I 548 816 893 34-014 702 7 10.498 110 4 1158 I 34 09 64 I 552 836 312 34-029 399 10.501 1337 1159 I 34 3281 I 556 862 679 34.044 089 10.504 1556 1160 I 34 5600 I 560 896 000 34.058 772.7 10.507 1757 161 I 34.7921 I 564 936 281 34-073 4501 10.510 194 2 162 I 350244 I 568 983 528 34.088 1211 10.513 2109 1163 I 35 25 69 I 573 037 747 34-102 785 8 10.516 2259 1164 1 35 48.96 1577 098 944 34-117 4442 10.519 239 I 1165 135 7225 I 581 167 125 34-132 0963 10.522 2506 1166 1359556 X 585 242 206 34-146 7422 10.525 260 4 - 1167 I 361889 I 589 324 463 34-161 381 7 10.528 268 5 1168 I 364224 1593 413 632 34-176 015 10.531 2749 1169 I 36 65 61 1597 509 809 34-190 642 10.534 279 5 II7o I 36 8900 I 601 613 000 34-205 262 7 10.537 282 5 IT7I 1371241 I 605 723 211 34-219 8773 10.540 283 7 1172 1 3735 84 1 609 840 448 34-234 485 5 10.543 283 2 1173 1375929 1613 964 717 34-249 087 5 10.546 281 1174 I 37 82 76 I 618 096 024 34-203 683 4 10.549 2771 



SQUARES, CUBES, AND ROOTS. 293 

Nomper. | Squarg, Cuss, Square Roor. Cuzr Roor, 

1175 I 38 06.25 I 622 234 375 34:278 273 10.552 2715 
1176 I 38 29.76 1 626 379 776 34.292 856.4 10.555 204 2 

1177 1 38 5329 1 630 532 233 34-307 433 6 10.558 255 2 
1178 I 38 76 84 1 634 691 752 34.322 004.6 10.561 244 5 

1179 I 390041 1 638 858 339 34.336 569 4 10.564 232 2 
1180 I 39 2400 I 643 032.000 34.351 1281 10.507 218 1 
1181 139 47 61 I 647 212 741 34.305 680 5 10.570 202 4 
1182 I 397124 1 651 400 568 34.380 226 8 10.573 1849 

1183 1 39 94 89 1 655 595 487 34:394 767 10.576 1658 
1184 140 18 56 1 659 797 504 34-409 301 I 10.579 1449 
1185 I 40 4225 1664 006 625 34.423 8289 10.582 1225 
1186 1406596 1 668 222 856 34.438 3507 10.585 098 3 
1187 I 40 89 69 1672 446 203 34.452 866 3 10.588 072 5 
1188 I 4113.44 1 676 676 672 34.467 3759 10.591 045 
1189 I 4I 3721 I 680 914 269 34-481 8793 10.594 015 8 
I1go I 41 6100 1 685 159 000 34.496 3766 10.596 985 
IIgl 1418481 1 689 410 871 34.510 867 8 10.599 9525 
1192 I 4208 64 I 693 669 888 34-525 353 10.602 918 4 
1193 I 42 3249 1 697 936057 34.539 832 I 10.605 8826 
1194 I 425636 I 702 209 384 34.554 305 1 10.608 845 I 
1195 1428025 1 706 489 875 34.568 772 10.611 806 
1196 I 43,0416 I 710 777 530 34.583 2329 10.614 765 2 
II9Q7 I 43 2809 I 715 072 373 34.597 6879 10.617 7228 
1198 I 4352.04 1719 374 392 34.612 1366 10.620 678 8 
1199 I 43 7601 I 723 683 599 34-626 579 4 10.623 633 1 
1200 I 440000 I 728 000 000 34.641 0162 10.626 585 7 
I201 I 44 24 OF I 732 323 601 34.655 4469 10.629 5367 
1202 I 44 48 04 I 736 654 408 34.669 871 6 10.632 486 

1203 I 447209 I 740 992 427 34.684 290 4 10.635 4338 
1204 1 44.9016 I 745 337 064 34-698 703 1 10.638 3799 
1205 I 45 2025 1 749 690 125 34-713 1099 10.641 324 4 
1206 I 45 44 30 I 754 049 816 34.727 5107 10.644 267 2 

1207 1 45 6849 I 758 416 743 34-741 905 5 10.647 208 § 
1208 I 459264 I 762 790 912 34.750 204 4 10.650 148 
1209 1461681 I 767 172 329 34.770 677 3 10.653 086 
1210 I 464100 I 771 501 000 34.785 0543 10.656 0223 

1211 1 4665 21 1775 956931 34-799 425 3 10.658 957 
1212 I 46 89 44 I 780 360 128 34.813 7904 10.661 890 2 
T2713 1471369 I 784779597 34.828 149 5 10.664 821 7 
1214 I 473790 1 789 188 344 34.842 502 8 10,667 7516 
1215 I 47 6225 I 793 613 375 34.856 8501 10.670 6799 
1216 1478656 I 798 045 696 34.871 191 5 10.673 606 6 
I217 1 48 1089 I 802 485 313 34.885 5271 10.676 531 7 
1218 I 48 35 24 1 806 932 232 34.899 8567 10.679 455 2 
1219 148 59 61 1 811 386 459 34.914 180 5 10.682 3771 
1220 1 48 8400 1 815 848 000 34.928 498 4 10.685 2973 
1221 14908 41 1 820 316 861 34.942 8104 10.688 216 
1222 1 49 3284 1 824 793 048 34.957 1166 10.691 1331 
1223. | 1495729 1 829 276 567 34.971 4169 10.694 048 6 
1224 149 81 76 I 833 767 424 34.985 7114 10. 696'962 5 
1225 1500625 1 838 265 625 35 10.699 8748 
1226 I 503076 1 842 771 176 35.014 2828 10.702 785 5 
1227 1505529 1 847 284 083 35-028 5598 10.705 694 7 
1228 150 79 84 1 851 804 352 35.042 8309 10.708 602 3 
1229 1510441 1 856 331 989 35.057 090 3 10.711 5083 
1230 I 512900 1 860 867 000 35.071 3558 10.714 4127 

B B* 



SQUARES, CUBES, AND ROOTS. 294 

Number. Square. CuBE. | Square Roor. j Cuse Roor. 

I231 I 51 53 61 1865 409391 | 35.085 6096 10.717 3155 
1232 1517824 1 869 959 168 35-099 857 5 10.720 2168 
1233 I 520289 I 874 516.337 35-114. 0997 10.723 1165 
1234 I 522756 1 879 080 904 35-128 3361 10.726 0146 
1235 I 525225 1 883 652 875 35-142 5568 10.728 9112 
1236 I 5276096 1 888 232.256 35-1567917 | 10.731 8062 
1237 I 5301 69 1 892 819 053 35-1710108 | 10.734 6997 
1238 I 5320644 1 897 413 272 35.185 2242 10.737 5916 
1239 I 5351 21 1.902 014.919 35-199 4318 10.740 4819 
1240 I 53 7600 1 906 624 000 35-213 6337 10.743 370-7 1241 I 540081 I QII 240 521 35-227 8299 10.746 2579 
1242 1542564 Ig15 864 488 35:242 0204 10.749 1436 
1243 1545949 1.920 495 907 35:2562051. | 10.752027:7 1244 I 5475 30 1.925 134 784 35.270 3842 10.754 9103 1245 1550025 1.929 781 125 35:284 5575 |. 10.7577913 1246 1552516 I 934 434 936 35-298 7252 | 10.7606708 
1247 155 5009 1.939 096 223 35-312 8872 | 10.763 5488 1248 155 75 04 1.943 764 992 35-327 043 5 10.766 4252 - 1249 I 500001 1.948 441 249 35-341 194.1 10.769 300:°I 
1250 1 562500 1953 125 000 35+355 339 I 10.772 1735 1251 156 5001 1957 816 251 35-309 4784 10.775 0453 1252 1567504 I 962 515 008 | 35:383 612 10.777 9156 
1253 1570009 1967221277 | 35.30774 10.780 784 3 1254 1572516 1971935 064 35-411 8624 10.783 6516 
1255 1575025 1.976 656 375 35-425 9792 10.786 5173 1256 1577530 1981 385 216 35-440 0903 10.789 381 5 
1257 1 580049 1.986 121 593 35-454 1958 10.792 244 I 1258 158 25 64 I 990 865 512 35-468 2957 | 10.795 1053 
1259 1 58 5081 1995 616.979 35-482 39 10.797 964.9 1260 1587600 2 000 376 000 35-496 4787 10.800 823 1261 I 5901 21 2005 142 581 35-510 5618 10.803 6797 1262 1592644 2 009 916 728 35-524 6393 10.806 5348 
1263 1595169 2014 608 447 35-538 711 3 10.809 388 4 1264 159 76.96 2019 487 744 35-552 7777 10.812 2404 1265 16002 25 2 024 284 625 35-506 838 5 10.815 0909 1266 1602756 2.029 089 096 35-580 893 7 10.817 94 
1267 160 5289 2.033 gor 163 35+594.943 4 10.820 7876 1268 1 60 78 24 2 038 720 832 35-608 987 6 10.823 6336 1269 16103 61 2.043 548 109 35-623 0262 10.826 478 2. 1270 I 61 2900 2 048 383 000 35-637 05903 10.829 3213 1271 1615441 2053 225 511 35-051 0869 10.832 1629 1272 161 7984 2058075 648 35-665 109 10.835 003 1273 16205 29 2 062 933 417 35-679 125 5 10.837 841 6 1274 I 62 30 76 2067 798 824 35.693 1366 10.840 6788 1275 162 5625 2072 671 875 35-707 1421 10.843 514.4 1276 16281 76 2077 552570 35-721 1422 10.846 348 5 
1277 16307 29 2 082 440 933 35-735 136 7 10.849 181 2 1278 1 63 3284 2 087 336 952 35-749 125 8 10-852 012 5 ~ 1279 163 58 41 2 092 240 639 35-763 109 § 10-854 8422 1280 1 63 8400 2.097 152000 35-777 0876 10.857 6704 1281 16409 61 2 102 071 O41 35-791 060 3 10.860 497 2 1282 164.35 24 2 106 997 768 35-805 0276 10.863 322 5 1283 1 64 60 89 2 111 932 187 35-818 989 4 10-866 146 4 1284. 1 64 86 56 2 116 874 304 35-832 945 7 10-868 968 7 1285 165 1225 2 121 824 125, 35-846 8966 10.871 789 7 1286 1653796 |. 2126781650 35-860 842 1 10-874 609 1 



‘SQUARES, CUBES, AND ROOTS. 295 

NuMBER. Square. CusE. Square Root. Cunr Root, 

1287 1 65 63 69 2 131 746.903 35.874 782 2 10.877 4271 
1288 165 89 44 2 136 719 872 35-888 716.9 10.880 243 6 
1289 1661521 2141 700 569 35.902 646 1 10.883 058 7 
1290 1664100 2 146 689 coco 35.916 5699 10.885 872 3 
1291 1666681 2151 685171 35930 488 4 10.888 684 5 
1292 166.92 64 2 156 689 088 35-944 401 5 10.891 495 2 

1293 1671849 2 161 700 757 35-958 309 2 10.894 304 4 
1294 167 44 36 2 166 720 184 35.972 2115 10.897 1123, 
1295 167 7025 2171 747 375 35.986 108 4 10.899 918 6 
1296 1679610 2176 782 330 36 10.902 723 5 
1297 1 68 2209 2 181 825 073 36.013 886 2 10.905 5209 
1298 I 68 48 04 2 186 875 592 30.027 767 1 10.908 329 
1299 168 7401 2 191 933 899 36.041 6426 10.911 1296 
-1300 I 69 00 00 2 197 000.000 36.055 5128 10.913 928 7 
IZ01 I 69 2601 2 202 073 9OI 36.069 3776 10.916 726 5 
1302 169 5204 2 207 155 608 36.083 237 I 10.919 5228 
1303 1 69 78.09 2212245 127 30.097 091 3 10.922 317 7 
1304. I 7004 16 2217 342 464 36.110 9402 10.925 LIII 
1305 I 70 30.257 2222 447 625 36.124 783 7 10.927 903 I 
1306 I 70 5636 2 227 560 616 36.138 622 10.930 693 7 
1307 I 708249 2 232 681 443 36.152 455 10.933 4829 
1308 I 710864 2 237 810 112 36.166 282.6 10.936 2706 
1309 I 713481 2 242 946 629 36.180 105 10.939 0509 
1310 I 716100 2 248 OgI 000 36.193,922 1 10.941 841 8 
IZ1I I 718721 2 253 243 231 36.207 734 10.944 6253 
1312 I 721344 2 258 403 328 36.221 5406 10.947 5074 

1313 I 7239 69 2.263 571 207 36.235 3419 10.950 188 
1314 17265 96 2 268 747 144 36.249 1379 10.952 967 3 
IZ15 I 729225 2 273 930 875 36.202 928 7 10.955 7451 
1316 1731856 2279 122 496 36.276 7143 10.958 521 5 

1317 1734489 2 284 322 013 36.290 494 6 10.961 296 5 
1318 17371 24 2 289 529 432 36.304 269 7 10.964.070 I 

319 I 73.97 64 2 204 744 759 36.318 039 6 10,966 842 3 
1320 I 74 2400 2 299 908 000 36.331 804 2 10.969 613 I 
1321 I 745041 2 305 199 161 36.345 5637 10.972 382 5 

1322 1 74 76 84 2 310 438 248 36-359 3179 10.975 1505 
1323 175 03 29 2 315 685 267 36.373 067 10.977 917 I 
1324 I 75 29 76 2 320 940 224 36.386 810 8 10.980 682 3 
1325 I 75 5625 2 326 203 125 36.400 549 4 10.983 446 2 
1326 I 75 8276 2 331 473 976 36.414 2829 10.986 208 6 
1327 I 76.09 29 2 336 752 783 36.428 o11 2 10.988 969 6 

1328 I 76.35 84 2 342 039 552 36.441 734 3 10.991 7293 
1329 1 76 62 41 2 347 334 289 36.455 452 3 10.994 487 6 
1330 I 76 89 00 2 352 637 000 36.469 165 10.997 244 5 

1331 177 15 61 2 357 947 O91 36.482 872 7 11 
1332 177 42 24 2 363 266 368 36.496 575 2 11,002 754 1 
1333 I 77 68 89 2 308 593 037 36.510 272 5 IL.005 5009 

1334 17795 56 2 373 927 704 36.523 964.7 11,008 2583 

1335 1 78 2225 2 379 270 375 36.537 0518 IT.O1L 008 2 
1330 I 78 48 96 2 384 621 056 36.551 333 8 TI.013 7569 

1337 178 75 69 2.389 979 753 36.565 0106 II.016 504 I 
1338 I 790244 2 395 340.472 36.578 682 3 IL.O19 25 
1339 I 79 29 21 2 400 721 219 36.592 3489 II.021 9945 
1340 I 79 5600 2 406 104 000 36.606 o10 4 11.024 7377 
1341 1798281 2411 494 821 36.619 666 8 II.027 4795 
1342 1 8009 64 2 416 893 688 36.633 318 1 11.030 2199 



296 SQUARES, CUBES, AND ROOTS. 

| 
Number. Square. Cone. Square Roor. 

1343 1 80 36.49 2 422 300 607 36.646 964 4 1344 I 8063 36 2 427 715 584 36.660 605 6 
1345 1 80.90 25 2 433 138 625 36.674 2416 1346 1811716 2 438 569 736 36.687 8726 
1347 1814409 2 444 008 923 36.701 4986 1348 1817104 2 449 456 192 36-715 119 5 1349 18198 01 2454 911 549 36.728 735 3 1350 1822500 2 460 375 000 36.742 3461 1351 1 82 5201 2 465 846 551 36.755 9519 1352 1827904 2 471 326 208 36.769 5526 
1353 1 83 0609 2 476 813977 36.783 148 3 1354 183 33 16 2 482 309 864 36.796 739 1355 1 83 6025 2.487 813 875 36.810 324 6, 1356 1 838736 2 493 326016 36.823 905 3 
1357 1841449 2 498 846 293 36.837 4809 1358 184 41 64 2 504 374 712 36.851 051 5 1359 184 68 8r 2 509 QII 279 36.864 617 2 1360 1849600 2515 456000 36.878 1778 1361 185 23 21 2 521 008 88r 36.891 733 5 1362 1855044 2 526 569 928 36.905 284 2 
1363 185 77 69 2 532 139 147 36.918 8299 1364 1 86 04.96 2537 716 544 36.932 370 6 1365 1 86 32 25 2 543 302 125 36.945 906 4 1366 1 86 59 56 2 548 895 896 36.959 4372 1367 1 86 86 89 2 554 497 863 36.972 963 1 1368 1871424 2 560 108 032 36.986 484 
1369 187 41 61 2 565 726 409 37 1370 1876900 2 571 353 000 37.013 511 1371 1879641 2576 987 811 37-027 0172 1372 188 23 84 2 582 630 848 37-040 5184 1373 188 51 29 2 588 282 117 37-054 0146 
1374 1 88 78 76 2 593 941 624 37-©67 506 1375 189 0625 2 599 609 375 37-089 992 4 1376 1 89 33 76 2 605 285 376 37-094 474 1377 189 61-29 2 610 969 633 37-107 9506 1378 1 89 88 84 2616 662 152 37-121 4224 
1379 190 1641 2 622 362 939 37-134 889 3 1380 190 44.00 2 628 072 000 37-148 3512 1381 19071 61 2 633 789 341 37-161 808 4 
1382 19099 24 2 639 514.968 37-175 2606 1383 I QI 26 89 2645 248 887 37-188 7079 1384 TOI 5456 2650 991 104 37-202 150 5 1385 1918225 2 656 741 625 37-215 588 1 1386 T9209 96 2 662 500 456 37-229 0209 1387 I 92 3769 2 668 267 603 37-242 4489 
1388 19265 44 2 674 043072 37-255 872 1389 I 9293 21 2 679 826 869 37-269 290 3 1390 193 2100 2685 619 000 37-282 702 7 I391 193 488r 2691 419 471 37-296 112 4 1392 193 7664 2 697 228 288 37-309 5162 
1393 T9404 49 2 703 045 457 37-322 915 2 1304 194 32 36 2 708 870 984 37-336 309 4 1395 1 94 60 25 2714 704 875 37-349 698 8 1396 194 88 16 2720 547 136 37-363 083 4 1397 195 1609 2 726 397 773 37-376 463 2 1398 195 44.04 2 732 250 792 37-389 838 2 

Ccvzr Roor. 

T1.032 959 
11.035 696 7 
11.038 433 
11.041 168 
11.043 gor 7 
11.046 6339 

11.049 3649 
11.052 094 5 
11.054 8227 

11-057 5497 
11.060 275 2 
11.062 999 4 
11.065 7222 
11.068 443 7 
II.07I 1639 
11.073 8828 
11.076 600 3 
11.079 3165 
11.082 031 4 
11.084 7449 
11.087 4571 
I1.090 1679 
11.092 8775 

11.095 585 7 
11,098 2926 

II.103 702 5 
11.106 405 4 
II.109 107 
11,111 8073 
II.114 5064 
11.117 2041 
II.I119 900 4 
II.122 595 5 
TI.125 2893 
11.127 981 7 
T1I.1306729 
I1.133 3628 
II.136051 4 
11.138 7386 
II.141 4246 
TI.144 1093 
11.146 7926 

11.149 474 7 
II.152155 5 
11.154 835 

EES USS 
II.160 190 3 © 
11.162 8659 
T1.165 5403 
11.168 213 4 
11.170 885 2 

11.173 5558 
I1.176 225 
11.178 893 
11.181 5598 



_ NumBeEr, | 

1399 
1400 
I40r 
1402 
1403 
1404 
1405 
1406 
1407 
1408 

1409 
1410 
141 
I4i2 
1413 
I4i4 
1415 
1416 
I417 
1418 
1419 
1420 
1421 
1422 - 
1423 
1424 
1425 
1426 

1427 
1428 
1429 
°1430 
1431 
1432 

1433 
1434 
1435 

: 1436 
1437 
1438 

1439 
1440 
1441 
1442 
1443 
1444 
1445 
1446 

1447 
~ 1448 

1449 
1450 

» 1451 
1452 

1453 
» 1454 

SQUARES, CUBES, AND ROOTS. 297 
SQuaRE,- CusE. Square Root, Cuner Roor, 

195 7201 2738 124 199 37-403 208 4 II.184 2252 
1960000 2 744.000 000 37-416 5738 11.186 889 4 
196 2801 2 749 884 201 37-429 934.5 11.189 5523 

196 56.04 2755 779 808 37-443 290.4 II.192 2139 
196 84.09 2761 677827, | 37-4566416 11.194 8743 
197 1216 2,767 587 264 37-469 988 11.197 5334 
197 4925 2773 505 125 37-483 329 6 II.200 191 3 
1.97 68 36 2.779 431 410 37-496 666 5 11.202 8479 

1979649 2 785 306 143 37:509 998 7 II.205 503:2 
1 98 24 64 2 79I 309 312 37-523 3261 11.208 1573 
198 5281 2797 260929 37-530 648 7 II.210 810 I 
198 8100 2 803 221 000 37-549 9067 II.213 461.7 
19909 21 2 809 189 531 37-503 2799 IL.216112 
I 993744 2815 166528 37-576 5885 11.218 761 1 
199 65 69 2821 151997 37:589 892 2 11.221 4089 

1999396 2827 145 944 37-603 191 3 1.224 005 4 
200 22.25 2833 148 375 37-616 485 7 11.226 700.7 

2005056 2 839 159 296 37-629 775 4 11.229 3448 
200 78 89 2845 178713 37-643 060 4 II.231 9876 
20107 24 2 851 206 632 37-056 3407 I1.234 629 2 
201 3561 2 857 243059 37.669 616 4 11.237 269 6 
201 6400 2 863 288 000 37.082 887 4 11.239 908 7 
2019241 2 869 341 461 37.696 153.6 11.242.540.5 
202 2084 2875 403 448 37-709 4153 11.245 183.1 
2024929 2 881 473 967 37:722 6722 11.247 8185 

2027776 2 887 553,024 37-735 924-5 1I.2504527 
2030625 2 893 640 625 37-749 1722 11.253 085 6 

2 03 34 76 2899 736 776 37-762 415 2 11.255 7173 
203 63 29 2.905 841 483 37-775 ©53 5 11.258 3478 
203 91 84 2911 954 752 37-788 887 3 11,200 977° 
2042041 2918 076589 37.802 1163 11.263 605 
2044900 2.924 207 000 37.815 3408 11.266 231 8 
2047761 2930 345 991 37.828 5606 11.268 8573 
205 06 24 2 930 493 568 37-841 7759 II.271 4816 

205 3489 2942 649 737 37-854 986 4 11.274 104-7 
205 6356 2.948 814 504 37-868 192 4 11.276 7266 

205 9225 2954 987 875 37-881 3938 11.279 3472 
2 00 2096 2961 169 856 37-894 5906 11.281 9666 

2 06 49.69 2.967 360 453 37:907 7828 11.284 584.9 
206 78 44 2973 559 072 37-920 9704 11.287 2019 

20707 21 2.979 797 519 37-934 1535 11.289 817.7 
2 07 3600 2.985 984.000 37-947 3319 11.292 432 3 
207 6481 2.992 209 121 37-960 505 8 11.295 045.7 

207 93 04 2.998 442.888 37-973 975 1 11.297 6579 
208 22 49 3,004 685 307 37-986 839 8 11.300 268 8 
208 51 30 3, 010.936 384. 38 11.302 8786 
2 08 80 25 3017 196125 38.013 1556 11.305 487 1 
209 09 16 3,023 464 536 38.026 306 7 11.308 094 5 
2 09 38 09 3.029 741 623 38.039 453 2 II.310 7006 
2 09 67 04. 3,036 027 392 38.052 595 2 11.313 3056 
209 96.01 3.042 321 849 38.065 7326 II.315.9094 
2102500 3,048 625 000 38.078 865 5 II.318 5119 
2105401 3.054 930 851 38.091 993 9 I1l.321 1132 
2108304 30061 257 408 38.105 1178 II.323 713:4 
2111209 3.067 586677 38.118 237 1 11.326 3124 
2114116 3.073 924 664. 38.131 3519 11.328 9102 
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SQUARES, CUBES, AND ROOTS. 

NuMBER, Square. Cuse. Square Root. Cusz Root, 

1455 2117025 3080271375 | 38.1444622 11.331 5067 
1456 2 119936 3086626816 | 38.157 5681 11.334 1022 

1457 21228 49 3.292 990 993 38.170 669 3 11.336 6964 
1458 21257 64 3.099 363 912 38.183 7662 11.339 289 4 
1459 2128681 3105 745579 38.196 858 5 11.341 8813 
1460 2131600 3 112 136000 38.209 946 3 11.344 4719 
1461 21345 21 3118 535 181 38.223 029 7 11.347 061 4 
1462 2137444 3124 943 128 38.236 108 5 11.349 6497 
1463 21403 69 3131 359 847 38.249 1829 11.352 2368 
1464 21432096 3137 785 344 38.262 2529 11.354 8227 
1405 2146225 3144 219 625 38.275 318 4 11.357 4075 
1466 2149156 3.150 662 696 38.288 379.4 I1I-3599911 
1467 2152089 3157 114 563 38.301 436 11.362 5735 
1468 2155024 3 163 575 232 38.314 488 1 11.365 1547 
1469 215 7961 3.170 044 709 38.327 5258 11.367 7347 
1470 2 160900 3,176 523 000 38.340 579 IX.370 3136 
1471 21638 41 3183 010111 38.353 6178 11.372 8914 
1472 2166784 3 189 506 048 38.366 6522 11.375 4679 
1473 2169729 3196010817 38.379 6821 11.378 0433 
1474 2172676 3202 524 424 38.392 7076 11.380 6175 
1475 2175625 3 209 046 875 38.405 728 7 11.383 1906 1476 21785 76 3215 578 176 38.418 7454 11.385 7625 
1477 2181529 3 222 118 333 38.431 7577 T1.388 333 2 
1478 218 4484 3 228 667 352 38.444 765 6 11.390 9028 
1479 218 74 41 3 235 225 239 38.457 7691 11.393 4712 1480 2190400 3 241 792 000 38.470 768 1 11.396 038 4 
148r 2 19 33 61 3248 367 641 38.483 762 7 11.398 604 5 
1482 2196324 3.254.952 168 38-496 753 II.401 1695 
1483 2199289 3 261 545 587 38.509 739 II.403 7332 ‘1484 2202256 3 268 147 904 38.522 7206 11.406 2959 
1485 220 5225 3274 759 125 38-535 697 7 11.408 857 4 1486 2 20 81 906 3 281 379 256 38.548 670 5 II.4II 4177 
1487 2211169 3 288 008 303 38.561 638 9 11.413.9769 
1488 221 4144 3 294 646 272 38.574 603 11.416 5349 
1489 221 71 21 3 301 293 169 38.587 562 7 I1.419 091 8 
1490 2220100 3 307 949 000 38.600 518 1 11.4206476 
1491 2223081 3314 613 771 38.613 469 1 11.424 2022 
1492 2 226064 3321 287 488 38.626 415.8 11.426 7556 
1493 222.9049 3 327 979 157 38.639 358 2 11.429 3079 1494 2 23 20 36 3334 661 784 38.652 296 2 I1.431 8591 
1495 2 23 5025 3.341 362 375 38.665 2299 11.434 4092 1496 2 23 8016 3.348 071 936 38.678 1593 11.436958 1 
1497 2 24 IO 09 3 354 799 473 38.691 084 3 11.439 5059 1498 224 4004 3 361 5179902 38.704 005 I1.442:052 5 
1499 2 24 70 O1 3 368 254 499 38.716 921 4 11.444 598 1500 2 2500 00 3 375 000 000 38.729 833 5 11.447 1424 
I50r 2 25 3001 3381 754 501 38.742 741 2 11.449 685 7 
1502 2256004 3 388 518 008 38.755 6447 11.452 2278 
1503 2 25 90 09 3 395 290 527 38.768 543 9 11.454 768 8 1504 2 26 20 16 3 402 072 064 38.781 438 9 11.457 3087 
1505 226 50 25 3 408 862 625 38.794 329 4 11.459 8474 
1506 2 26 80 36 3415 662 216 38.807 2158 11.462 385 
1507 2271049 3 422 470 843 38.820 097 8 11.464 921 5 1508 227 40 64 3 429 288 512 38.832 975 7 11.467 4568 
1509 2277081 3.436 115 229 38.845 849 1 11.469 991 I 
1510 2280100 3.442 951 000 38.858 718 4 11.472 524.2 



Nomser. | 

I511 
1512 
1513 
1514 
I515 
1510 
1517 
1518 
I519 
1520 
1521 
1522 
1523 
1524 
1525 
1526 
1527 
1528 

1529 
1530 
1531 
1532 

1533 
1534 
1535 
1530 

1537 
1538 

1539 
1540 
1541 
1542 

1543 
1544 
1545 
1546 

1547 
1548 

1549 
I550 
I551 
1552 

1553 
1554 
1555 
1550 

1557 
1558 

1559 
1560 
1561 
1562 
1563 

1564. 
1505 
1566 | 

SQUARES, CUBES, AND ROOTS. 

SquaReE, 

228 31 21 
228 61 44 
2 28 91 69 

2 29 91 96 
229 52 25 
2 29 82 50 
2301289 

2 30 43 24 
2 30 73 61 
2310400 
231 34 41 
231 64 84 

23195 29 
23225 76 
2325625 
2 32 86 76 

2331729 
233.47 84 
2 33 78 41 
2 34.09 00 
2 34 39 61 
2 34 70 24 
2 35 00 89 
2 35 31 50 
2 35 62 25 

2 35.9296 
2 36 23 69 
2 36 54 44 
2 36 85 21 
2371600 
2374081 

2377794 
2 38 08 49 

2 38 39 36 
238 7025 
239 01 16 

2 39 3209 
2 39 63 04 
239 94 OF 
2 40 2500 
240 5601 
2 408704 
241 1809 
2414916 
2418025 
24211 36 

2424249 
2 42 73 64 
243,04 81 

2 43 36.00 
2 4367 21 

24398 44 
2 44 29 69 
244 60 96 
2449225 
245 23 50 

3449 795 831 

CusBE. 

3.450 649 728 
3.463 512 697 
3.470 384 744 
3.477 265 875 
3 484 156.096 
3491 055 413 
3 497 963 832 
3 504 881 359 
3 511 808 000 

3518 743 761 
3 525 688 648 

3.532 642 667 
3 539 605 824 
3.540 578 125 
3 553 559 576 
3 560 558 183 
3 597 549 952 
3.574 558 889 
3 581 577 000 
3 588 604 291 

3 595 640 768 
3 602 686 437 

3 609 741 304 
3, 616 805 375 
3 623 878 656 

3630 961 153 
3 638 052 872 

3 645 153 819 
3,652 264 000 

3 659 383 421 
3 666 512 088 

3.673 650 007 
3 680 797 184 

3 687 953 625 
3 695 119 336 
3 702 294 323 
3709 478 592 
3 716 672 149 

3 723 875 000 
3 731 087 151 

3,738 308 608 

3745 539 377 
3 752 779 464 
3 760 028 875 
3, 767 287 616 

3.774 555 693 
3 781 833 112 

3 789 119 879 
3 796 416 000 
3 803 721 481 
3 811 036 328 

3 818 360 547 
3 825 641 144 

3833 037 125 
3 840 389 496 

299 

Square Roor, Cuner Roor, 

38.871 583 4 11.475 0562 
38.884 444 2 11.477 5871 
38.897 3006 11.480 1169 
38.910 1529 11.482 645 5 
38.923 0009 11,485 1731 

38.935 8447 11.487 699 5 
38.948 684 1 11.490 224.9 

38.961 519 4 11.492 749 I 
38.974 3505 11.495 2722 
38.987 1774 11.497 7942 
39 I1,500 3151 
39.012 818 4 11,502 8348 
39.025 6326 11.505 3535 
39.038 4426 11.507 871 1 
39.051 2483 11,510 3876 

39.064 0499 1.512903 
39.076 8473 TI.515 4173 
39.089 6406 II.5179305 
39.102 4296 11.520 4425 

39-115 214 4 11.522 953 5 
39-127 9951 11.525 463 4 
39.140 7716 1I.5279722 

39-153 543.9 11.530 4799 
39.166 312 11.532 986 5 
39-179 076 11.535 492 
39-191 8359 11.537 996 5 
39.204 591 5 11.540 4998 
39-217 3431 11.543 002 1 
39.230 090 5 11.545 5033 
39.242 833 7 11.548 003 4 
39-255 5728 11.550 5025 
39-268 307 8 11.553 0004 
39.281 038 7 11.555 4973 

39-293 795 4 11.557 9931 
39-306 488 11.560 487 8 
39.319 206 5 11.562 981 5 

39-331 920 8 11.505 474 
39-344 631 1 11.567 965 5 
39-357 337 3 11.579 4559 
39:3709 039 4 11.572 945 3 
39.382 737 3 IT.575 4336 
39.395 431 2 11.577 9208 
39.408 121 11.580 4069 

39-420 806 7 11.582 8919 
39-433 488 3 11.585 3759 
39-446 165 8 11.587 8588 
39-458 839 3 11.590 340 7 
39.471 508 7 11.592 821 § 

39.484.174 11/595 3013 

39-496 835 3 11.597 7799 
39-509 492 5 11.600 2576 
39-522 1457 11.602 734 2 

39-534 7948 11.605 209 7 
39-547 4399 11,607 684 1 
39-560 080 9 11.610 1575 
39-572 7179 11.612 6299 
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NumpeEr. Square. CuBE. Square Roor. Ccsz Roor. 

1567 2455489 | 3847751 263 39-585 3508 11.615 1012 
1568 2 45 86 24 3 855 123432 | 39-5979797 11.617 5715 
1569 24617 61 3 862 503 009 39.610 604 6 11.620 0407 

1570 2 46 49 00 3 869 893 000 39-623 225 5 11.622 508 8 

1571 2 46 80 41 3 877 292 411 39-635 842 4 11.624 9759 
1572 24711 84 3 884 701 248 39-648 455 2 11.627 442 

1573 2474329 3 892 119 517 39.661 064 11.629 907 
1574 247 74 76 3 899 547 224 39-673 668 8 11.632 371 
1575 2 48 06 25 3.906 984 375 39.686 269 6 11.634 8339 
1576 2 48 37 76 3 914 430 976 39.698 866 5 11.637 295 7 
1577 2 48 69 29 3 921 887 033 39-711 4593 11.639 7566 
1578 2 49 00 84 3 929 352 552 39.724 048 I 11.642 216 4 - 
1579 2 49 32 41 3.936 827 539 | 39-7366329 11.644 675 1 
1580 2 49 64 00 3.944 312 000 39-749 2138 14.647 1329 

1581 24995 61 3.951 805 941 39.761 790 7 11.649 589 5 
1582 2502724 | 3959 309 368 39-774 363 6 11.652 045 2 
1583 25058 89 3 966 822 287 39.786 9325 11.654 499 8 

1584 2 50.90 56 3.974 344 704 39-799 497 5 11.656 953.4: - 
1585 251 22:25 3,981 876 625 39.812 058 5 11.659 405 9- 
1586 2515390 3 989 418 056 39.824 615 5 11.661 8574 

1587 251 85 69 3.996 969 003 39-837 168 6 11.664 3079 
1588 2521744 4 004 529 472 39-849 717 7 11.666 7574 
1589 25249 21 4 012 099 469 39.862 2628 11.669 205 8 
1590 2528100 4 019 679 000 39-874 804 11.671 6532. 
1591 2531282 4.027 268 071 39-887 3413 11.674 099 6 

1592 2 53 44 64 4.034 866 688 39-899 874 7 11.676 5449 
1593 2537049 | 4042474857 39.912 404 I 11.678 989 2 
1594 2 54.08 36 4 050 092 584 39:924 929 5 11.681 432 5 
1595 2 54 40 25 4.057 719 875 39-937 4511 11.683 8748 
1596 2547216 4.065 356 736 39-949 968 7 11.686 3161 

1597 2550409 | 4073003173 39:962 482 4 11.688 7563 
1598 2 55 30.04 4 080 659 192 39:974 992 2 11.691 195 5 
1599 255 68 o1 4 088 324 799 39-987 498 11.693 633 7 
1600 2 560000 4.096 000 000 40 11.696 0709 

Uses of preceding table may be greatly extended by aid of following 
Rules: 

To Compute Square or Cube of a higher Number than 
is contained in Table. 

When Number is divisible by a Number without leaving a Remainder. 

Rute.—If number exceed by 2, 3, or any other number of times, any number 
contained in table, multiply square or cube of that number in table by square of 2, 
3, ete., and product will give result. 

Exawpre.—Required square of 1700. 

1700 is ro times 170, and square Of 170 is 28900. 

Then, 289 00 X 10? = 2 89 0000, 

2.—What is cube of 2400? 

2400 is twice 1200, and cube of 1200 is 1 728 000 000. 

Then 1728 000 000 X 23 = 13 824.000 000. 

When Number is an Odd Number. 

Rutr.—Take the two numbers nearest to each other, which, added together, 
make that sum; then from sum of squares or cubes of these two L Heber, multi- 
plied by 2, subtract x, and remainder will give result. 
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ExaMPLe.—What is square of 1745? 

Two nearest numbers are {#73} = 1745. 
Dome = 762129 

Then, per table, {iia Eur O oy 85 

I 522513 X 2=3045 026 —1 304 5025. 

To Compute Square or Cube Root of a higher Number 
than is contained in Table. 

When Number is divisible by 4 or 8 without leaving a Remainder. 

Ruir.—Divide number by 4 or 8 respectively, as square or cube root is required; 
take root of quotient in table, multiply it by 2, and product will give root required. 

EXAMPLE. —What are square and cube roots of 3200? 

3200 + 4 = 800, and 3200 + 8 = 4oo. 

Then, square root for 800, per table, is 28.28 42,71 2, which, being X 2= 56.56 85 424 
root. 

Cube root for 400, per table, is 7.368 063, which, being X 2=14.736 126 root. 

When the Root (which is taken as Number) does not exceed 1600. 

The Numbers in table are roots of squares or cubes, which are to be taken 
as numbers, 

ILLUSTRATION. —Square root of 6400 is 80, and cube root of 512000 is 80. 

When a Number has Three or more Ciphers at its right hand. 

Rexie.—Point off number into periods of two or three figures each, according as 
square or cube root is required, until remaining figures come within limits of table; 
then take root for these figures, and remove decimal point one figure for every pe- 
riod pointed off. 

Exampip.—What are square or cube roots of 1 500000? 

1 500 000 = 150, remaining figure, square root of which=12.247 45; hence 1224.745, 
square root. 

| 1500600 = 1500, remaining figures, cube root of which = 11.447 14; hence 
| 114.4714, cube root. 

To Ascertain Cube Root of any Number over 1600. 

| Rore.—Find by table nearest cube to number given, and term it assumed cube; 
| multiply it and given number respectively by 2; to product of assumed cube add 
given number, and to product of given number add assumed cube. 

Then, as sum of assumed cube is to sum of given number, so is root of assumed 
cube to root of given number, 

EXxAmPLy.,—What is cube root of 224 809? 

By table, nearest cube is 216 000, and its root is 60. 

216 000 X 2-++ 224 809 = 656 809, 
And 224 809 X 2-+ 216 000 = 665 618. 

Then 656 809 : 665 618 :: 60 : 60.804-++, root. 

'To Ascertain Square or Cube Root of a Number con- 
sisting of Integers and Decimals. 

| RvuLe.—Multiply difference between root of integer part and root of next higher 
{integer by decimal, and add product to root of integer given; the sum will give root 
) of number required. 

This is correct for Square root to three places of decimals, and for Cube root to seven. 
| Coa 
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EXAMPLE.—What is square root of 53.75, and cube root of 843.75? 

54 = 7-3484 4/844 =9-4503 
ve = 7.2801 843° = 9.4466 

-0683 -0037 

75 ~5 275 
+051 225 -002 775 

V53. = 7-2801 4/843 = 9.4466 

V 53-75 = 7-331 325 1843-75 = 9.449 375 

When the Square or Cube Root is required for Numbers not exceeding Roots 
given in Table, - 

Numbers in table are squares and cubes of roots. 

Re.e.—Find, by table, in colamn of numbers that number representing figures 
of integer and decimals for which root is required, and point it off decimally by 
places of 2 or 3 figures as square or cube root is required; and opposite to it, in 
column of roots, take root and point off x or 2 additional places of decimals to those 
in root, as square or cube root is required, and result is root required. 

EXAMPLE I.—What are square roots of .15, 1.50, and 15.00? 

In table, 15 has for its root 3.87 298; hence .38 7298 = square root for .15. 
150 has for its root 12.24 745; hence 1.22 47 45 = square root for 1.50. 
1500 has for its root 38.7298; hence 3.87 298 = square root for 15. 

2.—What are cube roots of .15, 1.50, and 15.00? 

Add a cipher to each, to give the numbers three places of figures, as .156, 1.500, 
and 15.000. 

In table 150 has for its root 5.3133; hence .531 33 = cube root of .15. 
1500 has for its root 11.4473; hence 1.1447 = cube root of 1.50. 
15 has for its root 2.4662; and 15.000, by addition of 3 places of figures, has 

24.662; hence 2.4662 = cube root of 15.00. 

To Ascertain Square or Cube Roots of Decimals alone. 

RouLe.—Point off number from decimal point into periods of two or three figures 
each, as square or cube root is required. Ascertain from table or by calculation 
root of number corresponding to decimal given, the same being read off by remoy- 
ing the decimal point one place to left for every period of 2 figures if square root is 
required, and one place for every period of 3 figures if cube root is required. 

ExampLe.—What are square and cube roots of .80, .o81, and .oo8r ? 

.8ro, when pointed off =.8z, and 4/.8i =.9. 
Aolsree aS +e tC —o8s,, “ a/lo8r ==. 2846, 

.ooSr, SS == 0081, ‘ 4/.0081 = .09. 

.810, when pointed off =.810, and ¥/.810 = 932 17- 

efohh A as se “ 081, “ 9/081 = .43267. 
Kerley ad is & — oo81, * 3.0081 = .200 83, 

To Compute 4th Root ofa Number. 

Ruts.—Take square root of its square root, 

ExAmpie.—What is the W of 1600? 

1600 = 40, and 1/40 = 6.32 4555 3. 

To Compute Gth Root of a Number. 

Ruiy.—Take cube root of its square root. 

ExamPLe.—What is the 1 of 441? 

441 = 21, and 21 = 2.7 589 243. 
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Ath and 5th Powers of Numbers. 

From 1 to 150. 

Number. 4th Power. 5th Power. Number, | 4th Power. sth Power. 

I I I 64 16 777 216 1073 741 82. 
2 16 32 65 17 850625 I ie iota 
3 81 243 66 18974736 I 252 332 576 
4 256 1024 67 20151 12 I 350 125 107 
5 625 3125 68 21 381 376 I 453 933 568 
6 1 296 7776 69 22667 121 I 564 031 349 
7 2401 16 807 7o 24 O10 000 1 680 700 000 
8 4.096 32 768 qt 25 411 681 1 804 229 351 
9 6 561 59049 72 26 873 856 1.934 917 632 

10 10.000 100 000 73 28 398 241 2073071 593 
Ir 14 641 161 O51 74 29 986 576 2 219.006 624 
12 20 736 248 832 75 31 640 625, 2373046 875 

33 28 56x 371 293 76 33 362 176 2.535 525 370 
14 38 416 537 824 oh 35 153 O44 2706 784 157 
15 50625 759375 78 37 015 056 2887 174 368 
16 65 536 1048 576 79 38.950 081 3077 056 399 
17 83 521 I 419 857 80 40 960 000 3 276 800 000 
18 104976 1 889 568 81 43 046 721 3.486 784 40x 
19 130 321 2 470 099 82 45 212176 3707 398 432 
20 160 000 3 200 000 83 47 458 321 3.939 040 643 
21 194 481 4.084 ror 84 49 787 136 4182119 424 

22 234 256 5153 632 85 52:200 625 4.437 053 125 
23 279 841 6 436 343 86 54708 016 4704 270176 
24 331 776 7962624 87 57 289 76x 4.984 209 207 

25 390625 9765 625 88 59969 536 5277 319 168 
26 456976 11 881 376 89 62742 241 5 584 059 449 

27 531 44x 14 348 907 go 65 610000 5 904 900 000 
28 614 656 17 210 368 gr 68 574 96x 6 240 321 451 
29 707 281 20 511 149 92 72 639 296 6 590 815 232 
30 810000 24 300 000 93 74 805 201 6 956 883 693 

31 923 52% 28 629 151 94 78 074 896 7 339 040224 
32 1048 576 33 554 432 95 81 450625 7 737 809 375 
33 1185 g21 39 135 393 96 84.034 656 8 153 726 976 
34 1 336 336 45.435 424 97 88 529 28x 8 587 340257 
35 I 500625 52 521 875 98 92 236 816 9 039 207 968 
36 . 1679 616 60 466 176 99 96 059 6or 9 509 900 499 
37 1874 161 69 343 957 100 100.000 000 IO 000 000 000 
38 2085 136 79 235 168 101 104 060 401 10 510 100 501 
39 2 313 441 90 224 199 102 108 243 216 11 040 808 032 
40 2 560 000 102 400 000 103 112 550881 II 592 740743 
41 2 825 761 115 856 201 104 116.985 856 12 166 529 024 
42 3 111 696 130 691 232 105 12I 550625 12 762 815,625 
43 3 418 801 147 008 443 106 126 247 696 13 382 255 776 

44 3.748.096 104 916 224 107 131 079 601 14 025 517 307 
45 4 100 625 184 528125 108 136 048 896 14 693 280 768 

46 4477450 | 205962976 109 141 158 161 15 386 239 549 
47 4879 681 229 345 007 110 146 410 000 16 105 100000 
48 5 308 416 254 803 968 Ii 151 807 O41 16 850581 551 
49 5 764 801 282 475 249 112 157 351 930 17 623 416 832 
50 6 250000 312 500 000 113 163.047 361 18 424 351 793 
51 6 765 201 345 025 251 114 168 896 016 IQ 254145 824 
52 7 311 616 380 204 032 115 174 900 625 20 113 581 875 
53 7 890 48x 418 195 493 116 181 063 936 21 003 416576 
54 8 503.056 459 165 024 117 187 388 721 21 924 480 357 

55 9 150625 503 284 375 118 193 877 770 22 877 577 568 
50 9 834 496 550731776 119 200 533 921 23 863 536 599 
57 10 556 oor 601 692 057 120 207 360 000 24 883 200 000 
58 II 316 496 656 356 768 121 214 358 881 25 937 424 60x 
59 12 117 301 714 924 299 122 221 533 450 27027 081 632 
60 12.960 000 777 600 000 123 228 886 641 28153056 843 

6x 13845 84x | 844596 301 124 236 421376 | 29 316 250624 
62 14776 336 916 132 832 125 244 140625 30 517 578 125 

63 15752901 | 992436543 126 252047370 | 31757969376 



— 

128 268 435 456 34 259 738 368 149 384 160000 53 782 400000 
129 276 g22 881 35 723 051 649 141 395 254 161 55 730 836 7or 
130 285 610 000 37 129 300 000 142 406 586 896 57 735 339.232 
131 294 499 921 38 579 489 651 143 | 418161 60x 59 797 108.943 
132 | 303595776 |, 40074 642432 144.| 429981696 | 61917364224 
133 312900721 41615795893 || 145 442 050625, 64 097 340625 

! 

| 
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Number.| 4th Power. 5th Power. ! Number. [I 4th Power. | sth Power. 

127 260 144 641 33038 369407 || 439: | 37330 64x 51 888 844 699 

134 322 417 936 43 204 003 424 146 454371856 | 66338290976 
135 332 150625 44 840 334 375 147 466 948 88x 68 64x 485 507 
136 342 102 016 46525874176 || 148 479 785 216 71 008 211.968 
137 352 275 361 48 261 724457 || 149 492 884 40x 73 439775749 
138 362673936 | 50049003168 || 150 506 250000 75 937 500000 

To Compute 4th Power of a Number greater than is 
contained in Table. 

Ruie.—Ascertain square of number by preceding table or by calculation, and 
Square it; product is power required. 

EXAMPLE.—What is 4th power of 1500? 

15007 = 2 250000, and 2 250000? = 5 062 500c00 000. 

To Compute Sth Power of a Number greater than is 
. contained in Table. 

RuLe.—Ascertain cube of number by preceding table or by calculation, and mul- 
tiply it by its square; product is power required, 

To Compute 4th and Sth Powers by another Method. 

Ruie.—Reduce number by 2 until it is one contained within table. Take power 
which is required of that number, and multiply it by x6, 167, or 163 respectively 
for cach division, by 2 for 4th power, and by 32, 322, or 323 respectively for each 
division by 2 for 5th power. 

ExampPLy.—What are the 4th and sth powers of 600? 

600 + 2 = 300, and 300+ 2= 150. 
The 4th power of 150, per table, = 506 250000, which X 162, multiplier Sor a second 

division 256 = 129 600000 000, 4th power. 

Again, the 5th power of 150 = 75 937 500 000, Which X 322, multiplier Sor a second 
division 1024 = 77 760000 000-000 = power. 

To Compute 6th Power of a Number. 

RvuLEe.—Square its cube. 

Exampiy,—What is the 6th power of 2? 

a3 

23 = 64. 

To Compute 4th or Sth Root of a Number per Table. 

Ruve.—Find in column of 4th and 5th powers number given, and number from 
which that power is derived will give root required. 

Examprie.—What is the 5th root of 3 200000? 
3 200 ooo in table is sth power of 20; hence 20 is root required. 

RECIPROCALS. 
Reciprocal of a number is quotient arising from dividing x by number; thus, re- 

ciprocal of 2 isr+2=.5 

Product of a number and its reciprocal is always equal to 1; thus;2X .5=1. 

Reciprocal of a vulgar fraction is denominator divided by numerator; thus, 25, 5 
e it 
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LOGARITHMS, 

Logarithms of Numbers. 

Logarithms are a series of numbers adapted to facilitate the operation of 
numerical computation, 

Addition being substituted for Multiplication, Subtraction for Division, 
Multiplication for Involution, and Division for Evolution. 

The Logarithm of a number is the exponent of.a power to which 10 
must be raised to give that number, 

It is not necessary, however, that the base should be ro, it may be any other num- 
ber; but Tables of Logarithms, in common use, are computed with ro as the base. 

Thus, Number 100 Log. = 2, as 10? base and exponent= roo. 
ae 10000 “ce 7 o “ 104 we “ee “ = 10000. 

The Unit or Integral part of a Logarithm is termed the Jndew, and the Decimal 
part the Mantissa ; the sum of the index and mantissa is the Logarithm. 
~ The Index of the Logarithm of any number, Integral or Mixed, when the base is ro, 
is equal to the number of digits to the left of the decimal point lessz1, Fromo to 
9, it iso; from r1o'to gg, it is x, and from zoo to ggg, it is 2, ete. 

Thus, logarithm of 3304 3.51904, 3 being the index and .519 04 the mantissa. 
The Index of the Logarithm of a Decimal Fraction is a negative number, and is 

equal to the number of places which the first significant figure of the decimal is re- 
moved from the place of units. ‘ 

Thus, index of logarithm .oos is 3 or —3, the first significant figure, 5, being re- 
moved three places from that of units. The bar or minus sign is placed over an 
index to indicate that this alone 1s negative, while the decimal part is positive. 

The Difference is the tabular difference between the two nearest logarithms. 

The Proportional Part is the difference between the given and the nearest less 
tabular logarithm. 

The Avithmetical Complement of a number is the remainder after subtracting it 
from a number consisting of 1, with as many ciphers annexed as the number has 
integers. When the index of a logarithm is less than 10, its complement is ascer- 
tained by subtracting it from xo. 

Illustrations. 
Number. Logarithm, | Nuimber. Logarithm, 

(UPI ORG GRRE CRU OCR a0 Oat BiOFQO83! arial at dein ait se ontadeten atte 1.676 053 
AY As Zurmrereies sop 0 ae.s ie JOO eae 2.676053 hes 2606 
apd icles nee ino ttt ae 1.676.053 | 1O47 43 cccdecsascteteeeecenes 2,076 053 

TAGs oie) neiein «0541s w'0)s myergis\ gia 16961053 +] \COATAS yinisdir cs cles v aes vale ne S.07 0053 

Computation of Negative Indices. HEP Oca 

To add two Negative Indices. Add them and put the sum negative. As 5 -+4-3=8. 

To add a Positive and Negative Index. Subtract the less from the greater, and 
to remainder give the positive or negative sign, according as the positive or nega- 

tive index is the greater. As 6+ 2=4,and6+2=4. 

ILLUSTRATION. —Add 6.387 57 and 2.924 59. 6.387 57 

2.92459 

5.31216 

Here the excess of x from 13 in the first decimal place, being positive, is carried 
to the positive 6, which niakes 7, and 7—2=5. 

To Subtract a Negative Index. Change its sign to plus or positive, and then add 

it as in addition. As3 from 2,=3+2=5. And 5 from 2,=5-+ 2= 43; also 

3 from 5,=3-+5=2. ¢ i a 
InLustTRATION,—Subtract 5.765 52 from 2.346 74. 2.34674 

5-765 52 
2.581 22 

Here, excess of x in the first decimal place used with the .3 in subtracting the .8 

from the r.3 is to be subtracted from the upper number 2, which makes it 3; then 

pts=2 C cx 
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To Subtract a Positive Index. Change its sign to negative, and then add as in 

addition. As2—2=2+2=4. 

To Multiply a Negative Index. Multiply the fractional parts by the ordinary rule, 
then multiply the negative index, which will give a negative product, and when an 
excess over ro is to be carried, subtract the less index from the greater, and the re- 
inainder gives the positive or negative index, according as the positive or negative 

index is the greater. As 2X 5 = 10,and 1 to be carried = 9. 

ILLUSTRATION.—Multiply 2.3681 by 2, and 3.7856 by 6. 

2.3681 3-7856 
2 6 

4-7362 14-7136 
Here 2 X 2=4, also 3 X 6 = 38, with a positive excess of 4 = 34. 

To Divide a Negative Index. If index is divisible by divisor, without a remain- 
der, put quotient with a negative sign. If negative exponent is not divisible by 
divisor, add such a negative number to it as will make it divisible, and prefix an 
equal positive integer to fractional part of logarithm; then divide increased nega- 
tive exponent and the other part of logarithm separately by ordinary rules, and for- 
mer, quotient, taken negatively, will be index to fractional part of quotient. As_ 

6+3=2. 10+ 3 requires 2 to be added or 2 to be subtracted, to make it divisible 

without a remainder, then 10-++ 2 = 12, 12+ 3=4, and 2 (the sum subtracted) + 

= .66, the quotient therefore is 4.66. 

ILLUSTRATION 1.—Divide 6.324 282 by 3. 

6.324 282 + 3 = 2.108 094. 

2.—Divide 14.326 745 by 9. 

14.326 745 +9 = 18 + 4.326 745 + 9 = 2. 4807494. 
Here 4 is added to 14, that the sum 18 may be divided by 9, and as 4 is added, 4 

must be prefixed to the fractional part of the logarithm, and thus the value of the 

logarithm is unchanged, for there is added 4, and 4 =o, or 4 is subtracted and 4 
added. 

To Ascertain Logarithm of a Number by Table. 

When the Number is less than ror. 

Look into first page of table, and opposite to number is its logarithm with its 
index prefixed, 

_ ILtustration.—Opposite 7 is .845 098, its logarithm; hence 7o= 1.845 098, .7 = 

1.845 098, and .07 = 2.845 008. 

When the Number ts between roo and 1000. 

Rore.—Find the given number in left-hand column of table headed No., and un- 
der o in next column is decimal part of its logarithm, to which is to be prefixed a 
whole number for an index, of x or 2, according as-the number consists of 2 or 3 
figures. 

Examrie.—What is logarithm of 450, and what of .45? * 

Log. 450 = 2.653 213, and of .45 = 1.653 213. 

When the Number is between 1000 and 10 000. 

Rouir.—Find the three left-hand figures of the number in the left-hand column 
of the table headed No., and under the 4th figure at top of table is the four last 
figures of the decimal part of logarithm, to which is to be prefixed the proper 
index. 

Exampie.—What is logarithm of 4505, and what of .045 05? 

Log. 4505 = 3.653 695, and of .045 05 = 2.653 695. 
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When the Number consists of Five Figures. 

Rore.—Find the logarithm of the number composed of the first four figures as 
preceding, then take the tabular difference from the right-hand column under D 
and multiply it by the fifth figure; reject the right-hand figure of the product and 
add the other figures, which are, and are termed, a proportional part to the logarithm 
found as above, observing that the right-hand figure of the proportional part is to 
be added to that of the logarithm, and the rest in order. 

ExampLe.—Required logarithm of 83 407 ? 

Nore.—When the number consists of less than 4 figures conceive a cipher an; 
nexed to make it four. 

Log. of 8340 (83 407) = 4.921 166 

Tabular difference 52, which X 7 (5th figure) = 364 = 364 

4.921 202 4 logarithm. 
The difference of the numbers is nearly proportionate to the difference of their 

logarithms. 
Thus, difference between the numbers 8340 and 8341, the next in order, is 1, and 

the difference between their logarithms or tabular difference is 52. 
The log. of this x in the 4th place is therefore 52, The correction then, for the 7 

of the sth place, which is .7 of x in the 4th place, is ascertained by the proportion 
eS 2ies Fi SOA. 

The oon is obtained by multiplying the tabular difference by 7, rejecting 
the right hand figure of the product, if the log. is to be confined to six decimal 
places. 

When the Number consists of any Number over Four Figures. 

Rutr.—Proceed as for four figures for the first four, multiplying the tabular dif- 
ference by the excess of figures over 4 and rejecting one right-hand figure of the 
product for a number of five figures, and two for one of six, and so on. 

ExamMPLe 1.—Required logarithm of 834 079? 
Log. of 8340 (834079) = 5.921 166 

Tabular difference 52, which x 79 = 4108 

5.921 207 08 logarithm. 
2.—Required logarithm of 8 340794? : 

Log. of 8340 (8 340 794) = 6.921 166 

Tab. diff. 52, which X 794 (5th, 6th, and 7th figures) 4x 288 

6.921 207 288 logarithm. 

Or, Log. of 8340 = -g21 166 
sooete 7 (sth figure) X 52 tab. dif. = 364 
oe cc 9 (6th “6 XX 52 a oe = 468 

oo kb 4 (70 Sessa Co 208 

Log. with index for 7 figures........ 6.921 207 288 

To Ascertain Logarithin of a Mixed Number. 

Rutz.—Take out logarithm of the number as if it were an integer or whole num- 
ber, to which prefix the index of the integral part of the number. 

Exampie.—What is logarithm of 834.0794? 
Mantissa of log. of 8340794 =9 212073; hence log. of 834.0794 = 2.921 207 3- 

To Ascertain Logarithm of a Decimal Mraction. 

Rviy.—Take logarithm from table as if the figures were all integers, and prefix 
index as by previous rules. i 

ExAmpPLe.—Logarithm of .1234 = 1.091 305. 

To Ascertain Logarithm of a Vulgar Fraction. 

RouLe.—Reduce the fraction to a decimal, and proceed as by preceding rule. Or, 
subtract logarithm of denominator from ‘that of numerator, and the difference will 
give logarithm required, 

Exampiye,—Logarithm of 36? 
3 =.1875. Log. .1875  =x.27300r logarithm. 

Or, Log. 3 = .477 121 
6 16 = 1.204 12 

1.273 001 logarithm. 
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To Ascertain the Number Corresponding to a Given 
Logarithm, P 

When the given or exact Logarithm is in the Table. 

OPERATION.—Opposite to first two figures of logarithm, neglecting the indez, in 
column o, look for the remaining figures of the log. in that column or in any of the 
nine at the right thereof; the first three figures of the number will be found at the 
left in column under No., and the fourth at top directly over the log. ; 

The number is to be made to correspond to indez of logarithm, by pointing off 
decimals or prefixing ciphers. 

ILLUSTRATION.—What is number corresponding to log. 3.963 977? 

Opposite to 963 977, in page 329, is 920, and at top of column is 4; hence, num- 
ber = 9204. 

When the given or exact Logarithm is not in the Table. 

OPERATION. —Take the number for the next less logarithm from table, which will 
give first four figures of required number. 

To ascertain the other figures, subtract the logarithm in table from the given 
logarithm, add ciphers, and divide by the difference in column D opposite the 
logarithm. Annex quotient to the four figures already ascertained, and place deci- 
mal point. 

ILLUSTRATION I.—What is number corresponding to log. 5-921 207? 

Given log. = 5-921 207 
Next less in table 5-921 166 8340 

D= 52) 4100 (78+- 78 
364 834 078 
460 
416 

Hence, number = 834 078. 44 

2.—What is number corresponding to log. 3.922 853? 

Given log. = 3-922 853 
Next less in table 3-922 829 8372 

D = 52) 2400 (46+ 46 
208 837 246 

320 
312 

Hence, number = 8372.46. 8 

Multiplication. 

RvutE.—Add together the logarithms of the numbers and the sum will give the 
logarithm of the product. 

EXAMPLE I.—Multiply 345.7 by 2.58r. 

Log. 345.7. = 2.538 699 
es 2.581 = .411 788 

2.950 487 log. of product. Number = 892.251. 

2.—Multiply .039 02, 59.71, and .003 147. 

Log. .03902 = 2.591 287 

“59-71 = 1-776 047 
‘¢  ,003 147 = 3.497 897 

3-865 231 log. of product, Number = .007 332 15. 

Division. 

Routre.—From logarithm of dividend subtract that of divisor, and remainder will 
give logarithm of the quotient. 

EXAMPLE.—Divide 371.4 by 52.37. 

Log. 371.4 = 2.569 842 
$0) 52.37 = 1.719.083 

+850 759 log. of quotient. Number = 7.091 85. 

oe 
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Rule of Three, or Proportion. 

Rvuie.—Add together the logarithms of the second and third terms, from their 
sum subtract logarithm of the first, and the remainder will give logarithm of the 
fourth term. 

Or, instead of subtracting logarithm of first term, add its Arithmetical Comple- 
ment, and subtract ro from its index. 

EXAmMPLe 1.—What is fourth proportional to 723.4, .o25 19, and 3574? 

AS 723.4 log. = = 2.859 379 

Is to PO2B4Q, 6 == 2.400228 
So is 3574 ‘= 3.553155 

: 1-954 383 
First term Re 2.859 379 

1.095, 004 log. of 4th term. Number =.124 453 

By Arithmetical Complement. 

ILLUSTRATION. —AS 723.4 log. = 2.859 379, Ar. com. = 7.140621 

Is'to .025 19 “= 2.401 228 
So 18:3574:)-' “box 3-553 155 

‘T.095 004 log. of 4th term. 
Number =.124 453. : 

2.—If an engine of 67 HP can raise 57 600 cube feet of water in a given time, what 
EP is required to raise 8 575 000 cube feet in like time? 

Log. 8 575 000 = 6.933 234 
se 67 = 1.826075 

8.759 309 
57 600 = 4.760 422 

3-998 877 log. of 4th term. Number = 9974.4 cube feet. 

3. —If 14 men in 47 days excavate 5631 cube yards, what time will it require to 
excavate 47 280 at same rate of excavation? 394.626 days. 

oe 

Involution. 

Ruie.—Multiply logarithm of given number by exponent of the power to which 
it is to be raised, and the product will give the logarithm of the required power. 

ExampLe.—What is cube of 30.71? 

Log. 30.71 = 1.487 28 
3 

4.461 84 log. of power. Number = 28 962.73, 

Evolution. 

Rvuix.—Divide logarithm of given number by exponent of the root which is to be 
extracted, and quotient will give logarithm of required root. 

EXAMPLE 1.—What is cube root of 1234? 

Log. 1234 = 3.091 315 

Divide by 3 = 1.030 438 log. of root. Number = 10.7260r. 

2,—What is 4th root of .o07 654? 

Log. .007 654 = 3.883.888 

Divide by 4 (here 3-1-4 r) = 1.470072 log. of root. Number =.295 78. 

To Ascertain Reciprocal of a Number. 

Rouie.—Subtract decimal of logarithm of the number from .coooco; add x to in- 
dex of logarithm and change its sign. The result is logarithm of the reciprocal. 

ExAmpLe. —Required reciprocal of 230? 
+000 000 

Log. 230 = 2.361 728 

3,638 272 = log. of .co4 348 reciprocal. 
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Simple Interest. 
Ru.E.—Add together logarithm of principal, rate per cent. , and time in years, from 

the sum subtract 2, and the remainder will give logarithm of the interest, 
ExaMPLE.—What is interest on $500, @ 6 per cent., for 3 years? 

Log. 500 = 2.698 97 
6= .778151 
3 6477 125 

3-954 242 
2 

1.954 242 log. of interest. Number = 90 dollars. 

Compound Interest. 
Routz.—Compute amount of $x or £1, etc., at the given rate of interest for one 

year for the first term, which is termed the ratio. 
Multiply logarithm of ratio by the time, add to product logarithm of the principal, 

and sum is logarithm of the amount. 

Logarithms of Ratios at given Rates Per Cent. 
Rate. |Log. of Ratio.|| Rate. (Log. of Ratio.|| Rate. Log. of Ratio.|| Rate. |Log. of Ratio. 

I +004 321 4 || 3.25 | .o13 8901 5.5 +023 252 5 7-75 | -0324173, 
1.25 | -005 395 3:5. | -0F49403 |/ 5-75 | .0242804 || 8 +033 4238 5 +006 466 3-75 | .015 9881 6 +025 3059 8.25 | .034 4279 
3-75 | -0075344 || 4 +017 0333 || 6.25 | .0263289 || 8.5 +035 4297 2 -008 600 2 4.25 -018 0761 6.5 -027 3496_|| 8.75 -036 429 3 2.25 | .009 6633 4.5 +019 1163 6.75 | .0287639 9 +037 4265, 2.5 +010 7239 4:75 +020 154 7 -029 3838 |] 9.25 -038 421 4 2.75 -011 781 8 5 +021 1893 7.25 +030 397 3 0.5 +039 4141 3 -012 8372 5:25 | .0222221 7-5 +031 408 5 9:75 | -0404045 
EXAMPLE.—What will $364, at 6 per cent. per annum, compounded yearly, amount to in 23 years? 

Log. of ratio from above table .o25 305 9 

23 

+542035 7 
Mr ot 964 2.501 ror 

3-103 1367 log. of amount. Number = 1268.05 doll. 

Miscellaneous Illustrations. 
x. What is area and circumference of a circle of 21.72 feet in diameter? 

1.336 860 
2 

Log. of 21.72? = 2.673720 

(he 7854 = 1.895 091 

fess 2.568 811 = 370.54 feet area. 

Log. of 21.72 2.33686 
PER eh at Ary fc 

Sune 1.839 71 = 68.236 feet circum. 
2. Sides of a triangle are 564, 373, and 747 feet; what is its area? 

. of sides 564+ 373+ 747 = 2.925 312 
2 

he +5 Side —a = 842 —564 = 2.444045 
ios Side —b = 842 — 373 = 2.671 173 

«5 Side —c¢ = 842—747 = 1.977 724 

2) 10.018 254 
Area = Number of 5.009 127 = 1021.24 feet. 

3-—What is logarithm of g3°? 
og: 8 X36. 36 

Io 10 
X log. 8 = 3.6 X .g03 09 = 3. 251124. Number= 1782.89, 



LOGARITHMS OF NUMBERS, 311 

Logarithms of Numbers. 

From i to 10 000. ; 

No. Logarithm. || No. Logarithin. No. Logarithm. No. Logarithm, 

2 paso 26 | 1.414973 || 51 |-1.70757 76 | 1.880 814 
2 +301 03 27 | 1.431 364 52 | 1.716.003 77 | 1.886 491 
3 |. «477,121 || 28 | 1.447158 || 53 | 1-724 270 78, | 1.892,095 

4 | 60206 || 29 | 1.462398 || 54 | 1.732394 || 79 | 1.897 627 
5 | .69897 || 30 | 1.477121 || 55 | 1.740363 || 80 | 1.903 09 
6 +778 I51 81 | 1.491 362 56 | 1.748 188 81 | 1.908 485 

7 | +845098 || 32 | 21.505 15 57 | 1-755 875 || 82 | 1.913.814 
8 «903 09 33 | 4.518.514 58 | 1.763 428 83 | 1.919 078 

£279 +954 243 || 34 | 1.531479 || 59 | 1-770852 || 84 | 1.924.279 
io | I 35 | 16544068 || 60 || 1.778 151 85 | 1.929.419 

i1 | 1.041 393 36 | 1.556303 |! 61 | 1-785.33 86 | 1.934 498 
I2 | 1.079 181 37 | 1.568 202 62 | 1.792 392 87 | 1.939 519 

13 | 1.113.943 || 38 | 1-579 784 |} 63 | 1-799 341 || 88 | 1.944 483 
14 | 1.146128 || 39 | 1-591 065 || 64 | 1.806018 89 | 1.949 39 
I5 | 1.176091 || 40 | 1.60206 65 | 1.812913 90 | 1.954 243 

16 | 1.204 12 41 | 1.612 784 || 66 | 1.819 544 91 | 1.959 041 
17 | 1.230449 || 42 | 1.623.249 || 67 | 1.826075 92 | 1.963 788 
18 | 1.255273 || 43 | 1.633 468 || 68 | 1.832 509 |] 93 | 1.968 483 

IQ | 1.278754 || 44 | 1.643 453 || 69 | 1.838849 || 94 | 1.973 128 
20 | 1.301 03 45 | 1.653 213 7o | 1.845 098 95 | 1.977 724 

21 | 1.322219 || 46 | 1.662758 || 71 | 1.851258 || 96 | 1.982272 
22 | 1.342423 || 47 | 1.672008 Fo) AROS BAS 97 | 1.986 772 
23 | 1.361 728 || 48 | 1.681 241 73 | 1.863 323 98 | 1.991 226 
24 | 1.380211 49 | 1.690196 || 74 | 1.869 232 || 99 | 1.995 635 
25 | 1.39794 50 | 1.69897 75 | 1.875 061 || 100 | 2 

No. ) 1 2 3 4 5 6 7 8 9 D 

100 | co- c000 0434 0868 1301 1734 | 2166 2598 3029 3461 3891 | 432 
IOI | OO- 4321 4751 5181 5609 6038 | 6466 6894 7321 7748 8174 | 428 
Io2 | 00- 86 9026 9451 9876 — - -—- =—- =— — | 425 
Io2/o1- — — — — 0 0724 1147 157 1993 2415 | 424 
103,| or- 2837 3259 368 41% 4521 | 494 536 5779 6197 6616 | 420 

04 | O1- 7033 7451 7868 8284 87 | 9116 9532 9947 — — | 417 
104 |}o2- — — — — — — — — 0361 0775 | 416 

105 | 02- 1189 1603 2016 2428 2841 | 3252 3664 4075 4486 4896 | 412 

106 | o2- 5306 5715 6125 6533 6942| 735 7757 8164 8571 8978 | 408 
Bets 0884: O78 8 a. eal Ta Ae akc o met pes ea: t's | 408 
107 |03- — — o195 06 1004 | 1408 1812 2216 2619 3021 | 404 
108 | 03- 3424 3826 4227 4628 5029/ 543 583 623 6629 7028 | 400 
109 | 03- 7426 7825 8223 862 9017] 9414 9811 — — — | 398 
109 |.04- — — —  — 0207 0602 0998 | 397 

110 | 04- 1393 1787 2182 2576 20969 | 3362 3755 4148 454 4932 | 393 
III | 04- 5323 5714 6105 6495 6885 | 7275 7664 8053 8442 883 | 3890 
II2 | 04- 9218 9606 9993 — — Se ee ee Se 
II2|05- — — -— 038 0766] 1153 1538 1924 2309 2694 | 386 

113 | 05- 3078 3463 3846 423 4613 | 4996 5378 576 6142 6524 | 383 
114 | 05- 6905 7286 7666 8046 8426 | 8805 9185 9563 9942 — | 383 
114.|;00- —- —- — oo 1032) | 379 

No, ° ! 2 3 4 5 6 7 8 9 D 



LOGARITHMS OF NUMBERS. 

jars 6 

| 2582 
| 6326 6699 
a — 

0038 
3718 

7368 

0987 
4576 
8136 

| 1667 

5169 

ie4) ~ Nv Ny 

x 1g 
OV 

2958 

0407 

4085 
773% 

1347 
4934 
849 

2018 
5518 

899 

2434 
5851 
9241 

2605 

5943 
9256 

2544 
5806 

9045 

226 

5451 
8618 

1763 
4885 
7985 

1063 
412 

7154 

0168 

3161 

6134 
go86 
2019 

4932 

7825 

0699 
3555 
6391 

9209 

6 
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LOGARITHMS OF NUMBERS. 
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IQzs 

19- 

19- 
_| Ig- 

6665 
8853 9071 

7104 
9289 
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LOGARITHMS OF NUMBERS. 

2 

1464 
3628 
5781 

7924 

0056 

2177 

4289 
639 
8481 
0562 

2633 

4694 
6745 
8787 

o819 

2842 
4856 
686 
8855 

0841 

2817 

4785 
6744 
8694 

0636 

2568 

4493 
6408 
$316 

O215 

2105 
3988 
5862 

7729 
9587 

6 
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LOGARITHMS OF NUMBERS. 

4 

9875 

1641 

34 
5152 

8634 

0365 
2089 

3807 
5517 
7221 
8918 



LOGARITHMS OF NUMBERS, 

2 5 6 

2548 
4042 

5532 
7016 

8495 

9969 

1438 

2903, 
4362 
5816 

2697 
4191 
563 

7164 
8643 

o116 

1585 
3949 
4508 

5962 

41x 
8355 
0294 
1729 

3159 

4585 
6005 
7421 

8833 

0239 

1642 

304 
4433 
5822 

3146 

4639 
6126 

3296 
4788 
6274 6. 

7756 
9233 



w o 

oO 

52- 5045 
§2- 6339 
52~ 
52- 
53- 
56a 

Ry a 
33> 
53 
i 
33 

on 
oom 
54- 
54- 
34> 
54- 

54- 
34- 
54- 
54- 
Le ie 
Sor 

Jo" 
sist 

LOGARITHMS OF NUMBERS. 

3 

5434 
6727 
8016 

9302 

0584 

1862 

3136 
4407 
5674 
6937 
8197 

9452 

0705 
1953 
3199 

444 
5678 
6913 
8144 
9372 

0595 
1816 

3933 
4247 
5457 

6664 
7868 
go68 

0265 

1459 

265 

3837 
5021 
6202 

7379 

8554 
9725 

0893 
2058 
322 

4379 
5534 
6687 

7836 
8983 

4 

5563 
6856 

8145 
943 

5 6 7 8 9 

5822 

7114 
8402 

9687 

0968 

2245 

3518 

4787 
6053 
7315 

8574 
9829 

108 

2327 
3571 

4812 

6049 
7282 
8512 

9739 

0962 
2181 

3398 
461 
582 

7026 
8228 

9428 

0624 
1817 

3006 
4192 

5376 
6555 
7732 

8905 

0076 

1243 
2407 
3568 

4726 
588 
7032 
8181 
9326 

3 Rar. INN SOTO! |i 



LOGARITHMS OF NUMBERS. 

2 3 4 5 6 uf 

i 9898 

1039 
2177 
3312 
4444 
5574 
67 
7823 
8944 

oo61 

1176 
2288 

3397 
4503 

96 5606 

6707 
7805 
89 
9992 

1082 

2169 

3253 
4334 
5413 
6489 

7562 
8633 
9701 

0767 
1829 

289 

3947 
5003 
6055 
7105 

8153 

9198 

024 
128 
2318 

3353 
4385 
5415 
6443 
7468 



LOGARITHMS OF NUMBERS. 319 

No. ° ! 2 3 4 5 6 * 8 9 D 

425 | 62- 8389 8491 8593 8695 8797 | 89. 9002 g104 9206 9308 | 102 
426 | 62- 941-9512 9613° 9715: 9817 | 9919. — — — — | I02 
426 | 63- eee — 0021 0123 0224 0326 | 102 
427 | 63- 0428 053 0631 0733 0835 | 0936 1038 1139 1241 1342 | 102 
428 | 63- 1444 1545 1647 1748 1849 | 1951 2052 2153 2255 2356 | Ior 
429 | 63- 2457 2559 266 2761 2862 | 2963 3064. 3165 3266 3367 | 101 

480 | 63- 3468 3569 367. 3771 3872 | 3973 4074 4175 4276 4376 | ror 
431 | ©3- 4477 4578 4979. 4779 488 | 4981 5081 5182 5283 5383 | 101 
432 | ©3- 5484 5584 5685. 5785 5886 | 5986. 6087 6187 6287 6388 | 100 
433 | ©3- ©6488 “6588 6688 6789 6889 | 6989 7089 7189 729. 739 | 100 

434 | ©3- 749 759 769 779. 789. |.799 809 819 829 8389 | 100 
485 | 63- 8489 8589 8689 8789 8888 | 8988 9088 9188 9287 9387 | 100 

436 | 93- 9486 9586 9686 9785 98859984 — — . = = | 100 
LES Vay ig Oa 7 — 0084 0183 0283 0382] 99 
437 | ©4- 0481 0581 068 0779 0879 | 0978 1077 1177 1276 1375] 99 
438 | 64- 1474 1573. 1672 1771 1871 | 197. 2069 2168 2207 2366) 99 

439 | 64- 2465 2563 2662 2761 286 | 2959 3058 3156 3255 3354| 99 

440 | 64- 3453 3551 365. 3749 3847 | 3946 4044 4143 4242 434, | 99 
441 | ©4- 4439 4537 4936 4734 4832 | 4931 5029 5127 5220 5324| 98 
442 | 64- 5422 5521 5619 5717 5815 | 5913 601r 611 6208 6306; 98 
443 | ©4- 6404 6502 66 6698 6796 6894 6992 7089 7187 7285] 98 

444 | 64- 7383 7481 7579 7676 7774 | 7872 7969 8067 8165 8262] 98 

445 | 64- 836 8458 8555 8653 875 | 8848 8945 9043 914 9237| 97 
446 | 64- 9335 9432 953 9627 9724| 9821 9919 — — — | 97 
AAG | O5-) Ee — — 0016 o113 o21 97 
447 | 65- 0308 0405 0502 0599 0696 | 0793 089 0987 1084 1181 | 97 

448 | 65- 1278 1375 1472 1569 1666 | 1762 1859 1956 2053 215 | 97 
449 | 65- 2246 2343 244 2536 26033] 273 2826 2923 3019 3116| 97 

450 | 65- 3213 3309 3405 3502 3598 | 3695 3791 3888 3984 408 | 96 
451 | ©5- 4177 4273 4369 4465 4562 | 4658 4754 485 4940 5042 | 96 
452 | 65- 5138 5235 5331 5427 5523 | 5619 5715 58x 5906 6002) 96 
453 | 65- 6098 6194 629 6386 6482 | 6577 6673 6769 6864 696 96 

454 | ©5- 7056 7152 7247 7343 7438 | 7534 7629 7725 782 7916| 96 
455 | 65- 8011 8107 8202 8298 8393 ; 8488 8584 8679 8774 887 95 

456 | 65- 8965 906 9155 925 9346 | 9441 9536 9631 9726 9821 | 95 
i Ss PRY ED, AND iP ROO ATO rms see | AOS 
457 | 66- — oorr oO106 o20r 0296 | o391 0486 0581 0676 0771 | 95 
458 | 66- 0865 096° 1055 115. 1245 | 1339 1434 1529 1623 1718| 95 
459 | 66- 1813 1907 2002 2096 2191 | 2286 238 2475 2569 2663] 95 

460 | 66-2758 2852 2947 3041 3135 | 323 3324 3418 3512 3607| 94 
46x | 66- 3701 3795 3889 3983 4078 | 4172 4266 436 4454 4548 | 94 
462 | 66- 4642 4736 483 4924 5018 | 5112 5206 52909 5393 5487) 94 
463 | 66- 5581 5675 5769 5862 5956| 605 6143 6237 6331 6424 | 94 
464 | 66- 6518 6612 6705 6799 6892 | 6986 7079 7173 7266 736 94 

465 | 66- 7453 7546 764 7733 7826| 792 8013 8106 8199 8293] 93 
466 | 66- 8386 8479 8572 8665 8759 | 8852 8945 9038 9131 9224) 93 
467 | 66- 9317 941 9503 9596 9689 | 9782 9875 99067 — — | 93 
467 | 6720 eee 006 053 || S093 
468 | 67- 0246. 0339 0431 0524. 0617] 071 0802 0895 0988 108 93 
469 | 67- 1173 1205 1358 1451 1543 | 1636 1728 1821 1913 2005} 93 

No. ° 1 3 4 5 6 7 8 9 D 
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z 4 5 6 

aU UNDE 

7I> 
qt 
7I- 

O117 

0963 
ie} 

2283 

3205 
4126 

2467 
339 
43 
5228 

6145 

6968 7059 
1972 
8882 

9791 

0698 
1603 
2506 

3497 
4307 
5204 

61 

6994. 
7886 
8776 

9664 

055 
1435 
2318 

250 
3482 

2652 

3574 
4494 
5412 
6328 

7242 
8154 

9064 
9973 

0879 



523 | 7I- 8502 8585 8751 8834 | 8917 9083 9165 9248 | 83 
524 |.71- 9332 94149497. 958 9663 |.9745 9828 9911 9994 — | 83 
Bete Sele SPORP ee TORE igh spec es See S1z,0077)/083 





SN PS Ae: 

4 

ee ME ANY BDV 

TT 

649 
650 

78- 

78- 

1827 

2544 
326 

3975 
4689 
5401 
6112 
6822 

7531 
8239 

8946 

9651 

0350 

1059 
1761 

2462 
3162 
386 

4558 
5254 

5949 
6644 

2258 

2974 
3089 
4403 
5116 

5828 
6538 6609 
7248 

7956 
8663 

9369 

0074 
0778 
148 
2181 

2882 
3581 

4279 
4976 
5672 
6366 
700 

7752 
8443 
9134 

9823 
OS5II 
1198 
1884 
2508 

3252 
3935 
4616 

5297 
3. 5976 

6655 
7332 
8008 
8684 

9358 

0031 

0793 
1374 
2044 
2713 
3381 
4048 

4714 
5378 
6042 

if 
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3 4 

644 
7102 

7764 
8424 
9083 
9741 

0399 
1055 
171 
2364 
3018 

367 
4321 
4971 
5621 

6269 

6517 
7563 
8209 

8853 
9497 

6506 

7169 
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85- 

| 85- 
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85- 
85- 
85- 
85- 
85- 
86- 

86- 
| 86- 
86- 
86- 
86- 
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86- 
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86- 
86- 

86- 
86- 
86- 
86- 
86- 

86- 
86- 
87- 
87- 
87- 
87- 

87- 
87- 

87- 
87- 
87- 

87- 
87- 
87- 
87- 
87- 

8251 
8866) 

9481) 
0095 

MOTO 
~1gz 
1931 
2541 

315 
3759 
4307 
4974 
558 
6185 

6789 
7393 
7995 
8597 
9198 
9799 

0398 
0996 

1594 
2191 

2787 
3382 
3977 
457 
5163 
5755 
6346 

6937 
7526 
8115 

8703 
929 
9877 

0462 

1047 
1631 

2215 

2797 

3379 

396 
454 
5119 
5698 
6276 

6853 69 
7429 

8312 
8928 

9542 
o156 

0769 
138r 
1992 
2602 
331 
382 

4428 

5034 
564 
6245 
685 

7453 
8056 
8657 

9258 
9859 

0458 
1050 

1654 
2251 

2847 
3442 

8435 
9051 
9665 
0279 

0891 

1503 
2114 
12724 

3333 
3941 
4549 
5156 
5761! 
6366 

697 
7574 
8176 

8778 | 
9379 
9978 

0578 
1176 

1773 
237 
2966 

3561 
4155 
4748 
5341 
5933 
6524 

7114 
7793 
8292 

8879 
9466 

0053 

0638 
1223 
1806: 

2389 
2972 

3553 
4134 
4714 
5293 
5871 
6449 
7026 

- 7602 

8497 
O12 
‘9726 

034 
0952 
1564 
2175 
2785 

3394 
4002 

461 
5216 
5822 
6427- 

7O3L 

7634 
8236 
8838 

9439 

0038 

0637 
1230 
1833 

243 
3025 
362 

4214 
4808 

54 
5992 
6583 

7273 
| 7702 

835 
8938 

0525 

OIIL 
0696 
1281 
1865 

2448 

393, 
3011 
4192 

4772 

5352 
5929 
6507 
7083 
7959 

8559 
9174 
9788 
0401 
IOI4 

1625 
2236 
2846 

3455 & 
4063 
467 
5277 
5882 
6487 

7091 

7694 
8207 
8898 

9499 

0098 

0697 
1295 
1893 
2489 

3085 
368 

4274 
4867 
5459 
6051 

6642 

7232 
7821 
8409 

8997 
9584 

O17 

0755 
1339 
1923 
2500 
3088 < 

3669 
425 
483 
5409 
5987 
6564 
714i 

7727 
4 

EE 
5 6 



UU AA ES VP NUM DES, 

4 5 6 

8177 
8752 

9325 
9898 

0471 

1042 
1613 
2183 
2752 
3321 

3888 

4455 
5022 

5587 
6152 

6716 
728 
7842 
8404 

8965 
9526 

0086 

0645 
1203 
176 

2317 
2873 

3429 
3984 
4538 
5091 
5644 
6195 
747 | 

7297 
7847 
8396 
8944 
9492 

0039 
0586 
II3r 
1676 
2221 
2764 

3307 
3849 
4391 
4932 
5472 

4 



LOGARITHMS OF NUMBERS. 

No. : ° ri 3 

805 | 90- 5796 585 
806 | 90- 6335 6389 

807 | .90-. 6874, 6927 
808 | 90- 741% 7465 

8002- 
810 | 90- 8485 8539 
811 | go- go2r 9074 

9609 

5958 
6497 
7935 

» T5318 
811 

8646 
g18r 
9716 

O251 
0784 

I317. 
185 
2381 

2913 
3443 
3973 

. 4502 

6 7 

6119 
6658 
7196 

7734 
827 

8807 

9342 
9877 

O41 
0944 
1477 

6173 
6712 

725 
7787 
8324 
886 

9396 
993 

0464 
0998 

153 
2063 
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LOGANRITIER Ms OF NUMDEAS, 

5 7 

93> 
93° 
93- 
935 
937 

93 
93> 
93 
28% 
93- 

035 
935 
93> 
O35 
O35 

93- 
94- 
945 
945 re 

94- 
94- 
94> 
94> 
040 

(94> 
94- 
94> 

94> 
94- 

5 | O4- 

ft O4™ 
94- 
94- 
94° 
94- 
94- 
95- 
95- 
95- 
95- 
95- 
95- 
95- 
95- 
95- 
95- 
95- 
95- 
95- 
95> 

1966 
2474 
2981 

3487 
3993 

4498 
5903 
5597, 
6011 
6514 

7016 
7518 
8019 
852 
go2 * 

9519. 
oo18 
0516 
1014 
I511 

2008: 
2504. 

3 
3495 
3989 
4483 
4976 
5469 
5961 
6452 

6943 
7434 
7924 
8413 
8902 

939 
9878 

0365 
o851 
1338 

1823) 
2308 
2792 

3276 
376 
4243 
4725 
5207 
5688 
6168 

2017 
2524 

3031 
3538 
4044 

4549 
5054 



-LOGARITHMS OF NUMBERS. 

1 2 3 4 6 

6745 
7224 
7793 
8181 
8659 

9137 
9614 

009 
0566 
1041 

1516 

199 
2404 

2937 
342 
3882 

4354 
4825 
5296 
5766 

6236 

6705 
7273 
7642 

8576 

9043 
95°09 
9975 

044 

0904. 
1369 
1832 

8109 

6793” 
7272 
775t 
8229 
8707 

9185 
9661 

0138 
0613 
1089 

1563 
2038 
2511 

2985 
3457 

3929 
4401 
4872, 

5343 
5813 
6283 
6752 
722 
7688 
8156 

8623 

909 
9556 

0021 
0486 

og5r 
1415 

1879 J 
2342 
2804 

3266 
3728 

4189 
465 

L 511 

557 
6029 
6488 
6946 

7403 
7861 
8317 

8774 
923, 
9685 

6936 
7416 
7894 
8373 
885 
9328 

9804. 98, 

028 
0756 
1231 

1706 
218 

2653 
3126 

3599 
4071 

4542 
966 5013 

5484 
5954 
6423 
6892 
7361 

7829 
8296 

8763 

9229 
9695 

o161 
0626 

109 

1554 
2018 
2481 

2943, 

3405 
3866 

4327 
4788 
5248 

5797 
6167 
6625 

7083 
7541 

7998 
8454 
8911 
9366 
9821 

3 6 



(959 LOGARILE MS OF NUMBERS. - 

Now ¢ 0; 1 2 3> 4: 5 6 7 & 9 ‘|B 

‘955 | g8- 0003. 0049) 0094 014 0185 | 0231 0276 0322 0367 0412 45 
956 | 98-0458 0503 0549 0594 064 | 0685 073 0776 o821 | 45 

957 |,98- 0912 0957 1003 1048: 1093 | 1139 1184 1229 1275 132 | 45 
958 | 98- 1366, 1411 1456 1501 1547} 1592 1637 1683 1728 1773 45 
959 \98- 1819 1864 1909 1954 2 2045 209 2135 2181 22260) 45 

960 | 98> 22719 2316 2362 2407: 2452 | 2497 2543 2588 2633 2678 |''45 

961 | 98-2723. 2769 2814) 2859 2904 | 2949 2904) 304 3085 313 | 45 
962 | 98- 3175 322 3265 331 3350| 3401 3446 3491 3536 3581 | 45 
963 | 98-3626 3671 37169 3762 3807 | 3852 3897 3942 3987 4032 |-45 
964 | 98- 4077 4122) 4167 4212 4257'| 4302 4347 4392 4437 4482 | 45 

965 | 98- 4527 4572 4617 4662 4707 | 4752 4797 4842 4887 4932 | 45 
966 |'98- 4977 5022) 5067’ 5112 5157 | 5202 5247 52902 5337 5382] 45 
967 | 98- 5426 5471 5516 5561 5606) 5651 5696 5741 5786 583 | 45 
968 | 98- 5875 592. 5965 Gor 6055} 61 ~— 6144 6185 6234 6279 | 45 
969 | 98- 6324 6369 6413 6458 6503 | 6548 6593 6637 6682 6727 | 45 
970 | 98-6772 6817 6861 6906 6951 | 6996 704 7085 713 7175) 45 
971 | 98- 7219 7264 7309 7353 7398} 7443 7488 7532 7577 7622 | 45 
972 | 98- 7666-7711 7756 78 7845 | 789 | 7934 7979 8024 8068} 45 
973 | 98- 8113° 8157 8202 8247 8291 | 8336 8381 8425 847 8514 45 
974 | 98- 8559 8604 8648 8693 8737 | 8782 8826 8871 8916 896 45 

975 | 98- 9005 9049 9094. 9138. 9183 | 9227 9272 9316 9361 9405 | 45 
976 | 98- 945 9494 9539. 9583, 9628 | 9672. 9717. 9761 985 | 44 
977)| 98- 9895_9939 9983. — .'= "| —. —. =. —. — | 4 
977|99- “s+ — — 0028 0072 | o117 o161 0206 025 02904 | 44 
978 | 99- 0339 0383 0428: 0472° 0516 | 0561 0605 065 0694 0738 44 
979 | 99- 0783 0827 c871 0916 096 | 1004 1049 1093 1137 1182 | 44 

980 | 99- 1226 127. 1315 1359 1403 |, 1448 1492 1536 158 1625 | 44 
gsr g9- 1669 1713 1758 1802 1846} 189 1935 1979 2023 2067 | 44 
982 | 99- 2111 2156 22 2244 2288 | 2333 2377, 2421 2465 2509 | 44 
983 | 99- 2554 2508 2642 2686 273. |,2774.,2819 2863 2907 2951 | 44 
984 | 99- 2995 3039 3083 3127 3172 | 3216 326 3304 3348 3392 | 44 
985 | 99-3436, 348, 3524. 3568. 3613 | 3657 3701 3745 3789 3833 44 
986 | 99-3877 3921 3965. 4009. 4053 | 4097. 4141 4185 4229 4273 44 
987 | 99- 4317 4361 4405 4449 4493 | 4537 4581 4625. 4669 4713 44 
988 | 99- 4757 4801. 4845. 4889 4933 | 4977. 5021 5065 5108 5152 44 
989 | 99- 5196 524 5284 5328 5372| 5416 546 5504 5547 5591 44 

™ | 

990 | 99- 5635 5679 5723 5767 5811 | 5854 5898 5942 5986 603 | 44 
991 | 99- 6074 6117 O16r 6205 6249 | 6293 6337 638 6424 6468 | 44 
992 | 99- 6512 6555 6599 6643 6687 | 6731 6774 6818 6862 6906 | 44 
993 | 99- 949 6993. 7037 708 7124 | 7168 7212 7255 7299 7343) 44 
994 |.99- 7386 743 7474 7517 756x | 7605 7648 7692 7736 7779 44 
995 | 99- 7823 7867 791 7954 7998 8041 8085 8129 8172 8216 44 
996 | 99- 8259 8303 8347 839 8434 | 8477. 8521 8564 8608 8652 | 44 
997 | 99- 8695 8739 8782 8826 886g | 8913 8956'9 9043: 9087 | 44 
998 | 99- 9131 91749218 9261 9305 | 9348 9392 9435 9479 9522 44 
999 | 99-.9565 9609 9652 9696 9730 9783 9826 987 9913 9957 | 43 - 
No, ° j 2 3 4 5 © m/ 8 9 D 



HYPERBOLIC LOGARITHMS OF NUMBERS. 331 

Hyperbolic Logarithms of Numbers. 

From t.o1 to 30. 

In following table, the numbers range from ;r.01.to 30, advancing by .or, 
‘up to the whole number 10; and thence by larger intervals up to 30. ‘The 
,hyperbolic logarithms of numbers, or Neperian logarithms, as they are some- 
times termed, are computed by multiplying the common logarithms of num- 
bers by the constant multiplier, 2.302 585. wor ‘ 

The hyperbolic logarithms of numbers intermediate between. those which 
‘are given in the table may be readily obtained by interpolating proportional 
(differences. : 

No. Log. No. Log. No. Log. No. | Log. No. | Log. 

“1.01 | .0099 }|,1,41,] -3436 || 2.82 | «5933 ||-2.21 | 793 ||2.61)  o5d4 
“1.02 | .0198 ||'1-42 | .3§07 ||1-82) «5988 |) 2:22)| -7975 || 2.62] .9632 
‘I.03 | .0296 |} 1-43 | .3577 || 1-83] .6043 || 2.23) .802 ||/'2.63 | .967 
1.04 | .0392 || 1-44} .3646 ||\1.84 | .6098 |)2.24 | .8065 ||'2.64 | .9708 
¥.05 | .0488 || 1.45 | .3716 || 1.85 | , .6152 || 2.25 | .8109 || 2.65 | .9746 

7.06 | .0583 || 1.46] .3784 || 1.86 | .6206 ||. 2.26| .8154 ||\2.66 | .9783 
‘t.07 | .0677 || 1-47] -3853 || 1.87 | .6259 ||.2.27 | .8198 ||:2.,67-|  .o82z 
‘r,08 | .077 ||'1.48] .392 || 1.88] .6313 || 2.28 | .8242 || 2.68] .9858 
‘1.09 | .0862 || 1.49] .3988 || 1.89 | .6366 || 2.29.| .8286 ||.2.69 | .9895 
1 00953 || 2-5 -4055 || 1.9 6419 || 2.3 | 8329 || 2.7 9933 

T.1Z' | .1044 || 7.5%] .4r21 ||'r.9r | .6471 “ 
Sr2} .1133 || 152°} .4187 || 1.92 | .6523 || 2.32 | .8416 || 2.72 | 1.0006 
113°} .1222 || 1-53] -4253 || 1-93 | -6575 || 2.33. | -8458 ||.2.73.| 1.0043 
Sra} 230 1.54 | .4318 || 1.94 | .6627 ||.2.34 | .8502 || 2.74 | 1.008 
15°} .1398 || 155°] -4383 || 1-95 | -6678 || 2.35 | .8544 || 2.75 | 1.0116 

me16| .1484 || 1.56! .4447 || 1.96'| .6729 || 2.36 | .8587 || 2.76 | 1.0152 
Ier7-} .157 1-57} -4511 || 1.97'| .678 || 2.37 | .8620 || 2.77 | 1.0188 
TiS | .1655 || 4-58 | .4574 || r.98'| .683t || 2.38 | .8671 || 2.78 | 1.0225 
1.19} .174° || 1-59} -4637 || 1.99 | .6881 || 2.39 | .8713 || 2.79 | 1.026 
¥i2 .1823 || 1.6 47 2 6931 || 2.4 -8755 || 2.8 | 1.0296 

z,20)} .1906 || 1.61 | .4762 || 2.0%} .6981 || 2.41 | .8796 || 2.81 | 1.0332 
1.22)|' .1988 || 1.62 | .4824 || 2:02 | .7031 || 2.42] .8838 || 2.82 | 1.0367 
1,23°|' .207> || 1:63 | -4886 || 2103-/ .708 || 2.43 | .8879 || 2.83 | 1.0403 
I24)| .2151 || 1.64 | -4947 || 2.04 | .7129 || 2.44 | .892 || 2.84 | 1.0438 
1.25 | .2231 || 1.65 .|' .5008 || 2.05 | .7178 || 2.45'| .896t || 2.85 | 1.0473 

1.26 |, .2311 || 1.66 |; .5068 || 2.06.) .7227 || 2.46.|' .goo2 || 2.86 | 1.0508 
I.27)|, .239- |} 1.67.) ©5128 || 2.07} .7275 || 2447 |' .go42 || 2.87 | 1.0543 
1,28)|, .2469 || 1.68 | -5188 || 2:08 || .7324 || 2:48 | .g083 || 2.88 | 1.0578 
1.29)|, .2546 || 1.69:| -5247 || 2009 |' .7372 || 2.49 | .9123 || 2.89 | 1.0613 
eg 2624 || 1.7 +5300 || 2.1 7419 || 2.5 9163 || 2.9 | 1.0647 

1.31.|, .27 1.71. |, -5305 || 2.24.|) .7467.|| 2.55.) .9203 || 2.91 | 1.0682 
1.32 |. .2776 || 1.72-|, -5423 || 2.12]; .7504 || 2-52.|. .9243. || 2.92°|'1.0716 
1.33], -2852 || 1-73.|, »5481 || 2.13.]. .7561 || 2.53 |! .9282. || 2.93 | 1.075 » 
¥.34.|, +2927 || 1-74 |, -5539 || 2-14], .7608 || 2.54 | .9322 || 2.94 | 1.0784 
3,35 |. .3oor || 1.75-| +5596 || 2.15 | .7655 || 2-55} .9361 || 2.95 | 1.0818 

1.36 | .3075 |] 1.76]. -5653 || 2.16.|. .7704 || 2.56°| .94 2.96 | 1.0852 

3.37 | +3148 || 1-77 |. 57L, || 2-17 |, 7747 || 2:57 | +9439 || 2.97 | 1.0886 
138] «3221 || 1-78 | .5766 |} 2.18 | .7793 || 2.58.| -9478 || 2.98 | 1.0919 
1.39 | -3293 || 1-79 | -5822 || 219]. .7839 || 2.59]  -9517 || 2.99'} 1.0953 
1.4 | -3305 || 1-8 +5878 || 2,2 7885 || 2.6 9555\||3. | 1.0986 
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1.3029 | 
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1.3083 | 
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ee RDN ENS BY et Pe |S VR NUMDERNS, take) 

No Log. No, Log. Noy |! Log. Now Log. No, Log. 

5-51.) 1.7066 |}6.01 | 1.7934 || 6.51] 1.8733 || 7.01 1.9473 |\'7-51 | 2.0162 
5-52 | 1.7084 || 6.02. 1.7951 |) 6.52.| 1.8749 || 7.02} 119488 || 7.52 2.0176 
5-53.| 1.7102 || 6.03.| 1.7967 ||.6.53 | 1.8764 || 7.03 | 9502 |) 7.53 2.0189 
5254] 1-712 || 6.04.| 1.7984 ||6-54:| 1.8779 || 7.04) 119516 7-54 | 2.0202 
5-55 1.7138 || 6.05 | 1.8001 || 6.55 | 1.8795 ||.7.05 | 1:953 7-55 -| 2.0215 

5:50..| 1.7156 || 6.06.) 1.8017 || 6.56.| 1.881 || 7.06:| 1.9544 || 7.56 2.0229 
5-57.| 1.7174 || 6.07.) 1.8034 | 6.57 | 1.8825 || 7.07 1.9559 ||-7.57 | 2.0242 
-5-58.| 1.7192 || 6.08.| 1.805 || 6.58:| 1.884 ||:7.08:) 1.9573 ||\7.58 2.0255 
5:59} 1.721 || 6.09 | 1.8066 || 6.59 | 1.8856 || 7-09:| 1:9587 || 7.59°| 2.0268 
5-6 | 1.7228 || 6,1. | 1.8083 || 6.6. | 1.8871 || 7-2 | 1.9601 || 7.6 -| 2.0281 

5-61 | 1.7246 || 6.11 | 1.8099 | 6.61) 1.8886 ||.7.11:| 1.9615 ||'7.6r | 210295 
»5:02..|'1-7263 || 6.12.) 1.8116 | 6.62.) 1.8902 |} 7.T2°) 1.9629 || 7.624] 2.0308 
5-63.) 1.7281 || 6,13} 1.8132 || 6.63 | 1.8916 || 7.13) 1.9643 || 7.63 2.0321 

~5-94.| 1.7299 || 6.14 | 1.8148 || 6.64-| 1.8931 |} 7:14:| 1.9657 || 7.64 | 210334 
5-55 1.7317, ||. 6.15.| 1.8165 | 6.65:| 1.8946 ||-7.15 | 1.9671 || 7.65] 2.0347 

5-66. | 1.7334 || 6.46-) 1.8218x ||6,66-) 18961 ||:7-165) 1.9685 || 7:66°| 2.036 
. §-67. | 1.7352 || 6.17 | 1.8197 || 6.67 | 1.8976 |) 7.147 | 1.9699 ||'7.67:| 2.0373 
. 5:08.| 1-737 || 6.18.) 1.8213 || 6,68. 1.8991 || 7.18:) 5.9713 |/:7.68 | 2.0386 
» 5-69.| 1.7387, || 6.19.) 1.8229 || 6,69:| 1.9006 || 7.19} 1.9727 || 7.69 2.0399 
+ 57. | +7405 || 6.2.) 1.8245 || 6.7 | 1-992t |) 7-2.) 1.9741 |/7.7 | 2.0412 

. 5°7L.| 1.7422 || 6,21.) 1.8262 || 6.71<) 1.9036 || 7-24:| 1.9755 || 7-71) 210425 
5-72. | 1744 ||,0.22 | 1.8278 || 6,72.) 1.g0sr || 7:22) 1.9769 || 7.72 | 2.0438 

 5°73-| 1:7457 ||,6:23-| 1.8294 || 6.73 | 1.9066 || 7.23.| 1.9782 || 7.73] 2.0451 
5°74..| 1.7475 || 6.24} 1.831 \|6:74 | %.908r || 7-24: 1.9796 || 7:74] 2.0464 

~ 5+75.| 1+7492 || 6,25.| 1.8326 || 6.75: | 119095 |} 7.25} mg8r 7:75°| 220477 

. 5-76.) 1.7509 || 6.26.| 1.8342 || 6.76:| rox11 7.26:| 1.9824 ||)7.76-| 2.049 
= 5s77.| 1-7527 ||.6.27-| 1.8358 || 6.77.) 1.9125 || 7:27:| 1.9838 |}7.77 2.0503 
5-78 | 1.7544 || 6.28.| 1.8374 ||\6.78.| 1.914 || 7-28-| 17-9851 || 7.78 | 2.0516 
5-79.| 1-7561 || 6.29 | 7.839 || 6.79 | 1.9155 || 7:29 | 1.9865 || 7.79 | 2.0528 
5:8 .| 1.7579 || 6.3, -| 1.8405 || 6.8. | 1.9169 || 7.3.) 1-9879 || 7-8 | 2.0541 

5-81 | 1.7596 |, 6.31.) 1.8421 || 6.81 | 1.9184 |)7.31 | 1.¢892 || 7.82 | 2.0554 
» 5-82 | 1.7613 |; 6.32 | 1.8437 || 6.82 -| 1.9199 || 7.32°| 2.9906 || 7.82 | 2.0567 
- 5-83,| 1-703 || 6.33 | 2.8453 ||'6.83 | 1.9213 |} 7-33] 1-992 || 7-83°| 2.058 
5-84 | 1.7647 || 6.34 | 1.8469 || 6.84 | 1.9228 || 7.34-| 1.9933 || 7.84 | 2.0592 

»5-85.| 1.7664 |).6.35-| 1.8485 || 6.85 | 1.9242 || 7.35:) 1.9947 ||" 7.85-] 2.0605 

5-86 | 1.7681 || 6.36-| 1.85, || 6.86 | 1.9257 || 7.36 | 1.996r || 7:86 | 2.0618 
» 5-87 | 1.7699 || 6.37 | 1.8516 || 6.87 | 1.9272 || 7-37 | 1.9074 || 7.87 | 2.0631 
5-88. | 1.7716 || 6.38.| 1.8532 || 6.88 | 1.9286 || 7-38 | 1.9988 || 7.88 | 2.0643 

~ 5-89. | 1.7733 ||6.39 | 1.8547 || 6.89 | 1.9301 || 7.39 | 2.0001 || 7.89 | 2.0656 
25:9 15775 || 6.4 | 1.8563 || 6.9 .<|.1.9315 ||'7-q | 2.0015 ||-7.9 | 2.0669 

| 

- 5-91 | 1.7766 || 6.41.| 1.8579 || 6.91 | 1.933 || 7-41 | 2.0028 || 7.91 | 2.0681 
5.92. | 1.7783 \ 6.42 | 1.8594 || 6.92 | 1.9344 || 7-42 | 2.0042 |) 7.92 | 2.0694 

-5-93-| 1-78 || 6.43.| 1.861 || 6:93.| 1.9359 || 7.43 | 2.0055 || 7-93 | 2.0707 

*5:94 | 1.7817 | 6.44 | 1.8625 || 6.94 | 1.9373 || 7-44 | 2.0069 || 7.94 | 2.0719 
5:95/| 1.7834 | 6.45 | 1.8641 ||'6.95 | 1.9387 |} 7.45 | 2.0082 || 7.95 | 2.0732 

-5-96.| 1.7851 | 6.46 | 1.8656 || 6.96 | 1.9402 || 7.46 | 2.0096 || 7.96 | 2.0744 
5:97 | 1.7867 || 6.47-] 1.8672 || 6.97 | 1.9416 || 7-47 | 2.0109 || 7.97:| 210757 
“5-98 | 1.7884 | 6.48 | 1.8687 || 6.98 | 1.943 || 7-48 | 2.0122 || 7.98 | 2.0769 
©5.99.| 1.7901 |/'6:49:] 1.8703 || 6.99 | 1.9445 || 7-49 | 2.0136 || 7.99 | 2.0782 

6 1.7918 || 6.5 | 1.8718 || 7 1.9459 117.5 12.0149 ''8 | 2.0794 



HYPERBOLIC LOGARITHMS 334 OF NUMBERS. 

No. | Log. No. Log. No. Log. || No. Log. No. | Log. 
8.01 | 2.0807 || 8.41'| 2.1294 || 8.8 2.1759 || Q.21 | 2.2203 |) 9.61 | 2.2628 
8.02 | 2.0819 || 8.42:| 2.1306 || 8.82) 2.177 | 9.22 2.2214 || 9.62 2.2638 
8,03, 2.0832 || 8:43)| 2.1318 ||. 8.83)| 2.1782 | 9-23 | 2.2225 || ~ 9.63 | 2.2649 
8.04 | 2.0844 || 8.44)| 2.133 8.84 | 2.1793! - 9.24'| 2.2235 || 9.64 2.2659 
8.05 | 2.0857 || 8.45 2.1342 || 8.85) amet | 9.25 | 2.2246 |) 9.65 | 2.267 

8.06.| 2.0869 ||. 8.46} 2:1353|| 8.86 2.1815 | 9-26 | 2.2257 || 9.66 | 2.268 
8,07 | 2.0882 || 8.47:| 2.1365 || 8.87 | 2.1827|| 9.27 2.2268 || 9-67 | 2.269 
8.08-| 2.0894 || 8.48.) 2.1377 || 8.88 2.1838 || 9.28 | 2.2279 || 9.68 | 2.2701 
8.09 | 2.0906 || 8.49)| 2.1389 || 8.89 | 2.1849 || 9.29 2:2289 || 9.69 | 2.2711 
8.1 | 2.0919|| 8.5 | 2.1401 || 8.9 ‘ianagel || 9.3 *| 2.23. [19.7 2.2721 

- 8.11] 2.0931 ||) 8.51 | 2.1412 || 8.91 2.1872 || 9:30] 2.2311 || 9.7¥ | 2.2732 
8.12 | 2.0943 || 8.52: 2:1424|| 8.92| 2.1883] 9.32 2.2322 || 9.72 | 2.2742 
8.13] 2.0956|| 8.53 2.1436 | 8.93 2.1894 | 9-33 | 2:2332 || 9.73 | 212752 
8.14 | 2.0968 ||. 8.54:| 2.1448 || 8.94 2-1905 || 9.34 | 2.2343 | 9.74 | 2.2762 
8.15 | 2.098 8.55 2.1459 | 8.95 2.1917 9.35 2.2354 || 9:75 | 2.2773 

8.16 | 2.0992 ||» 8.56| 2.1471 ||| 8.96 | 2.1928 | 9.36 | 2.2364 || 9.76 2.2783 
8.17] 2:1005 || 8.57: 2:1483 || 8.97 2.1939 || ‘9.37 | 2-2375 || 9.77 | 2.2703 8.18 | 2.1017|| 8.58} 2.1494] 8.98) 2.195 | 9.38 | 2.2386 || 9.78 | 2.2803 
8.19 | 2.1029 || 8.59 2.1506 |) 8.99 | 2.1961 || 9.39 | 2.2396 | 9-79 | 2.2814 
8.2 | 2.1041 || 8,6 || 2.1518 ||) 9 2.1972 || 9.4-*| 2.2407 || 9.8 | 2.2824 

8.21-| 2.1054 ||- 8.61 2.1529 || 9.01 2.1983 || 9.41'| 2.2478 || 9-82 | 2.2834 
8.22 | 2.1006 || 8.62 | 2.1541) 9.02 | 2.1994 9.42 | 2.2428 |) 9.82 | 2.2844 
8.23 | 2.1078 || 8.63)| 2.1552|| 9.03 2.2006 || 9-43 | 22439 || 9.83 | 2.2854 8.24 | 2.109 8.64 | 2.1564 || 9.04 | 2.2017 9-44 | 2-245 | 9.84 | 2.2865 
8.25 | 2:1102|| 8.65)| 2.1576 || 9.05 2.2028 9-45 | 2.246 || 9.85 | 2.2875 

8,26) 2.1114 || 8.66| 2.1587]|/ 9.06 2.2039 || 9.46 2.2471 || 9.86 | 2.2885 
8.27 | 2.1126|| 8.67 2.1599 |) 9:07'| 2.205 || 9.47 | 2:2481 || 9.87 | 2.2895 
8.28 | 2.1138 || 8.68 | 2.161 9.08 | 2.2061 || 9.48 | 2.2492 ||| ‘9.88 2.2905 
8.29 | 2.115 8.69 | 2:1622'|/ 9.09'| 2.2072 || '9.49'| 2.2502 9.89 | 2.2015 
8.3 | 2.1163 || 8.7 2.1633 |/09.t | 2.2083 || 9.5: || 2.2513 9:9 | 2.2925 
8.31 | 2.1175 || 8.71: 2.1645 || 9.11 2.2094 9-51 | 2.2523 || 9.91 | 2.2935 
8.32 | 2.1187 ||. 8.72'| 2.1656 ||. 9.12 | 2.2105 9.52 | 2.2534 || 9.92 | 2.2946 
8.33 | 2.1199 || 8.73)| 2.1668 ||. 9.13 | 2.2116 9-53 | 2.2544 || 9.93 | 2.2956 
8.34.| 2.1211 || 8.74:| 2.1679 || 9.14 | 2.2127 9:54 | 2.2555 || 9.94 | 2.29066 
8.35 | 2.122 8.75'| 2.1691 || 9.15 | 2.2138 || 9.55'| 2.2565 9.95 | 2.2976 

8.36.| 2.1235 || 8.76 2.1702 || 9.16 2.2148 | 9.56 | 2.2576 || 9.96 | 2.29086 
8.37-| 2.1247 || 8.77 | 2.1713 9-17 | 2.2159 || 9.57 | 2.2586 || 9.97 2.2996 
8.38 | 2.1258 || 8.78 | 2.0725 ||, g.18'| 2.217 9-58'| 2.2597 || 9.98 2.3006 
8.39 | 2.127 8.79 | 2.1736)| 9.19'| 2.2181 || 9.59 2.2607 || 9.99 | 2.3016 
8.4 | 2.1282||> 8.8. | 2.2748 || 9.2 2.2192 || 9.6 | 2.2618 || 10 2.3026 

10.25 | 2.3279 || 12.25 | 2.5052 || 14.25 | 2.6567 ||\17.5 | 2.8621 23 3.1355 
10.5 | 2.3513 || 12.5 | 2.5262 |) 14.5 | 2.674 |/'18 2.8904 || 24 3.1781 
10.75.| 2.3749 || 12-75 | 2.5455 || 14.75 | 2.6913 || 18.5 | 2.9173 || 25 3.2189 
II 2.3979 || 13 2.5649 || 15 2.7081 || 19 2.9444 || 26 3:2581 
11.25 | 2.4201 || 13.25 | 2.584 |/ 15.5 | 2.7408]! 19.5 2.9703 || 27 3-2958 
11.5 | 2.443 ||.13.5. | 2.6027 || 16 2.7726 || 2 2.9957 || 28 3-3322 11,75 | 2.4636 || 13.75 | 2.6217 || 16.5 || 2.8034 || 2x 3:0445 || 29 3:3673 
12 2.4849 || 14 2.6391 || 17 2.8332 || 22 3.0911 
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Parallelograms. 

DEFINITION.—Quadrilaterals, having their opposite sides parallel. | 

To Compute Area of a Square, Rectangle, Rhombus, or 
Rhomboid.—Figs. 1, 2,8, and 4. 

RuLe.—Multiply length by breadth or height. 
Or, 1X b= area, l representing length, and b breadth. 

Fig. 3. 
q 

Fig, 2. O ae ae ORs: 

c 

EXaMPLe.—Sides @ 0, 6 c, Fig. 1, are 5 feet 6 ins.; what is area? 

5.5 X 5-5 = 30.25 square feet. 
Note 1.—Opposite angles of a Rhombus and a Rhomboid are equal. 

2.—In any parallelogram the four angles equal 360°. 

3.—Side of a square multiplied by z.52 is equal to side of an equilateral triangle 
of equal area. 

Gnomon. 

DEFINITION. —Space included between the lines forming two similar parallel- 
ograms, of which smaller is inscribed within aiEes, so that one angle in each is 
common to both, as shown by dotted lines, Fig. x 

To Compute.Area of a Gnomon.—Fig. 1. 

Rue.—Ascertain areas of the two parallelograms, and subtract Jess from 
greater. 

Or, a—a’ =area, a and a’ representing areas. 

ExamPLe.—Sides of a gnomon are ro by x0 and 6 by 6 ins.; what is its area? 

10 X 10=i00, and 6 X6—36. Then 100— 36= 64 square ins. 

Triangles. 

Derinition.—Plain superficies having three sides and angles. 

To Compute’ Area of a Triangle.—Migs. 5, 6,and 7. 

“RULE .—Multiply base by height, and divide product by 2. 

Or, Ae Or, De: = area, b representing base, and h height. 
2 2 

Note 1.—Hypothenuse of a right angle is side opposite to right angle. 

2.—Perpendicular height of a triangle = twice its area divided by its base. 

“3.—Perpendicular height ofan equilateral triangle =a side x .866. 

4.—Side of an equilateral triangle x .658 255 = side of a square of equal area, 
Or + 1.3468 = diameter of a circle of equal area. 

Fig. 5. Fig. 6. Fig. 7. 
Cc C ce . 

Examp.LeE. — Base a b, Fig. 
5, is 4 feet, and height c 6, 6; 

‘ what is area? 

4% 6 = 24, and 24-2 = 12 
aasrarecf ech 
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To Compute Area of a Triangle by Length of its Sides. 
Figs. G6 and 7. 

Ru.e.—From half sum of the*three sides subtract each side separately ; 
then multiply half sum and the three remainders continually together, and 
take square root of product. 

‘Or, V(s—4) X (5 —0) X (Ss — 4) S= area, a, b, e representing sides, and S half sum 
of the three sides. 

Examp.e.—Sides of a triangle, ‘Figs. 6 and 7, are 30, 40, and so feet; what is area? 

60 — 30 = 30 
got 40-7 Byes 60, or half sum of sides. 60 — 40 = 20) remainders. 

2 2 60— 50= 10 ae 

Whence, 30 X 20 X 10 X 60 == = 360 000, and 1/360 000= 600 square feet. 

When ail Sides are Equal. Ruve.—Square length of a side, and multi- 
ply product by .433. 

Or, 'S? X .433 =area, S representing length of a side. Scene 

To Compute Length of One Side of a Right-Angled 
Triangle. s 

When Length of the other Two Sides are given. 

To Ascertain Hypothenuse. — Fig. 5. 

RvuLE.—Add together squares of the two legs,.and take square root of 
sum, 

Or, Va b?-+ 6 c? = hypothenuse. Or, V0? +12. 

Ex. AMPLE. —Base, @ 0, Fig. 5, is 30 ins., and height, 6 c, 40; what is length of hy- : 
pothenuse ? 

307+ 40? = 2500, and 4/2500 = 50 ins. 

To Ascertain other Leg. 

When Hypothenuse and One of the Legs are given.—Fig. 5. Rute.—Sub- 
tract square of given leg from square of hypothenuse, and take square root - 
of remainder, 

‘ {2 =a. ab?=be. 

Or, af taps — {8 235 two. Or, Jae haiedlae: 
Exampie.—Base of a triangle, a b, Fig. 5, is 30 feet, and hypothenuse, ac, 50; 

what is height of it? 

50% — 30? = 1600, and 1/1600= 4o feet. 

To Compute Length of a Side. 

When Hy ypothenuse of a Right-angled Triangle of Equal Sides alone is 
given.—Fig. 8. RuiLe.—Divide hypothenuse by 1.414 213. 

Or, YP: Pro = length of a side. 

Fig. 8. c 

$ ExAmPLe, — Hypothenuse ac of a right-angled triangle, Fig. B 
300 feet; what is jength of its sides ? : oe o a: 

300 + 1.414 213 = 212.1301 feet, 

a b 

To Compute Perpendicular ‘or Height. ‘ef a Triangle. 

When Base and Area alone are given. —Fig. 9 Rube, —Divide- twice 
area-by its. base. -. Or, 2a b=h. \ 
EXAMpPLe.—Area ‘of a triangle Fig. is ro feet, and Jen h of its base, a bs 

what is its perpendicular, ¢d? . ¥ = math ao 

Pans and 20+ 5 ~4 feet. 
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To. Compute Perpendicular or Height of a Triangle. 

“When Base and Two Sides are given. Ruue.—<As base is to sum of the 
sides, so is difference of sides to difference of divisions. of base, Half this: 
difference being added to or subtracted from half base will give the two di- 
visions thereof. Hence, as the sides and their opposite division of base‘con- 
stitute a right-angled triangle, the perpendicular thereof is readily ascertained 
by preceding rules. ! Desty 

one eox bewvca 

ba 
‘2 62 — b ‘2 

» Or, eee es =ad; whence Vac*—ad?=de. 

Fig. 9. ExampLy. —Three sides ofia triangle, abc, Fig. 9, are 9.928, 
c ‘ 8, and 5 feet; what is length of perpendicular on longest side? 

AS 9.928: 8-5 3:85: 3.928 = difference of divisions of 
the base. > 1 

=bdrvda. 

9, Then 3.928 + 2 = 1.964, which, added to 22% = 4-964 +) 
3 . 1.964 = 6 928 = length of longest division of base. 

Hence, there is a right-angled triangle with its base 6.928, and its hypothenuse 8; 
consequently, its remaining side or perpendicular is »/(8? —6.9287) = 4 feet. 

When any Two of the Dimensions of a Triangle and One of the corresponding 
Dimensions of a similar Figure are given, and it is required to ascertain 
the other corresponding Dimensions of the last Figure. 
Fig. 10. Fig. 11. 

e ys Let a bc, a’ b’ c’, be two similar triangles, Figs. ro 
and rr. 

Then ab: be:: a’b’: b’c’, ora’b’: b’c’ :: ab: be. 

Notr. —Same proportion holds with respect to the 
similar lineal parts of any other similar figures, whether 

6, au @. plane or solid. 

_ Exampie.—Shadow of a vertical stake 4 feet in length was 5 feet; at same time, 
shadow of a tree, both on level ground, was 83 feet; what was height of tree? 

5 abl: 4b’ c:; 8346; 66.4 feet. 

To Compute Acreage. 

Divide area into convenient triangles, and multiply base of each triangle 
in links by half perpendicular in links; cut off 5 figures at the right, remain- 
ing figures will give acres; multiply the 5 figures so cut off by 4, and again 
cut off 5, and remainder will give roods; multiply the 5 by 4o, and again 
cut off 5 for perches. 

Trapezium. 

DEFINITION: —A Quadrilateral having unequal sides of which no two are parallel. 

To Compute Area of a Trapezium.—Fig. 12. 

Rute.—Multiply diagonal by sum of the two perpendiculars falling upon 
it from the opposite angles, and divide product by 2. 

: dbxa+e 
? 

10) =area. 

Fig. I2 @ ef 

3 ExamMPLe.—Diagonal db, Fig. 12, is 125 feet, and perpen- 
ad 3 diculars a and c 50 and 37; what is area? : 

125 X 50+ 37 = 10875, and 10875 + 2 = 5437.5 square feet. 

Fr 
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| When the Two opposite Angles are Supplements to each other, that is, when 
@ Trapezium can be inscribed in a, Circle, the Sum of its opposite Angles 
being equal to Two Right Angles, or 180°. RuLe.—From half sum of the 
four sides, subtract each side severally ; then multiply the four remainders 
continually together, and take square root of product. 
Exampiy.—In a trapezium the sides are 1s, 13, 14, and 12 feet; its opposite an- 

gles being supplements to each other, required its area. 

13+13+14+ 12> 54, and pane, 
27 27 (27) 27 % 
5 iS 5s Kae 

12 X14 X 13 X 15 = 32760, and +/ 32 760 = 180.997 square feet. 

Trapezoid. 

DeFINITION. —A Quadrilateral with only one pair of opposite sides parallel. 

To Compute Area of a Trapezoid.—Fig. 13. 

Ruise.—Multiply sum of the parallel sides by perpendicular distance’ be- 
tween them, and divide product. ~ 

b or, PE eenee ries xh 
= area, s and s' representing sides. 

Fig. 13. g é &  Exampir.—Parallel sides ab, ¢ d, Fig. 13, are 100 and 132 ~ 
feet, and distance between them 62.5 feet what is as 

100 + 132 X 62.5 = 14 500, and 14500 + 2 = 7250 square 
ea a feet. 

Ssh een 

DEFiniTION. —Plane figures having three or more sides, and are either regular or 
irregular, according as their sides or “angles are equal or unequal, and they are named 
from, the number of their sides and angles, 

Regular Polygons. 
To Compute Area of a Regular Polygon. +Fig. 14. 

Rvute.—Multiply length of a side by perpendicular distance to centre; 
multiply product by number of sides, and divide it by 2. 

abxXcexn : . 
Or, UO = area, n representing number of sides. 

2 

Fig. 14. a 
EXxAMPLE.—What is area of a pentagon, side ab, Fig. 14) being 

€. 5 feet, and distance ce 4.25 feet? 

5 X 4:25 X 5 () = 106.25 = product of length of aside, dis- 
tance to centre, and number of sides. 

Then, 106.25 + 2= 53.125 square feet. 

To Compute Radius of a Circle that contains a Given 
Polygon. 

When Length of a Perpendicular from Centre alone is given. Rove.— 
Multiply distance from centre to a side of the polygon, by unit in column A 
of following Table. 

EXAMPLE. —What is radius of a circle that contains a hexagon, distance to ore. 
being 4.33 inches? 

4.930% I,15 0 5 eres) 

To Compute Length of a Side of a Polygon that is con= 
tained in a Given Circle. 

When Radius of Circle. is given. Rup meMdiply radius: ot oh by 
unit in column B of following Table. 

EXAMPLE.— What is length of side of a pentagon contained ina circle B55 feet in 
diameter? : 

8.5 + 2= 4.25 radius, and 4.25 X 1.1756 =5 feet. % 
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“To Compute Radius of a Circumseribing Circle. 

; Whe Length of a Side is given. Rute.—Multiply length of a side of the 
polygon, by unit in column C of following Table. 
© EXAMPLE. —What is radius of a circle that will contain a hexagon, a side > being 5 
inches? 

(5X15 ins. 

To Compute Radius of a Circle that can be Inscribed 
in a Given Polygon. 

When Length of a Side is given. Rutx.—Multiply length of a side of 
polygon, by unit in column D of following Table. 
EXxaMPLe.—What is radius of the circle that is bounded Abe a hexagon, its ‘sides 

being 5 inches? 
5 X .866. = 4.33 ins, 

To Compute Area of a Regular Polygon. 

When Length of a Side only is given. RuLe.—Multiply square of side, 
by multiplier opposite to term of bk te in following ‘Table: 

B. c. D. 
le Radius of Radius of 

is PotyGon. AREA. Bale of eae ofa. |! Circumserib- Tnsétibed 
Circle. Side. ing Checks Circle. 

3 | Trigon 43301 [ele 5 732 "5773 2887 
4 | Tetragon I 1.404 164142 -7O7L ‘5 : 
5 | Pentagon 1.720 48 1.238 fy 0.1756 8506 -6882 
6 Hexagon 2.598 08 1.156 I I -866 
7 Heptagon 3-633 91 be 4 -8677 ) 11524 1.0383 
8 | Octagon 4.828 43 1,083 7953 1.3066 1.2071 
9 | Nonagon 6.181 82 1.064 684 1.4619 1.3737 

ro | Decagon” 7-694 21 1.051 -618 1.618 1.5388 
ix | Undecagon | 9.36564 I.042 +5634 - 1/7747 1,7028 
12’ | Dodecagon | 11.19615 1037 +5170 1.9319 1,866 

~ Exampie. — What is area of a square (tetragon) when length of its sides is 
7.071 067 8 inches? 

7.071 067 8? = 50, and 50 X 1=50 square ins, 

‘To Compute Length of a Side and Radii of a Regular 
Polygon. 

2 When Area alone is given. _RuLe.—Multiply square root of area of poly- 
gon by multiplier in column E of the following table for length of side; by 
multiplier in column G for radius of circumscribing circle, and by multiplier 
in column H for radius of inscribed circle or perpendicular. 

E. G, H. 

Baek] pouoox. | teggenot oRaditeet | Radlobof | angie, | AMF | ranget, 
y Side. | ing Circle. Cirele, , 

3 | Trigon 1.5197 8774 -4387 | 120° 60° 5774 
4 | Tetragon © +7071 oe go 9° I 
5 | Pentagon 17624 +6485 5247 72 108 1.3764 
6, | Hexagon +6204 -6204 +5373 60 120 1.7321 
7 | Heptagon 5240 6045 +5440 51 25.71’ | 128 34.29! | 2.0765 
8 | Octagon +4551, | .5940 | 5493 | 45 135 | 2.4142 
g | Nonagon +4022 +588 +5525 40 140 2.7475 

1o | Decagon 3605 +5833 +5548 36 144 3:0777 
1x | Undecagon 3268 +5799 +5504 32 43.64! | 147 16.36’ | 3.4057 
rz | Dodecagon +2989 “5774 +5577 30 150 3-732 

ExaMPLe 1.—Area of a square (tetragon) is 16 inches; what is length of its side? 

| V16=4, and 4Xr=4 ins. 

2,.—Area of anoctagon is 70.698 yards; what is diameter of its circumscribing 
circle? 

70.698 X .5946=5, and 5 X 2=10 yards. 
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Additional Uses of foregoing Table.—6th and 7th columns of table facilitate con- 
struction of these'figures with aid of asector. Thus, if it is required to describe an 
octagon, opposite to it in column 6th, is 45; then, with chord of 60 on sector as 
radius, describe a circle, taking length 45 on same line of sector; mark this dis- 
tance off on the circumference, which, being repeated around the circle, will give 
points of the sides. 2 3 

7th column gives angle which any two adjoining sides of the respective figures 
make with each other; and 8th gives tangent of the angle in column 6th. 

To Compute Radius of Imseribed or Circumscribed 
tO Circles. 

When Radius of Circumscribing Circle is given. RuLE.—Multiply radius 
given by unit in column E, in following Table, opposite to term of polygon 
for which radius is required. 

When Radius of Inscribed Circle is given. Rute.—Maultiply radius given 
by unit in column F, in following Table, opposite to term of polygon for 
which radius is required. 

To Compute Area. 

When Radit of Inscribed or Circumscribing Circles are given. RULE.— 
Square radius given, and multiply it by unit in columns G or H, in following 
Table, and opposite to term of polygon for which area is required, ‘ 

When Length of a Side is given. RuLe.— Square length of side and 
multiply it by unit in column I, in following Table, opposite to term of 
polygon for which area is required. 

To Compute Length of a Side. 

When Radius of Inscribed Circle is given. Rute.—Multiply radius given 
by unit in column K, in following Table, and opposite to term of polygon for 
which length is required. 

E. F. a. H. I. K, 

; Radius of | Radius of Area, 
No. of Poryeon Inscribed Gireamecrib-| B Zee By Radius Area. len = 
Sides. * | by Cireum- ing by | of Fcrihed of Circum- | By Length | By Radius 

scribing | Inscribing Circle scribing of Side. jof Inscribed 
Circle. Circle, P Circle. Circle, 

3 | Trigon 5 | 2 | 5.19615 | 1.299 04 43301 | 3.4641 
4 | Tetragon +707 It I-4142r | 4 2 I 2 
5 | Pentagon 80902 | x.23607 | 3.63272 | 2.37764 } 1.72048 | 1.45308 
6 | Hexagon -866 o2 IeI547 3-4641 2.598 08 2.59808 | 1.1547 
7 | Heptagon +900 97 T.10992 | 3.37102 | 2.73644 ||’ 3.63397 |) 963.15 
8 | Octagon +923 88 | 1.082 39,] 3.31371 | 2.82842 4-818 43 | .828 43 
g | Nonagon +939 69 1.06418 | 3.27573 | 2.89254 6.18282] .72794 

10 | Decagon -95106 | 1.05146 | 3.2492 2.93893 | 7.69421 | .64984 
1r | Undecagon | .959 49 1.04222 | 3.22989 | 2:97353 9:36564 | .587 25 
12 | Dodecagon | .965 93 1.035 28 | 3.21539 °| 3 11.19615 | -5359 

Regular Bodies. 
To Compute Surface or Linear Edge of Regulay Body. 
Ruve.—Multiply square of linear edge, or radius of circumscribed or in- 

scribed sphere, by units in following table, under head of dimension used: 
No. of : Surface b Radius of Radius of a Sides Bopy. | inear ge, | Clreumecribed | Inscribed “|. Sears 

4 Tetrahedron 1.73205 1.632 : 898 98 759 8. 
6 Hexahedron 6 I.154 a i = 2 tse) MY 
8 Octahedron ‘3-464 x I.4142r | 2.44949 +537 29 

12 Dodecahedron 20.645 78» +713 64 -898 06 +220 08 
20 Icosahedron 8.660 25 1.051 46 1232317 +330 81 
EXAMPLE.—What is surface of a hexahedron or cube, having sides of 5 inches? 

5° X 6=25 X 6=150 square ins, 
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paotrs ade To Compute Linear Edgei 

When Surface alone is given. Rutr.—Multiply square root of surface, 
by multiplier opposite to term of body under head of Linear Edge by Sur- 
face in’preceding Table. ; ) 

EXAMPLu.—What 1s linear edge of a hexahedron, surface being 6 inches?. 
6 X .408 25 = x inch. 

When Radius of an Inscribed or Circumscribed Sphere is given. Rute.— 
Multiply radius given, by multiplier opposite to term of body in preceding 
Table, under head of the Radius given. : 

Exampre,—Radius of circumscribing sphere of a hexahedron is.10 inches; what 
is its linear edge? 

10 X 1.1547 =11.547 ms. 

To Compute Surface. 

When Linear Edge is given. Ruiy.—Multiply square of edge, by multi- 
plier opposite to term of body in preceding Table, under head of Surface. 

Examp_e.—Linear edge of a hexahedron is x inch; what is its surface? 

1? X 6=6 square ins, 

Irregular Polygons. 

DEFINITION.—Figures with unequal sides. 

To Compute Area of an Irregular Polygon.—Figs. 15 
: and 16. 

Rvuve.— Draw diagonals and per- Fig. 16. 
pendiculars, as df, dg, a, and ¢, Fig. v 

f t5,and fd, gd, 9b, gu, and t,o, 7, and» ¢ 
s, Fig. 16, to divide the figures into 
triangles and quadrilaterals: ascer- 

7 tain areas of these separately, and 
take their sum. g 

Norr.—To ascertain area of mixed or compound figures, or 
such as are composed of rectilineal and curvilineal figures to- 
gether, compute areas of the several figures of which the whole is composed, then 
add them together, and the sum will give area of compound figure., In this manner 
any irregular surface or field of land may be measured by dividing it into trapeziums 
and triangles, and computing area of each separately. ; 

When any Part of a Figure is bounded by a Curve the Area may be ascer- 
tained as follows : 

Erect any number of perpendiculars upon base; at equal distances, and 
ascertain their lengths. 

Add lengths of the perpendiculars thus ascertained together, and their 
sum, divided by their number, will give mean breadth; then multiply mean 
breadth by length of base. 

To Compute Area of 'a Liong, Irregular Wigure.—Fig. 17. 

Fig. 17. Rue.—Take méan breadths at several places, at equal 
distances apart, as 1,2, 3, 6d, etc.; add them together, 

d divide their sum by number of breadths for total mean 
_ breadth, and multiply quotient by length of figure. . 

b+ b+ b", ete. 
qd : me OL, ala ised iei 5 

F s* ; 

= area, 
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To Compute an Area bounded by a Curve.— Fig. 18. 

(Simpson’s Rule.) 
OpERatiIon.—Divide line ab into any number of equal parts, 

by perpendiculars from base, as 1, 2, 3, etc., which will give 
an odd number of points of division. Measure lengths of 

@ 1 2 3 4 6 6 these perpendiculars or ordinates, and proceed as follows: 
To sum of lengths of first and last ordinates, add four times sum of lengths of all 

even numbered ordinates and twice sum of odd; multiply their sum by one third 
of distance between ordinates, and product will give area required. 

ILLUSTRATION. —Water-line of a yessel has a length of go feet, and ordinates 0, I; 
1.2, 1.5, 2, 1.9, 1-5, 1.1, and o, each ro feet apart; what is its area? 

Fig. 18. 

: Ordinates. 
Even, Odd. Sums. 
I 1.2 first o 
Tie) 2 last. o 
1.9 ns even 22 
It oul ‘ odd 9.4 

55 X4=22. 4.7X 2=9.4 31-4 X 10= 314, Which + 3 = 104.66 square feet. 

Circle. 
Diameter is a right line drawn through its centre, bounded by its periphery. 
Radius is a right line drawn from its centre to its circumference. 
Circumference is assumed to be divided into 360 equal parts, termed degrees ; 

each degree is divided into 60 parts, termed minutes ; each minute into 60 parts, 
termed seconds ; and each second into 60 parts, termed thirds, and so on. 

To Compute Circumference of a Cirele. 
Ru.e.—Multiply diameter by 3.1416. 

Or, as 7 is to 22, so is diameter to circumference. 
Or, as 113 is to 355, So is diameter to circumference. 

EXxAMPLE.—Diameter of a circle is 1.25 inches; what is its circumference? 
1.25 X 3-1416 = 3.927 ins. 

To Compute Diameter of a Circle. 

Rue.—Divide circumference by 3.1416. 
Or, as 22 is to 7, so is circumference to diameter. 

Norr.—Divide area by .7854, and square root of quotient will give diameter of circle, 

To Compute Area of a Circle. 

Ru.e.—Multiply square of diameter by .7854. 
Or, multiply square of cireumference by -079 58. 
Or, multiply half circumference by half diameter. ’ 
Or, multiply square of radius by 3.1416. 
Or, p r?=area, r representing radius. : 

EXAMPLE.—The diameter of a circle is 8 inches; what is the area of it? 
8?= 64, and 64 X .7854 = 50.2656 ins. 

Proportions of a Circle, its Equal, Inscribed, and Cire 
cumscribed Squares. 

CIRCLE. 
x. Diameter 1 +8862) og: 
2. Circumference xX, .2821 \ = Side of an Equal Square. 
3. Diameter X -7071 g 
4. Circumference X .2251 } = Side of Inscribed Square. 
5. Area X .g003 + diam. 
6. Diameter X 1.3468 = Side of an Equilateral Triangle, 

SQUARE. 
7. ASide X x,1442 = Diameter of its Circumscribing Circle. 
Ets X 4.443 = Circumference of its Circumscribing Circle. 
Qe wy se X 1.128 = Diameter 

ro. ¢ X 3.545 —=Circumference > of an Equal Circle. 
1x. Square inches X 1.273 =Cirele inches 
Norz.—Square described within a circle is one half area of one described without it. 
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To GOMADate Side of Greatest Square that can) be In- 
scribed in a Circle. 

atone hala diameter by .7071, or take twice square of radius. 

Useful Hactors. 

In which p or 7 represents Circumference of a Circle. 

Diameter = 1. 

P= _ 3-441 592 653 589+ 4 p= 4.188 794+ Vp= 1772453 
-2 p= 6.283185 307179-+ Y6p= -523598+ eit 797 884 

4 P= 12.566 370614 359+ 26 P= .392 699+ BAe sun 
4g p= 1.570796 326 794+ fe P= .261 799+ Pik fs ; 4o7 sot 
p= .785308163307+ | geo P= -008726-4 30 P= 113.097 335+ 

Diameter = 10, 

Chord of arc of semicircle I. =10 

2. Chord of half arc of semicircle = 7.071 067 
3. Versed sine of arc of semicircle. = 
4. Versed sine of half arc of semicircle = 1.464 466 
5. Chord. of half arc, of half of are of semicircle = 3.82683 
6. Half chord, of chord of half are 31535 533 
7. Length of are of semicircle = 15.707 963 
8. Length of half arc of semicircle = 7.853981 
g. Square of chord, of half arc of semicircle (2) = 50 

ro. Square root of versed sine of half arc (4) == [e210 15x 
1x. Square of versed sine of half arc (4) = 2.144664 
12. Square of chord of half arc, of half arc of semicircle (5) = = PI 67 
13. Square of half chord, of chord of half are (6) 52.5, 

Norr.—In all computations p is taken at 3.1416, 14 pat .7854, ¥¢ p at .5236; and 
whenever the decimal figure next to the one last taken exceeds 5, one is added. 
Thus, 3.141 59 for four places of decimals is taken as 3.1416. 

To Compute Length of an Arce of a Circle.—Hig. 19, 

When Number of Degrees and Radius are given, Rute 1.— Multiply 
number of degrees in the are by 3.1416 times the radius, and divide by 180, 

2.—Multiply radius of circle by .or7 45329, and product by degrees in 
the are. 
| ' If length is required for minutes, multiply radius by .oco 290 889; if for 

seconds, by .ooo 004 848, 

Fig. 19. 
EXAMPLE 1.—Number of degrees in an arc, 0 ab, Fig. 19, are 

go, and radius, o b; 5 inches; what is length of arc? 

| ate oe b go X (3/1416 X §) = 1413.72, which + 180 = 7.854 ins. 

: | 2.—Radius of an arc is 10, and measure of its angle 44° 30! 
30’; what is length of arc? 

| 3 "ers seer 453 29 =-174 5329, which X 44 = 7.679 447 6, length 
; 0 

10 X .000 290 889 = .002 908 89, which X 30 =.087 266 7, length for 30". 
10 X .000 004 848 = .000048 48, Which X 30 =.oo1 454 4, length for 30". 

Then 7.679.447 6). ‘ 
| . -087 2667 ¢ = 7.768 168 7 ins. 

| ‘oor 454.4 $ 
Or, reduce minutes and seconds to decimal of a degree, and multiply by it. 

See Rule, page 93. 30’ 30’ =.5083, and .1745329 from above X 44.5083 = 
7-768 163 ins. . 4 
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» When Chord of Half Arc and Chord of Arc are given. RuLE.—From eight 
times chord of half are subtract chord of arc, and one third of remainder will 
give length nearly. iieli~ 25h 

8c!’ —c 
Or, 

Exampty.—Chord of half arc, a c, Fig. x9, is 30 inches, and chord of arc, a b, 48; 

, ¢ representing chord of half arc, and c chord of arc. 

what is length of arc? — 
30 X 8= 240= 8 times chord of half arc ; 240—48 = 192, and 192 = 3 = 64 ins. 

When Chord of Are and Versed Sine of Arc are given. Rute.—Mul- 
tiply square root of sum of square of chord, and four times square of the 
versed sine (equal to twice chord of half are), by ten times square of versed 
sine; divide this product by sum of fifteen times square of chord and thirty- 
three times square of versed sine; then add this quotient to twice chord of 
half are,* and sum will give length of are very nearly. 

Vc? +4 v. sin.? X 10 v. sin.? 
"15 €2-1 33 v. sin.? 

ExampiE.—Chord of an arc is 80, and its versed sine, ¢r, 30; what is length of arc? 

80? = 6400 = square of chord ; 307 = 900 = square of versed sine. 

Or, +2 c’', v. sin. representing versed sine. 

/ (6400 + goo X 4) = 100 = square root of square of chord and four times square 
of versed ae = twice chord of half arc. 

Then 1e0 X 30? X 10 = 900000 = product of ro times square of versed sine and root 
above obtained. 

And 807 X 15 =96000=15 times square of chord. 
307 X 33 = 29 700 = 33 times square of versed sine, 

125700 

100 X goo 000 

125 700 
107.1599 length. 

| Hence =7-1599, and 7.1599-+ 100, or twice chord of half are= 

When Diameter and Versed Sine are given. RuLE.—Multiply twice chord 
of half the are by ro times versed sine; divide product by 27 times versed 
sine subtracted from 60 times diameter, add quotient to twice chord of half 
are, and the sum will give length of are very nearly. 

2c’ X 10 v. sin. en 

” God —27'v. sin. ite ake 

Examp.e.—Diameter of a circle is roo feet, and versed sine, c7, of are 25; what 
is length of arc? : 

V25 X 100=50=chord of half arc. See Rule, page 345. 

50 X 2 X 25 X 10=25000= twice chord of half arc by 10 times versed sine. 
100 X 60— 25 X 27 = 5325 = 27 times versed sine from 60 times diameter. 

Then Son = 4.6948, and 4.6948 4+ 50 X 2= 104.6948 feet. 

To Compute Chord of an Arc. 

When Chord of Half the Arc and Versed Sine are given. Rute.—From 
, Square of chord of half are subtract square of versed sine, and take twice 
square root of remainder. : 

Or,  (c'? —». sin.?) Xe=c. 
Exampre.—Chord of half are, a ¢, is 60, and versed sine, c 7, 36; what is length 

of chord of arc? 

60? — 36? = 2304, and 4/2304 X 206. disg 

* Square root of sum of square of chord and four times square of the versed sine is equal to twice. chord of half arc. a8 
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When Diameter and Versed Sine are given: Multiply versed sine by 2, 
and subtract product from diameter; subtract square of remainder from 

_ square of diameter, and take square root of that remainder, . 

oe _ Or, Vd? —(d—v. sin. X-2)? =e. mie 
_ Exampte.—Diameter of a circle is 100, and versed sine of half are is 36; what is 
length of chord of arc? : 

(36 x2— 100)” — 100? = g216, and »/g216 = 96. 

To Compute Chord of Half an Arc. 

When Chord of the Arc and Versed Sine are given. Rute 1,—Divide 
square root of sum of square of chord of the are and four times square of 
versed sine by two. 

_2,—Take square root of sum of squares of half chord of arc and versed 
sine. 

LU Wea eo ane Ff ibbw2 or, VETER HN Le  on4/ (2) resins =e. 2 

When Diameter and Versed Sine are given. RuLe.—Multiply diameter 
by versed sine, and take square root of their product. 

Or, Vd X v. sin. c!. 

To Compute Diameter. 

Rue 1.—Divide square of chord of half arc by versed sine. 
Or, c’2 + v, sin. = diameter. 

2.—Add square of half chord of arc-to the square of versed sine, and divide 
this sum by versed sine, 

Or, (e-= 2) + v, sin.? a 

Vv, SiN. 

To Compute Versed Sine. 

Rux.—Divide square of chord of half arc by diameter. 
c'2 " 

Or, Gm sim 

When Chord of the Arc and Diameter are given. RutE.—From square 
of diameter subtract square of chord, and extract square root of remainder ; 
subtract this root from diameter, and divide remainder by 2. 

d—v d? —c? 
Or, = v. sin. 

2 

When it is greater than a Semidiameter, Rure.—Proceed as before, but 
add square root of remainder (of squares of diameter and chord) to diam- 
eter, and halve the sum. 

or GE VG—@ esas ad 
2 

EXAMPLE.—Diameter of a circle is roo, and chord of arc 97.9796; what is its versed 
sine? 

100-++ V 1007 — 97.9796? __ 100-20 __ ae 
a = = 60. 

2 

=v. sin. 

To Compute Ordinate of a Circular Curve.—Wig. 20, 

= 4 InLustRATION.—Radius of circle 5 ins., versed sine 
2, and distance x 2; what is length of ordinate o ? 

V5? — 2? —(5 —2) = 4.58 —3 = 1.58 ins. 
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2 Vhagie lore of Séetor -ofvarGireld. moevoantay A 
DEFiniTion.—A part of a circle bounded by an are and two radii. 

To Compute Area of a Sector of a Circle. 

When Degrees in the Are are given.—Fig. 21.. RuLE.—As 360 is to num- 
ber of degrees in a sector, so is area of circle of which sector is a part to area 
of sector. I 

; d . Fig. oy. : meio)» — = area, d representing degrees in arc, and a area 

Z b of circle. 

ExaMPLs. — Radius of a circle, o a, Fig. 21, is 5 ins., and 
number of degrees of sector, ab 0, is 22° 30’; what is area? 

o Area of a circle of 5 ins. radius = 78.54 ins. 

Then, as 360° : 22° 30 2: 78-54 : 4.90875 ins. 

When Length of the Arc, etc., are given. Rute —Multiply length of are 
by half length of radius, and product is area, 

Or, b X r+ 2=area, b representing arc, and r radius. 

Segment of a Circle. 
DeEFINITION.—A part of a circle bounded by an are and a chord. 

To Compute Area of a Segment of a Circle. 

When Chord and Versed Sine of Arc, and Radius or Diameter of Circle are 
‘given. 

When Segment is less than a Semicircle, as ab c, Fig.21. Ruie.—Ascer- 
tain area of sector having same are as segment; then ascertain area of tri- 
angle formed by chord of segment and radii of sector, and take difference ‘of 
these areas. 

Norr. — Subtract versed sine from radius; multiply remainder by one half of 
chord of arc, and product will give area of triangle. : 

Or, a—a’=area, a and a’ representing areas of sector and triangle. 

When Segment is greater than a Semicircle. Ruie.—Ascertain, by pre- 
ceding rule, area of lesser portion of circle; subtract it from area of whole 
circle, and remainder will give area. ; 
: Or, a—a’ area, a and a/ representing areas of circle and lesser portion. 

See Table of Areas of Segments, page 267. 

half chord of arc and versed sine, which is chord ab of half arc 
C, 

By Rule, page 346, ; 
7-654 X 2 X 2.929 X 10-= 448.371 = twice chord of half arc by 10 

‘ais times versed sine. é 

20 X 60 — 2.929 X 27 =1120.917 = 60 times diameter subtracted from 27 times 
versed sine. 

Then 448.371 + 1120.917—=.4, and .4 added to 7.654 X 2 (twice chord of half arc) 
= 15.708 inches, length of are. 3 

I 
st 78.54 =the arc multiplied by half length of radius, 

= area of sector. : : - 

“19 — 2.929 == 7.071 = versed sine subtracted from a radius, which ts height of trt- 
14.142 . . ‘ 

angle a oc, and 7.071 X Pea of triangle, 

Fig. 22. 2 ExamP_e. — Chord, a c, Fig. 22, is 14.1423 Sere be, is 20 
ins. ; and versed sine, b 7, is 2.929; what is area of segment? 

of S¢ 14.142 + 2=7.071 = half chord of are. 
‘ = Pig ny £ 

H NY V 7.0712 -+ 2.9207 = 7.654 = square root of sum of Squares of a H 
' ’ 
‘ : 

’ 

me 

ee ee 

By Rule above, 15.708 X 

Consequently, 78.54 — 50= 28.54. 
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| When the Ohords of Arc, and of half of Arc, and Versed Sine are given. 
Rote.—To chord of whole arc add chord of half arc and one third of it 
more; multiply this sum by versed sine, and this product, multiplied by 
+404 26, will give area nearly. 

Or, e+ 0" +5n sin. X .404 26 = area nearly. 

Teel —Chord of a eianne @ c, Fig. 22, is 28 feet; chord of half arc, ab, is 
15; and Mais sine, br, 6; what is area of segment? 

28+ 15 ALE ae chord of arc added to chord of half arc and one third of it more, 

48 X 6 = 288 = product of above sum and ver'sed sine.. Hence 288 X .404 26 = 116.427 
square feet. 

When the Chord of Are and Versed Sine only are given. RuLe.—Ascer- 
tain chord of half arc, and proceed as before. 

To Compute Chord and Height of a Segment of a Circle. 

When Area is given. RuLE.—Divide area by square of diameter of circle, 
take tab. height for area from table of Areas of Segments of a Circle, p. 267, 
multiply it by diameter, and product will give required height. 

From diameter subtract height, multiply remainder by height, take square 
root of product and multiply it by 2 for required chord. 

Or, = (tab. area for height) X d=h, and Vd—hxXhX 2=¢, 

Circular Measure. (See Rule, page 113.) 

‘ 

Sphere. 
_ Derinition.—A figure, surface of which is at a uniform distance from centre. 

“To Compute Convex Surface of a Sphere.—Fig. 23. 

Fig, 23. ' Rute.—Multiply diameter by circumference, and prod- 
uct will give surface. 

2 t Or, 4.p7r? =surface.* Or, pd? =surface. 

A pales ptabe Exampire.—What is convex surface of a sphere, Fig. 23; hay- 
ing a diameter, ab, of 10 ins? 

10 X 31.416 = 314.16 square ins. 

Segement of a Sphere. 
DEFINITION. —A section of a sphere. 

To Compute Surface ofa Segment of a Sphere.—Fig. 24. 

Ruie.—Multiply height by the circumference of sphere, and add product 
to the area of base. 

Or, 2prh=convex surface alone. 

Fig. 24. Examp_e. —Height, b 0, of a segment, a bc, Fig. 24, is 36 ins., 
b and diameter, b.e, of sphere 100; what is convex surface, and 

what whole'surface ? 

36 X 100 X 3.1416 = 11 309.76 = height of segment multiplied by 
circumference of sphere. 

To ascertain area of base ;' diameter and versed sine being 
given, diameter of base of segment, being equal to chord of are, 
is, by Rule, page 347, 

t f Site 100 — 36 X 2= 283 V100? — 287= 96. 

96? X .7854 = 7238.2464 = convex surface, and 7238.2464 + 11 309: 76 = 18 548. 0064 
= convex surface added to area of base = square ins. 
- Nore.—When convex surface of a figure alone is required, area or areas nid base 

or ends must be omitted. . 
Ce 
'% p or m represents in this, and in all’cases where it is used, ratio of circumference of a circle to its 

diameter, or 3.1416. 
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. When the Diameter of Base of Segment and Height of it are alone given. 
Ruie,—Add square of half diameter of base to the square of height; divide 
thisisum by height, and result, will give diameter of sphere, 

Or, d-=2 + h?-+h— diameter. 

Spherical Zone (or Frustum of a Sphere). 
Drrinivion.—The part of a sphere included between two parallel chords. - 

To Compute Surface of a Spherical Zone.—Fig. 25. 

Rue.—Multiply height by the circumference of sphere, 
and add product to area of the two ends. 

Or, hce+a-+a’ =surface. 
Or, 2prh=convez surface alone. 

. 

Examp.e. — Diameter of a sphere, a b, Fig. 25, from which a 
zone, ¢g, is cut, is 25 inches, and height, c g, is 8; what is conver 
surface 2 / 

25 X 3:1416.X 8 = 628.32 = height x circumference of sphere = square ins. 

When the Diameter of Sphere is not given. Rute.—Multiply mean length 
of the two chords by half their difference ; divide this product by breadth 
of zone, and to quotient add breadth. To square of this sum add square of - 
lesser chord, and square root of their sum will give diameter of sphere. 

or, wf (= x NE Hd40402) ed. 
2 2 

Spheroids or Eillipsoids, 

DEFINITION.—Figures generated by the revolution of a semi-ellipse about one of 
its diameters. 
When revolution is about Transverse diameter they are Prolate, and when it is 

about Conjugate they are Oblate. 

To Compute Surface of a Spheroid.—Fig. 26. 

When Spheroid is Prolate. Rute, —~ Square diameters, and multiply 
square root of half their sum by 3.1416, and this product by conjugate 
diameter, 

2 ae q2 F - 

Fig. 26 o Or, X 3.1416 X d= surface, d and d! represent- 
2 

tng conjugate and transverse diameters. 

ExamPte.—A prolate spheroid, Fig. 26, has diameters, ¢ d 
and ab, of xo and 14 inches; what is its surface? 

Le 107 -++ 142206 = sum of squares of diameters. 
ad 296 2 = 148, and /148 — 12.1655 = square root of half 

sum of squares of diameters. i 

12.1655 X 3.1416 X 10 = 382.r9x ims. = product of root above obtained X 3.1416, 
and by conjugate diameter. 

When Spheroid is Oblate, RuLe.—Square diameters, and multiply square 
root of half their sum by 3.1416, and this product by transverse diameter. 

‘d2 q'2 

Or, = i X 3.1416 X d/ = surface, 
73 

ExAMPLE.—An oblate spheroid has diameters of 14 and ro inches; what is its 
surface ? ; 

12?-+ 10?= 296 = sum of squares of diameters. ; - 
296 + 2== 148, and 1/148-='12,1655 = squar'e root of half sum of squares of di- 

ameter. Hit ; Shan 4 

. 12,1655 X.3.1416 X 14 = 535.0679 ins. = product of root above obtained x 2.1416, 
and by transverse diameter. Sets Meth 
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To eae Convex Surface of a pee a Sphe- 
freee i _roid.—Figs. 27 and 28. : 

Rute -—Square Sandee, and take square root of half their sum; then, 
as diameter from.which the segment is cut is to-this root; so.is the height 
of segment to proportionate height required., Multiply, produet of other di- 
ameter and 3.1416 by Peer An of ag ee and this last product 
will give surface, : 

Vd?+d/2—2 

dord’ 

. EXAMPLE. — Height, a 0, ofa seg- 
ment, ef, of a prolate spheroid, Fig. 
27, is 4 inches, diameters being 10 and 
14; What is convex surface of it? 

Square root of half sum of squares @ 
of diameters, 12.1655. 

Then 14: 12:1655 $14: 3.4758 = height 
, of segment, proportionate to mean of ad 

diameters, and 10 X 3.1416 X 3.4758 = 109.1957 ins. 

2.—Height, co, of a segment of an oblate spheroid, Fig. 28, is 4 inches, the diam- 
eters being 14 and 10; what is convex surface of it? 214.0272 square ins, 

Or, xh d! ord x 3.1416 = surface. 

To Compute Convex Surface of a Hrustum or Zone 
of a Spheroid.—Wigs. 29 and 3O, 

Ruve.—Proceed as by previous rule for surface of a segment, and obtain 
proportionate height of frustum; then multiply product of diameter par- 
allel to base of frustum and 3-1416 by proportionate height of frustum, and 
it will give surface, 
Fig. 29. EXAMPLE.—Middle frustum, o e, of Fig. 30, 

a prolate spheroid, Fig. 29, is 6 inch- é 
es, diameters of spheroid being 10 
and 14; what is its convex surface? 

Mean diameter, as per preceding @& 
example, is 12.1655. 

Diameter parallel to base of frus- 
tum is ro, 

Pe (ESS 

Then 14: 12.1655 3:6: 5.2138, and 10 X 3.1416 X 5,2138 = 163.7967 square ins. 

“2.—Middle frustum of an oblate spheroid, as o e, Fig. 30, is 2 inches in height, 
diameters of spheroid, as in preceding examples, being ro and 14; what is its con- 
vex surface? 107.0136 square ins, 

Circular Zone. 

Derrnition.—A part of a circle included between two parallel chords. 

To Compute Area of a Cireular Zone. 

Rvuie.—From area of circle subtract. areas of segments. 
. Or, see Table of Arcas of Zones, page 269. 

When Diameter of Circle is not given.—Multiply mean length of the two 
chords by half their difference; divide this product by breadth of zone, and 
to quotient add the breadth. 

To square of this sum add square of lesser chord, and square root of their 
sum will give diameter of circle, 

ExampLr.—Greater chord, h g, is go inches; lesser, ac, is 80; and breadth of zone, 
a0, is 72.526; what is its diameter? 

/Boctn9o iy, gpite-Bo sa 
2 2 

== 05 Ui 425, ao ea 18 526 = 78.385. 

Then V78.385?-+ 807 = V/12 544.2 = 112 = sand 
Ge 
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Cylinder. — ‘ 
Derrnit10Nn. —A figure formed by revolution of a right-angled parallelogram aroun 

one of its. sides. : 

To Compute Surface of a Cylinder.—Fig. 31. 

Rute.—Multiply length by circumference, and add product to area of 
the two ends. 

Or, lc+2a=s,a representing area of end. 

Notr.—When internal or convex surface alone is wanted, areas of 
q ends are omitted. 

| ExampLe.—Diameter of a cylinder, b ¢, Fig. 31, is 30 inches, and its 
length, a 6b, 50; what is its surface? 

i 30 X 3.1416 = 94.248, and 94.248 & 50 = 4712.4. 

i ; b Then 30? X .7854 = 706.86 = area of one end; 706.86 X 2 = 1413.72 
Py =area of both ends, and 4712.4 + 1413.72 = 6125.12 square ins. 

Fig. 31. 

Prisms, 
Derrinitioy. — Figures, sides of which are parallelograms, and ends equal and 

parallel. 

Notr.—When ends are triangles, they are termed triangular prisms ; when they 
are square, square or right prisms; and when they are a pentagon, pentagonal 
prisms, ete. 

To Compute Surface ofa Right Prism.—Figs. 32 and 83. 

Fig, a2 Rue.— Ascertain areas of ends and sides, and_ Fig. 33. 
na : add them together. a 

Or,2a-+na’ = s, a representing area of ends, a’ area 
of sides, and n their number. 

EXAMPLE. — Side, a b, Fig. 32, of a square prism is 12 
inches, and length, bc, 30; what is surface? 

@ 12X12 =144= area of one end ; 144 X 2 = 288 = area 
of both ends ; 12 X 30 = 360 = area of one side ; 360X4= 
1440 = area of four sides, and 288 + 1440 = 1728 sq. ins. 

To Compute Surface of an Oblique or Irregular Prism.= 
Wig. S4. 

Rute.—Multiply circumference of one end, by perpendic- 
@ ular height, @ 0. Or, multiply circumference, ¢, at a right 

angle to sides by actual length of figure, and add area of ends, 
ExaMPLE.—Sides, a c, of an oblique hexagonal prism, Fig. 34, are 

ro inches, and perpendicular height, a 0, is 5 feet; what is its sur- 
face? 

Fig. 34. 

10 X 6= 60 tns.= length of sides. 
// 60 X 5 X 12 = 3600 square ins.= area of sides, and by table, page 
P-----"0 342, 102 X 2.59808 X 2= 519.616 square ins., which added to 3600 = 

4119.616 square ins. 

Wedge. 
Drrinirion.—A wedge is a prolate triangular prism, and its surface is computed 

by rule for that of a right prism, 

To Compute Surface of a Wedge.—Fig. 35. 
Fig. 35. Examre.—Back of a wedge, a bed, Fig. 35, is 20 by 2 inches, 

6 and its end, ef, 20 by 2; what is its surface ? 3 
2 

207 + 2-1 = 4o1 = sum of squares of half base, af, and 
height, ef, of triangle,efa. : bg ePNphag 8 
V 401 = 20.025 = square root of above sum = length of ¢ a. 

Then 20.025 X 20 X 2== 801 = area of sides. 

And 20 X 2=40=ared of back; and 20% 2-2X2=40= 
area of ends. Hence 801 + 40-+ 40 = 881 square ins. ; Wy ts 
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“Ws eve ERBiSe yr OTass 
DeFinitrov.—Figures alike to a prism, having only one pair of sides parallel. 

To Compute Surface of a Prismoid.—Fig. 36. 

Fig. 36. ' Rove. — Ascertain area of sides and ends as by rules for 
ease squares, triangles, etc., and add them together. | 

" a Exampie.—Ends ofa prismoid, efgh and abcd, Fig. 36, are roand 
8 inches square, and its slant height, @h, 25; what is its surface? 

10 X 1o= 100= area of base ; 8 X 8=64=area of top. 

1o+ 8 

2 
X 25 = 225, and 225 X 4=go0=area of sides. 

g  . Then x00 + 64-+ goo = 1064 = square ins. 

To Compute Surface ofan Oblique or Irregular Prismoid. 
Proceed as directed for an Oblique or Irregular Prism, page 350. 

Ungulas. 
Derinition, —Cylindrical ungulas are the parts (including all or part of the base) 

left by a plane cutting a cylinder through any portion and at any angle. 

To Compute Curved Surface of an Ungula.—Vigs. 3'7, 
38, 39, and 40. 

_ When Section is parallel to Axis of the Cylinder, Fig. 37. Rum1.—Mul- 
tiply length of arc of one end by height. : 
Fig. 37 Examp_Lre.—Diameter of a cylinder, ac, from which an 
a ungula, Fig. 37, is cut, is 10 inches, its length, b d, 50, and 

ed versed sine or depth of ungula is 5 inches; what is curved 
surface? 

10o+2=5—7radius of cylinder. ’ a 

Hence radius and versed sine are equal; the arc, there- 
fore, of ungula is one half circumference of the cylinder, 
which is 31.416 + 2 = 15.708, and 15.708 KX 50= 785.4 © 

7 square ins, 

When Section passes obliquely through opposite Sides of Cyl- 
inder, Fig. 38. RuLe 2.—Multiply circumference of base of cylinder by 
half sum of greatest and least heights of ungula. 
Examp.e.—Diameter, cd, of a cylindrical ungula, Fig, 38, is 10 inches, and great- 

er and less heights, bd and ac, are 25 and 15 inches; what is its curved surface? 

10 diameter = 31.416 circumference ; 25-415 = 40, and 4o~-2=20, Hence 31.416 
X 20 = 628.32 square ins. 

Wien Section passes through Base of Cylinder and one of its Sides, and 
Versed Sine does not exceed Sine, or Base is equal to or less than a Semi- 
circle, Fig. 39. RuLe 3.—Multiply sine, a d, of half are, d g, of base, d gf, 
by diameter, ¢ g, of cylinder, and from this product subtract product * of are 
and cosine, @ 0. Multiply difference thus found by quotient of height, g c, 
divided by versed sine, a g. 
Nore.—The sine of base is half of the longest chord that can be drawn in base. 

Exampie.—Sine, ad, of half arc of base of an ungula, Fig. 39, is 5, 
diameter of cylinder, eg, is 10, and height, cg, of ungula ro inches; 
what is curved surface ? 

5 X 10=50=sine of half arc by diameter. 

Length of arc, versed sine and radius being equal, under Rule, page 
346 = 15.708, and as versed sine and radius are equal, cosine is o. 

Ng Hence, when cosine is 0, product is 0. Therefore 501 —o=s0=dif- 
? Ference of product before obtained and product of arc and cosine, and 

f 50 X 10-5 = 50 X 2=100 square ins. 

* When the cosine is o, this product is o. 
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When Section passes through Base of Cylinder, and Versed Sine, a g, ex- 

ceeds Sine, or when Base exceeds a Semicircle, Fig. 40. RuLe 4.—Multiply 

Fig. 4o. sine of half the are of base by diameter of cylinder, and to this 
product add product of arc and the excess of versed sine over 
the sine of base. Multiply sum thus found by quotient of 
height divided by versed sine, 
ExamPie.—Sine, a d, of half arc of an ungula, Fig. 40, is 12 inches; 

versed sine, ag, is 16; height, c g,16; and diameter of cylinder, h g, 
25 inches; what is curved surface? ' 

12 X 25 =300=sine of half arc by diameter of cylinder, and length 
of are of base, Rule, page 344—= are of d h f—circumference of base = 
46.392. 

Then 46.392 X 16 — 12.5 = 162.372,'and 300-4 162.272 = 462.372; 16 + 16 =1, and 
462.372 X 1 = 462.372 square ins. 

Nore.—When sine of an arc is 0, the versed sine is equal to diameter. 
Fig. 41. 

mM When Section passes obliquely through both Ends of Cylinder, 
] Fig.4t. Rue 5.—Conceive section to be continued to m, till it 

meets side of cylinder produced; then, as difference of versed 
sines, ae and do, of arcs of two ends of ungula is to versed sine, 
ae, of are of the less end, so is height. of cylinder, a ¢, to the 
part of side produced. 

Ascertain surface of each of ungulas thus found by Rules 3 
and 4, and their difference will give curved surface. 

oe. ro 

nt 

Lune. 
DEFINITION.—Space between intersecting arcs of two eccentric circles. 

To Compute Area of a ILune.—Fig. 42. 

Rure.—Ascertain areas of the two segments from which lune is formed, 
and their difference will give area, 

; ExaMpLe.—Length of chord a ¢, Fig. 42, is 20 inches, height 
Med: 2 edis 3,andeb2; what is area of lone?” arae 

By Rule 2, page 345, diameters of circles of which lune is 
formed are thus ascertained: 

ae 2 2 2 2 

c C For ade, TSE" as, For aee, 2 +?" = 5a 

Then, by Rule for Areas of Segments ° Area of ade is 70.5577 sq. ins. 
of a Circle, page 267, coy hen ee? lion zbqore a2 

Their difference 43.3939 $q. ins. 

Nortr. —If semicircles be described on the three sides of a right-angled triangle 
as diameters, two lunes will be formed, and their united areas will be equal to that 
of triangle. 

Cycloid. 
DEFINITION. —A curve generated by revolution of a circle on a plane. 

To Compute Area of a Cycloid.—Fig. 43. f 

Fig. 43. 8 Rute.—Multiply area of generating circle by 3. 
LO By EXAMPLE, —Generating circle ofa cycloid, abe, Fig. 43, 

} has an area of rr5.45 Sq. inches; what is area of cycloid? 

d "a 115-45 X 3 = 346.35 square ins. 

To Compute Length of a Cycloidal Curve. 

Ruie.—Multiply diameter of generating circle by 4. 
Exampir.—Diameter of generating circle of a cycloid, Fig. 43, is 8 inches; what 

is length of curve dsc? 
8X4=32— product of diameter and 4 = ins. ; 

Norr.—The curve of a cycloid is line of swiftest descent; that is,a body will fal 
through arc of this curve, from one point to another, in less time than through any 
other path. : =o 
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Circular Rings. 

DEFINITION. —Space between two concentric circles. 

To Compute Sectional Area of a Circular Ring.—FVig. 44. 

Rvuie.—From area of greater circle subtract that of less, 

t % Cylindrical Rings. 

DeEFINiTI0ON. —A ring formed by curvature of a cylinder. 

To Compute Surface of a Cylindrical Ring.—FWig. 44, 

Ruie.—To diameter of body of the ring add inner diameter of the ring; 
multiply this sum by diameter of the body, and product by 9.8696. 
Fig. 44. : Or, ¢ X l= surface. 

Exampie.—Diameter of body of a cylindrical ring, a b, Fig. 44, 
is 2 inches, and inner diameter, bc, is 18; what is surface of it? 

2+18=20= thickness of ring added to inner diameter. 

20 X 2 X 9.8696 = sum above obtained x thickness of ring, and 
that product by 9.8696 = 394.784 ins. 

Link. 
DEFINITION. —An elongated ring. 

To Compute Surface of a Link.—FWigs.'45 and 46. 

Roure.—Multiply length of axis of link by circumference of a section of 
body, a 0. 

Or, l xX c= surface. 

To Compute Length of Axis and Circumference. 

When Ring is Elongated. Rute.—To less diameter add'the diameter of 
the body of the link, and multiply sum by 3.1416; subtract, less diameter 
from greater, multiply remainder by 2, and sum of these products-is length 

Fig. 45. of axis. Fig. 46. 
ExaMPLe.—Link of a chain, Fig. 45, is 1 inch in diameter a 

of body, a b, and its Iuner diameters, bc and ef, are 12.5 - 
and 2.5 inches; wbat is its circumference? 

2.5 +1 X 3.1416 = 10.9956 = length of amis of ends. 

12.5—2.5 ¥ 2=20= length of sides of body. 

* Then 10.9956 + 2c = 30.9956 = length of axis of link, and 
Lg 30.9956 X 3.1416 (cir. of 1 inch) = 97.3758 square ins. 

When Ring is Elliptical, Fig. 46. Ruie.—Square diameters of axes of 
ring, multiply square root of half their sum by 3.1416, and product is length 
of axis. 

; Cones. 

Derinition. — A figure described by revolution of a right-angled triangle about 
one of its legs. ; 

. For Sections of a Cone, see Conic Sections, page 379. 

To Compute Surface of a Cone.—FHig. 47. 

Ruie.—Multiply perimeter or circumference of base by slant height, or 
side of cone; divide product by 2, and add the quotient to area of the base. 
Fig. 47. ¢ Or, cx h+2+a’ =surface, ¢ representing perimeter, 

. Exampie.—Diameter, a b, Fig. 47, of base of a cone is 3 feet, 
and slant height, ac, x15; what is surface of cone? 

a 94248 X 15 
2 

= 70.686 = sur- 
\\ 
h ; Circum. of 3 feet = 9.4248, an 
WN 5 i nid 

ue 3 face of side ; area of base 3=7:068, and 70.686-+-7.068 = 77.754 
NWS square feet. 

G a* 
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"To Compute Surface of the Frustum of a Cone.— 
‘Wig. 48. 

Ruie.—Multiply sum of perimeters of two ends by slant height of frus- 
tum; divide product by 2, and add it to areas of two ends. i 

Or, eG ER +a+a’=surface. 
2 

EXAMPLE.—Frustum, ab ed, Fig. 48, has a slant height, c d, of 26 inches, and 
Fig. 48 circumferences of its ends are 15.71 and 22 inches respectively; 
ee N\ what is its surface? 

: 15.71 + 22 X 26 

2 

5-71 
A I 2 L 

= 490.23 = surface of sides ; (5) x -7854 

2 

ee 3) X +7854 = 58.119 = areas of ends. Then 490.23-+4 
3-14} 

Pyramids. 

DrFiniTIon.—A figure, base of which has three or more sides, and sides of which 
are plane triangles. 

To Compute Surface of a Pyramid.—Figs. 49 and 50. 

RuLe.—Multiply perimeter of base by slant height; divide product by 2, 
and add it to area.of base... 

Fig. 50. 
Or, elt +a= surface. 

ExamPLe.—Side of a quadrangular pyramid, a b, 
Fig. 49, is 12 inches, and its slant height, a ¢, 40; 

| what is its surface? 

| = 12 X 4= 48 = perimeter of base. SAN 
2 

= 960 = 

6 area of sides, and 12 X 12+ 960 = 1104 square ins. 

To Compute Surface of Frustum of a Pyramid.— 
Fig. 51. 

Rutp.—Multiply sum of perimeters of two ends by slant height ; divide 
product by 2, and add it to areas of ends. 

ctec xh . 
Fig. 51. Or, ee +a+ a’ =surface. 

EXAMPLE. —Sides ab, ed, Fig. §1, of frustum ofa quadrangular 
pyramid are ro and g inches, and its slant height, a ¢, 20; what 

h is its surface ? 
\ \@ 10X4=40,and 9 X 4=36; 40+ 36=76=sum of perimeters, 

76 X 20= 1520, and we = 760 = area of sides ; 10 X 10o= 100, 

and9X9=8:. Then roo 81 + 7600941 = square ins. 

When Pyramid is Irregular sided or Oblique. Rutt.— The surfaces of 
each of the sides and ends must be computed and added together, 

a) 

Helix (Screw). 
DrFIniTION.—A line generated by progressive rotation of a point around an axis” and equidistant from its centre. : 

To Compute Length of a Helix.—Wie. 52. 
Rute.—To square of circumference described by generating point, add square of distance advanced in one revolution, extract square root of their sum, and multiply it by number of revolutions of generating point. 
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Vig. 52. Or, V/(p? +1?) n = length, n representing number of revolutions. 

_EXxampLy.—What is length of a helical line, Fig. 52, running 3.5 
times around a cylinder of 22 inches in circumference, and advancing 
16 inches in each revolution ? ; 

222 ae 167 =740=sum of squares of circumference and of distance 
advanced.* Then 1/740 X 3.5 =95.21 ins. 

To Compute Length of a Revolution of Thread of a 
Screw. 

Rute.— Proceed as above for length and omit number of revolutions, 

Spirals. 

DeEFrniTI0n.— Lines generated by the progressive rotation of a point around a 
fixed axis. 

A Plane Spiral is when the point rotates around a central point. 

A Conical Spiral is when the point rotates around an axis at a progressing dis- 
tance from its centre, as around a cone. 

To Compute Length of a Plane Spiral Line.—Fig. 53. 

Ruie.—Add together greater and less diameters; divide their sum by 2; 
multiply quotient by 3.1416, and again by number of revolutions. 

Or, when circumferences are given, take their mean length, and multiply 
it by number of revolutions. 

Or, d+ d’ = 2 & 3.1416 n=length of line; P X n=radius, and 
pr*—l=pitch. P representing the pitch. 

EXAMPLE. —Less and greater diameters ofa plane spiral spring, 
as ab, cd, Fig. 53, are 2 and 20 inches, and number of revolutions 

d 10; what is length of it? 

2+ 20+ 2=11 = sum of diameters + 2; 11 X 3.1416 = 34.5576 
and 34.5576 X 3.1416, 

Then 34.5576 X 10 = 345-576 inches, 

Notr.—Above rule is applicable to winding engines, see page 862, where it is re- 
quired to ascertain length of a rope, its thickness, number of revolutions, diameter 
of drum, etc. 

To Compute Length of a Conical Spiral Line.—Wig. 54, 

Rure.—Add together greater and less diameters; divide their sum by 
2, and multiply quotient by 3.1416. 

To square of product of this circumference and number of revolutions of 
spiral, add square of height of its axis, and take square root of the sum, 

MO et 
Or, V(d-+d’ = 2 & 3.1416 nh?) = length of line. 

EXxAMPLE.—Greater and less diameters of a conical spiral, Fig. 54, are 
20 and 2 inches; its height, cd, 10; and number of revolutions 10; what 
is length of it? 

20+ 2+ 2—=17 X 3.1416 = 34.5576 = sum of diameters + 2, and X 
3-14165 35-5576 X 10 = 345-576. 

Then V 345.5762 + 102 = 345.72 inches. 

Spindles. 

DEFINITION. —Figures generated by revolution of a plane area, when the curve is 
revolved about a chord perpendicular to its axis, or about its double ordinate, and 
they are designated by the name of the arc or curve from which they are generated, 
as Circular, Elliptic, Parabolic, etc. 

#* When the spiral is other than a line, measure diameters of it from middle of body composing it. 
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Circular Spindle. 
To Compute Convex Surface of a Circular Spindle, Zone, 

or Segment of it.—Wigs. 55, 56, and 57. 

Ruie.—Multiply length by radius of revolving arc; multiply this are by 
central distance, or distance between centre of spindle and centre of revoly- 

ing arc; subtract this product from former, double remain- 
der, and multiply it by 3.1416. 

2 

= \ Or, L r—(a, /r2— < ) 2 p=surface, a representing length 

NY } of are, and ¢ the spindle chord. 

/ ExaMPLE.—What is surface of a circular spindle, Fig. 55, length 
ns wv _. of it, fc, being 14.142 inches, radius of its arc, oc, 10, and central 

PMScsse distance, 0 e, 7.071? 

14.142 X 10=141,42— length X radius. Length of arc, fac, by Rules, page 344 
= 15.708. 

15-708 X 7.071 = 111.0713 =length of arc X central distance ; 141.42 — 111.0713 = 
30.3487 = difference of products. Then 30.3487 X 2 X 3.1416 = 190.687 square tins. 

pane a 

° 

Zone. 

EXAMPLE.—What is convex surface of zone of a circular 
spindle, Fig. 56, length of it, i c, being 7.653 inches, radius of . 
its are, og, 10, central distance, oe; 7:071, and length of its 
side or arc, d b, 7.854 inches? ( 

7.653 X 10=76.53 length X radius ; 7.854 X 7-071 = 55.5356 
=length of arc x central distance ; 76,53 — 55-5356 = 20.9044 
=difference of products. 

Then 20:9944 X 2 X 3.1416 = 131.912 square ins. te 57: 
4 \ 

Segment. 

Exampir.—What is convex surface of a segment of a cir- 
cular spindle, Fig. 57, length of it, ic, being 3.2495 inches, 
radius of its arc, og, ro, central distance, o é, 7.071, and length 
of its side, 7d, 3.927 inches? 

3:2495 X 10 = 32.495 —Tength X radius ; 3.927 X 7.071 = 27.7678 = length of are 
X central distance ; 32.495 — 27.7678 = 4.7272 = difference of products. 

Then 4.7272 X 2 X 3.1416 = 29.702 square ins. 

GENERAL FoRMULA.—S= 2 (lr — ac) p = surface, l representing length of spindle, 
segment, or zone, a length of tls revolving are, r radius of generating circle, and ¢ 
central distance. 

ILLUSTRATION.—Length of a circular spindle is 14.142 inches, length of its revolv- 
ing arc is 15.708, radius of its generating circle is 10, and distance of its centre from 
centre of the circle from which it is generated is 7.071; what is its surface? 

2X (14.142 X 10—15.708 X 7.071) X 3.1416 = 190,687 square inches. 

Notr.—Surface of a frustum of a spindle may be obtained by division of the 
surface of a zone. 

Cycloidal Spindle. 

To Compute Convex Surface of a Cycloidal Spindle. 
Wig. 58. 

Ru.e.—Multiply area of generating circle by 64, and divide it by 3. 
Fig. 58. ax6 

8 5 eNO) Or, 204 sufisce, 

d = AS, EXAMPLE. —Area of generating circle, abc, of a cycloidal 
G spindle, de, is 32 inches; what is surface of spindle? 

32 X 64 = 2048 = area of circle X64, and 2048+ 3 = 
682.667 square ins. 

Norr.—Area of greatest or centre section of a cycloidal spindle is twice area of 
the cycloid, ; ‘ 
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E.llipsoid, Paraboloid, or Efyperboloid of Rev- 
ee ; olution. , 

_ Derinition.—Figures alike to a cone, generated by revolution of a conic section 
around its axis. d sai tii} ; f j 1 

Norr.—These figures are usually known as Conoids. 

When they are generated by revolution of an ellipse, they are termed Ellipsoids, 
and when by a parabola, Paraboloids, etc. 

Revolution of an are of a conic section around the axis of the curve will give a 
segment of a conoid. fu 2D 

E.\llipsoid. 

To Compute Convex Surface of an E.llipsoid.—Fig. 59, 

Ruie, — Add together square of base and four times square of height; 
multiply square root of half their sum by 3.1416, and this product by radius 
of the base. 

b2 2 

Or, J 3.1416 7 = surface. 

Exampie.—Base, a b, of an ellipsoid, Fig. 59, is 10 inches, and 
vertical height, c d, 7; what is its surface? 

107+ 77 X 4= 296 = sum of square of base and 4 times square 
=| of height ; 296 + 2 = 148, and 1/148 = 12.1655=square root of half 

ad 2 above sum. Then 12.1655 X 3.1410 X == 19i.0957 square ins, 

Fig. 59. ¢ 

To Compute Convex Surface of a Segment, Frustum, 
or Zone of an E.llipsoid.—Fig. 59. 

See Rules for Conyex Surface of a Segment, Frustum, or Zone of a 
Spheroid or Ellipsoid, pages 348-9. 

d ord’ X 3.1416 X h = surface, 

mean, diam. *h 

and “dor d’ =h ; then dX3.1416 Xh = surface. 

Paraboloid, 

To Compute Convex Surface of a Paraboloid.—Hig. 60. 

‘Rute.—From cube of square root of sum of four times square of height, 
and square of radius of base, subtract cube of radius of base; multiply re- 
mainder by quotient of 3.1416 times radius of base divided by six times 
square of height. 
Fig. 60. & "Xp 

Or, (V 4h? + 72)3 —73 x exe surface. 

Exampie,—Axis, b d, of a paraboloid, Fig. 60, is 40 inches; ra- 
dius, a d, of its base is 18 inches; what is its convex surface? 

402 X 4=6400= 4 times square of height; 6400-++ 18 = 6724 = 
2 sum of above product and square of radius of base ; (./6724)3 — 183 

a 545 530 = remainder of cube of radius of base subtracted from cube 
t of square root of preceding sum ; 3.1416 X 18 (6 X 407) =.005 8905 

= quotient of 3.1416 times radius of base = 6 times square of height. 

Then 545 536 X .00§ 890 5 = 3213.48 square ins. 

Fig. 6x. a_ Cylinder Sections. 

" To Compute Surface of a Cylinder Section. 
—Hig. Gl. 

Ruie.— From entire surface of cylinder a o subtract 
surface of the two ungulas, 2° 0, 0 c, as per rule, page 351, 
and multiply result by 4. 
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Any Figure of Revolution. : 

To Ascertain Convex Surface of any Figure of Revolu- 
tion.—Figs.. G2, 63, and 64. as 

Ruie.—Multiply length of generating line by circumference described 
by its centre of gravity. 

Or, Lar p= surface, r representing radius of centre of gravity. 

EXxaMPLE 1.—If generating line, ac, of cylinder, acd f: 10 inches 
in diameter, Fig. 62, is ro, then centre of gravity of it will be in b, 

et radius of which is br=s. 

' Hence 10 X 5 X 2 X 3.1416 = 314.16 ins. 
i Again, if generating line is e ac g, and it is (eas, ac=10 
H and ¢ g=5)=20, then centre of gravity, 0, will be in middle of 

Goof line joining centres-of gravity of triangles e ac and acg=3-75 
from 7. i 

Hence 20 X 3.75 X 2 X 3-1416 = 471.24 square ins.— entire surface. 

Conyex-surfaceas AbOVE. +. . ssid. eeeessccncccc vee 314.16 
VERIFICATION. re of each end, 10% X .7954 2 =~ sem nseean's 157.08 

471.24 inches. 

Fig. 63. 2.—If generating elements of a cone, Fig. 63, are ad=1o, 
q d.c=xo, and a¢, generating line,— 14.142, centre of gravity of © 

. bras which is ino, andor=s, Fi 

ae Be Then 14.142 X 5 X 2 X 3.1416 = 444.285, con- @ ig. 64. 
‘ S oe 83 Ae tS IE ee 

One are * vex surface, and 10 X 2 X .7854 = 314.16, area * 
of base. 

Hence 444.285 + 314.16 = 758. 445, entire surface. 

3.-—If generating elements of a sphere, Fig. 64, are ac—r10,abe 
will be 15.708, centre of gravity of which is in 0, and by Rule, page 
606, 0 r = 3.183. 

Hence 15.708 X 3.183 X. 2X 3.1416 = 314.16 square ins. 

d(ox--4 

Capillary Tube. 

To Compute Diameter of a Capillary Tube. 

Ru.Le.—Weigh tube when empty, and ‘again when filled with mercury ; 
subtract one weight from the other; reduce difference to grains, and divide 
it by length of tube in inches, Extract square root of this quotient, multi- 
ply it by .org 224 5, and product will give diameter of tube in inches, 

Or, X .0r9 224 5 = diameter, w representing difference in weights in grains 

and 1 length of tube. ‘ 
ExAmp_r.—Difference in weights of a capillary tube when empty and when filled 

with mercury is go grains, and length of tube is 10 inches; what is diameter of it? 
90 = 10 = 9 = weight of mercury + length of tube; 1/9 =3, and 3x -O19 224 5 = 

+057 673 5 = square root of above quotient X .019 224 5 inches = diameter of tube. 
Proor.—Weight of a cube inch of mercury is 3442.75 grains, and diameter of a 

circular inch of equal area to a square inch is 1.128 (page 342). 
If, then, 3442.75 grains occupy x cube inch, go grains will require .026 141 9 cube 

inch, which, + x0 for height. of tube =.co2 614 19 inch for area of section of tube. 
Then 1/.002 614 19 = .051 129 = side of square of a column of mercury of this area. 
Hence .o51 129 X 1.128 (which is ratio between side of a square and diameter ofa 

circle of equal area) =.057 673 5 ans. : 

To Ascertain Area of an, Irregular Figure. 
Rurie.—Take a uniform. piece of board or pasteboard, weigh it, cut out 

figure of which area is required, and weigh it; then, as weight of board or 
pasteboard is to entire.surface, so is weight of figure as cut out to its surface, 

Or, see rule page 341, or Simpson’s rule, page 342. 
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To Ascertain Area of any Plane Figure. 

Rute. — Divide surfaces into squares, triangles, prisms, etc.; ascertain 
their areas and add them together. © 

Reduction of an Ascending or Descending Line to Hor-= 
izontal Measurement. 

In Link and Foot. 
Degrees. Link. Foot. Degrees. } Link. Foot. | Degrees. Link. _-| Foot. 

¥ +000 099 | .000.15 7 +004 917 | -007 45 13 -016 915 | .025 63 
2 :000 403 | .000 61 8 -006 421 | .009 73 14 -019 602 | .0297 
3 -000 904 | .0O1 37 9 1008 125 | .o12 31 15 -022 486 | .03407 
4 -0or 6x | .002 44 10 -010025 | -015 19 16 -025 569 | .03874 
5 -002 515 | .003 8r II -O12 124 | .018 37 17 -028 925 | .0437 
6 -003 617 | .005 48 12 +014.421 | 102285 18 0323 +048 94 

InLusTRAtIoN 1.—In an ascending grade of 14°, what is reduction in soo feet? 

14° = 500 X .0297 = 14.85 feet = 14 feet 10:2 ins. 

2.—What is reduction in soo links? 

= 500 X .o19 602 = 9. 801 feet = 9 feet 9.6 ins. 

Reduction of Grade of an Ascending or Descending Line 
to Degrees. 

Per 100 Links, Feet, etc. 
Grade. Degrees. Grade. |_ Degrees. -}| Grade. | Degrees. » | Grade. Degrees. 

> , Mu ° , ” ° , ” ° , u” 

425 8 35-2 1.75 I 0103 45 2 34 45-5 10 5 44 20.7 
“5 17 10.3 2 r 8 45-5 5 2 51 57.6 IL 6 18 55.8 
“75 25 47-6 2 5. I 25 57-0 6 3 26 22.7 12 6 53 31 

I 34, 22.7 2 143 83 7 4.0 49.6 13 7 28 103 
1.25 42 57-9 ar5 2° 0 30.7 || 8 4 35 18.6 14 ee 2 

1.5 51 35-2 4 217 33-1 || 9 59 49-6 || 15 | 8 37 37-2 

To Plot Angles without a Protractor. 

On a given line prick off 100 with any convenient scale, and from the 
point so pricked off lay off at right angle with the same scale the natural 
tangent due to the angle (see table of Natural Tangents and Sines); or 
strike out a portion of a circle with radius 100 and lay off a chord = 2 sin, 
of half the angle required. 

| ~~ To Compute Chord of an Angle. 
Double sine of half angle. 
IttustRatIoN.—What is the chord of 21° 30’? | 

Sele 
| Sine of as = 10° 45’,and sine of 10° 45” =.186 52, which, X 2 = .373 04 chord. 

To Ascertain Value of a Power of a Quantity. 

‘Rouve.—Multiply logarithm of quantity by fractional exponent, and prod= 
| uct is logarithm of required number. 

ExamPLe.—What is the value of 16% ?:, 

% S log. 16 = MX X 1.20412 =.90309. Number for which = 8, 
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MENSURATION OF VOLUMES. 
Cubes and Parallelopipedons. 

Cube. wy a 

DEFINITION.—A Volume contained by six equal square sides. hale: 

Fig. x. To Compute, Volume of a Cube.—Fig. 1. 

Rute.—Multiply a side of cube by itself, and that product 
again by a side. 

Or, s3=V, s representing length of aside, and V volume. 

ExamMPLe.—Side, a b, Fig. 1, is 12 inches; what is volume of it? 

12 X12 X 12 = 1728 cube ins. 

Parallelopipedon. 
DeFtntTrov.—A volumé contained by six quadrilateral sides, every opposite two 

of which are equal.and parallel. Fig. 2. 

To Compute Volume of a Parallelopipedon. 
—Fig. 2. 

Rute.—Multiply length by breadth, and that product 
again by depth. 

Or, 2b d=V. 

Prisms, Prismoids, and Wedges. 

Prisms. 

Derrnirion.—Volumes, ends of which are equal, similar, and parallel planes, and 
sides of which are parallelograms. 

Norr.—When ends of a prism or prismoid are triangles, it is termed a triangular 
prism or prismoid ; when rhomboids, a rhomboidal prism, and when squares, a 
square prism, etc. 

Fig. 3. To Compute Volume of a Prism.— 
Wigs. 3 and 4. '- 

RvuLEe.—Multiply area of*base by height, 
Or, ah=V. 

EXAMPLE.—A triangular prism, a 0 c, Fig. 4, has sides 
of 2.5 feet, and a length, c b, of 10; what is its volume? 

By Rule, page 330, 2.52 X .433 = 2.70625 = area of 
end a b, and 2.70625 X 10 = 27.0625 cube feet. 

When a Prism is Oblique or Irregular. 

Rute. — Multiply area of an end by height, as‘ao; or; 
multiply area taken at a right angle to sides, as at c, by 
actual length. 

To Compute Volume of any HWrustum of a 
Prism, whether Right or Oblique. — Figs. 
G and 7. 

Rutr.—Multiply area of base by perpendicular 
¢ . distances between it and centre of gravity of upper 

<< -) or other end. 

Or, area at right angle to side as at e by actual length, 

ExAmpLeE.—Area of base, a 0, of frustum of a rectan- 
gular or cylindrical prism, Fig. 6, is 15 inches, and 
height to centre of gravity, c, is 12; what is its volume? 

10 X 12 = 120 cube ins. 
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iTi-.cnbs VWiPrismoeids.F:(l soud aioD 
To Compute Volume of a Prismoid.—Fig Sa 

RuLE—To sum of areas of the two ends add four times area sof middle 
aeons eg to them, and multiply this sum by one sixth of perpendicu- 

r heig 

Note.—This is the general rule, and known as the Prismoidal Formula, and it 
applies equally to all figures of proportionate or dissimilar ends. 

4 . Or,a+a’ +4mxXha6=V, aand a’ representing areas o ED 
Fig. 8. and m area of middle section, 2 a 

EXAMPLE. — What is volume of a rectangular prismoid, Fig. 8, 
q \engths and breadths, eg and gh, ab and bd, of two ends being 

7 X 6 and 3 X 2 inches, and height 15 feet? 

7X64+3X% 2=42+6=48= sum of areas of two ends; 143+ 
2=5= length of middle sce uree 6+2+2=4= breadth of middle 
section ; 5 X 4X 4=80 =four times area. of middle section. 

g h Then 48+ 80. Bxt= = 128 X 30 = 3840 cube ins, 

Nore x,—Length and breadth of middle ye are respectively equal to half 
sum of lengths and breadths of the two ends. 

2.—Prismoids, alike to prisms, derive their designation from figure of their ends 
as triangular, square, rectangular, pentagonal, etc. 

When it is Irregular or Oblique and their ends are united by plane or 
curved surfaces, through which and every point of them, a right i, ime may be 
drawn from one of the ends or parallel faces to the other.—Figs.9,10,and 11. 

Fig. 10. Fig. xz. 
Fig. 9. 

fed 

Exampre.—Areas of ends, ac and o7's, Fig. 10,abed, and imn wu, Fig. 11, and 
abce and yz wz, Fig. 9, are each 10 and 30 inches, that of their middle section 
20, and their perpendicular heights 18; what is their volume? 

10+ 30-+ 20 X 4=120 = sum of areas of ends + 4 times middle section. And 

320 X = = 360 cube ins. 

W edge, 
To Compute Volume of a Wedge.—Fig. 12. 

Rur.—To length of edge add twice length of back; multiply this sum 
by perpendicular “height, and then by breadth of back, ’and take gne sixth 
of product, 
Fig. 12," Or, I+-U X 2X hb) +6=V. 

EXAMPLE. —Length of edge of a wedge, eg, is 20 inches, pack, 
abcd, is 20 by 2, and its height, ef, 20; what is its volume? 

20+ 20 X 2 = 60—Tength of edge added to twice length of 
back ; 60 X 20 X 2 = 2400= above sum multiplied by height, and 
that product by breadth of back. 

Then 2400+ 6 = 400 cube ins. 

‘Nore, — When a wedge is a true prism, as. represented by 
Fig. 12, yolume of it is equal to area of an end multiplied by its length. 

* An-excavation or embankment of a road, when terminated by reer cross sections, is  rectan- 
gular prismoid, 

Ha 
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To Compute Frustum of a Wedge.—Fig. 13. 

Ruiz.—To sum of areas of both ends, add 4 times area 
of section parallel to and equally distant from both ends, 
and multiply sum by one sixth of length. 

1 
Or, A+a+4a’ X $=": 

ExamPie.—Lengths of edge and back of a frustum of a wedge 
ab and ed are 20 X 1 and 20 X 2 ins., and height or is 20 ins.; 
what is its volume? 

20X2+1 

2 
xat4x (20x 24) x 2 b+ 120 x F = boo cube ins 

Norr.—When frustum is a true prism, as represented Fig. 13, volume of it is equal 
to mean area of ends multiplied by its length. 

Regular Bodies (Polyhedrons). 

DeFinition. —A regular body is a solid contained under a certain number of simi- 
lar and equal plane faces,* all of which are equal regular polygons. 

Nore 1.—Whole number of regular bodies which can possibly be formed is five. 

2.—A sphere may always be inscribed within, and may always be circumscribed 
about a regular body or polyhedron, which will have a common centre. ; 

Fig. 14. Fig. 15. Fig. 16. Fig. 17. 

c 

a 
x. Tetrahedron, or Pyramid, Fig. 14, which has four triangular faces. 

2. Hexahedron, or Cube, Fig. 1, which has six square faces, 

3. Octahedron, Fig. 15, which has eight triangular faces. © 

4. Dodecahedron, Fig. 16, which has twelve pentagonal faces. 

5. Icosahedron, Fig. 17, which has twenty triangular faces. 

To Compute Hlements of any Regular Body.—Figs. 14, 
LS, 16, amas. 

To Compute Radius of a Sphere that will Circumseribe a given Regular 
Body, or that may be Inscribed within it. 

When Linear Edge is given. RuLe.—Multiply it by multiplier opposite 
to body in columns A and B in following Table, under head of element re- 
quired. 
ExampLe.—Linear edge of a hexahedron or cube, Fig. 1, is 2 inches; what are 

radii of circumscribing and inscribed spheres? a 

2 X .866 02 = 1.73204 inches = radius of circumscribing sphere ; 2X .5=1 inch= 
radius of inscribed sphere. 

When Surface ts given. RuLE.—Multiply square root of it by multiplier 
opposite to body in columns C and D in following Table, under head of 
element required. 

When Volume is given, RuLe.— Multiply cube root of it by multiplier 
opposite to body in columns E and F in following Table, under head of ele- 
ment required. . . 

* Angle of adjacent faces of a polygon is termed diedral angle. 
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When one of the Radis of Circumscribing or Inscribed Sphere alone is re- 
quired, the other being given. Rute.—Multiply given radius by multiplier 
opposite to body in columns G and H in Table, page 364, under head of 
other radius. 

To Compute Linear Edge. 

When Radius of Circumscribing or Inscribed Sphere is given, RuLE— 
Multiply radius given by multiplier opposite to body,in columns I and K in 
Table, page 364. 

When Surface is given. RuLE.—Multiply square root of it by multiplier 
opposite to body in column L in Table, page 364. 

_ When Volume is given. Rute.— Multiply cube root of it by multiplier 
opposite to body in column M in Table, page 364. , 

To Compute Surface. 

When Radius of Circumscribing Sphere is given. Ruim.—Multiply square 
of radius by multiplier opposite to body in column N in Table, page 364. 

When Radius of Inscribed Sphere is given. RuLte.—Multiply square of 
radius by multiplier opposite to body in column O in Table, page 364. 

When Linear Edge is given, Rute.—Multiply square of edge by multi- 
plier opposite to body in column P in Table, page 364. 

When Volume is given. Rute.—Extract cube root of volume, and multi- 
ply square of root by multiplier opposite to body in column Q in Table, 
page 364. 

To Compute Volume. 

When Linear Edge is given. Rute,—Cube linear edge, and multiply it 
by multiplier opposite to body in column R in Table, page 364. 

When Radius of Circumscribing Sphere is given. RuLE.—Multiply cube 
of radius given by multiplier opposite to body in column S in Table, 
page 364. 

When Radius of Inscribed Sphere is given. Ruie.— Multiply cube of 
radius given by multiplier opposite to body in column T in Table, page 364. 

When Surface is given. Ruix,—Cube surface given, extract square root, 
and multiply the roet by multiplier opposite to body in column U in Table, 
page 364. 

Cylinder. 

To Compute Volume of a Solid Cylinder.=— 
Fig. 18. 

RuLe.—Multiply area of base by height. 
Exampie.—Diameter of a cylinder, b¢, is 3 feet, and its length, ab, 

7 feet; what is its volume? 

Area of 3 feet =7.068. Then 7.068 x 7= 49.176 cube feet. 

To Compute Volume of a Hollow Cylinder. 

RuLE.—Subtract volume of internal cylinder from that of cylinder. 

Cone. 

To Compute Volume of a Cone.—FHig. 19. 

RvuLe.—Multiply area of base by perpendicular height, 
and take one third of product. 

ExampPiy.—Diameter, wb, of base of a cone is 15 inches, and 
height, ce, 32.5 inches; what is its volume? 

eee Area of 15 inches=176.7146. Then = 1914.4125 cube ins. 
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To Compute Volume of Frustum of a Cone.—Fig. 20. 

_ Ruie.—Add together squares of the diameters or circumferences of greater 
and lesser ends and product of the two diameters or circumferences ; mul- 
tiply their sum respectively by .7854 and .o7958, and this product: by 
height; then divide this last product by 3. 

7. Or, d?4+d’2+ axa X .7854h+3=V. 
Or; c? + c'?-+4- eX ce X .079 58h -3=V. 

ExamPLe,— What is volume of frustum of a cone, diameters 
of areater and lesser ends, 6d, ac, being 5 and 3 feet, and height, 

€ 9,9, ; 
57+37+5 X 3= 493 and 49 X .7854 = 38.4846 = above sum 

; ', 38.4846 X'9 : 
by .7854; and ais di = 115.4538 cube feet. 

Pyramid. © 

Nors.—Volume of a pyramid is equal to one third of that of a prism haying equal 
bases and altitude. 

Fig. 21. To Compute Volume of a Pyramid.—Fig. 21. 

4 RuLe.—Multiply area of base by perpendicular height, and 
take one third of product. 
ExaMPLe.—What is the volume of a hexagonal pyramid, Fig. ar, 

a side, a b, being 4o feet, and its height, ec, 60? 

407 X 2.5981 (tabular multiplier, page 341) = 4156.96 = area of base. 

4156 96 X 60 
= 83 139.2 cube feet. 

3 

To Compute Volume of Hrustum ofa Pyramide—Hist ZR. 

» Rure.—Add together squares of sides of greater and lesser ‘ends, and 
product of these two sides; multiply sum by tabular multiplier for areas in 
Table, page 341, and this product by height; then divide last product by 3. 

Or, s?-+-s’?-++-s x 8’ X tab. mult.Xh+3=V. 

When Areas of Ends are known, or can be obtained without reference to 
a tabular multiplier, use following. 

Or,ata’+ Vaxa xXh+3=V. 

EXAMPLE. —What is the volume of the frustum of a hexagonal 
pyramid, Fig. 22, the lengths of the sides of the greater and lesser 
ends, ab, ed, being respectively 3.75 and. 2.5 feet, and its perpen- 
dicular height, e 0, 7.5? \ 

3:75? + 2.57 = 20,3125 = sum of squares of sides of greater and 

_ lesser ends; 20.3125-+ 3.75 X 2.5—= 29.6875 = above sum added to 
product of the two. sides; 29.6875 X 2.5981 X 7.5 = 578.48 X tab. 

a b&b mult., and again by the height, which, + 3= 192.83 cube feet. 

When Ends of a Pyramid are not those of a Regular Polygon, or when 
Areas of Ends are given 

Ruve.—Add together areas of the two ends and square root of their prod- 
uct; multiply sum by height, and take one third of product. 

Or,a+a’+ Vaw Xh—3=V. 

ExAmpir.—What is the volume of an irregular-sided frustum of a pyramid, the 
areas of the two ends being 22 and 88 inches, and the length 20? 

22+88=110= sum of areas of ends ; 22 X 88= 1936, and 1/1936 = 44 = square 

root of product of areas. Then a ok® 7 = 1026.66 cube ins. 

Fn 
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? 
Spherical Pyramid. 

A Spherical Pyramid is that part of a sphere included within three or more ad- 
joining plane surfaces meeting at centre of sphere. The spherical polygon defined 
by these plane surfaces of pyramid is termed the base, and the lateral faces are 
sectors of circles. { 

Nore.—To compute the Elements of Spherical Pyramids, see Docharty and Hack- 
ley’s Geometry. 3 

Cylindrical Unegulas. 

Derinition.—Cylindrical Ungulas are frusta of cylinders. Conical Ungulas are 
frusta of cones, 

To Compute Volume of a Cylindrical Ungula.—Fig. 23. 

1. When Section is parallel to Axis of Cylinder, RuLe.—Multiply area 
of base by height of the cylinder, 

Or, ah=V. 

ExaMPLE.—Area of base, d e f, Fig. 23, of a cylindrical ungula is 15.5 
inches, and its height, a e, 20; what is its volume? 

15-5 X 20= 310 cube ins. 

2 When Section passes Obliquely through opposite sides of 
Cylinder, Fig. 24. KuLe.—Multiply area of base of cylinder by _ 
half sum of greatest and least lengths of ungula, i 

Or, aXtU+l’ +2=V. (EN 
EXxAMPLe.—Area of base, ¢ d, of a cylindrical ungula, Fig. 24, is 25 : 7 

inches, and the greater and less heights of it, ac, b d, are 15 and 17; 
what is its volume? 

15-17 
2 

3. When Section passes through Base of Cylinder and one of its Sides, 
and Versed Sine does not exceed Sine, or the Base is equal to or less than a 
Semicircle, Vig. 25. .Rute.—EFrom two thirds of cube of sine of half are 
of base subtract product of area of base and cosine * of half are. Multiply 
difference thus found by quotient arising from height divided by versed sine. 

GD = 400 cube ins. 

j in.3 — 5 5 i 
Pisses Or, ane acxX — = V, v. sin. representing versed sine. 
¢ 3 %. sin. 

Seennenee”t EXAMPLE.—Sine, a d, of half arc, d e f, of base of an ungula, Fig. 25, 
}¢ is 5 inches, diameter of cylinder is ro, and height, e g, of ungula 10; 

d what is its volume? 

“aff Two thirds of 53 83.333 two thirds of cube of sine. As versed 
"[/iJ9 sine and radius of base are equal, cosine is o. | Hence, area of base X 

cosine = 0, and 83.333 —o X 1o+ 5 = 166.666 cube ins. 
Ss Ya ae ara 

4. When Section passes through Base of Cylinder, and Versed Sine exceeds 
Radius, or when the Base exceeds a Semicircle, Vig. 26. Rute.—To two 
thirds of cube of sine of half arc of base add product of area of base and 
cosine. Multiply sum thus found by quotient arising from height, divided 
by versed sine, 

: 2 Sinise, —— 
Fig. 26. Or, —+-+acxX = ae =v 

EXAMPLE.—Sine, a d, of half are of an ungula, Fig. 26, is r2 inches, 
versed sine, ag, is 16, height, gc, 10, and diameter of cylinder 253 

¢ what is its volume? 

Two thirds of 123 = 1152 =two thirds of cube of sine of half are of 

base.. Area of base = 331.78}, 1152+ 331.78 X 16 —12.5 = 2313.23 
Jq sum of two thirds of cube of sine of half the arc of base, and product of 

area of base and cosine. Then 2313.23 X 20+ 16 = 2891.5375 cube ins, 

aoa 3 

a ee) 

* When the cosine is 0, the product is o. 
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5. When Section passes Obliquely through both Ends of Cylinder, Fig. 27. 
Rute. — Conceive section to be continued till it meets side of cylinder 
produced; then, as the difference of versed sines of the arcs of the two ends 
of ungula is to-the-versed sine of are of less end, so is the height of. cylinder 
to the part of side produced. ; : 

Ascertain volume of each of the ungulas by Rules 3 and 4, and take their 
difference, 

Big. 27. Or, ee =h’, v. sin. and v. sin.’ representing versed sines 
v. SUN, — V, SUN. 

a rai of the two ends, h height of cylinder, and h’ height of part pro- 
uced. 

EXAmMPLE.—Versed sines, ae, do, and sines, e and 90, of arcs of two 
ends of an ungula, Fig. 27, are assumed to be respectively 8.5 and 25, 
and rz.5 and.o inches, length of ungula, b 0, within cylinder, cut from 
one having 25 inches diameter, do, is 20 inches; what is height of un- 
gula produced beyond cylinder, and what is volume of it? 

: 25 8.5: 8.5 3: 20: 10.303 = height of ungula produced beyond cyl- 
inder. 

Greater ungula, sine o being 0, versed sine = the diameter, Base of ungula being 
a circle of 25 inches diameter, area = 490.875. Versed sine and diameter of base 

being equal (25), Sine =o. - 490.875 X 25. a 6135-9375 = product of area of base 
2 

and cosine, or excess of versed sine over sine of base. 30:303 + 25 = 1.212 12 = quo- 
tient of height — versed sine. 

Then 6135.9375 X 1.212 12 = 7437-4926 cube inches ; and by Rules 3 and 4, volumes 
of less and greater ungulas = 515.444, and 6922.0486 = 7437.4926 cube inches. 

Sphere. 

_ DeErinition.—A solid, surface of which is at a uniform distance from the centre. 

Fig. 28. To Compute Volume ofa Sphere.—Fig. 28. 

RvuLe.—Multiply cube of diameter by .5236. 
Or, d3 X .5236= V,d representing diameter. 

EXAMPLE.—What is volume of a sphere, Fig. 28, its diameter, 
ab, being xo inches? 

103 = 1000, and 1000 & «5236 = 523.6 cube ins. 

To Compute Volume of a Hollow Spheres 

Ruiz.— Subtract volume of internal space from that of sphere. 
Or, V—v= volume. 

Segment of a Sphere. 

Derryition.—A section of a sphere. 

To Compute Volume of a Segment ofa Sphere.—Fig. 29. 

Rue 1.— To three times square of radius of its base add square of its 
height; multiply this sum by height, and product by .5236. 

Fig. 29. 7 Or, 372+ h7zh X .5236 = V. 

2,—From three times diameter of sphere subtract twice 
height of segment; multiply this remainder by square of 
height, and product by .5236. 

Or, 30d 2hh? xX .5236 = V. 
EXAMPLE.—Segment ofa sphere, Fig. 29, has a, radius, a e, of 7 

inches for its base, and a height, b 0, of 4; what is its volume? 

bs 727 X 34+42= 163 = the sum of three times square of radius and 
square of height ; 163 X 4 X .5236—= 331.3872 cube is. ; 
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Spherical Zone (or Frustum of a Sphere). 

DEFINITION, —Part of a sphere included between two parallel chords. 

To Compute Volume of a Spherical Zone.—Fig. 30. 

DEFINITION. —Part of a sphere included between two parallel planes. 

Ruve.—To sum of squares of the radii of the two ends add one third of 
square of height of zone; multiply this sum by height, and again by 1.5708. 

Fig. 30. © . Or, 72-472 4 2 = 3h X 1.5708=V. 
ExaMPLe.—What is the volume of a spherical zone, Fig. 30, 

¢ greater and less diameters, fh and de, being 20 and 15 inches, 
and distance between them, or height of zone, cg, being ro ins.? 

hy 107+ 7.52 = 156.25 = sum of squares of radit of the two ends ; 

156.25 + 107 > 3 = 189.58 = above sum added to one third of 
square of the height. 

Then 189.58 X 10°X 1.5708 = 2977.9226 cube ins. 

Cylindrical Ring. 
Derisitron.—A ring formed by the curvature of a cylinder. 

To Compute Volume of a Cylindrical Ring.— Fig. Sl. 

Ruie.—To diameter of body of ring add inner diameter of ring; multi- 
ply sum by square of diameter of body, and product by 2.4674. 

Fig. 31. Or, d+ d’ d? 2.4674=V. 

Or, al=V, a representing area of section of body, and 1 length 
of axis of body.. 

ExAMPLé.—What is volume of an anchor ring, Fig. 31, diameter 
of metal, a b, being 3 inches, and inner diameter of ring, bc, 8? 

3+8 x 3? =09 = product of sum of diameters and square of di- 
ameter of body of ring. 

Then 99 X 2.4674 = 244.2726 cube ins. 

Spheroids (Millipsoids). 

Derinit1ov.—Solids generated by the revolution of a semi-ellipse about one of its 
diameters. When the revolution is about the transverse diameter they are termed 
Prolate, and when about the conjugate they are Oblate. 

To Compute Volume of a Spheroid.—Fig. S32. 

Ru.te.—Multiply square of revolving axis by fixed axis, and this product 
by .5236. # 
Fig. 32. if Or, a? a’ X .5236 = V, a and a’ representing revolving and 

Jixed axes. 

Or, 4-3 X 3.1416 727” =V, r and r’ representing semi-axes. 

ExAmpie.—In a prolate spheroid, Fig. 32, fixed axis, ab, is 
14 inches, and revolving axis, cd, 10; what is its volume? 

: 107 X 14 = 1400= product of square of revolving axis and 
a Jjiwed axis. Then 1400 X .5236 = 733.04 cube ins. | 

Nore. —Volume ofa spheroid is equal to 24 of a cylinder that will cireumscribe it. 

‘Segments of Spheroids, 

To Compute Volume of Segment of a Spheroid.—Fig. 33. 

When Base, e f, is Circular, or parallel to revolving Avis, as ¢ d, Fig. 33, 
or as ef to Awis ab, Fig. 34. RuLe.—Multiply fixed axis by 3, height of 
segment by 2, and subtract one product from the other; multiply remainder 
by square of height of segment, and product by .5236. Then, as square of 
fixed axis is to square of revolving axis, so is last product to volume of 
segment, 
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Fig. 33. ae ar a , . a= 2h h? X 5236 X a’? 
f--o. Or, - aga ane ae 3 s = Vi 

: ; 
' \ ExamPLe.—In a prolate spheroid, Fig. 33) fixed or trans- 

ae Ligh Sees verse axis, ab, is 100 inches, revolving or conjugate, c d, 60, 
Ji and height of segment, a 0, 10; what is its volume? 

Gee 100 X 3— 10 X 2=280= twice. the height of segment sub- 
ad _ tracted from three times fixed axis; 280 X 107 X .5236= 

14 660.8 inches = product of above remainder, square of height, and .5236. Then 
1007 : 602 :: 14 669.8 : 5277.888 cube ins. 

When Base, ef, is Elliptical, or perpendicular to revolving Axis, a b, Fig. 
33, or as ef to Axis c d, Fig. 34. Rute.— Multiply fixed axis by: 3, 
and height of segment by 2, and subtract one from the other; multiply re- 
mainder by square of height of segment, and product by .5236. Then, as 
fixed axis is to revolving axis, so is last product to volume of segment. 
Fig. 34. a —2h Nh? X 0§236\% Qt ogy 

a’ Tom 
Or, s 

EXxAMPLE.—Diameters of an oblate spheroid, Fig. 34, are 
6 100 and 60 inches, and height of a segment thereof is 12; 

what is its volume? 

roo X 3 —12 X 2= 276 = twice the height of the segment sub- 
ad tracted from three times the revolving axis ; 276 X 12? X .5236 

= 20 809.9584 = product of above remainder, the square of height, and .5236. 
Then 100 : 60 3: 20 809.9584 : 12 485.975 cube ins. 

Hrusta of Spheroids. 

To Compute Volume of Middle Frustum of a Spheroid.— 
Fig. 35. 

When Ends, e f and g h, are Circular, or parallel to revolving Avis, as c d, 
Fig. 35, or a6, Fig. 36. Rure.—To twice square of revolving axis add 
square of diameter of either end; multiply this sum by length of frustum, 
and product by .2618. 

Or, 2 a’? +d? X1.2618=V, 

EXxaMPLe, — Middle. frustum of a prolate spheroid, 2.0, 
Fig. 35, is 36 inches in length, diameter of it being, in 

\._ middle, ¢ d, 50, and at its ends, ef and gh, 40; what is its 
\B. -volume ? 

i 507 X 2-+407= 6600 = sum of twice square of middle di- 
| ig ameter added to square of diameter of ends. Then 6600 X 
ad 36 X 2618 = 62 203.68 cube ins. 

--|6 

See es 

When Ends, ef and g h, are Elliptical, or perpendicular to revolving Aais, 
a b, Fig. 35, 0r e f and g h to Avis, c d, Fig. 36. RuLe.—To twice product 
of transverse and conjugate diameters of middle section, add product of 
transverse and conjugate of either end; multiply this sum by length of 
frustum, and product by .2618. 

Or, dd’ X2+dd 1x,.2618=V. 
Exampir.—In middle frustum of a prolate spheroid, Fig. 

36, diameters of its middle section are 50 and 30 inches, its 
ends 4o and 24, and its length, 0%, 18; what is its volume? 

50 X 30 X 2= 3000= twice product of transverse and con- 

jugate diameters ; 3000+ 40 X 24 = 3960 = sum of above 
product and product of transverse and conjugate diameters 

' of ends. i 

Then 3960 X 18 X .2618 = 18 66r. 104 cube ins. 
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Links. 
Derinition.—Elongated or Elliptical rings. 

Hlongated or Elliptical Links. 

To Compute Volume of an Elongated or Elliptical Link. 
—FHigs. 37 and 38. 

Ru.e.—Multiply area of a section of the body of link by its length, or 

circumference of its axis. . 
Or, alorc=V. 

Nore.—By Rule, page 353, Circumference or length of axis of an Elongated link 
=the sum of 3.1416 times sum of less diameter added to thickness of ring, and 
product of twice remainder of Jess diameter subtracted from greater. 

Also, Circumference or length of axis of an Elliptical ring = square root of half 
sum of diameters added to thickness of ring or axes squared X 3.1416. 

Fig. 37. ExampLe.—Elongated link of a chain, Fig. 37, is 1 inch in diameter 
a of body, a b, and its inner diameters, bc and ef, are 10 and 2.5 inches; 

what is its volume? 

Area of x inch =.7854; 2.5-++1 X 3.1416 = 10.9956 = 3.1416 times sum 
of less diameter and thickness of ring —length of axis of ends ; 10—2.5 
X 215 = twice remainder of the less diameter subtracted from greater 

Wy —length of sides of body. Fig. 38 

SF Then 10.9956 + 15 = 25-9956 = length of axis of length. 

Hence .7854 X 25.9956 = 20.417 cube ins. 

2.—Elliptical link of a chain, Fig. 38, is of the same dimensions as 
preceding; what is its volume? 

133-25 

2 

= 25.643 = square root of half sum of diameters squared X 3.1416 = cir- 
cumference of axis of ring. Area of 1 inch =.7854. 

Then 25.643 X .7854 = 20.14 cube ins. 

25+ r+ ro I= 133-25 = diameter of axes squared sal 3.1416 

Sphericai Sector. 

Derinition,—A figure generated by the revolution of a sector of a circle about a 
straight line through the vertex of the sector as an axis. 

Notr.—Arc of sector generates surface of a zone, termed base of sector of a 
sphere, and the radii generate surfaces of two cones, having a vertex in common 
with the sector at the centre of the sphere. 

To Compute Volume of a Spherical Sector.—Fig. 39. 

Ruie.—Multiply external surface of zone, which is base of sector, by one 
third of the radius of sphere. 

Or, ar + 3=V, a representing area of base. 

Norr.—Surface of a spherical sector—=sum of surface of zone and surfaces of the 
two cones. . 

Fig. 39. EXAMPLE.—What is volume of a spherical sector, Fig. 
, 39, generated by sector, ¢ a h, height of zone, a b ¢ d, be- 

ing a0, 12 inches, and radius, gh, of sphere 15? 

12 X 94.248 = 1130.976 = height of zone X circumference 
of sphere = external surface of zone (see page 350). 

1130.976 X 15+ 3 = surface X one third of radius= 
5654.88 cube ins. ) 

Spindles. 

DEFINITION. —Figures generated by revolution of a plane area bounded by a curve, 
when the curve is revolved about a chord perpendicular tio its axis or about its 
double ordinate, and they are designated by the name of arc from which they are 
generated, as Circular, Elliptic, Parabolic, ete. : 
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Cireular Spindle. 

To Compute Volume of a Circular Spindle.—Fig. 40. 

Ruie.—Multiply central distance by half area of revolvin J C g segment; 
subtract product from one third of cube of half length, and aie re- 
mainder by 12.5664. 

(t= 2)3 @ F Or, =e cx z) X 12.3664 =V, a representing area of revolving segment, 

ee is volume of a circular spindle, Fig. 40, when’ 
central distance, 0, is 7.071 067 inches, length : ratiliie*d', 10 RDG ody ous 7 ) gth, fc, 14.14213, and 

Nore.—Area of revolving segment; fe, being=side of square 
i \ i i i i i H \ that can be inscribed in a circle of 20, is 20? X .7854 — 2 
H 0 } +4=28.54 area. ; AARNE EAMG ES \ } Bae eee 
4 e . 

— y 7-071 067 X 28.54-2—=100.9041 = central distance x half area of 
3 

revolving segment ; TD Te SPS 

above product and one third of cube of half length. 

Then 16.497 X 12.5664 = 212.9628 cube ins. 

— 100.9041 = 16.947 = remainder of 

Frustum or Zone of a Circular Spindle.* 

To Compute Volume ofa Frustum or Zone ofa Circular 
Spindle.—Fig. 41. 

Ruie.—From square of half length of whole spindle take one third of 
square of half length of frustum, and multiply remainder by said half length 
of frustum; multiply central distance by revolving area which generates 
the frustum; subtract this product from former, and multiply remainder by 
6.2832. 

aT 
Easy, T= (c X a) X 6.2832 = V, 1 and V representing lengths of Or, Vane 

spindle and of frustum, and a, area of revolving section of frustum, 

Nore. — Revolving area of frustum can be obtained by dividing its plane into a 
segment of a circle and a parallelogram. 

Exampie.—Length of middle frustum of a circular spindle, 
4c, Fig. 41, is 6 inches; length of spindle, fg, is 8; central dis- 
tance, 0 ¢, is 3; and area of revolving or generating segment 
is 10; what is volume of frustum ? 

— 9\2 

(8 Wied iets = 13, and 13 X 3=39 = product of = 
1 

2 

NE length of frustum, and remainder of one third square of half 
° length of frustum subtracted from square of half length of 

spindle ; 39 —3 X 10=9= product of central distance and area of segment subtracted 
JSrom preceding product. 

Then 9 X 6.2832 = 56.5488 cube ins. 

Segment of a Circular Spindle. 

To Compute Volume of a Segment of a Circular 
Spindle.—Fig. 42. 

Ruxe.—Subtract length of segment from half length of spindle ; double 
remainder, and ascertain volume of a middle frustum of this length, Sub- 
tract result from volume of whole spindle, and halve remainder.t 

Or, C—c+2=V, Cand c representing volume of spindle and middle Srustum. 

* Middle frustum of a Circular Spindle is one of the various forms of casks, 
+ This rule is spplehey to segment of any Spindle-or any Conoid, yolume of the figure and frustum 

being first obtaine 
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Fig. 42. Exampue, — Length of a circular spindle, 7 a, Fig. 42, is 
ea ests 14.14213 inches; central distance, o €, is 7.07107; radius of 

L a ees “ya arc, 0 a, iS 103 and length of segment, Uc, 18 3.53553; What is 
= H uF its volume? 
Nee ey. , 

De vd meee — 3.535 53-X 2=7.07107 = double remainder of 

length of segment subtracted eh half length of spindle = 
length of middle frustum. 

Nortr.—Area of revolving or generating segment pean spindle is 28.54 inches, 
and that'of middle frustam is 19-25. 

The volume of whole spindle is........ 212.9628 cube ins. 
‘¢ middle frustum is...... 162.8982 °* 5 

7X74 Sa 50.0646 = 2 = 25.0323 cube ins. 

Cycloidal Spindle.* 

To Compute Volume ofa Cycloidal Spindle.—Fig. 43. 

Rue.—Multiply product of square of twice diameter of generating. circle 
and 3.927 by its circumference, and divide this product by 8 

Fig. 43. ro 24X3.907 XAX 31436 
Or, = V, d representing diameter 

hi ee or half width of spindle. 

ExaMPLE.—Diameter of generating circle, a b c, of a cy- 
cloid, Fig, 43, is 10 inches; what is volume of spindle, de? 

ae 

10'X 2 X 3.927 = 1570.8= product of twice diameter squared and 3.927. 

: Then ‘1570.8 X 10 X' 3.1416 + 8 = 6168.5316 cube ins. 

Elliptic Spindle. 

To Compute Volume of an Elliptic Spindle.—Fig. 44. 

Ruiz. — To square of its diameter add square of twice diameter at one 
fourth of its length; multiply sum by length, and product by .1309.t 

Or, d? +2’ l.1309 = V, d and a’ representing diameters as above. 

Fig. 44. A EXAMPLE. — Length of an elliptic spindle, ab, Fig. 44, is 
o° we 75 inches, its diameter, c d, 35, and diameter, e 7, at. 25 of its 

o ’ ' length, 25; What is its ‘volume? 
' : 2 

5? + 25 X 2 = 3725 = sum of squares of diameter of 
a > angie aS of twice its diameter at one fourth of its length ; 

vet 3725 X 75 =279 375 — above sum X length of spindle. 

Then 279 375 X - 1309 = 36 570.1875 cube ins. 

fa 

Norr.—For all such solid bodies this rule is exact when body is formed by a 
conic section, or a part of it, reyolving about axis of section, and will always be 
very near when figure revolves about another line. 

To Compute Volume of Middle FWrustum or Zone of 
an Elliptic Spindle.—VWig. 45. 

Ruie.—Add together squares of greatest and least diameters, and square 
of double diameter in middle between the two; multiply the sum ih length, 
and product by ace t 

Or, d?+d’2+e2 2a”, L. a =V, d,d/, and a@”’ representing different eee 

* Volume of a Cycloidal Spindle is equal to .625 of its circumscribing cylinder. 
+ See preceding Note. $ See Note above. ° 
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EXxAMPLE.—Greatest and. least. esata: ab and cd, of 
the frustum of an elliptic spindle, Fig. 45, are 68 and 50 
inches, its middle diameter, gh, 60, and its Jength, ef, 75} 
what is its NaennTedy 

682+ 502-4 60 x + ey 2= 21524 = sum of squares of greatest 
and least diameters and of double middle diameter. 

Then 21 524 X 75 X .1309 = 211 311.87 cube ins. 

To Compute Volume of a Segment of an Elliptic Spin- 
dle.—Fig. 46. 

Ruie.—Add together square of diameter of base of segment and square 
of double diameter in middle between tase and vertex ; ‘multiply sum by 
length of segment, and product.by .1309.* 

Or, d?-++-2d7 1 X .1309 = V, d and da” representing diameters. 

Fig. 46. EXAMPLE. —Diameters, ¢d and gh, of the segment of an 
c elliptic spindle, Fig. 46, are 20 and 12 inches, vand length, 

oe, is 16; What is its volume ? 
“2 fe] 

207 + 12.X 2—=976 =sum of squares of diameter at base 
and in middle. 

Then 976 X 116 X .1309 = 2044.134 cube ins. 

Parabolic Spindle. 

To Compute Volume of a Parabolic Spindle.—Fig BAe 

Rute 1.— Multiply square of diameter by length, and the product by 
418 88. 

Or, d? 1X .41888=— V. 

“Rue 2.—To square of its diameter add square of twice Giateton, at one 
fourth of its dength; multiply sum by length, and product by .1309.t 

; Or, dad’ LX .1309 = V, 

Fig. 47. ¢ ExampLe.—Diameter of a parabolic spindle, a d, Fig. 
47, is 40 ins., and its length, ed, 10; what is its volume? 

407 X 10= 16 000 = square of diameter x length. 

Then 16 000 X .418 88 = 6702.08 cube ins. 

Again, If middle diam. at .25 of its length is 30, Then, 

by Rule 2, 407 -+ 30 X 2 & 40 X .1309 = 6806.8 cube ins. 

To Compute Volume of Middle HWrustum of a Parabolic 
Spindle.—Fig. 48. 

Ruie 1.— Add together 8 times square of greatest diameter, 3 times 
square of least diameter, and 4 times product of these two diameters ; mul- 
tiply sum by length, and product by .o52 36. 

Or, d28+d’23+dd’ X41X.05236=V 
Rute 2.— Add together squares of greatest and Teast diameters and 

square of double diameter in middle between the two; multiply the sum 
by length, and product by .1309. 

Or, d? + d’24 2d’2 1X .1309 =V, a” representing diameter between the two. 

ExamPie.—Middle frustum of a parabolic spindle, Fig. 
48, has diameters, ab and ef, of 40 and 30 inches, and its 
length, cd, is 10; what is its volume? 

407 X 8+ 30? x3+40X 30 X 4 = 20300 = sum of 8 
times square oF gr eatest diameter, 3 times square of least 
diameter, and 4 times product of ihese. 

Then 20 300 X 10 X .052 36 = 10629.08 cube ins. 

* See Note, page 372. + 8-15 of .7854. $ See Note, page 372. 

It 
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To Compute Volume of a Segment of a Parabolic 
Spindle.—Fig. 49. 

Rutz.—Add together square of diameter of base of segment and square 
of double diameter in middle between base and vertex; multiply sum by 
height of segment, and product by .1309. : 

Or, d?+. 4”? LX .1309=V. 
ExamPLe.—Segment of a parabolic spindle, Fig. 49, has 

diameters, ef and gh, of 15 and 8.75 inches, and height, 
ed, is 2.5; what is its volume? 

—— 

157-+8.75 X 2=531.25=sum of square of base and of 
double diameter in middle of segment. Then 531.25 X 2.5 
X .1309 = 173-852 cube ins. 

Hyperbolic Spindle. 

To Compute Volume ofa Hyperbolic Spindle.—Fig. 50. 

Ruie.—To square of diameter add square of double diameter at one 
fourth of its length ; multiply sum by length, and product by .1309.* 

Hig. so. Hy Or, d2?4+2 a’ LX .1309 = V. 
EXAMPLe.—Length, a b, Fig. 50, of a hyperbolic spindle 

is roo inches, and its diameters, cd and ef, are 150 and 
110; What is its volume? 

22S eee. 4 

1507 -+ 110 X 2 X 109 = 7090000 = product of sum of 
squares of greatest diameter and of twice diameter at one 
fourth of length of spindle and length. Then 7 090 000 X 
-1309 = 928 o8r cube inches. 

To Compute Volume of Middle Hrustum of a Hyper- 
bolic Spindle.—Fig. 51. 

Ruie.—Add together squares of greatest and least diameters and square 
of double diameter in middle between the two; multiply this sum by length, 
and product by .1309.t 
Fig. 52 Or, d?--d’2-+4 (2 d”)? LX .1309 = V. 

EXAMPLE. —Diameters, ab and cd, of middle frustum of a 
hyperbolic spindle, Fig. 5x, are 150 and rxo inches; diam- 
eter, g h, 140; and length, ef, 50; what is its volume? 

1s02-+ rr0o2-+ r40 X 2—= 1 13000 = sum of squares of great- 
est and least diameters and of double middle diameter. Then 
113000 X 50 X .1309 = 739 585 cube ins. 

To Compute Volume of a Segment of a Hyperbolic Spin- 
dlew—Fig. 52. 

Roure.—Add together square of diameter of base of segment and square 
of double diameter in middle between base and vertex ; multiply sum by 
length of segment, and product by .1309. 

Or, d?-- d”2 1X .1309 = V. 
Fig. 52. Exampie. —Segment of a hyperbolic spindle, Fig. 52, has- bps ud diameters, efand gh, of rro and 65 inches, and its length, ab, 

sees =~ f 25; What is its volume? 
sara = eee} % 

1107 + 65 X 2—=29000= sum of squares of diameter of base 
and of double middle diameter. uf t 

Then 29 coo X 25 X .1309 = 94 902.5 cube ins. 
pou Eee eA i eS NS SE een en 

* See Note, page 372. + Thid. 
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E:llipsoid, Paraboloid, and Hyperboloid of Revo- 
lution* (Conoids)._ 

Derinition,—Figures like to a cone, described by revolution of a conic section 
around and at a right angle to plane of their fixed axes. ; 

E}llipsoid of Revolution (Spheroid). 

DeriniTion.—An ellipsoid of revolution is a semi-spheroid. (See page 368.) 

Paraboloid of Revolution.t 

To Compute Volume of a Paraboloid of Revolution.— 
Fig. 53. 

Rvue.—Multiply area of base by half height. 
Fig. 53. ¢ Or, ah+2=V. 

fe Nore. —This rule will hold for any segment. of paraboloid, 
whether base be perpendicular or oblique to axis of solid. 

Exampte.—Diameter, a b, of base of a paraboloid of revolution, 
Fig. 53, is 20 inches, and its height, dc, 20; what is its volume?” 

Area of 20 inches diameter of base =314.16. Then 314.16 X 
20-> 2 = 3141.6 cube ins. 

EHrustum of a Paraboloid of Revolution. 

To Compute Volume of a Frustum of a Paraboloid of 
Revolution.—HMig. 54. 

Fig. 54. Ru.e.— Multiply sum of squares of diameters by 
- height of frustum, and this product by ae 

Or, d?+-d’ 2h X .3927=V. 

Exampie.—Diameters, a b and dc, of the base and vertex 
of frustum of a paraboloid of revolution, Fig. 54, are 20 and 
11.5 inches, and its height, ef, 12.6; what is its volume? 

207 + 11.57 = 532.25 —sum of squares of diameters. Then 
532-25 X 12.6 X .3927 = 2033. 5837 cube ins. i] 

Segment of a Paraboloid of Revolution. 

To Compute Volume of Segment ofa Paraboloid of Revo- 
lution.—Fig. 55. 

Ru.e.—Multiply area of base by half height. 

Or, axXh+2=—V. 

Norr.—This rule will hold for any segment of paraboloid, 

Exampte.—Diameter, a b, of the base of a segment of a para- 
boloid of revolution, Fig. 55, is 11,5 inches, and its height, ef, is 
7.4; what is its volume ? 

Area of 11.5 inches diameter of base = 103.869. Then 103.869 
X 7-4 2= 384.315 cube ins. 

Hyperboloid of Revolution. 

To Compute Volume of a Hyperboloid of Revolution. 
—Fig. 56. 

Rure.—To square of radius of base add square of middle diameter; mul- 
tiply this sum by height, and product by .5236. 

+ These ie haye been known as Conoids, For the definition of a Conoid, see Haswell’s Men- 
suration, page 
+ Volume He a  Paraboloid of Revolution is =..5 of its circumference, 
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Or, r?+-d? hX.5236=V, d representing middle diameter 

EXxaMPLe. —Base, a b, of a bhyperboloid of revolution, 
Fig. 56, is 80 inches; middle diameter, c d, 66; and height, 
ef, 60; what is its volume? : 

80+ 2-+ 66? = 5956 =sum of square of radius of base and 
' middle diam. Then 5956 X 60 X .5236 = 87 113.7 eube ins. 

Segment of a Hyperboloid of Revolution. 

To Compute Volume of Segment of a Hyperboloid of 
Revolution, as Wig. 56. 

~ Ruve.—To square of radius of base add square of middle diameter ;' mul- 
tiply this sum by height, and product by .5236. 

Or, r?-++ d’’? h X .5236=V, r representing radius of base. 
EXAMPLE.—Radius, a e, of base of a segment of a hyperboloid of revolution, as 

Fig. 56, is 2x inches; its middle diameter, ¢ d, is 30; and its height, ef, 15; what is 
its volume? 

217+ 307 X 15 = 20115 = product of sum of squares of radius of base and middle 
diameter multiplied by height. Then 20115 X .5236=10 532.214 cube ins, 

Hrustum of a Hyperboloid of Revolution. 
To Compute Volume of Frustum of a Hyperboloid of 

Revolution.—Vig. 57. 

Ruie.—Add together squares of greatest and least semi-diameters and 
square of diameter in middle of the two; multiply this sum by height, and 
product by .5236. z 

2 \ B 

Or, (5) -b (5) +a”? h X.5236 =V, d, a’, and a” representing several diameters. 

Fig. 57. i ExampLe.—Frustum of a hyperboloid of revolution, Fig. 
NS 57, is in height, e 7, 50 inches; diameters of greater and 

3 lesser ends, ab and cd, are r10 and 42; and that of middle 
diameter, g h, is 80; what is volume? 

T10 +2 = 55, and 42-9 = 21. Hence 552+ 212-4 802 
= 9866 = sum of squares of semi-diameters of ends and of 
middle diam. Then 9866 X 50 X .5236 = 258 291.88 cube ins. 

Any Wigure of Revolution. 

To Compute Volume of any Higure of Revolution. 
Fig. 58; : 

Rutv.—Multiply area of generating surface by circumference described 
by its centre of gravity. 

Or, a2rp= Vir representing radius of centre of gravity. 

ILLUSTRATION 1. —If generating surface, a bc d, of cylinder, 
e@ bed, Fig. 58, is 5 inches in width and xo in height, then will 

ab=s5 and bd= no, and centre of gravity will be in o, the ra- 
dius of which isro=5+2=2.5. Hence'10X 5=so=area 
of generating surface. 

b < 2 

Then so X 2.5 X2X 3.1416 = 785.4 = area 
tate} ~~~ ~~ 1 of generating surface Xx circumference of its 

as =F centre ‘of gravity = volume of cylinder. 

Proor.—Volume of a cylinder ro inches in diameter and 10 
inches in height. 10? X .7854 = 78.54, and 78.54 x 1o— 785.4. 

2.—If generating surface of a cone, Fig. 59, is ae= 10, de=) 
5, then will a d= 11.18, and area of triangle = 10 X 5 +2=25, 
centre of gravity of which is in 0, and or, by Rule, page 607, @ 
=I. . 

i \ 

Hence, 25 X 1.666 X 2 x 3.1416 = 261.8 = area of generating surface X circum= Serence of its centre of gravity = volume of cone. : 3 ge i 
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_ 3.—If generating surface of a sphere, Fig: 60, is abe, and ac 
; 10? X .7854 

= 10, abc will be —— __} = 39-27, centre of gravity of 

which is in 0, and by Rule, page 607, 0 7 = 2. 122. 

Hence, 39.27 X 2.122 X 2 X 3.1416 = 523.6 = area of generat- 
ing surface X circumference of its centre of gravity = volume of 
Sphere. ; 

Irregular Bodies. 

To Compute Volume of an Irregular Body. 

RuLe.—Weigh it both in and out of fresh water, and note difference in 
lbs. ; then, as 62.5* is to this difference, so is 1728+ to number of cube inches 
in body. 

Or, divide difference in Ibs. by 62.5, and quotient will give volume in 
cube feet. 
Nore.—If salt water is to be used, ascertained weight of a cube foot of it, or 64, is 

to be used for 62.5. 

| ExampiLe.—An irregular-shaped body weighs 15 lbs. in water, and 30 out; what 
is its volume in cube inches? 

30—15 =15 = difference of weights in and out of water. 
62.5: 15 311728: 414.72 = volume in cube ins. 
Or, 15+ 62.5 =.24, and .24 X 1728 = 414.72 = volume in cube ins. 

CASK GAUGING. 

Varieties of Casks. 

To Compute Volume of a Cask. 

1st Variety. Ordinary form of middle frustum of a Prolate Spheroid. 
This class comprises all casks having a spherical outline of staves, as Rum 

puncheons, Whiskey barrels, etc. 

Rure.—To twice square of bung diameter add square of head diameter ; 
multiply this sum by length of the cask, and product by .2618, and it will 
give volume in cube inches, which, being divided by 231, will give result in 
gallons. , 

2d Variety. Middle frustum of a Parabolic Spindle. 
This class comprises all casks in which curve of staves quickens at the chime, 

as Brandy casks and Provision barrels, 

|  Rute.—To square of a head diameter add double square of bung diam- 
eter, and from sum subtract .4 of square of difference of diameters ; multiply 

| remainder by length, and product by .2618, which, being divided by 231, 
will give volume in gallons. 

34 Variety. Middle frustum of a Paraboloid. 
This class comprises all casks in which curve of staves quickens slightly at 

bilge, as Wine casks. 

Ruise.—To square of bung diameter add square of head diameter; mul- 
| tiply sum by length, and product by .3927, which, being divided by 231, 
| will give volume in gallons. 

4th Variety. Two equal frustums of Cones. 
This class comprises all casks in which curve of staves quickens sharply at 

bilge, as Gin pipes. 

Ruiz.—Add square of difference of diameters to three times square of 
their sum; multiply sum by length, and product by .065 66, and it will give 
-volume in cube inches, which, being divided by 231, will give result in 
gallons. 

* Weight of a cube foot of fresh water. I + Numbor of inches in a cube foot. 
y* 
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ExaMPLe.—Bung and head diameters of a cask are 24 and 16 inches, and length 
36; what is its volume in gallons? 

24—16 + (24 + 16)? X 3 = 4864, Which x 36175104, and 175 104 X .065 66 = 
11 497.329, Which + 231 = 49.77 gallons. 

Generally. 
Dd-+ M? .oor 692 L= U. S. gallons, and .cox 416 2 = Imperial gallons. 
D, d, and M representing interior, head and bung diameters, and L length of cask 

in inches. ’ 

To Ascertain Mean Diameter of a Cask. 

Rute.—Subtract head diameter from bung diameter in inches, and mul- 
tiply difference by following units for the four varieties; add product to 
head diameter, and sum will give mean diameter of varieties required, 

TStVariety |. anccademarwes 7 QGy VATIGEY sn seen hee E «56 
ed Variety nico. io eats 68 Abn VANIOGYs 2 oct os ccs ee -52 

EXAMPLE.—Bung and head diameters of a cask of ist variety are 24 and 20 inch- 
es; what is its mean diameter? 

24 —20= 4, and 4 X .7 = 2.8, which, added to 20, = 22.8 ins. 

ULLAGE CASKS. 

To Compute Volume of Ullage Caslxs. 

When a cask is only partly filled, it is termed an ullage cask, and is con- sidered in two positions, viz., as lying on its side, when it is termed a Seg- ment Lying, or as standing on its end, when it is termed a Segment Standing, 

To Ullage a Lying Cask. 

Rure.—Divide wet inches (depth of liquid) by bung diameter ; find quo- tient in column of versed sines in table of circular segments, page 267, and take its corresponding segment ; multiply this segment by capacity of cask in gallons, and product by 1.25 for ullage required. 
ExAmpiy.—Capacity of a cask is go gallons, bung diameter being 32 inches; what is its volume at 8 inches depth? 

8+ 32 =.25, tab. seg. of which is. 153 55,Which X 90 = 13.8195, and again X 125 = 17.2744 gallons, 

To Ullage a Standing Cask. 
Rure.—Add together square of diameter at surface of liquor, square of head diameter, and square of double diameter taken in middle between the two; multiply sum by wet inches, and product by .1309, and divide by 231 for result in gallons. 

To Compute Volume of a Caslx by Four Dimensions. 
Roure.—Add together squares of bung and head diameters, and square of double diameter taken in middie between bung and head; multiply the sum by length of cask, and product by .1309, and divide this product by 231 for result in gallons, : 

To Compute Volume of any Caslk from 
sions only. 

RurE.—Add into one sum 39 times square of bung diameter, 25 times square of head diameter, and 26 times product of the two diameters ; mul- tiply sum by length, and product by .0o8 726; and divide quotient by 231 for result in gallons. 
_ For Rules in Gauging in all its conditions and for description and use of instruments, see Huswell’s Mensuration, pages 307-23. 

Three Dimen- 
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CONIC SECTIONS. 

A Cone is a figure described by revolution of a zight-angled triangle 
about one of its legs, or it is a solid having a circle for its base, and 
‘terminated in a vertex. 

Conic Sections are figures made by a plane cutting a cone. 

If a cone is cut by a plane through vertex and base, section willbe a triangle, 
and if cut bya plane parallel to its base, section will be a circle. % 

Axis is line about which triangle revolves. Base is circle which is described by 
revolving base of triangle. 

_An Ellipse is a figure generated by an oblique plane cut- 
ting a cone above its base. 

Transverse axis or diameter is longest right line that can be 
drawn in it, as a 6, Fig. r. 

Conjugate axis or diameter is a line drawn 
through centre of ellipse perpendicular to trans- 
verse axis, as cd. 

A Parabola is a figure generated by a 
plane cutting a cone parallel to its side, as a6 c, Fig. 2. 

Axis is a right line drawn from vertex to middle of base, as bo. 

Norr.—A parabola has nota conjugate diameter. 

Fig. 3. A Hyperbola is a figure generated by a plane gy 
cutting a cone at any angle with base greater than that of 
side of cone, as ‘ab c, Fig. 3. 

Transverse axis or diameter, o b, is that part of axis, e b, which, 
if continued, as at 0, would join an opposite cone, o f7. 

Conjugate axis or diameter is a right line drawn through centre, 
g, of transverse axis, and perpendicular to it. 

Straight line through /oct is indefinite transverse axis; that part 
of it between vertices of curves, as o b, is definite transverse axis. 
Its middle point, g, is centre of curve. 

Eccentricity of a hyperbola is ratio obtained by dividing distance from centre to 
either focus by semi-transyerse axis. 

Parameter is cord of curve drawn through focus at right angles to axis. 

Asymptotes of a hyperbola are two right lines to which the curye continually ap- 
proaches, touches at an infinite distance but does not pass; they are prolongations 
of diagonals of rectangle constructed on extremes of the axes: 

Two hyperbolas are conjugate when transverse axis of one is conjugate of the 
other, and contrariwise. 

Tig. 2. 

General Definitions. 

An Ordinate is a right line from any point of a curve to either of diameters, as 
aeand do, Fig. 4,and ab and df, are double ordinates; cb, Fig. 5, is an ordinate, 
and ab an abscissa. 

Fig. 4.ed An Abscissa is that part of diameter which is contained between 
vertex and an ordinate, as ce, go, Fig.4, and ab, Fig. 
Fig. 5. Pee SI: 

a Parameter of any diameter is equal to four times 
4 distance from focus to vertex of curve; parameter 

of axis is least possible, and is termed parameter 
of curve. 

Parameter of curve of a conic section is equal 
to chord of curye drawn through focus perpendic- ¢ 

v ular to axis. 

Parameter of transverse axis is least, and is termed parameter of curve. 

Parameter of a conic section and foci are sufficient elements for construction , 
of curve. 

iss ie 
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A Focus is a point on principal axis where double ordinate to axis, through point, 
is equal to parameter, as ef, Fig. 5. as 

It may be determined arithmetically thus: Divide Square of ordinate by four times abscissa, and quotient will give focal distances, as and s, in preceding figures. 
Fig. 6. Directriz of a conic section is a right line at right angles to & major axis, and it is in such a position that 

SFigiiu:o. 
Here ad, Fig. 6, is directrix, and 0 is offset to directrix. 
Latus Rectum, or principal parameter, passes through a focus; 

it is a double ordinate, which is a third proportion to the axis, 
Or AS as ads 

A and a representing major and minor azes. (See Haswell’s 
Mensuration, page 232.) 

A Conoid is a warped surface generated by a right 
line being moved in such a manner that it will touch 
a straight line and curve, and continue parallel to a 
given plane, Straight line and curve are called di- 
rectrices, plane a plane directrix, and moving line the 

“ad 8 & generatriz. 
a a Thus, let a a’, Fig. 7, be a circle in a horizontal plane, . BENG Doe Oe RN projection of right lines perpendicular to a ver- r é & tical plane, 7’ be; if right lines, da, r 8,7 b,r’’ s,and d’ a, {NS SE be moved so as to touch circle and right line dd’ and be ————— constantly parallel to plane 7” be, it will generate conoid 

& daba'd. 
Madi vectores are lines drawn from the foci to any point in the curve; hence a radius vector is one of these lines. 

Traced angle is angle formed by the radii yectores and the transverse diameter. 
Ellipsoid, Paraboloid, and Hyperboloid of Revolution—Vigures generated by the revolution of an ellipse, parabola, ete., around their axes. (See Men- suration of Surfaces and Solids, pages 357-75.) 
Nore 1.—All figures which can possibly be formed by cutting of a cone are men- tioned in these definitions, and are five following—viz.,a Triangle, a Circle, an El- hipse, a Parabola, and a Hyperbola ; but last three only are termed Conic Sections. 
2.—In Parabola parameter of any diameter is a third proportional to abscissa and ordinate of any point of curve, abscissa and ordinate being referred to that diameter and tangent at its vertex. 
3.—In Ellipse and Hyperbola parameter of any diameter is a third proportional to diameter and its conjugate. 

To Determine Parameter of an Ellipse or Hyperbola. 
Fig. 8. Rute. — Divide product of conjugate a Fig. 9. 

diameter, multiplied by itself, by trans- \ 
verse, and quotient is equal to’ para- 
meter. 

In annexed Figs. 8 and 9, of an Ellipse 
and Hyperbola, transverse and conjugate  crrapn emer oee diameters, a b, ed, are each 30.and 20. 
Then 30 : 20 !: 20: 13.333 =: parameter. 

Parameter of curve —e Ff, a double ordinate passing through focus, s. 
6 

Fillipse. 
To Describe Ellipses. (See Geometry, page 226.) 

To Compute Terms of an E‘llipse. 
When any three of four Terms of an Ellipse are given, viz., Transverse and Conjugate Diameters, an Ordinate, and its Abscissa, to ascertain remain= ing Terms, 

fa %e 
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. To Compute Ordinate. 

Transverse and Conjugate Diameters and Abscissa being given. RuLE.—As trans- 
verse diameter-is to conjugate, so is square root of product of abscissze to ordinate 
_which divides them. 

‘Fig. 10. EXAMPLE. —Transyerse diameter, a b, of an ellipse, Big. 
6 Gan ro, iS 25; conjugate, cd, 16; and abscissa, at, 7; what is 

length of ordinate, i e? 

wae 3 25—7=18 less abscissa; V7 X 18 =11.225. 

Hence 25 : 16 ?: xx.225 : 7.184 ordinate. 

2 

Or, J c? — (=) =any ordinate, c and t representing 

semi-conjugate and transverse diameters, and « distance of ordinate from centre of 
Jigure. 

To Compute Abscissz. 

Transverse and Conjugate Diameters and Ordinate being given. RuLy.—As conju- 
gate diameter is to transverse, so is square root of difference of squares of ordinate 
‘and semi-conjugate to distance between ordinate and centre; and this distance be- 
ing added to, or subtracted from, semi-transverse, will give abscisse required. 

' EXxAMPLe.—Transverse ARSE ab, of an ellipse, Fig. 10, is 25; iia ig cd, 
16; and ordinate, ¢e, 7.184; what is abscissa, tb? 

V8? —7.1847 = 3-519 943. Hence, as 16 : 25 333.52: 5-5- 

Then 25 +2=12.5, and 12.5-+5.5=18=bi, 
252 22,55, ODE 12.555 =) eae ey gaat 

To Compute Transverse Diarneter. 

_ Conjugate, Ordinate, and Abscissa being given. Kuite.—To or from semi-conju- 
gate, according as great or less abscissa is used, add or subtract square root of dif- 
ference of squares of ordinate and semi-conjugate. Then, as this sum or difference 
is to abscissa, so is conjugate to transverse. 

EXAMPLE. — Conjugate diameter, c d, of an ellipse, Fig. ro, is 16; ordinate, 7 e, 
7.184; and abscisse, b 7,7 a, 18 and 7; what is length of transverse diameter ? 

(x6 + 2)?—7. a4? 33. 52. 
16+ 2-43.52: 18 1: 16: 25;.16 + 2—3.52: 71:16: 25 transverse diameter. 

To Compute Conjugate Diameter. 

Transverse, Ordinate, and Abscissa being given. RvuLE.—As square root of prod- 
uct of abscissz is to ordinate, so is transverse diameter to conjugate. 

Exampie.—Transverse diameter, a b, of an ellipse, Fig. 10, is 25; ordinate, 7 e, 
7-184; and abscisse, bi and ia, 18 and 7; what is length of conjugate diameter? 

V18 X 7 =11.225. Hence rr.225 : 7.184 3: 25 : 16 conjugate diameter. 

4 To Compute Circumference of an Ellipse. 

Roe. — Multiply square root of half sum of the squares of two diameters by 
3.1416. 

ExampLe.—Transyerse and conjugate diameters, a b and cd, of an ellipse, Fig. 10, 
are 24 and 20; what is its circumference? 

247+ 20? ; 
arate oa 488, and 1/488 = 22.09. Hence 22.09 X 3.1416 = 69.398 circumference. 

To Compute Area of an Ellipse. 

RuLE.—Multiply the diameters together; and the product by .7854. Or, multiply 
one diameter by .7854, and the product by the other. 

ExamPLr.—The transverse diameter of an ellipse, a b, Fig. ro, is 12, and its con- 
jugate, cd, 9; what is its area? 

12 X 9 X -7854 = 84.8232 area. 

“Nore. — Area of an ellipse is a mean proportional between areas of two circles, 
| diameter of one being major axis and of the other minor axis. 

-Intustration. — Area of circle of 40 = 1256.64; area of ellipse 4o X 20 = 628.32; 
area of circle of 20 = 314.16, mean proportional of the two circles 1256.64 + 314. 16 
=785.4. Therefore the conjugate diameter of an ellipse of an area of 785.4 sq. ins., 
its transverse being 4o, is 25 feet, aS 40 X 25 X .7854—= 785.4 Sq. ins. 
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Segment of an E.llipse. 

To Compute Area of a Segment of an Ellipse. 

When its Base is parallel to either Axis,aseif. RtLe.—Divide height of seg- 
ment, bi, by diameter or axis, a b, of which it is a part, and find in Table of Areas 
of Segments of a Circle, page 267, a segment having same versed sine as this quo- 
Fi é tient; then multiply area of segment thus found and the 
1 é axes of ellipse together. 
Geo eS Example. —Height, 07, Fig. 11, is 5, and axes of ellipse are 

a ® 30 and 20; what is area of segment? 

/ 5 + 30=.1666 tabular versed sine, the area of which 
(page 267) ts .085 54. 

ad I Hence .085 54 X 30 X 20= 51.324 area. 

To Ascertain Length of an Elliptic Curve which is less 
than half of entire Wigure. 

Fig, 12. ‘ik Let curve of which length is required be A dC, 
b Fig. 12. 

Extend versed sine 6d to meet centre of curve ine. 

AN co . Draw line eC, and from e, with distance e b, describe 
z bh; bisect 2 C in 7, and from e, with radius e @, de- 

scribe ki, and it. is equal to half arc AbC. ; 

To Ascertain Length when Curve is greater than half 
entire HWigure. 

Ascertain by above problem curve of less portion of figure; subtract it from cir- 
cumference of ellipse, and remainder will be length of curve required. 

Parabola. 

To Describe a Parabola. (See Geometry, page 229.) 

To Compute either Ordinate or Abscissa of a Parabola. 

When the other Ordinate and Abscisse, or other Abscissa and Ordinates are 
given. Ruie.—As either abscissa is to square of its ordinate, so is other abscissa to 
square of its ordinate. 

Or, a8 square of any ordinate is to its abscissa, so is square of other ordinate to 
its abscissa. 

EXAMPLE J.—Abscissa, a b, of parabola, Fig. 13, is 9; its ordi- 
nate, bc, 6; what is ordinate, de, abscissa of which, ad, is 16? 

Ga Hence 9 : 672: 16: 64, and 1/64 = 8 length. 

2.—Abscisse of a parabola are 9 and 16, and their correspond- 
ing ordinates 6 and 8; any three of these being taken, it is re- 
quired to compute the fourth, 

Fig. 13. 

2X 16 8? ; ; 
I. “* *° = 8 ordinate. 2. Vf - es 6 ordinate. 

6 X 6? a 8? : 
z x = 9 less abscissa. 4. 2 an = 16 abscissa. 

Parabolic Curve. 

To Compute Length of Curve of a Parabola cut off by 
a Double Ordinate.—FHig. 18. i 

Rurx.—To square of ordinate add Hor square of abscissa, and square root of 

this sum, multiplied by two, will give length of curve nearly. i 

EXxaMPLE.—Ordinate, d e, Fig, 13, is 8, and its abscissa, a d, 16; what is length of 
curve, fae? 

Pern 
62 

- = 405.333, And »/ 405.333 X 2= 40.267 length. 
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~ To Compute Area of a Parabola. Fig. 14-3 

; RULE.—Multiply base by height, and take two thirds of product. 

Corollary. —A parabola is two thirds of its circumscribing par- 
_. allelogram, f 

q, f ExAmPLe.—What is area of parabola, abc, Fig. r4, height, be, 
being 16, and base, or double ordinate, a c, 16? 

a. te c 16 X 16 = 256, and 5 of 256 = 170.667 area. 

To Compute Area of a Segment of a Parabola. 

Rote.—Multiply difference of cubes of two ends of segment, a c, df, by twice its 
height, ¢ 0, and divide product by three times difference of squares of ends. 

ExamMpLe.—Ends of a segment of a parabola, ac and df, Fig. 14, are 10 and 6, and 
height, e 0, is 10; what is its area? 

10°16? X10X2= 15 680, and + 107 ~ 6? X 3 = 81.667 area. 

NoTtr.—Any parabolic segment is equal to a parabola of tlie same height, the base 
of which is equal to base of segment, increased by a third proportional to sum of 
the two ends and lesser end. 

Hyperbola. 

To Describe a Hyperbola. (See Geometry, page 230.) 

To Compute Ordinate of a Hyperbola, 

Transverse and Conjugate Diameters and Abscisse being given. RuLe.—As trans- 
verse diameter is to conjugate, so is square root of product of abscissze to ordinate 
required. 

Pig. x5. b ExaMPLE. — Hyperbola, a bc, Fig. 15, has a transverse 
d i diameter, at, of 120; a conjugate, df, of 72; and abscissa, 

ae, 40; what is the length of ordinate, ec? 

' 40-+ 120 = 160 greater abscissa, and 
120 : 72 3: y/(40 X 160) : 48 ordinate. 

Yh i Note 1.—In hyperbolas lesser abscissa, added to axis 
e (the transverse diameter), gives greater. 

2.—Difference of two lines drawn from foci of any hyperbola to any point in curve 
is equal to its transverse diameter. 

| To Compute Abscisse, 

| Transverse and Conjugate Diameters and Ordinate being given. RuLE.—As con- 
Jugate diameter is to transverse, so is square root of sum of squares of ordinate and 
semi-conjugate to distance between ordinate and centre, or half sum of abscissz. 
Then the sum of this distance and semi-transverso will give greater abscissa, and 
their difference the lesser abscissa. 

_ EXAMPLE.—Transverse diameter, at, of a hyperbola, Fig. 15, is 120; conjugate, df, 
72; and ordinate, ec, 48; what are lengths of abscisse, te and ae? 

72: 1203: V482--(72 + 2)? = 60: 100 half sum of abscisse, and 100 + (120+ 2) = 
160 greater abscissa, and 100 — (120+ 2) = 40 lesser abscissa. 

To Compute Conjugate Diameter, 
| 

Transverse Diameter, Abscissa, and Ordinate being given. RuLE.—As square root 
of product of absciss is to ordinate, so is transverse diameter to conjugate. 
; 

| Exampir.—Transverse diameter, at, of a hyperbola, Fig. 15, is 120; ordinate, ec, 
48; and abscissa, ¢¢ and a¢, 160 and 40; what is length of conjugate, df? 

V 40 X 160= 80 : 48 33 120: 72 conjugate. 
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» ‘To Compute Transverse Diameter, 

Conjugate, Ordinate, and an Abscissa being given. RuLe.—Add square of ordinate 
to square of semi-conjugate, and extract square root of their sum. f 
‘Take sum or difference of semi-conjugate and this root, according as greater or 

lesser abscissa is used. Then, as square of ordinate is to product of abscissa and 
conjugate, so is sum or difference above ascertained to transverse diameter required. 

Notre. —When the greater abscissa is used, the difference is taken, and con-. 
trariwise. 

ExampLe.—Conjugate diameter, d f, of a hyperbola, Fig. 15, is 72; ordinate, ec, 
48; and lesser abscissa, @ e, 40; what is length of transverse diameter, a t? 

V 482+ (72 + 2)? = 60, and 60 +725 2=06 lesser abscissa, and 40 X 72= 2880. 
Hence, 48? : 2880 :: 96 : 120 transverse diameter. 

To Compute Length of any Arc of a Hyperbola, com- 
mencing at Vertex. 

RutE.—To rg times transverse diameter add 21 times parameter of axis. E 
To 9 times transverse diameter add 21 times parameter, and multiply each of 

these sums respectively by quotient of lesser abscissa divided by transverse di- 
ameter. 

To each of products thus ascertained add 15 times parameter, and divide former 
by latter; then this quotient, multiplied by ordinate, will give length of arc, nearly. 

Notre.—To Compute Parameter, divide square of conjugate by transverse diam- ~ 
eter. 

Fig. 16. ExAmpLe.—In hyperbola, abe, Fig. 16, transverse diameter is 120, 
conjugate, 72, ordinate, ec, 48, and lesser abscissa, ae, 40; What is 
length of arc, a b? 

ea 
120 

= 43.2 parameter. 120 X 19+ 43.2 X 21 X <= 1062. 4. 
I 

& 

2 pty 

120 X 9+ 43.2 X 21 X = = 662.4. Then 1062.4-++ 43.2 X 15 + 662.4 

io 43-2 X15 =1.305, which x 48 = 62.64 length. 

Nore.—As transverse diameter is to conjugate, so is conjugate to parameter. 
(See Rule, page 380.) 

To Compute Area of a Hyperbola, 

Transverse, Conjugate, and Lesser Abscissa being given. RutE.—To product of 
transverse diameter and lesser abscissa add five sevenths of square of this abscissa, 
and multiply square root of sum by er. 

Add 4 times square root of product of transverse diameter and lesser abscissa to 
product last ascertained, and divide sum by 75. 

Divide 4 times product of conjugate diameter and lesser abscissa by transverse 
diameter, and this last quotient, multiplied by former, will give area, nearly. 

Exampie. — Transverse diameter of a hyperbola, Fig. 16, is 60, conjugate 36, and 
lesser abscissa or height, ae, 20; what.is area of figure? 

60 X 20+ Fo 20? = 1485.7143, and +/1485.7143 X 21 = 809.43, and V 60 X 20 X 

6 i 

d seme eA X 12.0136 = 576.653 area. 4+ 809.43 =gor.02, Which + 75 = 12.0136 an 

Nore.—For ordinates of a parabola in divisions of eighths and tenths, see page 229. 

Delta Metal. , 

Delta Meial is an improved composition of Aluminium and its alloys; it is 
non-corrosive, capable of being cast, forged, and hot rolled. 

Tensile Strength per Sq. Inch. 

Cast. in green sand.......... 48380 lbs. | Rolled, annealed........... 60920 lbs. 
Kolled, hard... sisiecs sic as (7151200 °° Wire, No. 22 WG.....%.s0« 240000 * 
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PLANE TRIGONOMETRY. 

By Plane Trigonometry is ascertained how to, compute or determine 
four of the seven elements of a plane or rectilinear triangle from. the 
other three, for when any three of them. are given, one of which being 
a side or the area, the remaining elements may be determined; and’ 
this operation is termed Solving the Triangle. 

The determination of the mutual relation of the Sines; Tangents, Secants, 
ete., of the sums, differencés, multiples, etc., of arcs or angles: is also classed 
under this head. ) 

For Diagram and Explanation of Terms, see Geometry, pp. 219-21. 

2 4 _Right-angled ‘Triangles, 

For Solution by Lines and Areas, sce Mensuration of Areas, Lines, 
and Surfaces, pp. 335-39: 

To Compute a Side. 

When a Side and its Opposite Angle is given. RuLr.—As'sine of angle 
opposite given side is to sine of angle opposite required side, so is given side 
to required side. 

To Compute an Angle. 

Rute.—As side opposite to given angle is to side opposite to required 
angle, so is sine of given angle to sine of required angle, 

To Compute Base or Perpendicular in a Right-angled 
Triangle. 

When Angles and One Side next Right Angle are given, RuiEe.—As ra- 
dius is to tangent of angle adjacent to given side, so is this side to other side, 

To Compute the other Side. 

When Two Sides and Included Angle are given. Ruite.—As sum of two 
given sides is to their difference, so is tangent of half sum of their opposite 
angles to tangent of half their difference; add this half difference to half 
sum, to ascertain greater angle; and subtract half difference from half sum, 
to ascertain less angle. The other side may then be ascertained by Rule 
above. ; 

To Compute Angles. 

When Sides are given. Ru e.—As one side is to other side, so is radius 
to tangent of angle adjacent to first side. 

To Compute an Angle. 

When Three Sides are given. Rute 1.—Subtract sum of logarithms of 
sides which contain required angle, from 20; to remainder add logarithm 
of half sum of three sides, and that of difference between this half sum and 
side opposite to required angle. Half the sum of these three logarithms is 
logarithmic cosine of half required angle. ‘he other angles may be ascer- 
tained by Rule above. 

2.— Subtract. sum of logarithms of two sides which contain required 
angle, from 20, and to remainder add logarithms of differences between 
these two sides and half sum of the three sides. Half result is logarithmic 
sine of half required angle. 
Nore.—In all ordinary cases cither of these rules will give sufficiently accurate 

results, Rule x should be used when required angle exceeds go°; and Rule 2 when 
it is less than 90°, 

, Si } K K - 
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Exampie.—The sides of a triangle are 3, 4, and 5; what are the angles of the 

hypothenuse ? 

20 — (LOg. 4 = .602 06 + Log. 5 = .698 97) = 18.698 97; Log. gt4ats+2—4= 

.3or03; and Log. 3+-4+4+5+2—5=0. 

Then 18.698 97 +. 301 03 = 19, Which + 2 = 9.5 = log. sin. of half angle = 18° 26’, 

which x 2 = 36° 52’ angle. 
Hence go° — 36° 52’ = 53° 8” remaining angle. 

In following figures, x and 2: 

A=90°, B= 45°, C= 45°, Radius=1, Secant = 1.4142, Cosine = .7071, Sin. 45° 

=.7071, Tangent =1, Area=.25. 

By Sin., Tan., Sec., etc., A B, etc., is expressed Sine, Tangent, Secant, etc., of 

angles, A, B, ete. 

To Compute Sides AC and B C.—Figs. 1 and 2. 

When Hyp., Side B A, and Angles B and C are given. 

Sin BXBA_ 4G Fig. 2. 
Fig. 1. B Sin. C ce . 

BAx Cot.C=AC,; 

% Hyp. x< Cos. C=AC. 

‘\ Hyp. X Sin. B= AC, 

\ BA 

\ sino 3 
Beene AC ee 

A Vers. aap Ee C Cosine, A @ 

To Cempute Side AC and Angles. 

When Hyp. and Side B A are given.—Fig. 1 and 2. 

AC : BA # BA Sin. B 4 
Gy Sin, B. ne Sin, C. Sn, Chon AC. BCX Sin. B=AC. 

To Compute Side BC and Hyp. or Angles. 

When both Sides are given.—Fig. 2. 

A.C BA a anecoererd BA 
—— TJ; — 2 z— — Ba = Jan. B Sn G= Be: VAC?+BA2=BC. AG = lan. 

BA : AC 3 
BoD C. Bo B. 

To Compute Sides.—FWigs. 3 and 4. 

When a Side and an Angle are 
given. 

BC x Cos. B=BA. 

r BOXSin. B=AC. 
1 $0 AB X Sec. B=BC. 
S a 

‘ex AC X Tan.C AC Sin.C 
+= =B ! — 

Rad. a Sin. B BA 

C Radiugy.. A’ AC XSec.C BC AC Rad. BC GQ Tangent, <A 

Ration c oe i Sin. D hue ‘ 

In BAC, Fig. 5, a right-angled triangle, C A, is assumed to be radius; 
BA tangent of C, and BC secant to that radius; Or, dividing each of these 
by base, there is obtained the tangent and secant of C respectively to radius 1. 
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Fig. 5. r ._ Radius CA=x1 Sine oY dg= .7o7xr 
peat fm B  Secant CB=n1.4142 Cosine Cg orod= .7071 
‘ : Tangent AB=r Versed sine gA= .2929 
A ; Co-secant CB=1.4142 Co-versed sine 0@= .2929 
rag Teen Co-tangent eB=1 Angle CAB=g0° 

VAC?+B A2=hyp. BC. BA+Sin. C=hyp. BC. 
H AC~=Cos. C=hyp. BC. 1+ Tan. C= Cot. C. 

i 2 Area Cos. C_ BC? x Sin. 2C 
cuales Tac = Rad. sin. CG = Cot.C. —— =Area. 

. BAxXSec. B=BC. 

BC x Cos. C= Rad. BA x Cot. C= Rad. BC x Sin. B= Rad. 
BAX Tan. B= Rad. BC xX Sin. C=BA. ACX Tan. C=B/A. 

BC+BA=See. B. r+ Sin. C=Cosec. C. x — Sin. C= Co-ver. sin. 
BCX Cos. B=BA. Cos. C+ Sin. C= Cot. C. CBxXSin. B=AC. 

Trigonometrical Equivalents. 

Perp. + hyp. =Sin. C€. Hyp. + base = Sec. C. Perp. + base = Tan. C. 

Base + hyp. = Cos. C. Base + perp. = Tan. B. Hyp. + perp. = Sec. B. 

Base + hyp. = Sin. B. Perp. + hyp. = Cos. B. Hyp. + perp. =Cosee. C. 

Base + perp. =Cotan.C. Hyp. —Base=Versin. Hyp. — Perp.=Co-ver. sin. C. 

V (x —sin.?) = Cos. Tan. sin. = Sec. 1--cos. = Sec. 
Sin. + tan. = Cos. Tan. sec. = Sin. 1 + cosec, = Sin, 
Sin. x cot.. = Cos, Tan. X cot. = Rad. ri+sec. = Cos. 
Sin. = cos. = Tan. Vv (x —cos.?) = Sin. 1—cos. = Versin. 
Cos. +cot. = Sin, xr cot. =Tan. r1—sin. = Co-ver.sin. 
Cos. + sin. = Cot. r +sin. = Cosec. ri tan. = Cotan. 

ILLUSTRATIONS.—Assume side A B of a right-angled triangle is roo, and angle C 
53° 8’; what are its elements? 

Fig. 6. Oblique-angled Triangles. 
B 

' To Compute Sides BA and BC. 

' When Side AC and Angles are given.—Fig. 6. 
! 

H Sin.C x AC Sin. Cx BC 
as r) ener Sau A. Sin. B po iN 7 aa 

Sin. A 
oN ted i Te ealhe 

= dad Sin B A 

To Compute Angles and Side AC, 

When Sides A B, BC, and one of the Angles are given.—Vig. 6. 
Sex Sin, Bo. Sin.CXAC_g, ABXSin. Bg, 
=a = Sin. A. Reais = Sin. B. GS Sin. C. 

’ Sin. BX BC 

hina ae 
Fig.7. B To Compute Sides BA and BC. 

When Side AC and Angles are given.—Fig. 7. 
Sin, CX BO _ Sin AXAC_ po 
Va Sac Ae als ao T SinLB aa ee 

When Side BC and Angles are given.—Fig. 7. 
BC x Sin. C Sin. C x AC ee ph ~ SB 

Ki ay g c Sin, (C+ B) a Sin. B * 

. Norr.—Sine and Cosine of an are are each equal to sine and cosine of their sup- 
plements. 

Spherical Triangles, Right- angled and Oblique. Yor full formulas see 
Molesworth, Lond., 1878, pp. 435-6. 
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To Compute Angles and Side AC. 

When Sides A B, BC, and Angle B are given.—Fig. 7. 
Sin. Bx BC BCXSin.BQ. BAXSin. BQ. ' 
inal 7 = AE: 7 Tage F = Sin. A AG =Sin C. 

ACXSinA og. BAXSin Ag, BCXSinic \.. 
= ROA LS Sin. B. = Wet wae Sin. C. ey es =Sin. A 

To Compute all the Angles. 

When all the Sides are given, Figs.6 ahd 7.. Rute.—Let fall a perpen- 
dicular, B d, opposite to required angle. Then, as AC: sum of AB,BC:: 
their difference : twice d g, the distance of perpendicular, B d, from middle 
‘of the base. 

Hence A d,C g are known, and triangle, A B C, is divided into two right- 
angled triangles, BC d, BAd; then; by rules for right-angled triangles, 
ascertain angle A or C, 
Orrration.—A C, Fig. 6, .5sorg : AB+ BOC, 1.11744 1.4142 =2.5316::ABaoBC, 

1.4142 — 1.1174 —=.2968 : a X d g=1.4986. 

Hence Ad =O g—A Op aT _ SOM so, and Cd=Ad+AC=. 

Consequently, triangle B dC, Fig. 6, is divided into two triangles, BACandBdA. 

To Compute Side AB and Angles. 

When Two Sides and One Angle, or One Side and Two Angles, are given.— 
Fig. 6. > 

AC x Sin, C BCx Sin. B ‘ AC XSin A 
EE . * ———__— — Sin. A. —_. a = . B. Sin, B ec AC Se. RE AGK OA ee 

AC Sin. C F AB Sin. B P AC Sin. C 
————— \. he eR cane) Ss - . Lc rr “ he AB Shes ACG in.C. _-BG—(ACX008.€) 
Fig. 8. B To Compute Area of a Triangle. —Fig. 8. 

BAXBCxSin. B ACXBCXSin.C BAXAC Sin A 
2 ’ x 2 ? 2 ’ 

Sin.2C,BC2 AC?, Tan. Cc B A?, Cot. C 
; , and = Area. 

4 = 2 

Norr.—For other rules, see Mensuration of Areas, Lines, and 
6 A Surfaces, page 335. 

To Compute Sides. 

When Areas and Angles are given.—Figs. 6 and 7. 

2 Area 2 Area 2 Area, Sin. A _ 
Bosn c= 7& AGehra AT aicie Sin (A+ oe 

To Ascertain Distance of Inacces- Fig. zo. 
sible Objects on a’ Iuevel Plane.— ° ad 
Wigs. 9 and 10. Ie a my 

Fig. 9. | A OPERATION.—Lay off perpendic- \ 
: ulars to line AB, Fig. 9, as Be, de, 

/ on line Ad, terminating on line 
eA. 

SSS 

SS Then ed—cB:cB:: Bd: BA. 

pore 5 When there are Two Inacces- Ds Ces 
Se sible Objects, as Fig. 10. | a se \ 
Ym Orrratioy. — Measure a base | a ™ 
/ i line, AB, Fig. x0, and angles c AB, ~~ — f |  dBA,Acd,Bde,etc. Then pro- B 

| ceed by formulas, page 387, to deduce cd. 4 
ppl svt cint He Nore.—If course of ¢d is required, take difference of angles 

dcAandcdB from course A B. 
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Fig. rr. - When the Objects can be aligned.— | Fig. 12. 
K F Fig. 11. 4 

\ ’ 

bats OpERATION.—Align ¢ B, Fig. 11, at A, 1 
H \ measure a base line at any angle there- | \ 
4 a to, as Ao, and angles 0 Ac, B Ac, and % 

‘ eh \. BoA. Then proceed as per formula, |! ‘ 
Sees \ page 386, to deduce c B. H 
_————— ie - 4 \ 

SS so To Compute Distance from |; \ 
i NN a Given Point to an In- | wy 
eee accessible Object.—Fig. | ‘ 
A Of rig), ——, 

~ OPERATION.—Measure a level line, Ac, Fig. 12, and ascertain angles, BAc,c AB, 
once, having side, Ac, and two angles, proceed as per formula, page 386, to de- 
termine AB. 

To Compute Height of an Elevated Point.—Fig. 13. 

B Fig. 13. OPERATION. — Measure Fig. 14. 
distance on a horizontal 
line, Ac, Fig.13; ascertain 
Angle BAc. Then pro- 
ceed as per formulas, pp. 
386-8, to ascertain Be, 

When a Horizontal 

Base is not Attainable. 
HI: ESotg. ened. (ua t at caer estes 

OPERATION.—Measure or 
compute distance Ac, Fig. 

14; ascertain angle of depression A oc and of elevation 
BaAo. Then proceed as per formula, page 386, to ascertain B 

2) 

C. 

When a Full Base Line is not Attain- Fig. 16. 
able.—Vig. 15. A 8. 15) a B 

OPERATION. — Measure a base A 
line, A c, Fig. 15, and ascertain Fah, 
angles Ac B,c A B. J wan 

Then proceed as per for- Yi / 
mula, page 386, to ascer- Pa / 
tain d B. vy Ss 

Fig. 15. 

———- - ------ k ; 

Without Use of an Instrument. 
—Fig. 16, Ey Te 

OPERATION. —Lay off any suitable and level distance, dd, set up a staff at each ex- 
tremity at like elevation from base line d d, and note distances y and x, at which 
the lines of sight of object range with tops of the staffs; deduct height of eye from 
length of staffs, and ascertain heights h. 

Then a a +h+s=height. s representing height of line of sight from base d d, 

and D length of line d d. 
K x* 
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390 NATURAL SINES AND’ COSINES. 

Natural Sines and Cosines. . 

ar 0° 19 2° 3° < 
he ’ | N. sine. | Ny cos. || N. sine: N, cos. || N. sine.'| N. cos. BE sine. } N. “ait 

o| ©] .c0000 |r -01745-| +99985 || 0349 «99939 || -05234 -99863 | 60 
o| 1 | 00029 |x -O1774 | -99984 || .03519 | .99938 | .05263 | .99861 | 59 
1| 2.00058 |x 01803 | « 3 f 
r| 3/| .00087 |x -01832 5 
2| 4|.0or16 |r -01862 F 
2|. 5 | .corgs |x 01891 | si 
3.) 6| .00175'|z -0192 : 
3| 7 | .co204 |x -O1949 + 

“4-) 8» | 100233; |I -01978 ‘ 
~4| 9 | .00262 |x -02007 e 

5'| 10. | .cozgr |r 102036 x 
5 | Ir | .0032 | «99999 || .c2065 y 

6 | 12 | .00349 | -99999 || .o2094 . 
6 | 13 | 00378 | .99999|| .o2123 : 

7 | 4 | .00407 | -99999|| .o2152 : 
7 | 15 | .00436 | ~99999!| Jo2r8r : 
8 | 16 | .00465 | -99999|| .o22r1 z 
8 | 17 | .00495 | -99999}| .o224 . 
9 | 18 | .00524 | .99999 || .02269 2 
9 | X9 | 00553 | -99998 || .o2208 . 

Io | 20 } .00582 | .99998 || .02327 = 
Io | 21 | .oo6r1 | .99998 || .02356 : 
11 | 22 | .0064 | .99998|| .02385 < 3 
Ir | 23 |.00669 | .99998|| .oz414 : : 
12 | 24 | .00698 | «99998 || .02443 “ 2 
12 | 25 | .00727 | .99997 || .02472 : F 
13-] 26 | .00756 | .99997 || .o250 c : 

33 | 27 | 00785 |--99997 || .0253 : : 
14 | 28} so08z4 | -99997 || .0256 + 
14 | 29 | .o0844 | .99996]| .02589 F : 
15 | 30 | .00873 | .99996|| .o26r8 r i 
15 | 31 | .oogo2 | .99996|| .02647 2 5 
15 | 32 | .00931 | .99996|| .02676 3 ‘ 

16 | 33 | .0096 | .99995|| .02705 . . 
16 | 34 | 00989 | .99995 || .02734 : . 
TY | 35 | .oror8 | .99995 || .02763 : . 
17 | 36 | .o1047 | .99995 || .o2792 : . 
18 | 37 | .01076 | .99994)| .o2821 . . 
18 | 38 | .orr05 | .99994 || .0285 5 ‘ 

19 | 39 | .or134 | .99994|| .02879 : . 
19 | 40 | .or164 | .99993 || -02908 ? ‘ 
20 | 4x | .or193 | .99993|| .02938 i 9 
20 | 42 | .o1222 | .99993|| .02967 : : 
21 | 43 | -of251 | .99992||.02996 : : 
21 | 44 | .o128 | .99992|| .o3025 : A 

22 | 45 | 01309 | -99991 || .03054 ; . 
22 | 46 | .01338 |. .ggg91|| .03083 b : 
23 | 47.| .01367 | .g999r|| -o3112 g 
23 | 48 | .01396 | .g999 || .o314x : : 
24 | 49 |'-01425 | .9999 || .0317 : : 
24 | 50 | .01454 | .99989/|| .03199 . . 
25 | 5x | .or483 | .9998q|| .03228 x 
25 | 52 | .or513+} .9998Q || .03257 “ cE 8 
26 | 53 | 01542 | .99988]|| .03286 | .99946 || .0503 | .99873 || .06773 |-0977 | 7 26 | 54 | 01572 | .99988!) ,03316 99945 || 05059 | .99872 || 06802 |.99768| 6 
27 55 | -016 | .99987 |) .03345 | .99944 || .05088 | .9987. || .06831 | .99766.| 5. 27 | 50 | .or629 | .99987 || .03374 | .99943 || 05127 | .99869 || .0686 | .99764| 4 28 | 57 | .01658 | .99986 || .03403 | .99942 || .o5146 -99867 || .06889 | .99762 | 3 
28 | 58 | .01687 | .99986 || .03432 | .g994r || .05175 99866 || .06918 | :9976 2 
29 | 59 | 01716 | .99985|} .0346x | .9994 || .05205 | .99864 || .06947 | .99758| x 
29 | 60 | .01745 | -99985 |] -0349 | -99939 || .05234 | .99863 || .06976 | .99756 | 0 

N. cos. | N. sine. : 2 

_———— a 

Jf 

N. cos, | N. sine. 

88° 

eS 

“| : Prop, Bae a Na ea ccnp ey oc 4H, wine, bs weap PO ch mast nto ve. oe oat LAT RET GR EG” he” ls 8 pare, 
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‘NATURAL SINES AND COSINES. 3 ‘Oo = 

4° 5° 6° Jo. 

* | Nvsine. | N. cos.’ || N. sine. | N. cos. || N.sine. | N. cos. || N. sine. N cos. 

OO MONI AKUUNA RWW PN H HO O |S parts. 

.06976. | .99756 || .08716 | .996r9 || .10453 |'.99452 || .12187 | .99255 |\60 
+07005, | -99754 || 08745 | .99617 || .10482 | .99449 || .12216 | .q9251 | 59 

+07034 | .99752 || .08774 | .99614 || .ro5rx | .99446 || .12245 | .99248 | 58 
07063 | -9975\.|| .08803.| .g96z2 || .1054 | .99443 || .12274 | 99244 | 57 
-07092 | -99748 || .0883r.| .99609 || .t0569 | .9944 || .22302 | .9924 | 56 
.o7t21 | .99746 || .0886 | .99607 || .r0597 | .99437 || 12331 | -99237 | 55 

+0715 | -99744 || -08889.| .g96o4 || .10626 | .99434 || .1236 | .99233 | 54 
-07179 | 99742 || .08918.| .9g602 || .r0655 | .99437 || .12389 | 9923 | 53 
+07208 | <9974 || .08947 | .99599 || -10684 | .99428 || .12418 | .99226 | 52 
-07237 | -99738 || .08976 | .99596 || . 10713 | .99424 || -12447 | .gg222 | 52 

| IO | .07266 | .99736 || .og005 | .99594 || .10742 | .gg4er || .12476 | .gg219 | 50 

IE | .07295 | -99734 || 09034 | .99591 || -10771 | .g94r18 |, .12504 | .99215 | 49 
12.| .07324 | -99731 || .09063 | .99588|| . 108 +99415 || -12533'| -9g2r1 | 48 
13 | -07353 | -99729 || -ogog2 | .g9586 || . 10829 | .99412 || .12562 | .gg208 | 47 
14 | .07382 | -99727 || .og12r.| .99583 || - 10858 | .g9409 || . 12591 | .99204 | 46 
15 | .07411 | -99725 || 0915 | .9958° || .10887 | .gg406 || .1262 | .992 45 

16 | .0744 | -99723 || .09179 | .99578 || -to916 | .gg4o2 || «12649 | .99197 | 44 
17 | .07469 | -99721 || .09208 | .99575 || - 10945 | -99399 || -t2678 | .99193 | 43 
18 | .07498 | -99719 || .09237.| .99572 || -10973 | -99396 || .12706 | .g9189q | 42 

19 | -07527 | -99740 || .09266 | .9957 || .xrooz | .99393 || -12735 | .99186 | 4x 
20 | .07556. | -99714 || .09295.| .99567 || .11031 | .9939 | «42764 | .ggx82 | 4o 
2r | .07585. | -99712 || .09324 | .99564 || .r106 | .99386 || -12793 | -99178 | 39 
22 |, .07614 | -9971_ || .09353 | .99562 || .r1089 | .99383 || .12822 | .g9r75 | 38 

23 | .07643 | -99708 || .09382.| .99559 || .x1118 | .9938 || .r285x | -99177 | 37 
24 | .07672. | -99705. || .og4t1.| .99556 |) .11147 | .99377 || -1288 | .99167 | 36 
25 | .o7701 | -99703 || 0944 .| .99553 || -11176 | .99374 | 12908 | .99163 | 35 
26 | .0773 | -99701.|| .09469 | .99551 || .r1205 | .9937 || -42937 | -9916 | 34 

27 | .07759 | -99699 |) .09498 | .99548 || .11234 | -99367 || .72966 | .99156 | 33 
28 | .07788 | «99696 || .09527 | .99545 || 11263 | .99364 || .12095 | .99152 | 32 
29 | .07817 | .99694 || .09556.| .99542 || .r1291 | .9936 |, -13024 | .99148 | 31 
30 | .07846 |. .99692 || .09585.| .9954° || .1132. | .99357 || -13053'| -99144 | 30 

3x | .07875 | .99689 || .09624.| .99537 || «11349 | .99354 || -2308r'| .o914r | 29 
32 | .07904 | .99687 || .09642.| .99534 || .12378 | .9935x || -1311 | -99137 | 28 

33 | 07933 | 99685 || .o9672 | .99532 || .xx407 | .99347 || «13139 | 99133 | 27 
34 | -07962.|' 99683 || .097 | .99528 || «11436 | .99344 |/ 13168 | 99129 | 26 
35 | .07991 | -9968 |) .09729.| .99526 || «11465 | .99341 || 13197 | .99125 | 25 
36.| .o802 | .99678 || .09758 | .99523 || .x1494 | 99337 || -13226 | .gg122 | 24 

37. | .08049 | .99676 || .09787 | .9952 || 11523 | .99334 || 13254 | 99118 | 23 
38: | .08078 | .99673.|| .098r6 | .99517 || .11552 | .99331 || -13283 | .ogTI4 | 22 
39 | .08107 | .99672 || .09845 | .99514 || «1158 | .99327 || -13312 | -ogrr | at 
40 | .08136 | .99668 || .09874 | .gg5r1 || .11609 | .g9324'|| .£3341 | .ggr06 | 20 
41 | .08165 | .99666 || .09903.| .99508 || 11638 | .9932 || 1337 | 99102 | 19 
42 | .08194 | .99664 || .09932 | .gg506 || .11667 | .99317 || -13399 | .99098 | 18 
43 | .08223 | .9966r || .ogg6r | .99503 || «11696 | .99314 || -13427 | .99094 | 17 
44 | .08252.| .99659 || .0999. | .995 12725 | .993r || «13456 | .ggogx | 16 
45 | .0828r | .99657 || .r00rg | .99497 || «11754 | .99307 || -13485 | .99087 | 15 

40 | .0831 | .99654 || .10048 | .99494 || .1x783)| .99303 || 13514 | .99083 | 14 
47.| .08339 | .99952 || .10077 | .99497 || .11812 | .993 -13543 | .99079 | 13 
48 | .08368 | .99649 ||. 10106 | .99488 || .1184 | .99297 || 13572 | «99075 | 12 
49 | .08397 | -99647 || .10135 | .99485 || .11869 | .99293 || -136 -ggo7t | ir 
50 | .08426 |'.99644 || .ror64 | .99482 || .r1898 | .9929 || 13629 | .99067 | 10 
51 | .08455 | .99642 ||. r0192 | .99479 || .11927 | :99286 || .13658 | .99063 
52 | .08484 | -99639 || .ro2z2x | .99476 || «11956 | .99283 || .13687 | .99059 
53 | 08513 | -99637 || 1025 | .99473 || .11985 | .99279 || -13726 | .g9055 
54 | .08542 | -99635 |/ .10279 | .9947 || -t20r4 | .99276'|| -13744 | -9905z 
55 | 08571 | -99632 || ,10308 | .99467 || .12043 | .99272' || -13773 | -99047 
56 | .086 -9963 ||'.10337 | .99464 || .x2071 | .99269 || .13802 | .99043 
57 | .08629 | .99627 || .10366 | .9946r || . 121 .99265 || -1383x | .99039 
58 | .08658 | .99625 || :10395 | .99458 || .r2xr29 | .9g262 || .1386 | .g9035 
59 | 08687 | .99622 || .10424 | .99455 || «12158 | .99258 || 13889 | .g9031 
60 | .08716 | .99619 |] .10453 | .99452 || .121487 | .99255 || -13917 | -99027 

N. cos.’! Nvsine. || N. cos. | N.sine.|| Nv cos, | N. sine. |) N. cos. | N. sine. 

85° 84° 839° 829" 
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se 8° 9° | 
eS 
28| ” | N.sine: | N. cos. || N. sine. | N. cos. || 

| 13977 | 99027 || 15643 | 98769 || 
x | .13946 | .99023 || 15672 | .98764 
2 | -13975 | -990%9 || .15701 | .9876 || 
3 | -14004 } -99075 || -1573_ | -98755 
4 | -14033 | -9gorx || -15758 | -98752 
5 | -r406x | .99006 || .15787 | .98746 
6 | .1409, | -ggoo2 || .15816 | .98741 

7 | -14119 | .98998 || .15845 | -98737 | 
8 | .14148 | .98994 || -15873. | -98732 || 
9 | -14177 | -9899 15902 | .98728 

10 | .14205 | .98986 
-14234 | -98982 

12 | .14263 | .98978 
13 | -14292 | .98973 
14 | -1432 | .98969 

15 | -14349 | -98965 
16 | .14378 | .g8961 
17 | -14407 | -98957 
18 | .14436 | .98953 
19 | -14404 | -98948 
20 | -14493 | .98944 

to | 21 | .14522 | .9894 
10 | 22 | .14551 | .98936 
ir | 23 | .1458 | .9893 
1x | 24 | .14608 | .98927 
12 | 25 | .14637 | .98923 
12 | 26 | .14666 | .98919 
13 | 27 | .14695 | .98914 
13 | 28 | .14723 | .g89r 
14 | 29 | .14752 | .98906 
14 | 30 | .14782 | .g8g02 
14 | 3x | .148r_ | .98897 
15 | 32 | .14838 | .98893 
15 | 33 | -14867 | .98889 
16 | 34 | .14896 | .98884 
16 | 35 | .r4925 | .9888 
17 | 36 | 14954 | .98876 
17 | 37 | 14982 | .g8871 
18 | 38 | .r50rr | .98867 
18 | 39 | .1504 | .98863 
19 | 40 | .r5069 | .98858 
19 | 41 | .15097 | .98854 
20 | 42 | .15126 | .98849 

WwW DONNY AMUN HWWNHNHHHOO 

4 io) 

20 | 43] .15155,| 98845 |} . 
21 | 44 | .15184 | .g884x 
21 | 45 | .15212 | .g8836 
2 | 46 | .15241 | .98832 
22 | 47) «1527 | .98827 
22 | 48 | .15299 | .98823 
23 | 49) .15327 | .98818 
23 | 50 | «15356 | .98814 
24 | 51 | .15385 | .98809 

24 | 52 | .154%4 | .98805 
25 | 53 | 15442 | .988 
25 | 54 | -15472 | .98796 
2610550) Sree -98791 
26 | 56 | .15529 | .98787 
27 | 57 | .15557 | .98782 
27 | 58 | .15586 | .98778 

28 | 59 | .156r5 | .98773 
28 | 60 | .15643 | .98769 

1662 | .g8609 
16648 | .g8604 
16677 | .986 

16706 | .98595 
16734 | .9859 
16763 | .98585 
16792 | .9858 
1682 | .98575 
16849 | .9857 

N. cos. | N. sine. 

819) 

AND COSINES. 

ag 10° 132 ee 
N. sine. | N. cos. || N. sine: | N. cos. 6 

-17365 | -98481 || .19081 | .98163 | 60} 6 
-17393 | -98476 |) .19109 | -98157 38 6 
-17422 | .g8471 || .19138.| -98152 | 5) 6 

| 17451 | .98466 -19167 | -98146 | 57 | 6 
-17479 | -98461 || 29295 -9814 | 56| 6 
-17508 | .98455 |) -19224 | .98135 | 55| 6 
-17537.| -9845. || -19252 -98129 | 54 | 5 
-17565 | 98445 || 19281 | -98124 | 53] 5 
-17594 | -9844 || .19309 | 98118 | 52] 5, 

| 47623 | .98435 | 19338 -g8112 | 51] '5 
-17651 | .9843 || .19366 | -98107.| 50] +5 
+1768 | .98425 || .19395 | -98101 | 49 | 5 
17708 | -9842 || .19423 | -98096 | 48| 5 

-17737-| -98414 |) -19452 | - 47| 5 
-17766 | .98409 | «19481 | 98084 | 46) 5 
-17794 | -98404 || -19509 | -98079 | 45 | 5 
-17823 | -98399 || -19538 | -98073 | 44] 4 

|| .17852 | -98394 || .19566 | -98067 | 43 | 4 
-1788 | -98389 |) .19595 | -98061 | 42| 4 
-17909 | -98383 | -19623 | -98056| 41] 4 
17937 | -98378 || .19652 | -9805 | 40] 4 

-17966 | .98373 .1968 | .98044 | 39) 4 
-17995 | -98368 }| .19709 | -98039 | 38 | 4 
.18023 | .98362 || .19737 | -98033 | 37 | 4 
-18052 | .98357 || .19766 | .98027|36| 4 
.1808z | .98352 || -19794 | -98021 | 35 | “4 
-18109 | .98347 || -19823 | .98016 | 34| 3 
18138 | .98347 || -19851 | -980r | 33) 3 
18166 | .98336 || .1988 | .98004 | 32] 3 

-18195 | .98331 || -r9908 | .97988 | 31 | 3 
|| -18224 | .98325 || .19937 | -97992 | 30] 3 

.18252 | .9832 || .19965 | -.97987 2 3 
- 18281 | .98315 || .19994 | .97981 | 2 e3 
-18309 | .9831 || .20022 | .97975 | 27| 3 
.18338 | .98304 || .20051 | -97969 | 26| 3 
-18367 | .98299 || -20079 | -97963 | 25 | 3 
18395 | -98204 || -20108 | .97958 | 24 | 2 
-18424 | .98288 || .20136 | .97952 | 23) 2 
.18452 | .98283 || .20165 | .97946 | 22 | 2 
-1848x | .98277 || .20193 | -9794. | 2x | 2 
18509 | .98272 || .20222 | .97934 | 20| 2 
18538 | .98267 |} .2025 | .97928 | 19] 2 
-18567 | .98261 || .20279 | .97922| 18) 2 
18595 | .98256 || .20307 | .97916| 17 | 2 
.18624 | .9825 || .20336|.979r | 16] 2 
.18652 | .98245 || .20364 | .97905 | 15 | 2 
. 18681 | .9824 || .20393 | .97899 | 14| = 

|| .x87x_ | .98234 || .2042r | .97893 | 13] = 
-18738 | .g8229 || .2045 | .97887| 12] £ 
-18767 | .98223 || .20478 | .97881 | 11] = 
-18795 | .g8218 || .20507 | .97875 | 10] = 
18824 | .g82r2 || .20535 | .97869|} 9] © 
18852 | .98207 || .20563 | .97863| 8] x 
- 18881 | .98201 || .20592 | .97857| 7] =r 
«1891 | .g8196 || .2062 | .97851| 6| 
18938 | .9819 || .20649 | .97845| 5 | =F 
-18967 | .98185 || .20677 | .97839; 4| © 

-18995 | .98179 || -20706 | .97833) 3) © 
-19024 | .98174 || .20734 | -97827| 2] © 
-19052 | .98x168 || .20763 | .97821| 1] © 
19081 | .98163 || .20791 | .97815| O| © 

N. cos. | N.sine. || N.cos. | N.sine.| ’ 
79° moj, | 
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‘NATURAL SINES AND. COSINES. tg 

129 13° 14° 150° 

’ | N.sine. | N. cos. |} Nv sine. | Nv cos, || Nv sine. | Nv cos. || Ni sine. | N. cos. 

9 | .2079r | .97815 |I'.22495 | .97437 || :24192 | 9703 || -25882 | .96593 | 60 
I | .2082 -97800 | +22523 | -9743 ||'-2422 | 97023 ||-2591 | .96585 |i 59 
2 | .20848 | .97803 |].22552 | .97424 ||.24249 | .970r5 || .25938 | -96578 | 58 

3 | +2087 | -97797 || 2258 | -97417 || .24277 | .97008 || .25966 | .9657_ | 57 
4 | -20905 | -97791 || .22608 | 97411 ||'.24305 | .g7oor ||'-25994 | -96562 | 56 

5 | -20933 | -97784 || .22637 | -97404 |/'.24333 | 96994 || -26022 | .06555 | 55 |’ 
6 | .20962 | .97778 || .22665 | .97398 ||'.24362 | .96987 || - 2605 -96547 | 54 

7 | -2099 | -97772 || 22693 | -97391 ||.2439 | -9698 || «26079 |\-9654 | 53 
8 | .21019 | <97766 || .22722 | .97384 ||'.24418 | .96973 ||-26107 | .96532 | 52 
Q | -21047 | «9776 || .2275 | .97378 || .24446 | .96966 || .26135 | .96524 | 5x 

10 | .21076 | .97754 || -22778 | .9737% || .24474 | .96959 || -26163 | .96517 | 50 
Ir | .2r104 | .97748 || .22807 | .97365 || -24503 | .96952 ||. 26191 | .g6509 | 49 
12 | .21132 | .97742 || +22835 | .97358 || -24531 | 96945 || -26279 |'.96502 | 48 
13 | .2rr61 | .97735 || «22863 | -9735r || 24559 | .96937 || -26247 | 96494 | 47 
14\| .21189 | .97729 || .22892 | '-97345 || -24587 |'-9693 || -26275 | .96486 | 46 
15 | .21218 | 197723 || .2292. | .97338 || .24615 | .96923 || -26303 | -96479 | 45 
16 | .21246 | .97717 || .22948 | -97331 || '.24644 | 96916 || .26331 | -96471 | 44 

17 | .21275 | -97711 || .22977 | -97325 || .24672 | 96909 || -26359 | .96463 | 43 
18 | .21303 | -97705 || 423005 | .97318 || .247 96902 || -26387 | .96456 | 42 
19 | .21331 | -97698 || .23033 | -97311 || -24728 | 96894 || - 26415 | .96448 | 4x 
20 | .2136 | .97692 || 123062 | 97304 || .24756 | .96887 || 26443 |'.9644 | 4o 
21 | .21388 | .97686 || .2309 | -97298 || .24784 | .9688 || /26471 | .96433 | 39 
22 | .214t7 | 19768 || +23118 | .97291 || .24813 | -96873 || .265 -96425 | 38 
23 | .21445 | .97673 || 23146 | 197284 || 124841 | 96866 || .26528 | .96417 | 37 
24 | .21474 | .97667 || .23175 | 97278 || +24869 | -96858 || .26556 | .9641 | 36 
25 | .21502 | :9766r || .23203 | -97272 || (24897 | -9685x || .26584 | -g6402 | 35 
26 | .2153 | -97655 || :23232 | .97264 || -24925 | 96844 || -26612 | .96394 | 34 
27 | .21559 | 97648 || .2326'- | .97257 || .24954 | 196837 || .2664 | .96386 | 33 | 
28 | .21587 | .97642 || .23288 | .97251 || +24982 | .96829 || .26668 | .96379 | 32 
29 | .21616 | :97636 || .23316 | .97244 || .2501 | -96822 || .26696 | .96371 | 31 

30 | -21644 | 9763 || «23345 | .97237 || -25038 | -96815 || -26724 | -96363 | 30 
31 | .21672 | .97623 || .23373 | -9723 || .25066 | .96807 || :26752 | .96355 | 29 
32 | «21701 | .97617 || “23401 | -97223 || !25094 | .968 .2678 | .96347 | 28 
33 | -21729 | -976rr || .23429 | .97217 || 25x22 | .96793 || -26808 | 9634 | 27 
34 | .21758 | .97604 || .23458 | .g72t 25151 | .96786 || .26836 | .96332 | 26 
35 | -21786 | .97598 || .23486 | .97203 || .25179 | .96778 || «26864 | -96324 | 25 

36 | -21814 | £97592 || .235%4 | -97196 || 25207 | -9677x || :26892 | .96316 | 24 
37 | -21843 | -97585 || .23542 | -97189 || .25235 | 96764 || .2692 | -96308 | 23 
38 | .2r89r | -97579 |} -23571 | -97182 || -25263 | -96756 || :26948 | .9630% | 22 
39 | .21899 | -97573 || +23599 | -97176 || .25207 | .96749 || 26976 | .96293 | 2x 
40 | .21928 | -97566 || .23627 | .97169 || .2532 | «96742 || 27004 | .96285 | 20 
4i | :21956 | -9756 «|| .23656 | .97162 || .25348 | :96734 || -27032 | 96277 | 19 
42 | «21985 | .97553 || -23684 | .97155 || -25376 | (96727 || 2706 | .g6269 | 18 
43 | -220143 | -97547 || -237%2 | -97148 || -25404 | .96719 || -27088 | .q6261 | 17 
44 | 22041 | -97541'|| -2374 -| -97X4x || 25432 | 96712 || .27116 | 96253 | 16 
45 | .2207 | -97534'|| -23769 | -97134 || -2546 | .96705 || -27144 | .96246 | r5 
46 | .22008 | .97528 || .23797 | .97127 || .25488 | .96697 || -27172 | .96238 | 14 
47 | .22126 | .9752% || .23825-| .o712_ || .25516 | .9669 - || .272 +9623 | 13 
48 | .22755 | .97515 || .23853 | -97113 || -25545 | .96682 || .27228 | .q6222 | 12 
49 | -22183 | .97508.|| .23882-| .97106 || .25573 | -96675 || .27256 | .g6214 | 11 
50 | .222%2 | .97502'|| .239r_-| -971 25601 | .96667 || .27284 | .96206 | 10 
51 | .2224 | .97496'|} .23938 | .97003 || -25629 | .9666 || .27312 | -96198 | 9 
52 | .22268:| .97489:|| .23966 | .97086 || .25657 | .96653 || 2734 | -96r9 8 

53 | -22297 | .97483'|| .23995 | .97079'|| -25685 | .96645 |] .27368 | .96182 | 7 
54 | .22325 | .97476'|| .24023 | .97072 || 25773 | 96638 || .27396 | .96174 | 6 

55 | -22353 | 9747 || -2405x | -97065 || .25741 | .9663 || .27424 | -96106 | 5 
56 | .22382 | .97463-|| .24079 | .97058 || .25769:| .96623 || .27452 | .96158 | 4 
57 |'-2241 | -97457-|| 24108 | .g7051 || .25798-| .96615 || 2748 | .96r5 3 
58 | .22438 | .9745 .24136 | .97044.|| .25826 | .96608 || .27508 | .o6142 | 2 

59 | .22467 | .97444-|| .24164 | .97037 || .25854 | .966 || .27536 | .96134 | 4 
60 |'.22495 | .97437 || -24192 | .9703 -|] 25882 | .96593 || .27564 | .96126 m 

N. cos. | N.sine. |] N. cos. | N. sine. || N. cos.-! N.sine. || Nicos. ! N. sine. | ” 

779 76° 75° 749 
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394 NATURAL SINES AND COSINES. 

‘gd 16° 170 18° 19° Hi 
7 

~ 

ia ’ | N. sine, | N. cos. || N. sine. | N. cos. || N.sine. | N. cos, |} N.sine. | N. cos. 9 

6 0} ©}, .27564 | .96126 || .29237 | .9563 || .30902 | .95x06 || .32557 | -94552 | 60 | 9 
( ©] Z| .27592 | .g6118 || .29265 | .95622 || .30929 | .95007 (32584 -94542 | 59] 9 

r| 2|.2762 | .g6rz 29293 |,-95623 || .30957 | .95088 || .32612 | .94533 | 58 | 9 
1 | 3 | -27648 | .96102 || .29321 | .95605 || .30985 | .95079 || -32639 | -94523 | 57 | 9 
2| 4 | 27676 | .96094 |) «29348 | .95596 || .31012 | -9507 || -32667 | .94514 | 56 | 8 
2) 5 | 27704 | 96086 || .29376 | .95588 || .3104 | «95061 | -32604 | .94504 55} 8 
3 | 6 | .27732 | .96078 || .29404 | .95579 || -31068 | .gs5052 | -32722 | 04495 | 54} 8 
3 | 7 | -27759 | 9607 || -29432 | .95571 || .31095 | .95043 || 32749 | -94485 | 53] 8 
4| 8 | .27787 | 96062 || .2946 | .95562 || .31123 | .95033 || -32777 | -04476 | 52 |. 8 
4] 9 | -27815 | -96054 || -29487 | .95554 || .31151 | .g5024 || 32804 | .94466 | 51 | 8 

5 | 10 | 27843 | 96046 || .29515 | .95545 || -31178 | -gsor5 | -32832 | -94457 | 50 | 8 
5 | 11 | .27871 | .96037 |) .29543 | .95536 || .31206 | .95006 || .32859 | .94447 | 49 | 7 
5 | 12 | .27899 | .96029 || .29571 | .95528 | .31233 | .94907 | -32887  -04438 | 48 | 7 

6 [13 | .27927 | 02x || .29599 | .95519 || -3126r | .94988 || -32014 | -94428 | 47 | 7 
6 | 14 | 27955 | -96033 || .29626 | -g55r1 || .31289 | .94979 | -32042 | -04418 | 46 | 7 
7 | 45 | -27983 | «96005 || .29654 | .95502 || .31316 | .9497 || -32069 | -94409 | 45 |. 7 
7 | 20 | .280rr | -95997 || .29682 | .95493 || .31344 | -9496r || -32097 | 94309 | 44 | 7 
8 | 17 | .28039 | -95989 || 2971 | -95485 || .31372 | «94952 || -33024 | 9439 | 43] 6 
8 | 18 | .28067 | -9598r |/ .29737 | -95476 || .31309 | -94043 || «33051 | -9438 | 42] 6 
9 | 79 | -28095 | .95972 || -29765 | .95467 || .31427 | .94933 || -33079 | -9437 | 41 | 6 
9 | 20 | -28123 | -95964 || -29793 | .95459 || .31454 | .94924 || «33200 | 94361 | 40 | 6 
g | 2x | 2815. | 95956 || .2082r | .9545 || .31482 | .o4gr5 || -33434 | -94351 | 39 | 6 

Io | 22 | .28178 | .95948 || .29849 | .9544r || .3152 | -04 |) 33762 } -94342 | 38 | 6 
Xo | 23 | .28206 | .9594 || .29876 | .95433 || .31537 | -94897 || -33189 | .94332 | 37 | 6 
1x | 24 | .28234 | -9593r || -29904 | .95424 || 31565 | .94888 |) .33216 -94322 | 36] 5 
Ir | 25 | .28262 | .95923 || «29932 | .95415 || .31593 | -94878 || -33244 | .94313 | 35 |. 5 12 | 26 | .2829 | .95915 || .2996 | .95407 || .3162 -94869 |! .33271 | .94303 | 341 5 
12 | 27 | .28318 | .95907 || .29987 | .95398 || .31648 | .9486. || .33208 | -94293 | 33 | 5 
13 | 28 | .28346 | -95898 || .30015 | .95389 || .31675 | .9485x || .33326 | .94284 | 32| 5 
13 | 29 | 28374 “9589 30043 | 9538 || «31703 | .94842 || 33353 | 94274 | 31 | 5 
14 | 30 | .28402 | .95882 |) . 30071 | 95372 || .3173_ | .94832 || .3338r | .94264 | 30| 5 
14 | 31 | .28429 | -95874 || .30098 | .95363 || . 31758 | .94823 || -33408 | .o4254 | 29 | 4 
14 | 32 | .28457 | .95865 || .30126 | .95354 || .31786 | .94814 || -33436 | 04245 | 28 | 4 
15 | 33 | -28485 | -95857 || .30154 | .95345 || -31813 | -94805 || .33463 | .94235 | 27 | 4 
15 | 34 | -28513 | .95849 |) .30182 | .95337 || .3x84r | -94795 || -3349_ | -04225 | 26] 4 16 | 35 | .28541 | .9584x || .30209 | .95328 || .31868 -94786 || .33518 | .o4215 | 25 | 4 
16 | 36 | .28569 | .95832 || .30237 | .95319 || .31896 | .94777 || -33545 | 04200 | 24 | 4 
17 | 37 | -28597 | -95824 || .30265 | .9531 || .31923 | .947 33573 | -94196 | 23 | 3 17 | 38 | .28625 | .95816 || .30292 | .95301 31951 | -94758 || .336 -Q41 22| 3 
18 | 39 | .28652 | .95807 || .3032 | .95203 31979 | -94749 || -33627 | .94176 | 21 |] 3 
18 | 40 | .2868 | .95799 || .30348 | .95284 || .32006 | .9474 || 33655 | 94167 | 20] 3 18 | 4x | .28708 | .95791 || .30376 | .95275 || .32034 -9473 33682 | .94157 | 19 | 3 
19 | 42 | .28736 | .95782 || .30403 | .95266 || . 32061 -94721. || -3371 | -94147 | 18 | 3 
19 | 43 | .28764 | .95774 || 30431 | .95257 32089 | .94712 || -33737 | -94137 | 17 | 3 
20 | 44 | .28792 | .95766 || .30459 | .95248 || .32116 | .94702 || .33764 -94127 | 16 | 2 
20 | 45 | -2882 | .95757 || .30486 | .9524 || .32144 | .94693 || .33792 | .04118 | 15 | 2 21 | 46 | .28847 | -95749 || .30514 | .95231 32171 | 94684 || .338r9 | 94108 | 14] 2 
2x | 47 | 28875, | -9574 || .30542 | .95222.|| .32199 | .94674 || .33846 | .94098 | 13,| 2 22 | 48 | .28903 | .95732 || .3057) | .95213 || .32227 94665 || .33874 | .94088 | 12 | 2 
22 | 49 | .28931. | .95724 || .30597 | .95204 || .32254 | .94656 || .33902 | .94078 | 11 | 2 23 | 50 | .28959. | -95715 || .30625 | .95195 || .32282 | .94646 33929 | -.94068 | 10} 2 
23 | 5x | .28987 | -95707 || .30653 | .o51 32309 | -94637 || -33956 | .ogo58 | 9 | x 23 | 52 | .29015 | -95698 |} .3068 | .95177 || .32337 | .94627 || .33983 | .o4o4q | 8] x 24 | 53 | -29042 | .9569 30708 | .95168 || .32364 | .94618 || .34014 -94039 | 7} 1- 
24 | 54 | -2907 | .9568r || .30736 | .95159 || .32392 | .94609 || .34038 | .o4029 | 6] x 25 | 55 | -29098 | 95673 || .30763 | -9515 > || .32419 | .94599 || .34065 | 4019 | 5.| x 25 | 56 | .29126 | .95664 || .30791 | .95142 || .32447 | .9459 || -34003 |.94009 | 4| x 26 | 57 | 20154 | -95656 || .30819 | .95133 || .32474 | .9458 ||.34x2 | .93999 | 3| © 26 | 58 | .2g182 | .95647 || .30846 | .95r24 || . 32502 -94572 || -34147 | .93989 | 2] o 
27 | 59 | -29209 | .95639 || .30874 | .95115 || .32529 | .9456z || .34175 | .93079 | «| 0 
27 | 60 | .29237 | .9563_ || .30902 | .95106 || .32557 | .94552 || .34202 | .93960 | 0] © 

N. cos. | N, sine. || N. cos. | N.sine. || N.cos. | N. sine. || N. cos. | N. sine 4 
73° 72° 71° 70° 
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NATURAL SINES AND COSINES, 
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20° 21° 220 230 

’ | N. sine. | N. cos. N. cos. || N. sine, | N. cos. || N. sine. | N. cos. 

© | .34202 | .93969 -93358 || -37461 | .92718 || .39073 | .9205 
I | -34229 | -93959 -93348 | -37488 | .92707 || .391 | .92039 
2 | .34257 | 93949 93337 || -37515 | -92697 || .39127 | .g2028 
3 | -34284 | .93939 +93327 || -37542 | .92686 || .39153 | .92016 
4 | -3432r | .93929 +93310 || -37569 | .92675 || .3918 | .92005 
5 | +34339 | 93919 -93306 || -37595 | -92664 || .39207 | 91994 
6 | .34366 | .93909 -93295 || .37622 | .92653 || .39234 | -9r982 
Z | +34393 | -93899 +93285 || 37649 | .92642 || .3926 | .gro7x 
8 | .34421 | .93889 93274 || «37676 | .92631 || .39287 | .g1959 
9 | -34448 | 93879 -93264 || -37703 | .9262 || .393r4 | -91948 

+34475 | -93869 +93253 || -3773 | -92609 || .3934r | .91936 
-34503 | -93859 +93243 || -37757 | -92598 || -39367 | -91925 
+3453 | -93849 +93232 || -37784 | .92587 || -39394 | .91914 
+34557 | -93839 93222 || .37811 | .92576 || .39421 | .g1902 

+34584 | -93829 -93211 || .37838 | .92565 || .39448 | -91891 
+34612 | .93819 -9320% || «37865 | .92554 || .39474 | 91879 
+34639 | -93809 +9319 |) -37892 | .92543 || .3950x | .91868 
+34660 | .93799 +9318 |) 37919 | .92532 || .39528 | .91856 
-34694 | -93789 +93169 || -37946 | .9252x || -39555 | .91845 
+34721 | -93779 +93159 || +37973 | -925r || 39582 | .91833 
-34748 | .93769 -93148 || -37999 | -92499 || .39608 | .g1822 
+34775 | 93759 +93137 || -38026 | .92488 || .39635 | .gx8x 
+34803 | .93748 +93127 || -38053 | .92477 || .3966r | .91709 
-3483 | .93738 -93116 || .3808 | .92466 || .39688 | .91787 

34857 | -93728 93106 || .38107 | .92455 || 39715 | -91775 
-34884 | .93718 -93095 || -38134 | -92444 || .39742 | .91764 
34912 | .93708 -93084 || .38161 | .g2432 || .39768 | .91752 

+34939 | -93698 +93074 || -38188 | .g242x |) .39795 | .91741 
-34906 | .93688 -93063 || -38215 | .9z41 || .39822 | .91720 

+34993 | -93677 -93052 || -38241 | .92399 || -39848 | .ox718 
+35021 | .g3667 93042 || .38268 | .92388 || .39875 | .91706 

+35048 | .93657 +9303 || 38295 | .92377 || 39902 | .g1694 
-35075 | -93647 -9302 || .38322 | .92366 || .39928 | .91683 

+35102 | .93637 9301 || -38349 | -92355 || -39955 | .91671 
+3513 | -93626 -92999 || «38376 | .92343 || -39982 | .9166 
+35157 | -93616 92988 || .38403 | .92332 || .40008 | .91648 
+35184 | .93606 92978 || .3843 | .92321 || .40035 | .91636 
+35211 | -93596 -92967 || .38456 | .g231 || .40062 | .91625 
-35239 | -93585 -92956 || .38483 | .y2209 || .40088 | .91613 
+35206 | .93575 -92945 || -3851 | .92287 || .4dr15 | .g160r 

+35293 | -93565 +92935 || 38537 | .92276 |) .4o14x | .9159 
+3532 | -93555 -92924 || «38564 | «92265 || .40168 | .91578 
+35347 | -93544 -92913 || .38591 | .92254 || .4or95 | .91566 
+35375 |-93534 -92902 || .38617 | .92243 || .40221 | .91555 
-35402 | .93524 -92892 || .38644 | .92231 || .40248 | .91543 
+35429 | -93514 «92881 || .38671 | .9222 || .40275 | .91531 
-35456 | .93503 .9287 || .38698 | .92209 || .4030% | .91519 

-35484 | .93493 «92859 || .38725 | .92198 || .40328 | .g1508 
+3551 | .93483 -92849 || .38752 | .92186 || .40355 | «91496 
+35538 | .93472 .92838 || .38778 | .g2r75 || .4038x | .o1484 
-35565 | .93462 -92827 || .38805 | .g2164 || .40408 | .g1472 
+35592 | -93452 92816 || .38832 | .92152 || .40434 | .91461 | 9 
-35619 | .93441 92805 || .38859 | .g2141 || .4046r | .gt449} 8 

+35047 | -93431 -92794 || 38886 | .9213 |) .40488 | .91437| 7 
«35674 | .9342 92784 || .38912 | .g2t19 || .40514 | .91425| 6 

+3570 | -934z -92773 || -38939 | -92107 || .40541 | -91414) 5 
+35728 | .934 +92762 || .38966 | .g2096 || .40567 | .g1402| 4 

+35755 | -93389 -9275t || .38993 | .92085 || .40594 | -9139 | 3 
-35782 | 93379 -9274 || .3902 || .92073 || .go62r | .91378| 2 
3581 | .93368 -92729 || .39046'| .g2062 || .40647 | .91366| x 

-35837 | -93358 -92718 || .39073 | -9205 || .40674 | .91355| © 
N. cos. | Ny sine. N.sine. || N. cos: | N.sine.|} N.cos. } N.sine.| ” 

| 65° 68° 67° 66° 
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_ NATURAL: SINES AND COSINES, 
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24° 25° 26°° 2708 

N, sine. | N. cos N. sine. | N. cos. N. sine. : N..cos,.|| N. sine. | N. cos, 

40674.| -94355 || .42262 | .9063x || .43837. | -89879 || -45399.| -89101 | 60 
407 | -91343 || -42288 | .go6x8 || . 43863 | .89867 || .45425.| .89087 | 59 
40727 | 91331 || .42315 | -90606 || .43889 | -89854'|| -45451 | -89074 | 58 
40753 | -94319 || -42341 | 90594 || .43910.| -8984x || 45477) -Sg06r | 57 
4078 | .91307 || .42367.| -90582 || .43942 | -89828 || .45503 | .89048 | 56 
40806 | .91295 || -42394 | .g0569 || .43908.| .89826 || .45529 | -89035 | 55 

40833 | -91283 || .4242 | .90557 || -43994 | -89803 || .45554 | .89o2x | 54 
4086,, | .91272 || .42446 | .90545 || .4402. | 8979 || 4558 | -89008 | 53 
40886,| .9126_ || .42473 | -90532 || .44046.| -89777 || .45606 | .88995 | 52 
40913 | -91248 || .42499 | .9052. || .44072 | -80764 || .45632 | .8898z | 51 
40939 | -91236 || -42525 | .90507 | -44098 -89752 || -45658 | .88968 | 50 

40966 | .91224 || .42552 | .90495 || 44124 | -89739 || .45684 | -88955 | 49. 
40992 | .91212 || .42578 | -90483 || .44151 | -89726 || -4571 | -88q42 | 48 

41019 | -g12 42604 | 9047. || -44177 | -89733 || -45736)| -88928 | 47 
41045 | .91188 || .42631, | .90458 || .44203 | -897 45762 | .88915 | 46 
41072 | .91176 || .42657 | .90446 || .44229 | .89687 || .45787 | .88g02 | 45 
41098 | .91164 || .42683 | .90433 || 44255 | 89674 || .45813 | 88888 | 44 
41125 | ..Q1152 || .42709 | .go42r || .44281.| .89662 || .45839 | .88875 | 43 
41151 ,| -Qrir4 42730 | -.90408 || .44307 | .89649 || 45865 | .88862 | 42 
41178 | .91128 || .42762 | .90396 || .44333 | -89636 || -45891 | .88848 | 4x 
41204 | .gt116 || .42788 | .90383 || -44359 | -89623 || -45927 | -88835 | 40 
41231 | .gr104 || .42815 | .90371 || .44385 | .8q6r 45942 | -88822 | 39 
41257 | .gt0g2 || .42841 | .90358 || .4441z | -89507 || .45968 | .88808 | 38 

41284 | .g108 || .42867 | .90346 || .44437 | -89584 |! -45994 | .88795 | 37 
4131 | .gr068 |} .42894 | .90334 || -44454 | -89571 || .4602 | .88782 | 36 
41337 | -91056 || .4292., | .9032 || -4449_ | -89558 || . 46046 | .88768 | 35 
41363, |, 91044 || .42946 | .go309 || .44516 | -89545 || .46072 | 88755 | 34 
4139 », |'-91032 || .42972 | .90296 |) .44542 | .89532 || . 46097 | .88741 | 33 
41416 | .groz 42999 | -.90284 || .44568 | .89519 || .46123 | .88728 | 32 

41443, .91008 || .43025 | 90275 || .44594 | -89506 || .46149 | .88715 | 31 
41469.| .90996 || 43052 | -90259 || -4462_ | -89493 || . 46175 | .88707 | 30 
41496 | ..90984 || -43077 | -90246 || .44646 | .8q48 46201 | .88688 | 29 
41522 | .g0972 || .43104 | .g0233 || -44672 | .89467 || .46226 | .88674 | 28 
41549 | .9090 4313 | .90221 || .44698 | .89454 || .46252 | .8866z | 27 
41575 | .90948 || .43156 | .g0208 || .44724 | .89441 || .46278 | .88647 | 26 
41602 | .90936 || .43182 | .gox96 |} .4475 | -89428 || .46304 | .88634 | 25 
41628 | .go924 || .43209 | .9o183 || -44776 | .89415 || .4633 | .8862 | 24 
41655 | .gogrr |} .43235 | -go17x || .44802 | -89402 |} .46355 | .88607 | 23 
4168x | ..96899 || .43262 | .go158 || .44828, | .89389 || .46381 “$8593 22 

41707 | -90887 || . 43287 | .gor46 || .44854 | .89376 || .46407 | .8858 | 21 
42734,| -90875 || -43313 | -90133 || -4488 | .89363 || . 46433 | 88566 | 20 
4176, | -90863 |] 4334. | 9012 || -44906 | 8935 || -46458 | .88553 | 19 
41787 | .go85r || .43306 | .gor08 |) .44932 | .89337 || 46484 | -88539 | 18 
41813 | .90839 || -43392 | -90095 || -44958 | -89324 || .465x_ | -88526 | x7 
4184 | .go826 |} .43418 | goo82 || .44984 | .893x1 || . 46536 | .88512 | 16 
41806 | .go8r4 || .43445 | .9007 4501 | .89298 || .46561 | .88499 | 15 
41892 | .go802 |} 43471 | .90057 || -45036 | -89285 || .46587 | .88485 | 14 

41919 | 9079 _ || -43497 | 90045 |} -45062 | .89272 |) .46613 | .88472 | 13. 
41945 ,| -90778 || .43523 | .90032 || -45088 | .89259 || .46639 | .88458 | 12 
41972 | -90766 || -43549 | .goorg || -45114 | 89245 || 46664 | .88445 | xx 
41998 | .90753 || -43575 | -90007 || -4514_ | .89232 || -4669 | .8843r | 10 
42024 | -90741 || .43002 | . 89994 || -45106 | .8g9219 || .46716 | 88417 | 9 
42051 | .90729 || .43628 | .8998r || .45192 | .89206 || .46742 | .88404 | 8 
42077 | -90717.|| 43654 | -89968 || .45278 | .89193 || .46767 | .8839 | 7 
42104,| .90704,|| 4368, | .89956 || .45243 | .8918 46793 | .88377 | 6 

4213 | .906g2 || .43706 | .89943 || .45269 | .89167 || .468r9 | .88363 | 5 
42156 | .9068, |} .43733 | 8993. || -45295 | .89153 || .46844 | .88349,| 4 
42183 | .90668 || .43759.| 89948 || -45321 | .89r4 4687 | 88336] 3 

42209, | .90655.||.-43785.| -89905 || -45347 | 89127 || .46896 | .88322 | 2 
42235 | -90643,|| .43811 | .89892 || -45373 | 89114 || .46921 | 88308 | x 

42262 | .90631.|| .43837 | 89879 || -45399 | .89z01 || .46947 | 88295 | 0 
N.. cos, ' N. sine. 

652 
Nacossc- Ne sine. 

oy 
N. cos,‘' N. sine, 

63° 
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NATURAL SINES AND COSINES. 

280" 29° 30° 31° oy 
Ae. 

N. sine. | N. cos, || N. sine. | N.cos,'|/ N.sine’| N. cos, || N. sine. | N. cos. 14 
= Aree 

- 46947 | .88295 || .4848x | .87462 || .5 -86603 || .51504 | .85717 | 60 | 14 
-46973 | .8828r || .48506 | .87448 || .50025 | .86588 || .51529 | .85702 | 59 | 14 

- 46999 | .88267.|) .48532 | .87434 || .5005 | .86573 || -51554 | .85687 | 58 | 14 
-47024 | .88254 || .48557 | .8742 || .50076 | .86559 || 51579 | 85672 | 57 | 13 
-4705 | .8824 || .48583 | .87406 || .soror | .86544 || .51604 | .85657 | 56 | 13 
-47076 | .88226 || .48608 | .8739r || .5or26 | .8653 © || 51628 | .85642 | 55 | 13 
-47101 | .88273 || .48634 | .87377 || .sors5x | .865r5 || 51653 | 85627 | 54 | 13 
-47127 | .88r99 || .48659 | .87363 || .5or76 | .8650r || .51678 | .85612 | 53 | 12 
-47153 | -88185 || .48684 | .87349 || .5020r | .86486 || -51703 | .85597 | 52 | 12 
-47178 | .88172'|| .4871 87335 || 50227 | .86472r || .51728 | .85582 | 5x | 12 
-47204-| .88158 || .48735'| 87321 || 50252 | .86457 || -51753 | -85567 | 50'| 12 
«47229 | .88144 || .48761 | .87306 || .50277 | .86442 ||.51778 | .85551 | 49 | 12 
-47255 | 8813 || .48786 | .87292 || .50302 | .86427 || .51803 | .85536 | 48 | x2 
47281 | .88117 || .488rx | .87278 || .50327 | 86413 || .51828 | .8552r | 47'| 17 
47306 | .88103 || .48837 | .87264 || .50352 | .86398 || -51852 | .85506 | 46 | Ix 
-47332 | -88089 || .48862 725 || .50377 | .86384 || -51877 | .85491 | 45:| 27 
47358 | 88075 || .48888 | .87235 || .50403 | .86369 ||-51902 | .85476.| 44 | 10 
47383 | 88062 || .489r3 | .87221 || .50428 | .86354 || .51927 | 85461 | 43] TO 
-47409 | .88048 || .48938 | .87207 || .50453 | .8634 || +51952 | .85446 | 42 | 10 

-47434 | 88034 || .48964 | .87193 || .50478 | .86325 |/ 51977 | .85431 | 4x'| 10 
+4746 | .8802 || .48989 | .87178'|| .50503 | .863r || .52002 | .85416 | 40] 9 
47486 | .88006 || .490r4 | .87164 || .50528 | .86295 || .52026 | .8540r | 39 | 9 
-47512 | .87993 || -4904 | .87x5 || .50553 | .86281 |) .52051 | .85385 | 38} 9 
-47537 | -87979 || -49065 | -87136 || .50578'| .86266 || .52076 | .8537 | 37] 9 
+47502 | .87965)|| .4909 87121 || .50603 | .86251 || 52102 | .85355 | 36| 8 
+47588 | .87951 || .49116'| .87107'|| .50628'| .86237 || .52126 | 8534 | 35 | 8 
-47614 | .87937 || .49141 | 87093|| .50654 | .86222 || .52051 | .85325| 34 | 8 
47639 | .87923 || -49166 | .87079 || .50679'| .86207 || 52175 | .853z | 33) 8 
+47065 | .87909 || .49192 | .87064 || .50704 | ,861g2 || .522 -85294| 32] 7 
+4709 | .87896 || .49217 | .8705 || .50729 | ,86178 || .52225 | .85279 | 3x | 7 

+4771 | .87882 || .49242 | .87036°|| .50754 | ,86x63 ||.5225 | .85264| 30) 7 
+4774% | .87868 || .49268 | 87021 || .50779 | .86148 || .52275 | .85249.| 29 | 7 

+4777 | .87854 || -49293 | .87007 || .50804 | .86133 || .52299 | .85234 | 28 | 7 
+47793:| -8784 || .49318 | .86993 || .50829 | .86119 || .52324 | .85218 | 27 | 6 
-47818 | .87826 || .49344 | .86978|| .50854 | .86104 || .52349 | .85203 | 26 | 6 
+47844 | .87812 || «49369 | .86964 || .50879 | .86089 || .52374 | .85188 | 25 | 61 

-47869 | .87798 || .49394 | -86949 || .50904 | .86074 || .52399 | -85173.| 24 | 6 
-47895 | .87784 || -49419 | 86935 || .50929 | -86059 || .52423 | .85157) 23| 5 
+4792. | .8777 |) .49445 | 86921 || .50954 | -86045 || .52448 | .85142| 22) 5 
:47949 | .87756 || -4947 | .86906 || .50979 | .8603 || .52473 | 85127 | 2x] 5 
-47971 | .87743 || -49495 | .86892 || .51004 | .860r5 || .52498 | 85112 | 20] 5 
+47997 | -87729 || .49521 | .86878 || .51029 | .86 -52522 | .85096| 19} 4 
48022 '| .87715'|| .49546 | .86863 || \ 51054 | .85985 || .52547 | .85081.| 18) 4 
48048 | .87701 || .49571 | .86849 || .51079 | .8597 || 52572 | 85066} 17) 4 
48073 | .87687 || .49596 | .86834 || .51104 | .85956 || .52597 | 85051 | 16] 4 
+48099 | .87673 || .49622 | .8682 51129 | .85941 || 52621 | 85035 15 | 4 
48124 | .87659 || .49647 | .86805 || .51754 | .85926 || .52646 | .8502 | 14] 3 
+4815 | ,87645 || 49672 | .86791|| 51279 | .85911 || .52671 | .85005 | 13] 3 
+48175.| .87631 || .49697 | .86777 || .51204 | .85896 || .52696 | .84989 | 12 | 3 
148201} .87617'|| .49723 | .86762 || .51229 | .8588r || .5272 | .84974] 11 | 3 
-48226 | .87603 || .49748'| .86748 || .51254 | .85866 || .52745 | .84959 | 10'| 2 
+48252 | .87589 || .49773 | 86733 |] 51279 | 85851 || 5277 | -84943] 9] 2 
-48277 | 87575 || .49798 | .86719 || .51304 | .85836 || .52794 | 84928 | 8| 2 
+48303 | .8756x || .49824 | .86704 || .51329 | .8582x || .52819 | 84913 | 7] 2 
48328 | .87546 || .49849 | ,8669 51354 | -85806 || .52844 | .84897| 6] x: 

-48354 | 87532 || .49874 | .86675 || 51379 | .85792 || .52869 | 84882) 5 | 1° 
+48379'| .87518 || .49899 | .8666x:|| .5x404 | .85777 || .52893 | 84866} 4] 1 
48405 | .87504 || .49924 | .86646 || .51429 | .85762 || .52918 | .8485r] 3] 2 

.4843 || .8749 |] 4995 | 86632 || 51454 | 85747 || -52943 | 84836). 2] © 
+48456'| .87476 || .49975 | .866r7 || «51479 | .85732 || -52067 | .8482 | 1)| © 
-4848r | .87462 |] «5 86603 || .51504 | .85717 || .52992| .84805| oO} oO 

N. cos,.| N.sine. || N. cos. | N. sine. || Nycos, | N.sine: || N. cos, | N.gine.| ” 
61°: 60° §9° §8° 
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NATURAL SINES AND COSINES.— 
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N. cos. | N. sine. 

57° 

-54464 | .83867 
-54488 | .83851 

-54513 | -83835 
-54537 | -83819 
-54501 | .83804 
-54586 | .83788 
+5401 | .83772 

+54635 | -83756 
-54659 | .8374 
-54683 | .83724 

+ 54708 | .83708 
-54732 | -83692 
-54750 | .83676 
-54781 | .8366 

-54805 | .83645 
-54829 | .83629 

54854 | .83613 
-54878 | .83597 
-54902,| .8358r 

-54927 | -83565 
-54952 | -83549 
-54975 | -83533 

-55421 | .83437 
+55145 | -83421 
-55169 | -83405 
-55194 | -83389 

-55242 | 83356 
+55206 | .8334 
-§529r | -83324 
-55315 | -83308 
-55339 | -83292 
55303 | .83276 
55388 | .8326 

55412 | 83244 
55436 | .83228 
+5546 | .832n2 

+55484 | -83195 
-55509 | -83179 
-55533 | -83163 
-55557 | -83147 
-55581 | -83031 
«55005 | 83115 
-5563 | -83098 
55654 | -83082 
-55678 | .83066 
-55702 | -8305 
-55726 | -83034 
-5575 | -83017 
+55775 oo 
*55799' | +82055 
-55823 | .82969 
-55847 | 82953 
55871 | .82936 
55895 | -8292 

-55919 | .82904 
N. cos: | Nusine.| 

56° 

-54099 } 83517 
«55024 | .83501 |! 

-55048 | .83485 
-55072 | -83469 
+§5097 | -83453 

-§5218 | .83373 || 

82904 
8 -55943 | -82887 

55908 | .82871 

+55992 | 82855 
-82839 
-82822 

. 56064 | .82806 
-56088 | .8279 
-56112 | .82773 
56136 | .82757 

-82741 
-56184 | .82724 
56208 | .82708 
56232 | .82692 
-56256 | .82675 

-82659 
+56305 | -82643 
-56329 | .82626 |) 
- 50353 | -826z 

-56377 | -82593 
56401 | .82577 
-56425 | .82561 

-56449 | 82544 ||. 
-56473 | .82528 || . 
+56497 | .82511 
56521 | 82495 || . 

5 | 82478 
- 56569 | .82462 

-56593 | -82446 ||. 
-56617 | .82429 

x | 82413 
5 | -82396 

"36689 | 8238 
-56713 | .82363 
-56736 | .82347 

-8233 
-56784 | .82314 
-56808 | .82297 
- 56832 | .82281 
-56856 | .82264 

-82248 
- 56904 | 82231 
-56928 | .82214 
«56952 | -82108 
56976 | .82181 
i157 -82165, 
«57024 | .82148 ||. 
+57047 | .82132 
-57071 | .82115 

“57095 | .82098 
-57119 | .82082 
+57143 | -82065 
-57167 | .82048 
«57191 | -82032 
+5725 | .82015 
-57238 | .81999 
57262 | .81982 
57286 | .81965 

-819049 
+57334 | 81932 
+5735 | -81915 

35° 

N.sine.| N. cos, || N.sine. | N.. cos. | Nusine. | N. cos. 

“55939 | 

57501 | .81815 

57524 | -817908 
57548 | .81782 

57572 | -81765 

57786 | .81614 

5781 | -81597 
57833 | .8158 

5788r | .81546 

57904 | .8153 
57928 | .8r53r3 

57952 | .81496 
57976 | .81479 
57999 | -81462 

58047 | .81428 
5807 81412 

58094 | .81305 

58189 | .81327 
58212 | .813r 
58236 | .81203 
5826 81276 

58425 | .8r157 
58449 | .8xrr4 
58472 | .81123 

5859 | .81038 
58614 | .Sr021r 
58637 — 
58661 198 
58684 Seah 
58708 | .80953 
5873x | -80936 
58755 | .80919 
58779 | -8ogo2 

N. sine. 

55° 
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. NATURAL SINES AND COSINES. 399 

36° 37° 38° 39° 3 
[oe 

N. sine. | N. cos. || Nosine. | N. cos. || N. sine. | N. cos. || Nv sine. | N. cos, 18 

-58779 | -8og02 || 60x82 79864 || .61566 | «78801 ||):62932 |'277715 | 60 |'18 
58802 | .80885 || .60205 | .79846 || .61589 | -78783 || .62955 | -77696 | 59 | 18 
-58826 | .80867 || .60228 | .79829 || .61622 | .78765 ||.62977 | .77678 f'58 17 
58849 | 8085 || .60251 | .798x1 ||.61635 | 78747 || .63 27766 157 {17 
58873 | .80833 || .60274 | .79793 || .61x658 | .78729 || .63022 | .7764r |'56 | 17 
58896 | .80816 || .60298 | .79776 || .6x68x | 78711 || .63045 | .77623 | 55 | 17 
5892 -| 80799 || .60321 | «79758 || .61704 |'.78694 || .63068 | .77605 | 54 |:16 
58943 | .80782 || .60344 | -79741 ||'.61726 |. .78676 || 6309 | .77586 | 53 | 16 
58967 | 80765 || .60367 | .79723 || .61749 | .78658 || -63113 |\-77568 | 52 | 16 
5899 | +80748 || .6039. | =79706 || .61772 | .7864 |} -63135 | +7755 | 5x | 15 
5g0r4 | -8073 || .6o4r4 | .79688 || .61795 | .78622 || 63158 | '-77531 | 50 | 15 
59037 | +80713 || .60437 | «79671 || 61818 | .78604 || 6318 |\.77513 | 49 | 15 
59061 | .80696 || 6046. | -79653 || .61841 | .78586 || .63203 | 77494 | 48 | 14 
59084 | 80679 || :60483 | .79635 || .61864 | .78568 || .63225 | .77476 | 47 | 14 
59108 | .80662 || .60506 | .79618 || .61887 | .7855 |].63248 | .77458 |'46 | 14 

59131 | -80644 || -60529 | +796° || \.61909 | 78532 || -63271 | -77439 | 45 | 14 
59154 | «80627 || .60553 | 79583 || 61932 | .78514 || -63293 | -77421 | 44 | 13 
59178 | .8061 |} .60576 | .79565 || .61955 | -78496 || -63316 | .77402 | 43 | 13 
59201 | 80593 || .60599 | «79547 || -61978 | .78478 || 63338 | .77384,| 42 | 13 
59225 | .80576 || .60622 | .7953. || -62001 | .7846 || .63361 | -77366 | 4x | 12 
59248 | .80558 |] .60645 | .79522 || -62024 | .78442 || 63383 | 77347 | 40 | 12 
59272 | -80541 || 60668 | .79494 || .62046 | -78424 || .63406 | .77329 | 39 | 12 
59295 | -80524 || .60691 | -79477 || .62069 | «78405 || -63428 | .7731 | 38 | rr 
59318 | .80507 || .60714 | .79459 || .62092 | .78387 || 63451 | .77292 | 37 | 1x 

59342 | +80489 || .60738 | .7944r || :62115 | .78369 || -63473 | -77273 | 36 | 11 
59305 | -80472 || .60761 | -79424 || -62138 | .78351 || 63496 | .77255 | 35 | 11 
59389 | «80455 || .60784 | .79406 || .6216. | «78333 || -63518 | .77236 | 34 | 10 
59412 | 80438 || .60807 | .79388 || .62183 | .78315 || -6354 | .77218 | 33 | ro 
59436 | 8042. || .6083. | »79371 || .62206 | .78297 || -63563 | «77199 | 32 | ro 
59459 | -80403 || +60853 | .79353 || «62229 | .78279 || 63585 | .77181 | 31 | 9 
59482 | .80386 || .60876 | .79335 || -62251 | .78261 || .63608 | .77162 | 30 | 9 
59506 | -80368 || .60899 | .79318 || .62274 | -78243 || -6363 | .77144| 29 | 9 
59529 | -80351 || .60922 | .793 62297 | .78225 || .63653 | .77125 | 28 | 8 
59552 | -80334 |] .60945 | .79282 || .6232 | .78206 || +63675 | .77107 | 27 | 8 
59576 | -80316 || .60968 | -79264 || 62342 | .78188 || .63698 | .77088 | 26 | 8 

59599 | «80299 || .60991 | .79247 || 62365 | +7817 || -6372 | -7707 | 25 | 8 
59022 | «80282 || .610rs | .79229 || .62388 | 78x52 || .63742 | .77051 | 24 | 7 
59646 | .80264 || .61038 | .7g2r1 || .62411 | «78134 || -63765 | .77033 | 23] 7 
59669 | .80247 |} 61061 | .79193 || .62433 | 78116 || -63787 | .77014 | 22 | 7 
59693 | -8023 61084 | «79176 || .62456 | .78098 || .6381x | .76996| 21 | 6 
59716 | .802z2 || .61107 | «79158 || .62479 | .78079 || 63832 | .76977 | 20) 6 
59739 | -80r95 || 6rx3_ | 7914 || 162502 | :7806x || 63854 | .76959 | 19 | 6 
59763 | -80178 || .61153 | -79122 || -62524 | .78043 || .63877 | .7694° | 18] 5 
59786 | .8016 61176 | -79105 || 162547 | «78025 || .63899 | .76921 | 17 | 5 
59809 | .80143 |} .6xr99 | .79087 || .6257. | .78007 || .63922 | .76903 | 16 | 5 
59832 | -80125 || .61222 | .79069 || 62592 | .77988 || 63944 | .76884 | 15] 5 
59856 | .80108 || .61245 | «79051 || 62615 | .7797 || -63966 | .76866 | 14 | 4 
59879 | .8009x || .61268 | «79033 || .62638 | .77952 || 63989 | .76847 | 13] 4 
59902 | -80073 || .61291 | .79016 || .6266 | .77934 || -64or1 | .76828 | 12 | 4 
59926 | -80056 || .61314 | .78998 || .62683 | .77916 || .64033 | .7681 | Ir] 3 

59949 | 80038 || .61337 | «7898 || .62706 | .77897 || -64056 | 76791 | 10) 3 
59972 | 80021 136 | .78962 || .62728 | .77879 || .64078 | .76772| 9| 3 
59995 | -80003 || .61383 | .78944 || .62751 | .7786x || .64r .76754 | 8) 2 

19 | -79986 || 61406 | .78926 || .62774 | .77843 || -64123 | .76735 | 7 | 2 
60042 | .79968 || .61429 | .78908 || .62796 | .77824 || 64145 | .76717 | 6} 2 
60065 | -79951 || .6145x | .78891 || .62819 | .77806 || .64167 | .76698 | 5) 2 

60089 | -79934 || -61474 | -78873 || 62842 | .77788 || 6419 | 76679 | 4] x 
6or12 | «79916 || .61497 | . 78855 || .62864 | 77769 || 64212 | .76661 | 3} x 
60135 | «79899 || -6152 | .78837 || .62887 | .77751 || .64234 | .76642]} 2] 1 
60158 | .7988r || .61543 | 788x109 || .62909 | .77733 || .64256 | :76623 | 1] 0 
60182 | .79864 || .61566 | .7880x || .62932 | .77715 || -64279 | .76604 | 0] o 

N. cos, | N. sine. |} Nicos. | Nusine. || N. cos. ' Nsine. || N. cos, | N. sine. | 7 

53? 529 §1° 50° 
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400 NATURAL SINES AND COSINES. 

$f 40° 41° 42° | ago 
‘es ’ | N.sine. |-N. cos. || N. sine. | We cos. ||. N. sine. | N. cos. N. sine. | N. cos. 

0 | 0 | 64279 |..76604 ||.65606 | .75472 || 66913 | -74314 | -682 273135 | 60 
©.0 | 1] .64301 |.76586 || -65628 | 75452 || .66935 | -74205 | .6822x | .73116 |'59 

<x] 2 | 64323 |--76567 |}-6565 | »75433 |) -66956 | -74276 | .68242 | -73096 | 58 
1] 3 | 64346 | .76548 || 65672 | -75414 |) .66978 | 74256 | -68264 | -73076 | 57 
1 | .4 |).64368 | .7653 || 65694 | «75395 ||. .66999 | -74237 | -68285 | -73056 | 56 
2] 5 | .6439 |-.765zx || 65726 | .75375 || -67021 | -74217 || .68306 | -73036 55 
2), 6 |, .64412 | .76492 || .65738 | 75356 || .67043 | 74198 || -68327 | -73016 | 54 
3| 7 | 64435 | -76473 || 65759 | -75337 || -67064 | -74178 || -68349 | -72996 | 53 
3] 8 | -64457 |-.76455 || 6578x | .75318 || .67086 | 74159 | .6837 | -72976 | 52 
3| 9 | -64479 | .76436 || 65803 | «75299 |] 67107 | .74139 | -6839r | -72957 | 51 
4| 10 |-.6450r | .76417 ||-65825 | .7528 67129 | -7412 || .68412 | .72937 | 50 
4 | 11 | .64524 | .76398 ||..65847 | .7526x || .67151 | +747 -68434 | -72917 | 49 
4 | 12 | .64546 | .7638 65869 | .75241 || .67172 | - 74: | -68455 | -72897 | 48 
5 | 13 | 64568 |.7636r || .65891 | .75222 || .67194 | - 74061 | -68476 | -72877 | 47 

5 | 14 |.-6459 |+76342 || 65913 | «75203 || -67275 | -7404x || -68497 | -72857 | 46 
6 | 15 | .64612 | .76323 || «65935 | .75184 || .67237 | -74022 | -68518 | .72837 | 45 
6 |. 16,| .64635.| .76304 || .65956 |..75265 || .67258 | .74002 || .68539 | ~72817 | 44 

. 6 |.17 | 64657 | .76286 || .65978 | .75146 || .6728 | .73983 || -68561 | -72797 | 43 
7 | 18 | .64679 | .76267 || .66 +75126 || .67301 | -73963 || -68582 | «72777 | 42 

7 | 19 | -6470r | »76248 || .66022 | «75107 || .67323 | -73944 || -68603 | «72757 | 41 
7 | 20 |..64723 | .76229 || .66044 | .75088 || .67344 | -73924 || 68624 | .72737 | 40 
8 | 2x | .64746 | .7621 || .66066 | .75069 || .67366 | -73904 || «68645 | -72717 | 39 
8 | 22 | .64768 | .76x92 || .66088 | .7505 || .67387 | .73885 | -68666 | .72607 | 38 
8 | 23 |.6479 | 76173 || «66109 | «7503. |! .67409 | -73865 || -68688 | 72677 | 37 
9 | 24 | 64822 | .76154 || .66r3x | .750rz || .6743 | -73846 || -68709 | .72657 | 36 

9 | 25 | -64834 | .76235 || 66153 | »74992 || -67452 | :73826 || 6873. | .71637 | 35 
10 | 26 | .64856 | .76126 || .66175 | .74973 || -67473 | -73806 | *6875% 72617 | 34 

10 | 27 | .64878 | .76097 || .66x97 | -74953 || -67495 | «73787 | -68772 | -72597 | 33 
10 | 28 | .6490x | .76078 || .66218 | .74934 || .67516 | .73767 | .68793 | +72577 | 32 

IX | 29 | .64923 | .76059 || .6624 | «74915 || -67538 | -73747 || 68814 | -72557 | 31 
11 | 30 | .64945 | .7604x || .66262 | «74896 |} .67559 | -73728 || -68835 | -72537 | 30 
1x | 31 | .64967 | .76022 || .66284 | .74876 || .6758 | -73708 || .68857 | -72517 | 29 
12 | 32 | .64989 | «76003 || .66306 | .74857 || .67602 | .73688 || .68878 | .72497 | 28 
12 | 33 | .65011 | 375984 || .66327 | .74838 || .67623 | -73 -68899 | .72477 | 27 
12 | 34 | .65033 | -75965 || .66349 | -748x8 || .67645 | -73649 || 6892 | «72457 | 26 
13 | 35 | -65055 | -75946 || .66371 | -747 67666 | 73629 || -6894r | .72437 | 25 
13 | 36 | .65077 | .75927 || -66393 | -747 67688 | -736r || .68962 | .72417 | 24 

14 | 37 |.651-_ | .75908 || .66414 | .7476 || :67709 | «7359 || -68983 | -72397 | 23 
14 | 38 | .65122 | «75889 || .66436 | 74741 || .6773 | -7357 || -69004 | .72377 | 22 
14 | 39 | -65144 | -7587 || .66458 | .74722 || .67752 | .73551 || -69025 | «72357 | 21 
15 | 40 | .65106 | .7585x || .6648 | .74703 || .67773 | .73531 || -69046 | .72337 | 20 
I5 | 41 | .65188 | 75832 || 66501 | .74683 || .67795 | -73511 || 69067 | .72317 | 19 
15 | 42] .652r | .758n3 || 66523 | .74664 |! .678r6 | .73491 || -69088 | .72297 | 18 
16 | 43 | .65232 | .75794 || 66545 | 74644 || .67837 | -73472 || 69x09 | «72277 | 17 
16 | 44 | .65254 | .75775 || 66566 | .74625 || 67859 | .73452 || .69x3.. | «72257 | 16 
17 | 45 | .65276 | .75756 || .66588 | «74606 || .6788 | «73432 || 69151 | .72236 | 15 
37 | 46 | .65298 | .75738 || .6661 | .74586 || .67901 | -73413 || -69172 | .72216 | 14 

17 | 47 | .6532 | «75719 || -66632 | .74567 || .67923 | -73393 || -69193 | «72196 | 13 
18 | 48 | .65342 | -757_ || 66653 | .74548 || .67944 | -73373 || 69214 | :72176 | 12 
18 | 49 | .65304 | +7568 || 66675 | .74528 || .67965 | .73353 || -69235 | -72156 | 11 
18 | 50 | .65386 | .7566x || .66697 | .74509 || .67987 | 73333 || -69256 | -72136 | x0 
1g | 51 | .65408 | .75642 || .66718 | .74489 || .68008 | .73314 || 69277 | -72116} 19 

19 | 52 | 6543 | -75623 || 6674 | 7447 || .68029 | .73294 || .69298 | -72095 | 8 
19 | 53 | «65452 | -75604 || .66762 | .7445r || .6805x | .73274 || -69319 | 72075 | 7 
20 | 54 | .65474 | .75585 || 66783 | .74431 || .68072 | .73254 ||.6934 | -72055 | 6 
20 | 55 | -65496 | «75566 || .66805 | .74412 || .68093 | .73234 || -6936r | -72035 | 5 
2x | 56 | .65518 | .75547 || 66827 | «74392 || .68x15 | «73275 || .69382 | .72015 | 4 
21 | 57 | .6554 | «75528 || .66848 | .74373 || .68136 | «73195 || 69403 | .71995 | 3 
21 | 58 | .65562 | .75509 || .6687 | 74353 || 68157 | -73175 || 69424 | .71974 | 2 
22 | 59 | 65584 | .7549 || .6689x | .74334 || 68179 | «73155 || .69445 | -71054 | = 
22 | 60 | .65606 | .75472 || .6691r3 | .74314 || .682 -73135 || 69466 | .71934 | oO 

N. cos. | N.sine.|; N.icos. | N.sine. || N. cos. | N.sine. || N. cos. | N.sine.| 7” 

48° 47° 46° 

lo OH HHH NNHWWWWHHAAMN DAAANINN cc OOOO 



NATURAL SINES AND COSINES. $ _ 
ag 23 || 23 ag 
o& {e) oh ob fe) S 

£E a EE | 22 400 23 
Ir a N. sine. N. cos. 19 aa % N. sine. N. cos. 9 

° © | .69466 | .71934 | 60 | x9 Ir} 31 | .7orr2 | .71305 | 29 | 9 
° r | .69487 | .71914 | 59 | 19 12)!" 32" |7oxg2. <s7resa) f28". |), 6 
I 2 |) .69508 | «71894 [1 58} 28 4) 12 | 33 | «70153. .71264 | 271}. 9 
r | 3 | -69529 | -71873,| 57 | 28 || 22 | 134 | .70r74 | .7x243 | 26 | 8 
I 4 | .69549 | -71853 | 56 |. 18 13>, -35,-: 791956 1.573223) |. 25. peo 
2 5.4. «6057 -71833, | 55 | 17 13° | 36 | .7o0215 .71203 | 24 | 8 
2 6 | .6950r | -71813 | 54°) 17 14°37" | 70236" (7 r182 |}. 23°" 7 
3 7 | .69612' | .71792') 53°] 17 I "¥4°'| 38°] 70257 W.7rt62 | 22°] 7 
3 8 | 169633] -71772 | 52'| 16 14 | 39 | -:70277 |° «71141 | 2m] 7 
3 9 | -69654 | .71752 | 5x] 16 15 | 40 | .7o298 | .71121 | 20 | 6 
4 | 10 | .69675 | »71732 | 50 |, 16 15. }..4m | --70319) |, -71r 19 | 6 
4 |iixx | .69696° 1 371711" |) 49.) °26 15 |. 42. | -70339 | .7108 1376 
4 jor12 | .6g7Egeiiiizx6ornl) 48 |) e285 167} 437 /< +7030 “71059 | 17 | 5 

5 | 13 ,| -69737 | -71671 | 47°] °15 || 16 | 44 | .7038r | .71039 | 16 | 5 
5 | 14 | .69758 | .7165 46 | 15 17 | 45 | \-7o4or | .7r0rg | 25! | 5 

© | x5 | -69779 | -7263 | 45 | 14 || 17 | 46 | .70422 | -70998 | x4 | 4 
6 | 16 | .698 +7101 44 | 14 17/1 47 |~-70443) }.70978 | 13 | 4 

6 | 17 | -6982r | «7159 | 43 | 14 || 18°) 48 | .70463 | 1.70957 | 12 | 4 
7 | 18 | .69842 | .71569.| 42 |. 13 18 | 49 | --70484,.]..70937 | 1m |.13 
7 | 19 | -69862 | .71549 | 4x | 133 18 | 50. | .70505 | «70910 | 10 |, 3 
7 | 20 | -69883 | .71529 | 4o | 13 || 19 | 51 | -70525 | «70896 | 9 | 3 
8 | 2x | .69904 |-.71508 | 39 | ‘x2! |} rg | 52 | .70546 | .70875 8 [3 
8 | 22 |-.69925°| .71488)|' 38 | 12 19’ |) 53. | °-70567 | -70855 72 
8, |. 23 | .69946. | .71468 | 37 | x2.||. 20 | 54 | /.70587,] .70834 6 | 2 
9 | 24 | -69966 | .71447 | 36 | x1 20 | 55 | .70008 | .70813 5) 2 
9 | 25 -69987 | -71427 | 35 | x1 21 56 «70628 *7°793 4 bs 

ro | 26 | .70008° | .71407°'| 34°] x11 2x | 57 | -70649 | 70772 3° '! 
ro | 27 | ,7oo2zg | «71386 |' 33 | x0 ar| 58°] .7067 +70752 oR Ue: 
Io | 28 | .70049 | .71366 | 32) | 10 |} 22 | 59° |. 27069 +7973 nt so 
IZ | 29° |) +7007); | +71345) |}: gr | 10 |}, 22 | 60 |. "7o71X |. ..707E1 o |.0 
It,.| |30,|. -70091 |}. .71325, | 30 |. 10 ‘ 

N. cos, N. sine. a N.cos. | N. sine. 4 

459° 45° 

Preceding Table contains Natural Sine and Cosine for every minute 
of the Quadrant to Radius 1. 

If Degrees are taken at head of columns, Minutes, Sine, and Cosine must 
be taken from head also; and if they are taken at foot of column, Minutes, 
etc., must be taken from foot also. 

ILLUSTRATION, —.3173 i8 Sine of 18° 30’, and cosine of 71° 30’, 3173 3°; 71 3 

To Compute Sine or Cosine for Seconds. 

When Angle is less than 45°... RULE.—Ascertain sine or cosine of angle 
for degrees and minutes from Table; take difference between it and sine 
or cosine of angle next below it. Look for this difference or remainder,* 
if Sine is required, at head of column of Proportional Parts, on left side; 
and if Cosine is required, at head of column on right side; and in these 
respective columns, opposite to. number of seconds of angle in column, is 
number or correction in seconds to be added to Sine, or subtracted from 
Cosine of angle. ; 

ILLUSTRATION I.—What is sine of 8° 9’ 10’? 
Sine of 8° 9’, per Table =.141 77; 
Sine of 8° 10’, of =en142, 05; 

In left side column of proportional parts, under 28, and opposite to ro’, is 5, cor- 
rection for 10’, which, being added to .141 77 =. 141 82 Sine. 

} .000 28 difference. 

* The table in some instances will give a unit too much, but this, in general, is of little importance. 
L * 
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402 NATURAL SINES AND COSINES. 

2,—What is cosine of 8° 9’ 10? 
Cosine of 8° 9’, per Table =.989 ei} difference: 

Cosine of 8° 10’, ** -. =.99986;5 “°° iffer i 

In right-side column of proportional parts, ander 4, and opposite to 10’, is 1, the 

correction for x0’, which, being subtracted from .989 go = .989 89 cosine. 

When Angle exceeds 45°. Ruve.—Ascertain sine or cosine for angle in 

degrees and minutes from ‘Table, taking degrees at the foot of it; then take 

difference between it and sine or cosine of angle next aboye it. Look for re- 

mainder, if Sine is required, at head of column of Proportional Parts, on right 

side; and if Cosine is required, at head of column on left side; and in these 

respective columns, opposite to seconds of angle, is number. or correction in 

seconds to be added to Sine, or subtracted from Cosine of angle. 

ILLUSTRATION.—What is the Sine and Cosine of 81° 50” 50”? 

ine of 81° 50’, per Table = .989 86; : 
Sine of 81° ri TE ie pi 46 ; -c0004 difference. 

In right-side column of proportional parts, and opposite to 50’, is 3, which, added 

to .989 86 = .989 89 Sine. 
Cosine of 81° 50’, per Table =.14205; 
Cosine of 81° 51’, 6 —=.E4E 77s) 

In left-side column’ of proportional parts, and opposite to 50’, is 24, which, sub- * 

tracted from .14205 =.141 81 Cosine. 

.000 25 difference. 

To Ascertain or Compute Number of Degrees, Minutes, 
and Seconds of a given Sine or Cosine. 

When Sine is given. Rute.—If given sine is in Table, the degrees of it 
will be at top or bottom of page, and minutes in marginal column, at left or 
right side, according as sine corresponds to an angle less or greater than 45°. 

If given sine is not in Table, take sine in Table which is next /ess than the 
one for which degrees, etc., are required, and note degrees, ete., for it. Sub- 
tract this sine from next greater tabular sine, and also from given sine. 

Then, as tabular difference is to difference between given sine and tabu- 
lar sine, so is 60 seconds to seconds for sine given. 
ExampPLr.—What are the degrees, minutes, and seconds for sine of .75? 

Next less sine is .749 92, are for which ts 48° 35’. Next greater sine is .75011, 
difference between wwikich and next less is .75011 —.74992=.00019. Difference be- 
tween less tabular sine and one given ts .75 —.74992 = 8. 

Then. 19: 8 ::60: 25+, which, added to 48° 35’ = 48° 35’ 25’”. 

When Cosine is given. Rute.—If given cosine is found in Table, degrees 
of it will be found as in manner specified when sine is given. 

If given cosine is not in Table, take cosine in Table which is next greater 
than one for which degrees, ete., are required, and note degrees, etc., for it. 
Subtract this cosine from next Jess tabular cosine, and also from given cosine. 

Then, as tabular difference is to difference between given cosine and tabu- 
lar cosine, so is 60 seconds to seconds for cosine given. 
Exampie.—What are the degrees, minutes, and seconds for cosine of .75? 

Next greater cosine is .750 11, are for which is 419 24’. Next less cosine is .749 92, 
difference between which and next greater ts .75011 —.74992—=.00019. Difference 
between greater tabular cosine and one given ts .750 11 —.75000 = 11. 

Then 19 : rr :1 60:35 —, Which, added to 41° 24” = 419 24’ 35”. 

To Compute Versed Sine of an Angle. 

Subtract cosine of angle from 1. 
ILLUSTRATION. —What is the versed sine of 21° 307? 

Cosine of 21° 30! is .930 42, which, —1 =.069 58 versed sine. 

To Compute Co-versed Sine of an Angle. 

Subtract sine of angle from x. 
ILLUSTRATION. —What is the co-versed sine of 21° 30’? 

The sine of 21° 30’ is .3665, which, —1: = .6335 co-versed sine. 
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NATURAL SECANTS. AND CO-SECANTS, 403 

Natural Secants and Co-secants. . 
0° LOreaena go go 

’ | Secanr. | Co-secant. || Secant. | Co-szo’r.|} Secanr. | Co-sec’r.|| Secant. | Co-sec’r.| ” 

o|tr Infinite.’ ||; 1.0001 | 57-299 || 1.0006 | 28.654 || 1.0014 | 19.107 | 60 
ge} x 3437-7 .O00L 6.359 «0006 8.417 +004 9.002 | 59 
Bali x 1718.9 +0002 | 5.45 .0006 | 8.184 -oo14 | 8.897 | 58 

3 |r 145-9 ooo2 | 4.57 +0006 | 7:955 || -cor4 | 8.794 | 57 
4°| 1 859.44 e002 3.718 -0006 7273 +0014 8.692 | 56 
5 |x 687.55 I.0002 | 52.891 || 1.0007 | 27-508 || r.0cor4 | 18.591 | 55 
6]x 572-960 0002 | 2.09 +0007 | 7:29 +0015 8.491 | 54 
7 | x 491-11 0002 1.313 -0007 7-075 -O015 81393 | 83. 
8 |x 29:72 e002 | 0558 40007 | 6.864 -OOI5 8.295 | 52 
9|r 381-97 0002 | 49.826 +0007 | 6.655 -OO15 8.198 | 51 

10 |r 343-77 1.0002 | 49.114 || 1.0007 | 26.45 1.0015 | 18.103 | 50 
ir]. 12.52 ooo2 | 8.422 :0007 | »6.249 -OO15 8.008 | 49 
12] ° 286.48 0002 | 7:75 .0007 | 6.05 -00r6 | 7.914 | 48 
135 |) x 64.44 0002 7.09 -©007 5.854 -0016 7-821 | 47 
be 45°55 0002 6.46 .0008 5.661 .0016 7:73 46 
5 |r 229.18 1.0002 | 45.84 1.0008 | 25.471 I.c016 | 17.639 | 45 
16 | x 14.86 10002 | 5.237 .0008 | 5.284 -0016 | 7-549 | 44 
Igy| x 02.22 -0002 | 4.65 +0008 | 5.1 -0016 7-40 43 
13] 190.99 +0002 4.077 -0008 4:918 0017 7-372 | 42 
19 |r 80.73 +0003 | 3.52 +0008 | 4/739 0017 7-285 | 4x 
20 |1 171.89 1.0003 | 42.976 1.0008 | 24.562 || 1.0017 | 17-198 | 40 
ar |r 63-7 +0003 2.445 -0008 | 4.358 «0017 7-113 | 39 
22 | 1 56.26 ,0003 | 1,928 +0008 | 4.216 -OO17 7.028 | 38 
23 | 1 49-47 +9003 |- 1.423 OOOO it. 44047, 0017 6.944 | 37 
24 | x 43-24 -0003 | 40.93 ,0009 | 3.88 -0018 6.861 | 36 
25 | 1 137-51 1.0003 | 40.448 || 1.0009 | 23.716 || 1.0018 | 16.779 | 35 
26/1 32.22 -0003 | 39.978 +0009 | 3-553 0018 6.698 | 34 
27\ % 27-32 +0003 | 9.518 +0009 3-393 -0018 6.617 | 33 
28 | x 22.78 +0003 |. 9.069 ,0009 | 3-235 0018 | 6.538 | 32 
29 | 1 18.54 .0003 | 8.631 +0009 | 3.079 -0018 6.459 | 31 
30 | x 114-59 1.0003 | 38.201 || 1.0009 | 22.925 || 1.0019 | 16.38 30 
an |i x 10.9 +0003 7.782 +OO1 2.774 0019 6,303 | 2 
<r. £ 07-43 +0003 7.371 O01 2.624 +0019 6.226 38 
3a. | % 04.17 -0004 | 6,969 O01 2.470 .oo19 | 6,15 | 27 
34 | 1 O11 -0004 | 6,576 O01 2.33 .oo1g | 6,075 | 26 
ae iy 98.223 || 1.0004 | 36.191 || 1,001 | 22.186 || 1.0019 | 16 25 
36 | x 5.495 .0004 | 5.814 -OOL 2.044 +002 5.926 | 24 
37 | x 2.914 +0004 | 5.445 -OOI 1.904 002 5.853 | 23 
38 | 1.0001 2.409 .0004 | 5.084 -OOI 1.765 +002 5.78 | 22 
39 ,OOOL 88.149 +0004 4-729 -OOLL 1.629 .002 5.708 | ax 
40 | 1.0001 85.940 || 1.0004 | 34.382 || 1.0011 | 21.494 || 1.002 15.637 | 20 
41 | .ooor 3.849 +0004 | 4.042 -OOIL 1.30 0021 5.506 | 19 
42 | .ooor 1.853 +0004 3.708 ,OO1I 1.228 .002T 5.496 | 18 
43 | .0oor 79:95 +0004 | 3-381 -OO1L 1.098 0021 5.427 | 17 
44 | .ooo1 8.133 +0004 | 3. -OOII | 20.97 0021 5.358 | 16 
45 | 1.0001 76.396 1.0005 | 32-745 r.oorr | 20.843 1.0021 | 15.29 15 
46 .OOOT 4-736 0005 2.437 s0012 | 0.717 +0022 5.222 | 14 
47 | .0oor 3.146 0005 | 2,134 :0012 | 0.593 .0022 5-155 | 13 
48 | coor 1.622 0005 | 1.836 -0012 | 0.471 0022 5.089 | 12 
49 | .0oor 1.16 0005 | 1.544 .0012 | 0.35 0022 5.023 | 12 
50 | r.000r | | 68.757 || 1.0005 | 31.257 || 1.0012 | 20.23 1.0022 | 14.958 | 10 
51 | .ooor | } 7.409 0005 | 30.976 .0012 | 0.112 0023 | 4.893 Q 
52 | .ooor 6.113 0005 | (0.699 ,00r2 | 19.995 0023 | 4.829 
53 -OOOL 4.866 0005 | 0.428 -0013 | 9.88 .0023 4-765 7 
54 | .0oor 3.664 -0005 | 0.161 .0013 | 9.766 0023 4.7o2 | 6 
55 | 1-000r 62.507 || 1.0005 | 29.899 || x:0013 | 19.653 || 1.0023 | 14.64 5 
56 | .coor 1.391 +0006 | 9.641 -0013 | 9.541 .0024 | 4.578 | 4 
57 | .oo0or 1.314 «0006 9-388 +0013 | 9.431 +0024 4.517 3 
58 | .ooor 59.274 0006 | 9.139 +0013 | 9-322 .0024 | 4.456 | 2 
‘59 | .c0oz 8.27 0006 | 8.894 ,0013 | 9-214 +0024 | 4.395 | 1 
60 | 1.0005 57+299 || 1.0006 | 28.654 || 1.0014 | 19.107 || 1.0024 | 14.335 |\ 0 

’ | Co-sze’r.|. Szoant. || Co-sxc’r.| Secant. || Co-sxc’r.| Szcant. || Co-sac’r.| Skcant, | ” 
89° 88° 87° 86° 



— 
NATURAL SECANTS AND CO-SECANTS. 404 

40 pen Be 6° 7 
* | Secant. | Co-sEo’r.| Szcant. | Co-sec’r. || SECANT. | Co-sEc’r. Szcant. | Co-szc’r.| ” 

© | 1.0024 | 14.335 || 1.0038 | 11.474 1.0055 g-5668 || 1.0075 | 8.2055 | 60 
I +0025 4-276 || .0038 1.436 +0055 +5404 +0075 -1861 | 59 
2 +0025 | 4-217 +0039 | 1.398 +0056 | «5141 +0076 | .1668 | 58 
3 .0025 | 4-159 +0039 | 1.36 -0056 |. .488 +0076 | .1476.| 5% 
4 | .0025 | 4.101 || .0039 | 1.323 -0056 | .462 ||} .0076| .1285.| 56 
5 | 1.0025 | 14.043 || 1.0039 | 11.286 1.0057 | 9.4362 || 1.0077 | 8.1094 | 55 
6 .0026 3.986 «004 1.249 +0057 «4105 +0077 +0905 | 54 
7 +0026 | 3.93 +004 4,213 -0057 |» .385 +0078 | .0717 | 53 
8 -0026 3-874 +004 1.176 -0057 |. -3596 || «0078 -0529 | 52 
9 +0026 3.818 -004 1.14 0058 «3343 -0078 -0342.| 51 

Io | 1.0026 | 13.763 || 1.0041 | 11.104 1.0058 | 9.3092 || 1.0079 | 8.0156.| 50 
Ir -0027 3.708 +0041 1.069 -0058 -2842 -0079 | 7-9971 | 49 
12 +0027 3-654 +0041 1.033 || 0059 +2593 0079 | *.9787'| 48 
13 | ,-0027 | 3.6 -0041 | 0.988 +0059 | ~-2346 +9604: | 47 
14 .0027 3-547 +0042 | 0.963 +0059 +21 008 -9421.| 46 
15 | 1.0027 | 13.494 || 1.0042 | 10.929 1.006 |-9.1855 || 1-008 | 7.924 45 
16 | .0028 | 3.441 -0042 | 0.894 -006 -1612 0081 -9059 | 44 
17 +0028 3.389 -0043 | 0.86 +006 137 0081 -8879: | 43 
18 .0028 35337 +0043 0.826 .0061 +1129 0082 87 42 
19 | .0028 3.286 +0043 | 0.792 -0061 -089 0082 | .8522 | 4x 
20 | 1.0029 | 13-235 || 1-0043 | 10.758 1.0061 | 9.0651 || 1.0082 | 7.8344 | 40 

21 +0029 3.184 +0044 0.725 -0062 -O414 0083 -8168 | 39 
22 +0029 3.134 +0044 0.692 +0062 +0179 0083 +7992 | 38 
23 +0029 3.084 +0044 | 0.659 -0062 8.9944 0084 -7817 | 37 
24 +0029 3-034 +0044 0.626 -0063 | .9711 0084 -7642 | 36 
25 | 1.003 12,985 || 1.0045 | 10.593 1.0063 | 8.9479 || 1.0084 | 7.7469 | 35) 
26 +003 2.937 +0045 | 0.561 +0063 -9248 0085 | -7296' | 34 
27 +003 2.888 +0045 | 0.529 -0064 -go18 0085 +7124 | 33 
28 | .003 2.84 -0046 | 0.497 -0064 | .879 0085 | .6953' | 32 
29 +0031 |, 2.793 -0046 | 0.465 +0064 -8563 0086 -6783 | 32 
30 | x.003r | 12.745 || 1.0046 | 10.433 1.0065 | 8.8337 || 1.0086 | 7.6613 | 30 
31 +0031 2.698 .0046 | 0.402 -0065 8112 0087 | .6444 | 29 
32 -0031 2.652 -0047 0.371 +0065 +7888 0087 -6276 | 28 
33 .0032 | 2.606 -0047 | 0.34 -0066 | .7665 oc87 | .6108 | 27 
34 +0032 2.56 +0047 0.309 -0066 +7444 0083 +5942 | 26 
35 | 1.0032 | 12.514 || r.0048 | 10.278 1.0066 | 8.7223 || 1.0088 | 7.5776 | 25 
36 +0032 2.469 -0048 | 0.248 0067 +7004 0089 | «5611 | 24 
37 0032 2.424 :0048 | 0.217 -0067 | .6786 0089 | .5446 | 23 
38 0033 2.379 .0048 | 0.187 -0067 6569 0089 -5282 | 22 

39 | -0033 | 2.335 || .0049 | 0.157 0068 | .6353 009 5119 | 23 
40 | 1.0033 | 12.291 || 1.0049 | 10.127 1.0068 | 8.6138 || 1.009 | 7.4957 | 20 

41 10033 2.248 10049 0.098 .0068 5924 009 4795 | 19 
42 +0034 2.204 -005 0.068 -0069 5711 Oogt -4634 | 28 

43 | .0034 | 2.16x +005 £3039 +0069 5499 QOOl | +4474 | BE 
44 +0034 2.118 +005 0.01 -0069 +5289 oo0g2 +4315 | 16 
45 | 1.0034 | 12.076 || 1.005 9.9812 || 1.007 8.5079 || 1.0092 | 7.4156 | 15 
46 | .0035 |. 2.034 -O051 -9525 007 4871 oog2 | «3998 | 14 
47 +0035 1.992 -0051 +9239 007 -4663 0093 384. 13 

48 | +0035 | 1-95 +0051 +8955 +007I | «4457 0093 | .3683 | x2 
49 0035 1.909 .0052 -8672 .0071 +4251 0094 +3527 | 11 
50 | 1.0036 | 11.868 || 1.0052 9. 8391 1.007r | 8.4046 || 1.0094 7:3372 | 10 
51 -0036 1.828 +0052 -8r12 -0072 +3843 0094 +3217 9 
52 0036 1.787 +0053 7834 +0072 +3640 0095 3063 8 
53 0036 | 1.747 +0053 +7558 0073 | +3439 0095 | «2909 | 7 
54 | 0037 | 1.707 || .0053 -7283 || .0073 | .3238 0096 | .2757 | 6 
55 | 1.0037 | rr.668 || 1.0053 | 9.701 1.0073 | 8.3039 || 1.0096 | 7.2604 5 
56 0037 1.628 +0054 -6739 +0074 | .2840 0097 +2453 4 
57 | -0037 | 1.589 || .0054 +6469 0074 | .2642 || .0097 | .2302 | 3 
58 0038 1.55 +0054 62 0074 2446 0097 | .2152 2 
59 0038 | 1.512 +0055 +5933 +0075 225 0098 | .2002 | x 
60 | 1.0038 | 11.474 |] 1.0055 9.5668 |} 1.0075 | 8.2055 0098 | 7.1853 ° 

* |Co-szc’r.| Skcann. || Co-sze’r.| Sxcant. || Co-sec’r.| Scant. || Co-szc’r.| Sucanr. ae 
85° 84° 83° 82° 
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NATURAL SECANTS AND CO-SECANTS. 

go “99 ques 11° 
Srcant. | Co-szc’r.|| Szcanr. | Co-sgc’r.|| Secant. | Co-szo’r.|| Secanr, | Co-suc’r.| % 

1.0098 | 7.1853 || 1.0125 | 6.3924 || 1.0154 | .5:7588 || 1.0187 | 5.2408 | 60 
0099 +1704 +0125 +3807 +0155 +7493 -0188 5233 
0099 | © 1557 +0125 +369 +0155 +7398 -o188 +2252 | 5 
0099 +1409 || » .0r26 +3574 +0156 | +7304 ,o189 | 42174 | 57 
or -1263 +0126 +3458 +0156 +721 .0189 +2097 | 56 

1.0L 7.1127 || ‘1.0127 | 6.3343 || 1.0157 | 5.7127 || 1-019 52019 | 55 
OI1or +0972 || «0127 +3228 20157 +7023 +OIQI +1942 | 54 
OIror ,082 +0128 +3113 -0158 +693 sOIQI »1865 | 53 
O102 -0683 +0128 +2999 -0158 +6838 -O192 +1788 | 52 
O102 +0539 +0129 -2885 +0159 6745 +0192 +1712 | 5x 

1.0102 | 7:0396'|| 1.0129 | 6.2772 || 1.0159 | 5-6653 || 1.0193 | 5.1636 | 50 
0103 10254 +013 -2659 || .016 +6561 +0193 +156 49 
103 -OLI2 :013 -2540 -016 :647 +0104 -1484 | 48 
o104 | 6.9971 ,O131 +2434 -o161 +6379 +0195 +1409 | 47 
oO104 -983 +OI31 +2322 +0162 +6288 +0195 +1333 | 46 

r.0104 | 6.969 1.0132 | 6.2217 1.0162 | 5.6197 r.0196 | 5.1258 | 45 
O105 955 +0132 +21 +0163 6107 -0196 -1183 | 44 
O105 -Q411 +0133 -199 0163 -6017 +0197 -Ir09 | 43 
o106 +9273 +0133 +188 0164 +5928 0198 +1034 | 42 
0106 -9135 0134 1177 .0164 +5838 0198 .096 | 4x 

z.0107 | 6.8998 || 1-0134 | 6.1662 || 1.0165 | 5.5749 || 1.0199 | 5.0886 | 4o 
O107 -8861 +0135 +1552 0165 +566 +0199 0812 | 39 
O107 .8725 +0135 +1443 +0166 +5572 +02 10739 | 38 
0108 -8589 -0136 +1335 -0166 +5484 -0201 -0666 | 37 
o108 8454 +0136 +1227 .0167 +5390 .0201 -0593 | 36 

1.0109 | 6.832 1.0136 | 6.112 1.0167 | 5.5308 || 1.0202 | 5.052 | 35 
o109 -8185 +0137 +1013 -0168 +5221 +0202 +0447 | 34 
orr 8052 +0137 0906 +0169 5134 +0203 +0375 | 33 
o1r -7919 0138 +08 0169 +5047 +0204 -0302 | 32 
OIIr =7787 -0138 .0694 +017 +490 +0204 +023 | 31 

u.orrr | 6:7655 |] 1-0139 | 6.0588 || 1.017 5.4874 || 1.0205 | 5.0158 | 30 

OI1L °7523 || } 0139 -0483 :O171 +4788 0205 .0087 | 29 
Or112 +7392 -O14 +0379 -O171 +4702 +0206 +0015 | 28 
O12 7262 1014 +0274 -O172 +4017 +0207 | 4.9944 | 27 
O113 +7132 sOI14I || © .017 -O172 +4532 +0207 -9873 | 26 

1.0113 | 6.7003 || 1.0141 | 6.0066 || t.0173 | 5.4447 || 1.0208 | 4.9802 | 25 
O114 +6874 +0142 | 5.9963 10174 +4302 0208 +9732 | 24 
Or14 16745 +0142 +986 +0174 +4278 +0209 +9661 | 23 
O1I5 6617 +0143 -9758 +0175 +4194 1021 +9591 | 22 
O115 649 10143 9055 +0175 AIL 1021 +9521 | 2% 

1.0115 | 6.6363 || 1.0144 | 5.9554 || 1.0176 | 54026 || 1.0211 | 4.9452 | 20 
o116 .6237 .0144 +9452 -0176 13943 ,O211 -9382 | 19 
o116 6111 10145 +9351 .O177 +386 10212 +9313 | 18 
O117 5985 :O145 +925 0177 3777 +0213 +9243 | 17 
O17 586 -0146 | .915 0178 +3695 +0213 9175 | 16 

1.0118 | 6.5736 || 10146 | 5.9049 || 1.0179 | 5.3612 || 1.0214 | 4.9106 | 15 
o118 +5012 +O147 «895 +0179 +353 +0215 +9037 | 14 
or1g +5488 +0147 885 -018 +3449 0215 8969 | 13 
org +5305 -0148 8751 018 +3367 0216 .8901 | 12 
org +5243 +0148 8652 ,or8r +3286 .0216 .8833 | 11 

1.012 6.5121 1.0149 | 5.8554 || 1,018z | 5.3205 || 1.0217 | 4.8765 | 10 

o12 +4999 -O15 8456 .0182 +3124 ,0218 .8697 g 
o12r 4878 O15 8358 .0182 +3044 0218 -863 
O12 4757 so15r | + .8261 .0183 2903 -0219 -8563 | 7 
o122 -4637 sO151 8163 :0184 +2883 +022 -8496 |. 6 

10122 | 6.4527 || 1.0152 | 5.8067 || 1.0184 | 5.2803 1.022 4.8429 5 
0123 +4398 sO152 797 10185 12724 10221 .8362 4 
0123 4279 +0153 || 7874 || » 0185 +2045 0221 -8296 3 
o124 +416 .O153 +7778 -0186 +2506 10222 .8229 | 2 
O124 14042 ||» .O154 +7683 ||  .0186 2487 +0223 +8163 I 

1.0125 | 6.3924 || 1.0154 | 5.7588 || 1.0187 | 5.2408 1.0223 | 4.8097 ° 

€o-sro’r.| Scant. || Co-sec’r.| Sxcant. || Co-sxc’r.| Sxcant. || Co-sec’r.| Secanr. | ¢ 
81° 80° qe 78° 
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NATURAL SECANTS AND CO-SECANTS, 

12° 13° 14° 15> 
| Scan. | Co-szo’r.|| Smcant. | Co-sgo’r.|| Secant. | Co-szc’r. | Secant. | Co-szc’r.| % 

1.0223 | 4-8097 || 1.0263 | 4.4454 || 1-0306 | 4.1336 || 1-0353 | 3.8637 | 60 
+0224 -8032 +0264 +4398 +0307 +1287 +0353 «85905 | 5 
+0225 7906 0264 +4342 +0308 +1239 +0354 +8553 | 5) 
+0225 -79QOL 0265 -4287 -0308 -TIQI +0355 -8512 | 57 
+0226 +7835 0266 +4231 || .0309 +3144 -0356 | .847 | 56 

1.0226 | 4.777 1.0266 | 4.4176 || 1.031 4-1096 || 7.0357 | 3.8428 | 5s 
+0227 77! 0267 +4121 +0311 -1048 +0358 -8387 | 54 
+0228 -7641 0268 +4065 +0311 «1001 +0358 +8346 | 53 
+0228 7576 0268 +4011 +0312 +0953 +0359 -8304 | 52 
+0229 27512 0269 +3956 +0313 «0906 -036 8263 | 51 

1.023 4.7448 || 1.027 4.3901 || 1.0314 | 4.0859 || 1.0361 | 3.8222 | 50 

+023 +7384 +0271 -3847 +0314 -0812 +0362 -8181 | 49 
+0231 1732 +0271 +3792 +0315 -0765 -0362 -814 48 
+0232 +7257 -0272 +3738 +0316 -0718 20363 -81 47 
10232 +7193 0273 -3084 +0317 -0672 +0364 -8059 | 46 

1.0233 | 4.713 1.0273 | 4.363 1.0317 | 4-0625 || 1.0365  3.80r8 | 45 
+0234 -7067 0274 -3576 -0318 +0579 -0366 -7978 | 44 
0234 7004 0275 +3522 +0319 +0532 -0367 :7937 | 43 
+0235 -6942 0276 +3469 +032 -0486 -0367 | .7897 | 42 
+0235 -6879 0276 +3415 +032 -044 -0368 | .7857 | 4x 

1.0236 | 4.6817 || 1.0277 | 14.3362 || 1.0321 | 4.0394 || 31-0369 | 3.7816 | 4o 

0237 6754 0278 +3309 +0322 +0348 ||  .037 +7776 | 39 
+0237 -6692 0278 +3256 +0323 -0302 +0371 7736 | 38 
+0238 -6631 0279 +3203 +0323 -0256 «0371 -7697 | 37 
+0239 -6569 028 +315 +0324 -O211 -0372 | .7657 | 36 

1.0239 | 4.6507 || 1.028 4.3098 || 1.0325 | 4.0165 || 1.0373 | 3.7617 | 35 
-024 -6446 o281 +3045 +0326 -O12 +0374 “7577 | 34 
+0241 -6385, 0282 +2993 +0327 -0074 +0375 7538 | 33 
+0241 -6324 0283 +2941 +0327 +0029 -0376 -7498 | 32 
+0242 6263 0283 +2888 +0328 | 3.9084 +0376 -7459 | 3 

¥.0243 | 4.6202 || 1.0284 | 4.2836 || x.0329 | 3.9939 || 1.0377 | 3.742 | 30 
+0243 6x42 0285 72785 +033 -9894 +0378 -738 29 
+0244 6081 0285 +2733 +033 -985, +0379 +7341 | 2 
+0245 6021 0286 +2081 +0331 -9805 +038 +7302 | 27 
+0245 5961 0287 +263 $0332 -976 -0381 7263 | 26 

1.0246 | 4.5901 1.0288 | 4.2579 || 1.0333 | 3-9716 || 1.0382 | 3.7204 | 25 
+0247 - 5841 0283 +2527 10334 -9672 -0382 7186 24 
+0247 -5782 0289 -2476 +0334 -9627 -0383 7147 | 23 
10248 +5722 029 +2425 +0335 +9583 -0384 7108 | 22 
+0249 -5663 o2g1 +2375 +0336 +9539 +0385 +707 21 

1.0249 | 4.5604 || r-o2gx | 4.2324 || 1.0337 | 13-9495 || 1.0386 | 3.7031 | 20 

+025 “5545 o2g2 | .2273 || .0338 | .o451 || -0387 | .6993 | 29 
+0251 -5486 0293 +2223 -0338 -9408 -0387 -6955 | 18 
+0251 -5428 0293 +2173 +0339 +9364 -0388 -6917 | 17 
+0252 -5369 0294 +2122 034 -932 0389 -6878 | 16 

1.0253 | 4.5311 1.0295 | 4.2072 || 1.0341 | 3.9277 || 1.039 3.684 15 
+0253 +5253 0296 +2022 +0341 -9234 +0391 -6802 | x4 
+0254 +5195 0296 +1972 +0342 +919 +0392 -6765 | 13 

60255 | +5137 0297 | +1923 || -0343 | 9147 || .0393 | .6727 | x2 
£0255 | .5079 0298 | .1873 ||, 0344 | .9104 || 0393 | 6689 | xx 

1.0256 | 4.5021 || 1.0299 | 4.1824 || 1.0345 | 3.9061 || 1.0394 | 3.665 | 10 
+0257 4964 0299 +1774 +0345 -go18 +0395 -6614 | 9 
0257 -4907 +03 +1725 0346 8976 +0396 -6576 | 8 
+0258 485 0301 +1676 -0347 8933 -0307 6539 | 7 
+0259 +4793 0302 +1627 -0348 -899 -0398 -6502 | 6 

1.026 4.4736 || 1.0302 | 4.1578 || 1.0349 | 3.8848 || x.0399 | 3.6464 | 5 
+026 -4679 +0303 +1529 +0349 +8805 +0399 -6427 4 
-0261 +4623 +0304 +1481 +035 -8763 +04 -639 es 
+0262 +4566 +0305 +1432 +0351 8721 +O401 +6353 2 
+0262 +451 0305 +1384 +0352 -8679 +0402 -6316 | x 
1.0263 | 4.4454 || 12-0306 | 4.1336 || 1.0353 | 3.8637 || 1.0403 3.6279 | 0 

Co-sec’r.| Srcant. || Co-sxe’r.| Secant. || Co-sec’r.| Srcant. || Co-sro’r.| Secant. | ” 

77° 76° 75° 749° 



NATURAL SECANTS AND CO-SECANTS. 407 — 
‘ 169°. 1792 18° 19° 

* | Secann, | Co-see’r. Scant. | Co-szc’r.|| Secanr. | Co-sze’r.|| Secant. | Co-sxo’r. 

0 | 1.0403 | 3.6279 || 1.0457 | 3.4203 ||| 1.0515 | 3.2361 || 1.0576 | 3.0715 
I +0404 -6243 -0458 +417 +0516 +2332 +0577 -069 
2 +0405 -6206 +0459 4138 +0517 +2303 +0578 0664 
3 +0400 -6169 -046 4106 +0518 +2274. +0579 0638 
4 | .0406 -6133 -0461 4073 :0519 +2245 +058 0612 
5 | 1.0407 | 3-6096 || 1.0461 | 3.4041 || 1.052 3.2216 || 1.0581 -| 3.0586 
6 -0408 -606 0462 -4009 -O521 2188 .0582 -05601 
7 0409 -6024 0463 +3977 +0522 +2159 10584 +0535 
8 +041 -5987 +0464 +3945 +0523 +2131 «0585, +0509 
9 -O411 -5951 0465 +3913 +0524 «2102 -0586 +0484 

10 | 1.0412 | 3.5915 || 1-0466°| 3.3881 || 1.0525 | 3.2074 || 1.0587.| 3.0458 
IL +0413 5879 -0467 3849 +0520 +2045 -0588 0433 
12 +0413 +5843 0468 -3817 +0527 +2017 -0589 «0407 
13 -O414 -5807 0469, 3785 0528 1989 +059 0382 
14°) -O415 +5772 OAT 3754 +0529 +196 +0591 0357 
15/| 1.0416 | 3.5736 || 1.0471 | 3.3722 1.053 3:1932° || 1-0592.| 3.0331 
16 -O417 By -0472 -369 +0531 +1904 +0593 0306 
17°} 20418 | .5665 0473 +3659 +0532 | +1876 0594 0281 
18} .0419 | «5629 || .0474 | .3627 || «0533 | .1848 0595 0256 
1g | -042 +5594 +0475 3590 0534 | .182 10590 0231 
20'| 1.042 3°5559 || 1-0476>| 3.3565 1.0535 | 3-1792|| 1.0598 | 3.0206 

2r -O421 +5523 0477 3534 +0536 +1764 +0599 -018r 
22 -0422 -5488 0478 3502 +0537 +1730 06 -0156 
23 +0423 +5453 0478 +3471 +0538 «1708 o601 -O131 
24 +0424 +5418 -0479 344 +0539 - 2681 0602 -0106 

25,| 1-0425 | 3.5383 || 1-048 | 393409 || 1.054 | 3.1653 |) 1.0603 | 3-008r 
26 -0426 +5348 -0481 £3378 +0541 -1625 -0604 -0056 
27 -0427 -5313 -0482 3347 +0542 +1598 -0605 0031 
28 (0428 5279 0483 +3316 +0543 +157 -0606 -0007 
29 +0428 -5244 .0484 3286 +0544 +1543 .o607 | 2.9982 
30 | 1.0429 | 3.5209 1.0485 | 3.3255 1.0545 | 31515 1.0608 | 2.9957 

31 +043 5175 0486 «3224 +0546 +1488 0609 -9933 
32 +0431 +514 0487 +3194 +0547 1461 0611 +9908 
33 +0432 5106 0488 +3163 +0548 +1433 0612 «9884 
34>] 0433 +5072 0489 +3133 +0549 +1406 .0613 -9859 
35 | 10434 | 3-5037'|| 1-049 3+3102 || 1.055 3.1379 || 1:0614 | 2.9835 
36 +0435 = 5003 -O4QI +3072 -O551 +1352 .0615 981 
37 +0436 -4969 +0492 +3042 +0552 +1325 -0616 9786 
38 +0437 +4935 0493 3011 -0553 +1298 :0617 9762 
39 +0438 +4901 0494 2981 +0554 +1271 .0618 9738 
40 | 1.0438 | 3.4867 || 1-0495 | 3-295x || 1.0555 | 3-1244 || 1.0619 | 2.9713 

4i°| 0439 | - 4833 -0496 2921 0556 +1217 062 +9689 
42| +044 +4799 || -0497 289r || .0557 | «119 0622 | .9665 
43 10441 -4766 -0498 2861 +0558 +1163 0623 964% 

44'| .0442 | -4732 || -0499 | :283x || 0559 | +1237 || 10624 | 9617 
45 | 21-0443 | 3-4698°|| 1.05 3.2801 1.056 3.111 1,0625 | 2.9593 
46 10444 -4665 .O501 2772 -0561 1083 .0626 9509 
47 +0445 +4632 0502 2742 .0562 +1057 ,0627 +9545 
48 +0446 -4598 +0503 2712 +0363 +103 .0628 +952r 
49 10447 4565 20504 2683 +0505 » 1004 ,0629 +9497 
50'| 1-0448 | 3.4532) || 1.0505 | 3.2653 || 1.0566°| 3.0977 || 1.063 2.9474 

5I +0448 4498 0506 -2624 10567 +0951 0632 +945 
52] +0449 | .4405 || +0507 | «2594 || +0568 | .0925 || +0633 | -9426 
53 +045 +4432 0508 2565 -0569 .0898 +0634 +9402 
54 | :045r | +4399 0509 | +2535 || .057 .0872 || +0635 | +9379 
55 | 1.0452 | 3.4366 || 1.051 3-2506 |] 1.0571 | 3.0846 || 1.0636 | 2.9355 

56 | -0453 4334 O51r | +2477 +0572 | -082 +0637 | -9332 
57 | +0454 | -430r 0512 | «2448 || +0573 | «0793 || +0638 | -9308 
58 | .0455 4268 10513 | .2419 -0574 | .0767 -0639 | .9285 
59 | :0450 | 4236 0514 | .239 10575 | «074i || 0641 | .ga6x 
60 | 1.0457 | 3.4203 || 1.0515 | 3.2361" || 1-0576-| 3.0715 || 1.0642 | 2.9238 

¢ | Co-sko’r.| Scant. || Co-src’r.| Skcanr. || Co-szc’r.| Sxcant, || Co-sec’r.| Scant, 
i 739° 72° 71° 70° 

EFS ner a 



; 20° 

+ | Secawr. | Co-szo’r | 

o | 1.0642 | 2.9238 
I -0643 -Q215 

2| .0644 | -9x191 
3 | 0645 «9168. 

4 | -0646 | -9145 
5 | 1.0647 | 2.9122 
6 | 0648 -9098 

7 | -065 +9975 
8 | .0651 +9052 
9 .0652 «9029 

10 | 1.0653 | 2.9006 
It -0654 8983 
12 -0655 896 
13 -0656 8937 
14 -0658 8915 
15 | 1.0659 | 2.8892 
16 | .066 8869 
17 0661 -8846 
18 -0662 «8824 
19 | .0663 -8801 
20 | 1.0664 | 2.8778 
2 -0666 +8756 
22 .0667 .8733 
23 -0668 8711 
24 | .0669 -8688 
25 | 1.067 2.8666 
26 .0671 8644 
27 -0673 -862% 
28 £0674 -8509 

29 | .0675 | .8577 
30 | 1.0676 | 2.8554 

31 -0677 8532 
32 | .0678 851 
33 | 0679 8488 
34 .068r 8466 
35 | 1.0682 | 2.8444 
36 .0683 .8422 
37 0684 84 
38 .0685 +8378 
39 .0686 -8356 
40 | 1.0688 | 2.8334 

4X .0689 .8312 
42 | .069 -829 
43 | .069r 8269 
44 .0692 8247 
45 | 110694 | 2.8225 
46°| .0695 8204 
47.| -0696 8182 
48 | .0697 816 
49 | -0698 8139 
50°| 1.0699 | 2.8117 

SI -O701 8096 
52 | .o7o2 -8074 
53 | -0703 | -8053 
54 +0704 8032 
55 | 1.0705 | 2.801 
56 | +0707 | -7989 
57 | -0708 -7968 
58 | .0709 |. +7947 
5 1O7% +7925 
60 | 1.0711 | 2.7904 

’ | Co-sxe’r.| Sxcant. 

ta 

NATURAL SECANTS AND CO-SECANTS. 

69° 

Q1° 

Szcant. | Co-sec’r. 

1.0711 | 2.7904 
-0713 -7883 
.O7T4 -7862 
-O715 -7841 
.0716 -782 

1-0717 || 2-7799 
-O7T9 7778 

+072 7757 
+072 -7736 
Joyv22 |; -7715 

1.0723 | 2.7694 

+0725 | -7674 
+0726 -7653 
0727 -7632 
+0728 +7614 

1.0729 | 2.7591 
0731 757 
<O732 °755 
+0733 +7529 
+0734 | +7509 

1.0730 | 2.7488 

+0737 | -7468 
0738 | +7447 
+0739 7427 
1074 7406 

110742 | 2.7386 

£0743 | -7366 
+0744 | +7346 
+0745 -7325 
+0747 £7395 

1.0748 | 2.7285 

+0749 -7205, 

O75 °7245 
10751 +7225 
+0753 +7205 

1.0754 | 2.7185 
+0755 -7165 

+0750 “7345 
.0758 7125 
0759 +7105 

1.076 2.7085 

2.0761 7065 
+0763 £745 
10764 +7020 
0765 +7006 

1.0766 | 2.6986 
.0768 | -6967 
+0769 | +6047 
077, | +6927 
{0771 +6908 

1.0773 | 2.6888 
-O774 +6869 

.0775 | -6849 
0776 683 
0778 | .68r 

1.0779 | 2.6791 
-078 :6772 
.078r | «6752 
-0783 | -6733 
-0784 | +0714 

1.0785 | 2.6695 

Co-sEo’r.| SECANT. 

220° 23° 
Secant. ated Scant. | Co-szc’n.| / 

8 Ne} Ww toa un is) 52) oO os) i) x co Co wn ~ 

Ke] Se] fos} oN v wo Le} co. ) a nm be [8 OV wn I 

=) a4 N ion > 4 a oO + in) on iv) ies) Ge os wn 

0815 626 0895 5196 | 37 
0816 6242 é 5179 | 36 

1.0817. | 2.6223 || 1.0897 | 2-5163 :| 35 
0819 6205 || .0899 5146 | 34 
082 6186 || 09 5129 | 33 

0826 5 +0907 5045 | 28 
0828 6076 -0g9038 5028 | 27 
+0829 6058 ogi sorr | 26 

1.0837 | 2.5949 || 1.0918 | 2.4912 | 20 

0838 593% || -092 4895 | 19 
084 5913 -092I 4879 | 18 

H io) co + - N an co wn Wo} aM fe) Ke} n ists is) & foe} iS) Ne} 4 wn 

) S an y a XQ XQ Ld 8 Ww rs) is} > g > co Lal ° 

Co-sec’r.| Secant, || Co-szo’r. SECANT. | 

67°. 66°. 



0 ON AufhW YH O 

NATURAL SECANTS AND CO-SECANTS. 409 

M ou 

24° 25° 26° 270 
Secanr. | Co-sxc’r.||-Secanr. | Co-sec’r.|| Secanr, | Co-sze’r.|| Secinr, | Co-szc’r.| ¢ 

i 

1.0946 | 2.4586 || 1.1034 | 213662 || rerr26 | 22822 || 1.1223 | 2.2027 | 60 
* 0948 +457 +1035 +3647 +1127 +2798 +1225 +2014 | §9 
+0949 4554 +1037 +3632 1129 2784 +1226 +2002 | 58 
+095r | ~.4538 +1038 | (23618 s1I31 +2771 +1228 1989 | 57 
+0952 | -4522 +104 +3603 -1132 2757 || }.123 +1977 | 56 

1.0953 | 2.4506 || t-to4r | 2.3588 || x-1134 | 2/2744 || 1/1231 | 2.1964 | 55 

“955 449 || +1043 +3574 4135 +273 11233 -1952 | 54 
+0956 | '.4474 e044 +3559 +1137 #2727 1235 -1939 | 53 

: +0958 +4458 +1046 +3544 +1139 +2703 r237. +1927 | 52 
+0959 +4442 +1047 +353 +114 -269 +1238 1914 | 51 

1.0961 | 2.4426 || 1.1049 | 2.3515 1.1142 | 2.2676 1.124 2.1902 | 50 

+0962 | “.4411 +105 +3501 21143 +2663 +1242 +1889 | 49 
+0963 +4395 21052 +3486 «1145 +265 #1243 +1877 | 48 
+0965 +4379 +1053 ©3472 .1147 +2636 61245 +1865 | 47 
20966 +4303 +1055 +3457 21148 +2623 +1247 +1852 | 46 

1.0968 | 2.4347 || 1-1056 | 2:3443 || 2.175 2,261 1.1248 | 2.184" | 45 
-0969 4332 11058 +3428 +I151 2596 2125 -1828 | 44 
+0971 4316 +1059 +3414 +1153 2583 1252 | 1815 | 43 
+0972 “43 «1061 +3399 +1155 +257 +1253 -1803 | 42 
+0973 4285 +1062 +3385 +1156 2556 +1255 1791 | 4x 

1.0975 | 2.4269 || 1-064 | 2.3371 || 21-1158 | 2.2543 || 1-1257 | 2.1778 | 40 

-0976 4254 +1065 +3356 -1159 +253 +1258 -1766 | 39 
:0978 4238 -1067 +3342 +1161 2517 +126 1754 | 38 
+0979 4222 - 1068 +3328 +1163 +2503 +1262 +1742 | 37 
+0981 4207 107 +3313 +1164 +249 +1264 +173 36 

1.0982 | 2.4191 || 1.1072 | 2.3299 || x.2166 | 2.2477 || 1.1265 | 2.1717 | 35 
+0984 4176 1073 +3285 || “i1167 +2464 -1267 +1705 | 34 
-0985 +410 1075 +3271 +1169 +2451 1269 -1693 | 33 
-0986 +4145 1076 +3256 -II71 +2438 +127 -1681 | 32 
+0988 +413 1078 +3242 1172 2425 +1272 -1669 | 3x 

1.0989 | 2.4114 || 1/1079 | 2.3228 || 1.1174 | 2.2411 1.1274 | 2.1657 | 30 

“Ogg +4099 1081 «3214 1176 2398 +1275 -1645 | 2 
0992 +4083 +1082 232 1177 2385 +1277 +1633 28 
0994 4068 1084 +3186 +1179 2372 +1279 7162 | a7 
+0995 +4053 1085 3172 +118 +2359 1281 +1608 | 26 

1.0997 | 2.4037 || 1.1087 | 2.3158 || 1.1182 | 2.2346 || 1.1282 | 2.1596 | 25 
+0998 +4022 1088 3143 +1184 2333 +1284 +1534 | 24 
or +4007 109 3129 +1185 232 +1286 +1572 | 23 
+1001 +3992 +1092 3115 1187 2307 -1287 +156 | 22 
1003 3976 +1093 3101 -1189 2204 -1289 -1548 | 2x 

1.1004 | 2.3961 1.1095 | 2.3087 || 1.119 2.2282 || 1.1291 | 2.1536 | 20 

1005 +3946 1096 3073 sIIg2 2269 1293 +1525 | 19 
1007 +3031 .1098 +3059 +1193 2250 1294 +1513 | 18 

» 1008 +3910 +1099 #3046 +1195 2243 «1296 «1501 | 17 
+IOr +3901 IIOI +3032 «1197 223 +1298 -1489 | 16 
T.101r | 2.3886 || r.1102 | 2.3018 || 1.1198 | 2.2217 || 1-1299 }] 2.1477 | 15 
*I013 -3871 1104 3004 12 2204 +1301 +1465 | 14 
1014 -3856 1106 +209 +1202 2tg2 ||| +1303 +9453) || 29 
ro16 +3841 +1107 +2976 1203 2179 || +1305 +1441 | 12 
1017 3826 Ir0g +2962 +1205 2166 41306 2143 II 

Lrorg | 2.3811 1.111 212949 || 1.1207 | 2.2153 || 21-1308 | 2.1418 | ro 

+102 +3796 1112 2935 +1208 2141 +131 +1406 2 
1022 +3781 1113 2921 e121 2128 +1312 #1304 

+1023 3766 115 2907 +1212 2115 P2313 +4382) || 09 
1025 13751 1116 2894 +1213 2103 $1315 10372 || #6 

1.1026 | 2,3736 || 1.1118 | 2.288 mixr215 | 2.209 || 1.1317 | 21359 | -5 
1028 yen § «112 +2866 +1217 2077 +1319 +1347 4 
1029 +3700 sTI21 2853 1218 2065 +132 ©3335 .4" 33 
ro3r | .3691 1123 2839 +122 2052 +1322 WE324 |) 2 
1032 | .3677 1124 2835 || .1222 | +2039 1324 | .4312 | x 

1.1034 | 2,3662 |] x.1126 | 2.2812 || 1.1223 | 2.2027 1.1326 | 2.13 ° 

| Co-sgc’r.| Szcant, || Co-Sxo’r.| Smcanr. |} Co-szc’r.| Secant. || Co-sxc’r.| Sxcant. | ” 

65° 4 63° 620 



> 

410 NATURAL SECANTS AND CO-SECANTS, — 

28° 29° 30° s1° | 
4 Scant. | Co-szc’r.|| Secant. | Co-sze’r.|| Secant. | Co-szc’z.|| Scant, | Co-sec’r, a 

O-| q1g926 | 2.09 1.1433 | 2.0627 || 1.1547 | 2 1.1666 | 1.9416 | 60 
ie +1327 -1289 +1435 -0616 +1549 | 1-999 -1668 9407 | 59 
2 +1329 “1277 +1437 0605 +1551 +998 -167 -9397 | 58 
be +1331 - 1266 +1439 +0594 +1553 +997 -1672 +9388 | 57 
4 #5539 +1254 «1441 +0583 «1555 +996 -1674 -9378 | 56 
5 | 1.1334 | 2-1242 || 1.1443 | 2-0573 || 1.1557 | 1.995. || 1-167 | 2 9369 | 55 
6 +1330 +1231 +1445 -0562 +1559 +994 1678 +936 54 
7 1338 +1219 +1446 +0551 +1561 +993 +1681 -935 53 
8 +134 +1208 +1448 +054 +1562 -992 -1683 -9341 | 52 
9 +1341 +1196 +145 +053 «1564 | -.9Qt 1685, -9332 | 5x 

10 | 1.1343 | 2.1185 || 11452 | 2.0519 || 1.1566 | 1.99 1.1687 | 1.9322 | 50 
Ir 01345 »E173 *1454 +0508 -1568 -989 -1689 +9313 | 4 
12 1347 +1162 +1450 -0498 +157 -988 1691 +9304 | 4 
13 +1349 +115 +1458 .0487 +1572 -987 || .1693 +9205 | 47 
I4 +135 +1139 +1459 10476 +1574 +995 i “ 

15 | 1.1352 | 2.1127 || r.146r | 2.0466 || 1.1576 | 1-985. || 1.1697 | 1.9276 | 45 
16 +1354 1116 -1463 +0455 +1578 -984 |!) ..1699 -9267 | 44 
17 +1350 +1104 +1465 -0444 || 1158 -983 -1701 +9258 | 43 
18 +1357 +1093 +1467 +0434 .1582 -982 +1703 -9248 | 42 
19 +1359 +1082 -1469 +0423 +1584 «9811 +1705 -9239 | 4 
20 | 4.1361 | 2.107 1.4471 | 2.0413 || 1-1586 | 1-980r | 1-1707 | 1.923 40 

21 +1363 +1059 +1473 -0402 +1588 +9791 || .1709 -9221 | 3 
22 11365 +1048 +1474 +0392 +159 +9781 +1712 +9212 | 3 
23 +1366 +1036 +1470 +0381 +1592 -Q771 1714 +9203 | 37 
24 +1368 1025 +1478 -037 +1594 +9701 +1716 -9193 | 36 
25 | 1.137 2.1014 || 1.148 2.036 1.1596 | 1.9752 || 1.1718 | 1.9184 | 35 
26 +1372 «1002 1482 +0349 +1598 +9742 ange -9175 | 34 
2 +1373 +O9QI +1484 -0339 -16 +9732 +1722 -9166 | 33 
2 +1375 -098 -1486 | 0329 -1602 | -9722 +1724 | .9157 | 32 
29 | +1377 0969 -1488 -0318 +1604 -9713 +1726 -0148 | 32 
30 | 1.1379 | 2-0957 || 3.1489 | 2.0308 || z.1606 | 1.9703 

at +1381-| 0946 +1491 0207 «1608 -9603 +173 -Q13 2 
32 +1382 +0935 +1493 .0287 || .16r -9683 +1732 -QI2I 38 
33 21384 +0924 +1495 -0276 || .2612 +9674 +1734 -Q1I2 | 27 
34 -1386 -OQI2 +1497 +0266 . 
35 | 2-1388 | 2.0goxr || 1.1499 | 2.0256 || 1.1616 | 1.9654 || 1.1739 | 1.9003 | 25 

4 Lal a fy) is) " Ne) Lal at) re) w ° 

36 +139 -089 -I501 +0245 || .1618 +9645 +1741 -9084 | 24 

37 | +139" | -0879 || -1503 | .0235 || .162 -9635 || +1743 | -9075 | 23 
38 +1393 -0868 +1505 10224 -1622 +9625 +1745 -9066 | 22 
39 +1395 -0857 +1507 -O214 +1624 -9616 +1747 +9057 | 23 
40 | 1.1397 | 2.0846 || 1.1508 | 2.0204 |} 1.1626 | 1.9606 || 1.1749 

41 +1309 +0835 al51 +0194 -1628 +9596 +1751 :9039 | I 
42 +1401 -0824 +1512 +0183 163 -9587 +1753 +903 I 
43 +1402 -0812 +1514 +0173 -1632 +9577 +1756 -go2r | 17 
44 |. «1404 -o801 +1516 -0163 1634 -9508 -1758 -gor3 | 16 
45 | 11406 | 2.079 1.1518 | 2.0152 |} 1.1636 } 1.9558 || 1.176 5 
40 +1408 -0779 152 +O142 -1638 -9549 +1762 +8995 | 14 
47 +141 -0768 ~1522 0132 164 +9539 1764 -8986 | 13 
48 +1411 +0757 +1524 -O122 1642 +953 1766 .8977 | 12 
49 +1413 | 0746 61526 -OLII +1644 +952 4768 -8968 | 12 
50 | 1415 | 2.0735 || x-1528 | 2.oxox || 1.1646 | 1.951 1.377 

5I +1417 +0725 +153 +O0QI -1648 +9501 +1772 895 
52 +1419 -O714 +1531 +0081 165 +9401 1775 8941 
53 +1421 +0703 +1533 +0071 -1652 -9482 +2777 8932 
54 | . -1422 +0692 +1535 -0061 +1654 9473 -1779 8924 

H Ne} oO Bs o<) bd re) 

y Ne} 3 = ” on 

H co \O mo se} 
4 ° 

55 | 1-1424 | 2,0682 || 1.1537 | 2,005 1.1656 | 1.9463 || 1.1781 | 2.8915 
50 | ..1420 +067 || ..%539 | ~.004 +1658 +9454 +1783 -8906 
57 | +1428 | 0659 |] -ar54z | 003 166 29444 || ..2785 | .8897 
58 +143 -0648 +1543 +002 -1662 +9435 £787 .8883 
59 +1432 +0637 +1545 -OOr +1664 +9425 || _.179 -8879 
60 | 1.1433 | 2.0627 |] 1.1547 | 2. - |} 1.1666 | 1.9416 || 1.1792 | 1.887x 

| ON NWEMN AN COO | * | Co-sec’r.| Szcant, || Co-sec’r.| Srcanr. || Co-szc’r.! Secant. || Co-szo’r.| SECANT. 

61° | 60° 599 58° 



Boe ouswnno| > 

NATURAL SECANTS AND? CO-SECANTS. AIL 

320 330 34° 36° 
‘Scant. | Co-sne’r.||Szcant: | Co-sre’r.|) Szcanv. | Co-sno’r.|| Szoant. | Co-sre’r.| ” 

11792 | 1.8871 |} 1.1924 | 1.8362 || 12062 | 1.7883 || 1.2208 | 1.7434 | 60 
+1794 +8862 +1926 +8352 || s2064 «7875 (22% ‘7427 | 59 
+1790 | | -8853 || ‘. 1928 +8344 +2007 97867 || i223 +742 58 
+1798 -8844 +193 8336 +2069 786 (2215 “7443 | 57 
18 +8836 £1933 +8328 +2072 +7852 +2218 +7405 | 50 

x.1802 | 1.8827 || 1/1935 | 1.832 1.2074 | 117844 || r222! | 1.7398 | 55 
+1805 -8818 +1937 8311 2076 .7837 12223 -7391 | 54 
+1807 -8809 +1939 18303 +2079 ‘7829 +2225 -7384 | $3 
+1809 8801 +1942 +8295 +2081 +7821 +2228 -7377 | 52 
-18r1 8792 || -.1944 -8287 +2083 +7814 (223 +7309 | 5x 

1.1813 | 1.8783 || 1.1946 | 1/8279 || 1.2086 | 1.7806 || 1.2233 | 1.7362 | 50 
+1815 +8785 +1948 +8271 +2088 $7798 +2235 7355 | 49 
+1818 -8766 +1951 +8263 +2091 +7791 +2238 +7348 | 48 
+182 -8757 +1953 8255 +2093 +7783 +224 +7341 | 47 
11822 #8749 || 81955 +8246 +2095 +7776 12243 +7334 | 46 

r.1824 | 1.874 1.1958 | 1.8238 || 1.2098 | 1.7768 || 1.2245 | 1.7327 | 45 
+1826 8731 +196 +823 #21 779 +2248 7319 | 44 
»1828 +8723 ‘41962 .8222 42103 7753 +225 «7312 | 43 
+1831 +8734 11964 +8214 +2105 17745 +2253 +7305 | 42 
+1833 +8706 +1967 +8206 +2107 27738 +2255 -7298 | 41 

1.1835 | 1-8697 || 1.1969 | 1.8198 || 1.211 1.2258 | 1.7291 | 40 
$1837 -8688 +1971 819 2112 7723 226 7284 | 39 
+1839 868 +1974 18182 +2115 7715 +2263 7277 | 38 
«1841 | .8671 +1976 18174 +2117 -7708 +2265 +727 37 
61844 38663 +1978 .8166 || |.2219 177 +2208 +7263 | 36 

162122 1.227 1.7256 | 35 
+1848 18646 +1983 815 +2124 +7685 +2273 7249 | 34 
+185 -8637 +1985 8142 +2127 7678 .2276 +7242 | 33 
+1852 +8629 11987 +8134 +2129 767 +2278 ‘7234 | 32 
+1855 -862 1199 -8126 {2132 7663 +2281 ©7227 | 31 

1.1857 | 1.8611 || 1.1992 | 1.8118 || 1.2134 1.2283 | 1-722 30 
41859 8603 +1994 81x $2136 7648 +2286 (7213 | 2 
+1861 -8595 +1997 8102 42139 764 12288 +7206 | 2 
1863 -8586 +1999 8094 +214 $7633 +2291 +7199 | 27 
-1866 18578 42001 +8086 +2144 +7625 +2293 «7192 | 26 

7 N _ w 

4 m les} Bx OO. * co fen on fe H Ke) fo) 4 fo} 4 On co = ! Ov \O w 

Lal Ny aD un Ur 

1.1868 | 1.8569 || 1.2004 | 1.8078 || 1.2146 | 1.7618 || 2/2296 | 1.7185 | 25 
187 -8561 +2006 -807 «2149 +761 2298 «7198 | 24 
-1872 +8552 +2008 8062 +2151 -7603 +2301 +7171 | 23 
+1874 +8544 «201 -8054 +2153 +7590 +2304 7164 | 22 
.1877 +8535 +2013 8047 +2150 «7588 +2300 +757 | 2 

1.2158 142309 | 1.7151 | 20 
1881 -8519 :2017 28031 +2161 $7573 12311 “7144 | 19 
+1883 -851 +202 -8023 +2163 +7506 +2314 +7137 | 18 
+1886 -8502 +2022 8015 +2166 7559 +2310 +713 17 
+1888 -8493 +2024 £8007 +2168 +7551 +2319 +7123 | 16 

1.2171 1.2322 | 1.7116 | 15 
-1892 18477 +2029 +7992 14073 +7537 12324 +7109 | 14 
1894 +8468 +2031 +7984 12075 7529 +2327 -7to2 | 13 
+1897 1846 +2034 +7976 +2178 (7522 +2329 +7095 | 12 

».1899 18452 +2036 +7968 218 +7534 +2332 +7088 | Ir 

Lal 4 -) ~x No) cs) co Wn v x al y 9° I wn Lal fe) ° wo Ne} eS _ a [eo] ~ 

4 Lal eo ‘oO Lal co + Co oO m x ° N x H NN Oo \o ve} = yy nn > > 

turgor | 1.8443 1,2039 | 1.796 x.2183 | 1.7507 1.2335 1.7081 | TO 

7903 | » +8435 +2041 | +7953 2185 | °.75 +2337 | +7075 2 
+1906 | +8427 || .2043 | ».7945 || '-2188 | ~.7493 |] .234 +7068 
-1908 -8418 || .2046 £7937 +219 17485 +2342 +7061 7 
+191 -841 ) +2048 $7929 42193 +7478 +2345 +7054 | 6 

I.1g12 | 1.8402 || 1.205 w7g2r || 12195 | 167471 || 162348 | 1.7047 | 5 
eIQI5 +8394 42053 +7914 +2198 37463 $235 704 4 
=1Q17 +8385 +2055 +7900 +22 +7450 +2353 7033 3 
1919 -8377 ©2057 -7898 $2203 | .7449 #2355, | “«7o27 | "2 
+192 78369 +206 -7891 $2205 +7442 +2358 +702 I 

a1g22 | 1:8361 || r.2062 | 1.7883 || 1.2208 | 1.7434 || 1.2361 | 1.7013 | © 

~ Co-szc’".| Scant. || Co-sze’r,| Szcant, || Co-sro’r.| Smoann, || Co-seo’r.| Sxcanr. 

57° 56° 55° 54° 



412 NATURAL SECANTS 

36° 37° 
’ | Sgcant. | Co-sgo’r.|| Szcant. | Co-see’r 

o | 14.2361 | 1.7013 || z.2521 | 1.6616 
I +2363 «7006 +2524 661 
2| .2366 -6999 || .2527 -6603 
3 -2368 .6993 +253 +6597 
4 +2371 -6986 +2532 -6591 
+5 | 1.2374 | 116979 ||] 1.2535 | 1.6584 
6 +2376 76972 || -.2538 +6578 

7 | +2379 | +6965 || ..2541 | -6572 
8 «2382 +6959 62543 +6565 
9 02384 -6952 «2540 -6559 

zo | 1.2387 | 1.6945 || 1.2549 | 1.6552 

Ir +2389 +6938 +2552 -6546 
12 +2392 -6932 42554 -654 

13] +2395 | -6925 || ..2557 6533 
14 +2397 +6918 +256 -6527 
15 | 1.24 1.6912 || 1.2563 | 1.6521 
16 | .2403 -6905 +2505 -6514 
I «2405 -6898 +2508 +6508 
I +2408 +6891 «2571 6502 
19 s2ALE -6885 +2574 +6496 
20 | 1.2413 | 21-6878 || 1.2577 | 1.6489 

2 +2416 66871 +2579 +6483 
22 +2419 -6865 ~2582 -6477 
23 +2421 -6858 +2585 647 
24 +2424 6851 +2588 6464 
25 | 1.2427 | 1-6845 || 1.2591 | 1.6458 
26 | .2429 +6838 +2593 -6452 
27 +2432 ~6831 «2596 +6445 
28 +2435 «6825 +2599 +6439 
29 +2437 -6818 +2602 -6433 
30 | 1.244 1.6812 || 1.2605 | 1.6427 
31 -2443 -6805 42607 -642 
32 +2445 -6798 +261 -6414 
33 +2448 -6792 62613 +6408 
34 +2451 +6785 +2626 +6402 
35 | 1.2453 | 216779 || 1-2619 | 1.6306 
36 | «2456 +6772 ~2622 +6389 
37 +2459 +6766 2624 +6383 
38 «2401 -6759 -2627 +6377 
39 2464 +6752 +203 -6371 
40 | 1.2467 | 1.6746 |) 1.2633 | 1.6365 

41 247 +6739 || : «2636 | ..6359 
42 2472 -6733 +2639 «6352 
43 2475 -6726 +2641 +6346 
44 2478 -672 +2644 -634 
45 | 1.248 1.6713 || 1.2647 | 1.6334 
46 2483 -6707 +265 6328 
47 +2486 -67 +2653 +6322 
48 2488 6694 .2656 :6316 

49 | .249 +6687 || .2659 | .6309 
50 | 1.2494 | 1.6681 || 1.2661 | 1.6303 
51 2407 +6674 +2664 -6297 
52 2499 | 6668 +2667 +6291 
53 2502 6661 +267 16285 
54 2505 -6655 -2673 +6279 
55 | 31-2508 | 3.6648 || 1.2676 | 1.6273 
56 | sex +6642 2679 6267 
57 2513 -6636 »2081 -6261 
58 2510 | .6629 +2084 | -.6255 
59 2519 -6623 -2687 6249 
60 | 1.2521 | 1.6616 || 1.269, | 1.6243 

’ | Co-sge’r.| Szcanr. || Co-szo’r.| SECANT. 
53° 52° 

AND CO-SECANTS. 

38° 
Secant. | Go-sze’r. 

1.269 1.6243 
+2693 -6237 
-2696 +6231 
+2699 6224 
+2702 -6218 

162705 | 1.6212 
2707 -6206 
271 -62 
2713 -6194 
2710 +6188 

1e2719 | 3.6182 

2722 +6176 
2725 +617 
2728 +6164 
2731 +6159 

1.2734 | 1.6153 

2737 | -6147 
2739 -6141 
2742 6135 
2745 -6129 

1.2748 | 1.6123 

2751 +6117 
2754 <O111 
2757 +6105 
us Pd 

1.2763 | 1.6093 
2766 6087 
2769 6081 
2772 -6077 

2775 | +607 
1.2778 | 1.6064 

2781 +6058 
2784 +6052 
2787 6046 
279 604 

1.2793 | 1.6034 
+2795 6029 
+2798 6023 
+2801 «6017 
+2804 -6011 

1.2807 | 1.6005 

281 6 

+2813 | «590904 
2816 +5988 
2819 +5982 

1.2822 | 115976 
2825 +5971 
2828 +5905 

2831 | | .5959 
2834 | .5953 

1.2837 | 1.5047 

284 +5942 
2843 | 45936 
2846 | 593 
2849 | «5924 

1.2852 | 1.5919 
2855 | «5913 
2858 | .5907 
2861 +5901 
2864 +5896 

1.2867 | 1.589 

Co-sne’r.| Scant. 

51° 

>... ie 

39° 
Scant, | Co-szc’r. 

| 1:2867 | 1.589 
-2871 -5884 

2874 | .5879 
77 | +5873 

288 -5867 
1.2883 | 1.5862 
2886 5856 

2889 | .585 
2892 -5845 

2895  .5839 
1.2898 | 1.5833 

2901 | =. ae 
+2904 | «5822 

: 72907 | -5816 
+2Q1 -5811 

1.2913 | 1.5805 
2916 +5799 
2919 | +5794 
2922 +5788 
2926 | .5783 

1.2929 | 1.5777 
2932 | +5771 
2035 | +5766 
2938 | .576 
2041 +5755 

12044 | 1.5749 
2047 +5743 
205 +5738 
2953 +5732 
2956 +5727 

1.296 1.5721 

©2963 +5716 
+2966 +571 
+2969 +5705 

2072 +5099 
1.2075 | 1.5694 
2078 +5688 
2981 «5683 

2985 |  -5677 
2988 si 5672 

1.2991 1.5666 

2004 -5661 

2997 | +5655 
3 +565 
3003 | 5644 

1.3006 | 1.5639 

30x +5633 
3013 +5628 
3016 | ..5622 
3019 +5617 

1.3022 | 1.5612 

3025 - 5606 
3029 | .56 

3032 | +5595 
3035 +559 

¥.3038 | 1.5584 

+3041 +5579 
+3044 +5573 
3048 +5568 

305r | 5563 
1.3054 | I-5557 

Co-sge’r.| SecaSt, ~ Leal 

On DWAUEAY OO O 



© ON AUK WNHHO 

NATURAL SECANTS 

40° 
-Secant. | Co-sec’r. 

E-3054 | 31-5557 
3057 || 15552 
+306 +5546 
+3064 +5542 
+3067 +5536 

1.307 1.553 
18973 +5525 
+3076 +552 
+3038 +5514 

+3083 | +5599 
1.3086 | 1.5503 

“3089 | -5498 
+3092 |. «5493 
+3096 | . -5487 
+3099 | +5482 

1.3102 | 1.5477 
+3105 +5471 
+3109 +5406 
+3112 -5461 

+BII5 |. -5456 
1.3118 | 1.545 

g12r | +5445 
+3525 544 
3128} «5434 
3131 +5429 | 

1-3134 | 1.5424 
+3138 +5419 
3141 +5413 

13144 | +5408 
+3148 | | 15403 

1.3157 | 2.5398 

+3154 +5392 
+3157 | -5387 
+3161 +5382 

+3164 | .5377 
1:3167 | 1.5371 
+317, +5306 

-3174 | -536x 
+3177 | +5356 
+318 +5351 

1.3184. | 055345 
+3187 | .534 
“379 +5335 
+3193 +533 
3197 +5325 

1-32 1.5319, 
+3203 | +5314 
+3207 +5309 
+321 +5304 
+3213 +5299 

1.3217 | 1.5294 

+322 5289 
+3223 +5283 
+3227 -5278 
+323, +5273 

1.3233 | 1.5268 

+3237 | +5203 
+324.,,/  -5258 
+3243 +5253 
+3247 5248 

1.325 1.5242 

Co-sge’r.| Sucant, 

49° 

41° 
Sercant. | Co-spo’r. 

4 325 I. 5242 

+3253 +5237 
+3257 ~+5232 

32 +5227 | 
-3263 -5222 

1.3267 | 1.5217 
Seo: é5212 

+3274 +5207 
“3277 | 5202) | 
-328 -5197 

1.3284 | 1.5192 

+3287 5187 
+329 -5182 

+3294 *5177 
+3297 +5172 

1.3301 | 1.5166 

+3304 | +5161 
+3307 | +5156 
+3311 5151 
+3314 +5146 

1.3318 | 1.5141 

3325 +5136 
+3324 +5131 
+3328 +5126 
+3331 +5121 

1.3335, | 1-5176 | 
+3338 «5111 
+3342 +5106 

+3345 *51OL | 
+3348 +5096 

1.3352 | 31-5092 

+3355 | +5087 
+3359, |. +5082 
+3362 | .5077 
+3366 +5072 

1.3369 | 1.5067 
+3372 +5062 

+3376 | .5057 
+3379 +5052 
-3383 | -5047 

1.3386 | 1.5042 

+339 +5037 
.3393 | +5032 
+3397 +5027 
+34 +5022 

1.3404 \ | 1.5018 

+3407 |» +5013 
+3411 +5008 

+3414° |" «5003 
+3418] ..4998 

1.3421 | 1.4993 

+3425 +4988 

+3428 | .4983 
+3432 +4979 
+3435 +4974 

1.3439 | 1-4969 
+3442 | +4964 
+3446 | +4959 | 
+3449 +4954 
+3453 +4949 

1.3450 | 31-4945 

Co-sxe’r.| SECANT. 
; 48° 

AND CO-SECANTS, 413 

42° |; 43° 
Szcanz. | Co-skc’r.|| Szcanr.'| Co-sxo’r.| ” 

1.3456 | 1.4945 || 1.3673 | 1.4663 | 60 

+346 #494°°|| +3677 | +4658 | 59 
3453 | .4935°|| +3681 | .4654 | 58 
+3497 | » «493° +3684 | .4649 | 57 
+347 =4925°|| «3688 | .4644 | 56 

1.3474 | r-492r° || 1.3692 | 1.464 | 55 

3477 | -4916.|| .3695 | «4635 | 54 
+3481 | .4grr-|| «3699 | .4631 | 53 
+3485 4906 +3703 -4626 | 52 
3488 = 49OL +3707 -4622 | 51 

1.3492 | 1.4897 || 1.372 1.4617 | 50 

-3495 | +4892 || .3774 | .4613 | 49 
+3499 - 4887 3718 -4608 | 48 
+3502 -4882 || .3722 +4004 | 47 

+3506 | .4877.|| .3725 | 14599 | 46 
1.3509 | 1-4873 || 1.3729 | 1.4595 | 45 
+3513 | +4868 3733 | +459 | 44 
3517 | +4863. || .3737 | «4586 | 43 
+352 +4858 -374 +4581 | 42 

+3524 | +4854 || -3744 | «4577 | 4x 
1.3527 | 1.4849 || 1.3748 | 1.4572 | 40 
+3531, | .4844. || .3752.| -4568 | 39 

+3534 | +4839 +3756 |. .-4503 | 38 
+3538 | .4835 || -3759 | -4559 | 37 
+3542 | -483 +3793 | .4554 | 36 

1.3545 | 2-4825°|) 1.3767 | 1-455 || 35 
-3549 | -482x.|| +3772 | +4545 )134 
+3552 | 4816 || .3774 | .454x | 33 
+3550 |. -481x |}, 3778 | 14536 | 32 
+356 -4806 3782 4532 || 3% 

1.3563 | ‘1.4802 || 1.3786 | 1.4527 |.30 

+3567 | +4797 || +379 +4523 24 
357% | \41:4792 +3794 | 124518 | 2 
+3574 4788 || .3797 | «4534 | 27 
+3578 4783 3801 452 26 

1.3581 | 1.4778 1.3805 | 1.4505 | 25 

+3585 4774 ||| .3809 | -450r | 24 
+3589 | .4769 || .3813 | -4496 | 23 
+3592 +4764 «3816 4492 | 22 
+3596 -476 +382 4487 | 21 

1.36 1.4755 1.3824 | 1.4483 | 20 

+3003 "| +475 3828 | 4479 | 19 
+3607 | «4746 || .3832 | .4474 | 18 
3611 +4741 +3836 +447 17 

+3614 | «4736 || -3839 | .4465 | 16 
1.3618 |. 1.4732) .|} 1.3843) |) 1.4461 || 15 

»3622.|) .4727 || .3847 | .4457 | 14 
+3625 |. .4723 +3851 | -4452 | 13 
-3629 «4718 +3855 -4448 | 12 

-3633 | -4713 |||, -3859 |, -4443 | 11 
1.3636 | 1.4709 || 1.3863 | 1.4439 | 10 

+364 14704 || .3867 | +4435 | 9 
+3644 | .4699 || -387 443, | 8 
-3647'|  .4695 +3874 | -4425 | 7 
+3051 469, 3878 £4422 6 

1.3655 | 1.4686 || 1.3882 | 1.4417 5 
+3658 4081 3886 +4413 4 
+3662 +4676 389 | .4408 3 
- 3666 -4672 3894 |, «4404 2 
-3669 - 3667 3898 +44 I 

1.3673 | 1.4663 || 1.3902 | 1.4395 | © 
Co-src’r.| SEcant. || Co-sec’t.| SEcAnt. , 

479° 46° 



414 NATURAL SECANTS AND CO-SECANTS. 

On NWA DN CVO 

44° . 440 : 44° 
' | Szcanr. | Co-szc’r.| / 1 | Secant. | Co-szc’r.| ! | Secaxr. | Co-sze’r. |’ 

© | 1.3902 | 1.4395 | 60:|| 2x | 1.3984 | 1.4305 | 39 || 4x | 1.4065 | ‘x.4221 | 19 
I +3905 +4391 | 59°|| 22 -3988 | 4301 | 38 ||-42 +4069 -4217 | 18 

2 | -3929 +4387 | 58 |) 23 3992 -4207 | 37°11 43 | 4°73 +4212 | 17 
3] +3923 | -4382 | 57 ||:24 | +3996 | <4292 | 36 ||-44 | ‘4077 | .4208 | G6 
4 | -3917 -4378 | 56 |} 25 |] m4 1.4288 | 35 ||-45 | 1-408x | 1.4204 | 15 
5 | 12-3921 | 2.4374 | 55 || 26 74004 | ~.4284 | 34 1] 46 -4085 -42 14 

6] +3925 | «437. | 54 || 27 | “<4008 | .428 | 33 {|\-47 | -4089 | © -41906 | 33 
7 | +3929 | .4365 | 53|} 28 | -4012 | .4276 | 32 || 48 | .4003 | -4192 | a2 
8 | -3933 | +4361 | 52 || 29 | -4016 | .427x | 31 || 49 | -4097 | -4x88 | xx 
9 +3937 +4357 | 5I || 30 | 1-402 1.4267 | 30 || 50 | 1.4101 | (1.4183 | 10 

AOD SOF |) T-4SHS SOP S ss +4024 -4263 | 29 || 51 «4105 +4179 
Ir +3945 -4348 | 49 ||'32 +4028 +4259 | 28 || 52 -4109 +4375 

12 | +3949 | -4344 | 481) 33 | 4032 | .4254 | 27 || 53 | -qxx3 | -4172 
13 -3953 -4339 | 47 || -34 -4036 | “425 26 || 54 +4117 -4167 
14 +3957 -4335 | 46 || 35 | 1.404 | 1.4246 | 25 || 55 | 31-4122 1.4163 
15. | 2-390 | 4.433 | 45 || 36 | -4044 | 4242 | 24 || 56 | .4x26 | .4159 
16 | 3964 | -4327 | 441] 37 | +4048 | .4238 | 23 || 57 | -473 |, -4754 
17 | 3968 +4322 | 43 || 38 «4052 -4333 | 22 || 58 +4134 415 
18 | .3972 +4318 | 42 || 39 +4056 -4229 | 21 || #9 -4138 -4146 
19 +3976 -4314 | 41 || 40 | 1.406 1.4225 | 20 || 60 | 1.4142 | 3.4142 
20 | 1.398 1.431 40 i 

* | Co-sgc’v.| Secant, f ' | Co-sge’r.| Secanrt. ' {| * | Cosge’r.| Secanr. | 7 

45° 459° I 45° 

Preceding Table contains Natural Secants and Co-secants for every 
minute of the Quadrant to Radius 1. 

If Degrees are taken at head of column, Minutes, Secant, and Co-secant 
must be taken from head also; and if they are taken at foot of column, 
Minutes, etc., must be taken from foot also. 

ILLUSTRATION.—1.05 is secant of 17° 45’ and co-secant of ao Oey, 

To Compute Secant or Co-secant of any Angle. 

Ruix.—Divide 1 by Cosine of angle for Secant, and by Sine for Co-secant. 
EXAMPLE 1.—Whiat is secant of 25° 25’? 

Cosine of angle =.903 21. Then 1+.90321 = 1.1072, Secant. 

2.—What is co-Secant of 64° 35’? 

Sine of angle =.903 21. Then 1+ +903 21 =1.1072, Co-secant. 

To Compute Degrees, Minutes, and Seconds of a 
or Co-secant. 

Secant 

When Secant is given, 

Proceed as by Rule, page 4o2, for Sines, substituting Secants for Sines, _ 
ExampLe.—What is secant for r. 1607? 

The next less secant is 1.1606, are for which = 30° 30". 

Next greater secant is 1.1608, difference between which and next less is 1.1608 — 1.1606 =.0002, 

Difference between less tab. secant and one given is x. 1607 — 1.1606 = .ooor. 
Then .o002 : .coor :: 60 ; 30, Which, added to 30° 30” = 30° 30’ 30%. 

When Co-secant is given, 
Proceed as by Rule, page 4o2, substituting Co-secants for Cosines. 



NATURAL, TANGENTS 

Natural Tangents 
a0? Lo 

iz TANG. Co-TANG. Tanc. | Co-Tanc. 

o | .cco0o | Infinite. || .or7 46 57: 29 
1 | 00029 | 3437-75 :017.75 |. 6.3506 
2 | .00058 | 1718.87 +018 04 | 5.4415 
3 | 00087 | 145.92 -018 33 | 4.5613 
4 | -00r16| 859.436 || .018 62 |. -3:7086 
65 | «00145 | 687.549 || .o18 gr | 52.8821 
6 | .00r75 | 572-957 || -o192 2,0807 
7 | 00204 |} 494.106 +019 49 || 1.3032 
8 | .00233 29-718 || .019 78 |0.5485 
g | -00262°| 382-971 || .02007 | 49.8157 

10 | .00291 | 343-774 ||..02036 | 49.1039 
Ir | .0032 12-521 ||.02006| 8.4121 
12 | .00349 | 286.478 || .02095 | 7:7395 
13 | -003 78 64-441 -021 24 | 7.0853 
14 | .00407 45-552 -021 53 | 6.4489 
15 | -00436 | 229.182 -021 82 | 45.8294 
16 | .004 65 14.858 .o22t1 | 5.2261 
17 | .00495 02.219 -0224 4.6386 
18 | .00524 | 190.984 -02269 | 4.06061 
19 | -005 53 80.932 -02298 | 3.5081 
20 | .00582 | 171.885 +023 28 | 42.9641 
ax | .oo6 11 63.7, -02357 | 2.4335 
22 | .0064 56.259 || -02386 | 1.9158 
23 | .006 69 49-465 -02415 | 1.4106 
24 | -00698 | 43.237 || 02444 | 0.9174 
25 | .00727 | 137-507 || 02473 | 40.4358 
26 | .007 56 32.219 025 02 | 39.9055 
27 | .00785 27-321 -025 31 |_ 9.5059 
28 | .008 14 22.774 || .0256 9.0568 
29 | -008 44 18.54 -025 89 | 8.6177 
30 | .00873 | 114.589 || .02619 | 38.1885 
31 | .009 02 10.892 : -026 48 | 7.7686 
32 | 00931 | 07-426 "|| .02677 | 7.3579 
33 | -0096 04.171 -02706 | 6.956 
34 | -009 89 o1.107_ || -02735 | 6.5627 
35 | .oro18 98.2179 || .02764 | 36.1776 
36 | 01047 5.4895 || .02793 | 5.8006 
37 | .01076 2.9085 || .02822 | 5.4313 
38° | -orr05 0.4633 || .02851 | 5.0695 
39 | 011 35 88.1436 || 02881 |) 4.7151 
4o | .or1 64 85.9398 || .0291 | 34.3678 

41 | -011 93 3-8435 || 02939 | 4.0273 
42 | .012 22 1.847 || .02968 | 3.6935 

43 | 01251 | 79.9434 || .029 97 |  3-3662 
44 | 0128 8.1263 || .03026 | 3.0452 

45 | 01309 | 76.39 103055 | 32.7303 
46 | .013 38 4.7292 || .03084 | 2.4213 
47 | 013 67 3-139 || -03114 |° 2.1181 
48 | .013 96 1.6151 || .031 43 | 1.8205 
49'| 01425 | 0.1533 || 03172 | | 1.5284 
50 | 01455 68.7501 || .03201 | 31.2416 

5x | 014 84 7:4019 || .0323 | 02-9599 
52 | 01513 6.1055 || .03259 | 0.6833 
53 | -015 42 4-858 ||503288 |. o4r16 
54 | 01571 3-6567 || .03317 | 0.1446 
55 | 016 62.4992 || .033 46 | 29-8823 
56 | .016 29 1.3829 || .03376 | 9.6245 
57 | 01658 0.3058 || .03405 | 9.3711 

58 | 01687 | —§9-2659 || :034 34 | 9-122 
59 | .o17 16 8.2612 || .034 63 | 8.8771 

‘ 017 46 57-29 +034 92 | 28.6363 

7 |Co-rana. Tane. Co-rane.| Tane. 
88° 

-AND. CO-TANGENTS, 

Tane. | Co-Tanc. 

-034 92 | 28,6363 

:035 21 | 8.3994 
+0355 8. 1664 

-03579 | 7-9372 
-036:09 | 7.7117 
-236 38 | 27.4899 
-03667 | 7.2715 
-036.96 | 7.0566 
:03725 | 6.845 

+03754 | 6.6367 
+037 83 | 26.4316 
-038 12 | 6.2296 
-038 42 | 6.0307 
-03871 | 5.8348 
+039 5.6418 

eO39i29 |) 2544527 
-03958 | 5.2644 
+039 87 | 5.0798 
104016 | 4.8978 
.04046 | 4.7185 
204075 | 24.5418 

04104 | 4.3675 
041.33 | 4.1957 
-04162| 4.0263 

04191.) 3.8593 
10422 | 23.6945 

0425 | 3.5321 | 
04279 | 3.3718 
,043 08 || 3.2137 
+043 37.| 3-0577 
.043 66 | 22.9038 

04395 | 2.7519 
104424 | 2.602 

104454 | 2.4541 
:044 83 | 2/3081 
104512 | 22.164 
-04541 | 2.0217 
.0457 1.8813 
104599 |) 1.7426 
.04628 | 1.6056 
.046 58 | 21.4704 
1046 87 | 1.3369 
+04716 | 1.2049 
+047 45 | 1.0747 
-04774 || 0:946 
+048-03 | 20.8188 
.048 32 | 0.6932 
104862 | 0.5691 
.048 91 | 0.4465 
+049 2 0.3253 
+049 49 | 20.2056 
1049.78 |+ 0.0872 
405007 | 19.9702 
+050 37 | 9.8546 
105066 | 9.7403 
105095 | 19.6273 
+051 24 | 9.5156 
+051 53 | 9.4051 
105182 | 9-2959 
.05212 | 9.1879 
+052 44 | 19-0831 

Co-ranc.| Tane, 

415 
and Co-tangents: 

Tana. | Co-rane.| ” 

-052 41 | 19.0811 | 60 

“0527 | 8.9755 | 5 
-05299 | 8.871 | 5 
-053 28 | 8.7678 | 57 
105357 | 8.6656 | 56 

+053 87 | 18.5645 | 55 
05416 | 8.4645 | 54 
05445 | 8.3655 | 53 
05474 | 8.2677 | 52 
705503 | 8.1708 | 51 

+055 33 | 18.075. | 50 
405562 | 7.9802 | 49 
+05591 | 7.8863 | 48 

| 0562 | 7.7934 | 47 
-05649| 7.7015 | 46 
056.78 | 17.6106 | 45 

| 05708 | 75205 | 44 
| ©5737 | 7:43%4 | 43 
-05766 | 7.3432 | 42 
+05795 | 7.2558 | 41 
-05824 | 17.1693 | 40 

«058.54 | 7-0837 | 3 
05883 | 6.999 | 3 
-05912 | 6.915 | 37 
-05941.| 6.83191 36 

:0597. | 16-7496 | 35 
-05999 | 6.668x | 34 
060 2 6.5874 | 33 
060 5; 6.5075 | 32 
-06087 | 6.4283 | 31 

| .061 16 | 16.3499 | 30 
| .06145 | 6.2722 | 29 
(06175 | 6.1952 | 28 
.06204 | 6,119 | 27 
062 33 | 6.0435 | 26 
.062 62 | 15.9687 | 25 
-c6z291 | 5.8945 | 24 
.06321 | 5.8211 | 23 
.063 5 5.7483 | 22 
.06379,| 5.6762 | 2x 
.064 08 | 15.6048 | 20 

-064 37 | 5-534 | 19 
.06467 | 5.4638 | 18 

-06496 | 5-3943 | 17 
-06525 | 5.3254 | 16 

065 54 | 15-2571 | 15 
.06584 | 5.1893 | 14 
-06613 | 5.1222 | 13 
.06642 | 5.0557 | 12 
.06671 | 4.9898 | x1 
-067 14.9244 | 10 
.0673° | 4.8596 | 9 
.06759 | 4-7954| 8 
-06788 | 4:7317 | 7 
.06817 | 4.6685 | 6 
-068 47 '| 14.6059 | 5 

+068 76 | 4.5438] 4 
-06905 | 4.4823] 3 
-06934 | 4.4212 | 2 
.06963] 4.3607} 1 
-069 93 | 14.3007] 0 

Co-rane.| Tana. 4 
86° 87° 



416 NATURAL TANGENTS AND CO-TANGENTS. 

40%: I gD & shisougsr I iN 72 

’ | Tane, |SCo-rana.|| Tane. Co-TANG. Tanc. | Co-rane. || Tane. | Co-rane. 

© | .069 93 | 14.3007 || .087 49 11.4301 +1051 | 9.51436 }| -122 78 | 8.14435 
| .07022 | 4.2411 || .0877' 1.3919 || .1054 -487 81 ||.12308 | .124 81 
2|.07051 | 4.1821 || -08807 | 1.354 -10569 | .461 41 || .12338 | «10536 
3 | .0708 4.1235 || 08837 | 1.3163 |}:10599 |) .43515 || -12367:| .086 
4 | 0711 4.0655 || 08866 | 1.2789 || .10628 | .409 04 -12397 | :06674 
5 | -07139 | 14.0079 || -088 95 | 11-2417 || .10657 | 9.38307 || -124 26 | 8.04756 
6 | .07168,| 3.9507 || 08925] 1.2048 |} .10687 | .35724 ||.12456| .02848 
7 | 07497 | 3-894 || 08954 | 12-1681 |} 10726 | 233154 ||-124 85 | 8.00948 
8 | .07227 | 3.8378 || .08983 | 4.1316 || .107.46 | ..30599 || «12515 | 7-99058 
9 | .07256 | 3.7821 || 09013 | 2.0954 -10775 | *.28058 || .12544! -97176 

10 | .07285 | 13.7267 || «ogo 42 | 11-0594 || «10805 |-9.2553 || -125 74 | 7-95302 
11 | .07314'| 3.6719 ||-og071 | 1.0237 -108 34 | .23016 ||'.12603 | 93438 
12 | .07344 | 3.6174 || .ogro1 | 0.9882 +108 63+] .205 16 || .12633 | .g15 82 | 
13 | 07373 | 3-5634 || -o913 ©9529 || .10893 | .18028 || -r2662| .89734 
14 | .07402 | 3.5098 || .ogt 59 | 0.9178 || .10g922 | .15554 || -r2692]| .87805 
15 | -074 31 | 13.4566 || .ogr 89 | 10.8829 +309 52 | 9.13003 || -327 22 | 7.86064 
16 | .0746z | 3.4039 || .og218 | 08483 || .10981 | ~.10646 || .12751 | .84242 
17 | .0749 3-3515 || -09247 | 0.8139 |} .x1011 | .o82rr || .12781 | .824 28 
18 | .07519 | 3.2996 || .09277 | 0.7797 +IIO'4 1.057 8g || -128 1 -806 22 
1g | 07548] 3.24 -09306 | 0.7457 +1107 -033 79 ||/.1284 “788 25 
20 | £075.78 | 13.1969 || 09335 | 10.7119 |} .x1099 | 9.009 83 ||°-12869 | 7.77035 
21 | .07607'| 3.1461 || .09365 | 0.6783 || -1r1 28 | 8.98508 || .12899| .75254 
22 | .07636 | 3.0958 || 093.94 | 0.645 +1158 | .96227 || .r2929| .7348 
23 | .07665 | 3.0458 || .09423 | 0o.6rr8 -111 87 | .93867 || .12958| .71715 
24 | .07695 | 2.9962 ||-09453 | 0.5789 || .11217] “9152 || 12988] .69957 
25 | .07724 | 12/9469 || .0g4 82 | 10.5462 || :11246 | 8.891 85 || «13017 | 7-68208 
20 | .077'53'| 2.898 |] .og5 1x | 0.5136 || .11276| .86862 || 113047] 66466 
27 | .07782 | 2.8496 |) 09541 | 0.4813 |! 11305 | .8455r ||'.13076| .647 32 
28 | .o7812 | 2,80r4 || .0957 0-449 I -11335 | .82252 || .r3r06| .63005 
29 | .078 41 | 2.7536'|| .096 0.417 2 11364 | .799 64 || .13136| .61287 
30 | .0787° | 12.7062 || .096 29 | 10.385 4 -113.94 | 8.776 89 || .131 65 | 7.59575 
31 | 07899 | 2.6591 |} 09658 | 0.3538 || .11423 | .75425 || -13195| -57872 
32 | 07929 | 2.6124 || 09688 | 0.3224 || 11452) 1731724) .13224] -501 76 
33 | 07958 | 2.566 || .09717 | 0.2913 *11482 | ..70931 || .13254 | -54487 
34 | .07987 | 2.5199 || .097746 | 0.2602 +TI5a1 | .6870r || .13284 | .52806 
35 | 08017 | 12.4742 || .097 76 | 10.2294 +115,41 | 8.664 82 || .13313 | 7-511 32 
36 | .08046 | 2.4288 || .o9805 | 0.1988 -TI57 +642 75 || -133.43| -49465 
37 | 08075 | 2.3838 || .09834 | 0.1683 || .116 -620 78 || .13372] -47806 
38 | .08104 | 2.339 || .09864 | 0.1381 -116.29 | .59893 || 13402] .46154 
39 | 08134 | 2.2946’! .09893 | 0.108 -11659 | .57718 |] -13432| -44509 
40 | .081 63 12.2505 || .099 23 | 10.078 116 88 | 8.55555 || .13462 | 7-428 71 
4 | 08192 | 2.2067 || .ogg52 | 0.0483 117,18 | 53402 || 13491 | 4124 42 | .o822r | 2.1632 || .0998r | 0.0187 || .177.47 | «512 59 || +3521 | +396 16 43 | 08251 | 2.1201 ||.10011 | 9.9893 °11777 | .491 28 || .1355 +379 99 44 | .0828 2.0772 || .1004 +96007 || .x1806 | .47007 || «1358 - 363 89 
45 | .083.09 | 12.0346 || .10069.| 9.93101 -118.36 | 8.44896 || .13609 | 7.347 86 
46 | .083 39 | 1.9923 || . 10099 +go2z1 || .11865 | .42795 || -13639 | -3319 
47 | 083.68 | 1.9504 || .x01 28 +873 38 || .x1895 |, .40705 || .13669 | .316 
48 | .08397 | 1.9087 |] .r01 58 +844 82 ||..11924 | .38625 || »13698 | .30028 
49 | 08427 | 1 8673 || .101 87 816 4r |} .11954 | ~36555 || -13728| .284 42 
50 | .08456 | 11.8262 || .10216 | 9.788 17 |}. -t19 83 | 8.344 96 || -137 58 | 7.268 73 
51 | .08485 | 1.7853 || .102 46 76009 |} .12013 | 432446 || 13787] .253 
52] .08514 | 4.7448 || .102.75 *73247 || .12042 |, .30406 |} .13817 | .23754 
53 | 08544 | 1.7045 || .103'05 +704 4I || «12072 | .283576 || .13846 | .22204 
54 | .08573 | 1.6645 || .103°34 -6768 +12tor | © +26355 ||'-13876 | .206 61. 
55 | .086.02,| 11.6248 || .10363 | 9.64935 || .x21 3x | 8.24345 -139.06 | 7.191 25 
56 | .08632 | x.5853.||.103.93 |. «62205 || .x21 6 1223.44 || -13935 | -175'94 
57 | 086.61 | 1.5461 || .104.22 |: +5949 ||\.x216 +203 52 || 13965 | .16071 
58 | .0869 1.5072 || -104 52 +567 9X || «122.19 | .1837 +7™3995| -24553 
59 | .0872 1.4685 || .104 8x +542 06 |} .12249 | .163 98 || «14024 | .13042 
80. -087 49 | 11.4302 || .105.x 9-514 36 || .12278 | 8.14435 || .r4054 | 7-115 37 
*|Co-rana.| Tane. |/Co-rang.| Tana.) ||Coerane.| Tane. || Co-rane.| Tana. 

859° 849° 83° 82° 
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NATURAL TANGENTS AND, CO-TANGENTS. 417 
8°. 2 | 109° 11? 

: Tanc. | Co-rane. || Tanc. ,| Co-rane. || Taxc, | Co-rane. || Tana. | Co-ranc. | 7 

Q | -14054 | 7-115.37 || «15838 | 6.31375 || «17633 | 5.671 28 || .194 38 | 5.14455 | 60 
x | .14084 | .10038 || ,15868'| .301 89 || .17663 | .66165 || .19468 | .13658 LOA 9 59 
2] .14113 | .08546 || 15898 | .29007 || '.17693 | «65205 -19498 | .12862 | 58 
3 | 141.43 | -070.59 || .15928 | .278 29 || .17723 | .64248 || .19529 | .12069 | 57 

4 | -14173 | -055.79 || -15958 | .20655 || .17753 | -63295 || .19559 | -11279 | 56 
zB 142,02, | 7.04105 || «159.88 | 6,254 86 || .177 83 | 5-623 44 || .195 89 | 5.1049 | 55 

+142 32 | .02637 || .16017°| .2432r || 17813 | .61397 || «19619 | -097 04 54 
7 | «14262 | .01174 || 16047 | .2316 || 117843 | .60452 || -19649 | -o8921 | 53 

-8 | .14291 | 6.99718 || .16077 22003 || .17873 | .59511 || .1968 | .08139 | 52 
9 | -14321 | -98268 || 16107 208 51 || .179.03 |- -585 73 || -1972 :0736 | 5x 

10 | 14351 | 6.96823 || .16137 | 6.19703 || .17933 | 5-576 38 || .1974 ,| 5-065 84 | 50 
11 | .1438r | -953.85 || .16167 185.59 || 17963 | .56706 || .r977, -05809 | 4 
12] 1444 | +93952 || 16196 | .17419 || -17993 | -55777 || «19801 | 05037 | 48 
13] +1444 +925.25 || .162 26 16283 || .18023 | .54851 || .19831 | .04267 | 47 
14] 1447, -gtxo4 || -16256 | «15151 || .18053 | .53927 || .19861 | .03499 46 
15 | -14499 | 6.89688 || .16286 | 6.14023 || .18083 | 5.53007 || .198 91 | 5.02734 | 45 
16 | .14529 | .88278 || .16316 | «12899 |) .18113| «5209 ||.19921 | .o1971 | 44 
17 | -145.59 | -86874 || .16346 | .11779 || -18143 | .51176 || 19952] .o121 43 
18 | .14588 | .85475 || .16376 | .106 64 || .18173 | .50264 || .19982| 004 5x 42 
19 | .14618 | .84082 || .16405 | .095.52 || 18203 | .49356 || .20012 | 4.99695 | 4x 
20 | .146 48.| 6,826.94 || .164 35 | 6.084 44 || .18233 | 5.48451 || .20042 | 4.9894 | 40 

2x | .14678 | .81312 || .16465 | .0734 ||.18263 | .475 48 |) .20073] .981 88 | 3 

22 | .14707 | -799.36 || .16495 24 || 18293 | .46648 || .20103| .97438 | 3 
23 | .14737 | -785.04 || 16525 | .051 43 || 18323 | .45751 || .20133 | «9669 | 37 
24 | .14767 | -77199 || 16555 | .ogo5r || -18353 | -44857 || .20164 | .959.45 | 36 
25 | .147.96.| 6.75838 || .165 85 | 6.02962 || .183 83 | 5.43966 || ,201 94 | 4.95201 | 35 
26 | .14826) .74483 || 160615 | .01878 || .18414 | .43077 || .20224') .9446 | 34 
27 | -14856 | -73133 || 16645 | .00797 || .18444 | .42192 ||.20254 | .93721 | 33 
28 | .14886 | .71789 || -166 74 | 5.9972 || -18474 | .413.09 || .20285 | .92984 | 32 
29|-14915 | +7045 -167 04 | .986 46 || .18504 | .404 29 || .20315 | 92249 | 3x 

30 | -149 45 | 6.691 16 |! .167 34 | 5.97576 || -18534 | 5.39552 || -203,.45 | 4.91510 | 30 
31 | .14975 | -67787 || 16764 | .9651 18564 | -38677 || .20376 | .90785 | 29 

32 | -15005 | -664.63 || 16794 | .954.48 || .18594 | .37805 || .20406 | .90056 | 28 
33 | -15034 | .65144 || -16824 | .9439 186 24 | «369 36 || .204 36 8933 | 27 
34 | 15064 | .63831 || 16854 | 1933.35 || .18654 | .3607 -20466 | .88605 | 26 
35 | .15094 | 6.625 23 || .168 84 | 5.922 83 || .186 84 | 5.35206 || .204.97.| 4-878 82 | 25 
360 | «15124 | 61219 || -16914 | | .91235 || -18714 | +34345 || 20527 | -87162 | 24 
37 | 15153 | +599 21 || 16944 | -gorgx || 18745] -33487 || .20557 | -86444 | 23 
38 | .15183 | .58627 || 16974 | .8o151 || .18775 | 32631 || .20588| .85727 | 22 
39 | -15213] -57339 || -17004 | .88r14 || .18805 | .31778 || .20613 | .85013 | ar 
40 | .152 43 | 6.56055 || -17033.| 5.8708 +188 35 | 5.309 28 || .20648 | 4.843 20 
41 | .15272 | -547-77 || 17063 | .8605r || -18865 | .3008 || .20679]| .8359 eg 
42 | .15302 | -53503 || -17093 | -85024 || 18895 | «29235 || .20709 | »82882 | x 
43 | 15332 | -52234 || 17123 | .84oor || .18925 | -28393 || .20739 | 82175 | 17 
44 | «15362 | .5097 +171 53 | .82982 || .18955 | -27553 || -207.7 -814 71 | 16 
45 | -153.91.| 6.4972 || -171 83 | 5.81966 || .189 86 | 5.267 15 || .208 4.807 69 | 15 
40 | .154.21 | .48456 || .17213 | .80953 || 19016 | .2588 +208 3 .80068 | 14 
47 | -%5451 | -47206 || .17243 | .79944 || -19046 | .25048 || .20861 | .7937 | 13 
48 | .15481 | .459 6x || -17273 789 38 || .19076 | .24218 || .20891 | 78673 | 12 
49 | «15511 | -4472 || -17303 | .77936 || .19106 | .23391 || -20921 | -77978 | x1 
50 | -1554 | 6.434 84 || -173.33 | 5.760,37 || -191 36 | 5.225 66 || .20952 | 4.772 86 | 10 
5r | -1557 +422 53 || -173.63 | .75941 || -191.66 | .217 44 || .20982 | .76595 Q 
52 | .150 -410.26 || .17393 | +74949 || «19197 | +20925 || .21013 | -75906 
53 | -156.3 -398 04 || -17423 |, .730,0 +19227 | .20107 || .21043| -75219] 7 

54 | -1566 | .38587 || «17453 | -72974 || 19257 | .19293 || -21073 | +74534| 6 
55 | -15089.| 6.37374 || -174.83.| 5.71992 || 19287 | 5.1848 || 21104 | 4.73851] 5 
56] .15719 | -36165 |] -17513 | -71043 |] 19317 | -17672 || 21134 | -7317 4 

57 | .157.49 | -349.6r || -175.43 || -70037 || 193.47 | -10863 || 21104 | «7249 | 3 
58 | .15779 | +3375 || -17573 690.64 || .19378 | -16058 || .21195]| .71813] 2 
59 | .158 «325 06 || -17603 | .68094 || .19408 | .15256|| 21225] 171137] 1 

3 6.31375 || -176.33 | 5-671 28 || .194 38 5:144.55 || »212 56,.| 4.70463 | 0 

¢ |Co-rane.| Tana, Co-rana.| Tana, ||Co-rane.| Tana, Co-rane.| Tane. z 

| B19 80° 79° 78° 
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418 NATURAL TANGENTS AND’ CO-TANGENTS. 

12° 13° ; I 14° sor 
’ | Tane. | Co-rane. || Tana. | Co-tane. || Tanc. | Co-rane. || Tane. | Co-ranc. | ” 

9 | .212 86 | 4.70463 | .23087 | 4.33148 || .24933 | 4-01078 || -267 95 | 3.73205 | 60 
“| 121286 | .697 01 || 23117 | -32573 || :24964 | -00582 || .26826 | -72771 | 59 
“2 | .21316 | .6gr2r || .231 48 | «32001 || .24995 | -00086 || .26857 -723 38 | 58 
3 | .213.47 | -684§2 || 23179 | -3143 || .25026 | 3.99592 || -26888 |) «71907 | 57 
4 | :21377 | -67786 || .23209 | +3086 25056 | .gg0Q9 || .2692 -71476 | 56 
5 | .21408 | 4.67121 || .2324 | 4.30292 || .25087 | 3.98607 || -26951 3-710 46 | 55 
6 | 21438 | .66458 ||.23271 | -29724 || .25r18 | -98117 || -26982| .70616 | 54 
7 | .21469 | -65797 ||.23301 | -29159 |] -25149 | :97627 || -27013 | =70X 88 | 53 
8 | .21499 | -65r 38 || .23332 | -28595 || -2518 971 39 || -27044 | .6976r | 52 
9 | 21529] -6448° || .23363 | -28032 || 25211 | 96651 || -27076 -69335 | 52 

10 | .2156 | 4.638 25 || 23393 | 4-274 72 || -252.42 | 3-961 65 || -271 07 3-689 09 | 50 
Ir | .2159 631 71 || .23424 | .269 rx || .25273 | -9568 || -27138| -68485 | 4 
12 | .21621 | .625 18 || .23455 | .26352 || .25304 | -95196 || -271 69 | -68061 | 4 
33 | 21651 | /61868 || .234'85 | -25795 || 25335 | -94713 || -27201 | -67638 | 47 
14 | .21682 | ‘61219 ||.23516 | .25239 || 25366 | .94232 || -27232| -67217 | 46 

15 | 21712 | 4.60572 || .235 47 | 4.24685 || .25397 | 3.937 51 || -27263 | 3-66796 | 45 
46 | :2%743| -59927 || 23578 | -24132 || 25428 | .93271 || -27294 | +663'76 | 44 

17 | -21773 | 59283 || 23608 | -2358 || .25459 | -92793 |) 27326 -65957 | 43 
18 | ‘21804 | .5864r || 23639 | .2303 || 2549 | -923%6 || -27357| -655'38 | 42 
19 | -21834'| -5800r || .2367 .2248r || .2552r | .91839 || -27388.] -65r21 | 41 
20 | .21864 | 4.57363 || .237 | 4.21933 || -25552 | 3-91364 || -27419 | 3-64705 | 40 
2t | .21895 | .567 26 || .23731 | .21387 || .23583 | .go89 27451 | -64289 | 39 
22 | .21928 | .56091 ||.23762 | .20842 || .25614 | 90417 || .27482 | .63874 | 38 
23 | -21956 |] .55458 || .23793 202 98 || -25645 | .89945 || -27513 | -6346r | 37 
24 | .21986 | .548 26 || .238 23 197 56 || -25676 | -89474 || $275.45 | -63048 | 36 
25 | .22017'| 4/541 96 || 23854 | 4.19275 || .25707 | 3:89004 || -27576 | 3.62636 | 35 
26 | .22047 | 53568 || .23885 18675 || .25738 | .88536 || !276'07 | .622'24 | 34 
27 | .22078 | .529 4x ||.23916 | .¥8137 || .25769 | -88068 || .27638 | -618'r4 | 33 
28 | .22108 | .52316 ||.23946| .176 258 | /8760x |} :276'7 :614 05 | 32 
29 | .22139 | .51693 || /23977 17064 || .25831 | .87136 || .2770r | -60996 | 31 
30 | .221 69'| 4.51071 || .24008 | 4.1653 25862 | 3.86671 || .277 32 | 3-605 88 | 30 

31 | .222 504 51 {| .240 39 15997 || -25893 86208 || .27764 | -6018r | 29 
32 | .22231% 498 32 || .24069 15465 || .259 24 85745 || -27795 | -59775 | 28 

33 | 22261 | .49215 || 247 149 34 || 25955 | .85284 || .27826 | .5937 | 27 
34 | .22292 486 +241 31 14405 || .25986 | .84824 || .27858 | 58966 | 26 
35 | -22322'| 4.479 86 || .241 62 | 4.13877 || 26017 | 3-843 64 || .278 89 | 3.585 62 | 25 

36 | 22353 | -47374 ||-24193 | 1335 || -26048| .83906 || 2792 | -5816 | 24 
37 | 22383 | .467 64 |! .242 29 12825 26079 834.49 || .27952| -57758 | 23 
38 | 22414 | 46155 || .242 54 12301 || .2611 829 92 || -279 83 57357 | 22 

39 | 22444 | 45548 || .24285 | .11778 || .261 4x | 182537 || 128015 | -56957 | 2x 
40 | .22475°| 4.449 42 || .24316 | 4.11256 261 72°| 3.82083 || .28046 | 3.56557 | 20 

41 | .22505 443 38 || .243 47 107 36 || .26203 | .8163 -28077 | «56159 | 1 
42 | .225 36 437 35 || -24377 10216 || .26235 | :81177 || -281 09 557 Or 8 
43 | .225 67 431 34 || 24408 096 99 || .26266 | -807 26 || 2814 55364 | 17 
44 | .22507 425 34 || .24439 1 82 || .26207 | -80276 || .28172 | .54968 | 16 
45 | .226 28°) 4.419 36 || .2447 | 4.08666 || .26328-| 3.79827 || .28203 | 3.54573 | 15 
46 | .22658 4134 || .245 07 081 52 || .26359 | -793,78 || .28234 | -54179 | 14 

47 | .22689 | .407 45 || .24532 | .07639 || .263.9 780 3x || .28266 | -53785 | 13 
48 | 122719 | -401 52 || .24562 07127 || 26421 | .78485 || .282:97 533.93 | 12 
49 | -227'5 +3956 || .24593 | .06616 || .26452 | .7804 283 29 53001 | rr 
§0 | .22781'| 4.389 69 || .246 24°] 4.06107 || -264 83 | 3.775'95 || .2836° | 3.52609 | 16 

51 | .228 rr 383 8x || .246 55 05599 || -26515 | .77152 || :28391 | .52219] 9 
52 | 22842 377 93 || -24686 | -o5092 || -265 46 | , .76709 || .28423] «51829 | 8 
53 | 22872) 137207 || 24717 045 86 || .26577 | .76268 || ‘28454 | .514 41 | -7 
54 | -22903 +306 23 +247 47 040 8x || 26608 | .75828 || 28486 | .51053 | 6 
55 | -22934 | 4:360'4 || .24778| 4.03578 || -266.39 | 3.75388 || /28517 | 3:50666] 5 

56 | .22964 | 35459 || .248:09 | .03075 || 2667 | +7495 || 28549 | -50279| 4 
57 | 22995 | -34879 || .2484 | ,02574 || 26701 | .745 x2 || .285'8 49894 | 3 
58 | .23026 | +343 -24871 | .02074 || 26733 | .74075 || 28612 | -49509 | 2 
59 | -23056 | -337'23 || -24902 | .015 76 || .26764| .7364 286 43.| 49125] “x 
60 | -230 87 | 4.331 48 || .24933 | 4.01078 || .267 95 | 3.73205 || .286-75 | 3.48741 | 0 

* |Co-rane,| Tane Co-rane.| Tang Co-tane.| Tane. ||Co-rane.| Tana. é. 
RAS) 76° 75° 74° 



NATURAL TANGENTS AND CO-TANGENTS, 419 

h 169. 1B, 18° ige | 
4, Tane. | Co-rane, || Tang. | Co-rane. || Tang. | Co-rane. || Tana. | Co-rane, | ” 

o,| -28675 | 3.487 4x || -30573 | 3-27085 || -32492 | 3.07768 || .344.33 | 2.90421 | 60 
1 | -28706 | .48359 || 30005 | .26745 || 32524] -074 64 || .34465 | .gor47 | 5 
2 | -28738 | 47977 || 30637 | -26406 || 32550] .0716 || .34498 | .89873 | 5 
3 | -28769 | -47596 || .306.69 26067 || .32588 | .06857 || .3453 -896 57 
4 | -288 +47216 || .307 +257 29 || .326.21 | .06554 || -34563 | .89327 | 56 
5 | -288 32 | 3.46837 || .307 32 | 3-25392 || 32653 | 3.06252 || .34596 | 2.89055 | 55 
6 | .28864 | .46458 || 30764 | .25055 || 32685 | .0595 || .34628| .88783 | 54 
7 | -28895 | -4608 || .30796 | .24719 || 32717 | -05649 || 34661 | .885xr | 53 
8 | .28927 | -45703 || -30828 | .243.83 || .32749 | -053.49 || -34693 | .8824 | 52 
9 | -28958 | -45327 || -3086 +240 49 || .327 82 | -05049 || .34726 | .8797 | 51 

10 | -2899 | 3-4495x || -3089x | 3-237 14 || 32814 | 3-047 49 || -34758 | 2.877 | 50 
1x | -29021 | .44576 || .30923 | .2338r || .32846 | .0445 -34791 | -8743 | 49 
12 | -29053 | -44202 || .30955 | -23048 || .32878 | .041 52 || .34824 | .871 6x | 48 

_13 | -29084 | .43829 || .30987 | .22715 || .32911 | .03854 || .34856] .86892 | 47 
¥4 | -29116 | .43456 || -31019 | -223 84 || .32943 | -03550 || .34889 | .86624 | 46 
15 | -291 47 | 3-430 84 || -31051 | 3.22053 || -32975 | 3.0320 || .349 22 | 2.86356 | 45 
16 | -29179 | -42713 || .31083 | .217 22 || .33007 | .02963 || .34954 | .86089 | 44 
17 |\-2921 -423 43 || 31115 | -21392 || .3304 026 67 || .34987 | .85822 | 43 
18 | .29242 | -41973 || -311 47 +210 63 || .33072 | .02372 || .35019 | .85555 | 42 
19 | -29274| -41604 || .31178 | .20734 || .33104 | .02077 || .35052| .85289 | 4x 
20 | .29305 | 3-412 36 || .3121 3.204 06 || .331 36 | 3-017 83 || .35085 | 2.85023 | 4o 

21 | -20337 -408 69 || .312 42 -200 79 || -33169 | .01489 || .35117 | .84758 | 3 
22 | .290368 | .40502 || .31274 | .19752 || 33201 | -011 96 || .3515 -84494 | 38 
23 | 294 +401 36 || .31306 | «194 26 || .33233 | -00903 || .35183 | .84229 | 37. 
24 | -20432| -30771% || -31338| -192 +33266 | .oo6rr || .35216 | .83965 | 36 

25 | -29463 | 3-39406 || .3137 | 3.18775 || .33298 | 3.00319 || 35248 | 2.837 02 | 35 
26} .29495 | -39042 || .31402 | .18457 || .3333 .000 28 || .3528r | .834 39 | 34 
27 | .29526 | .38679 || .31434 | .181 27 || .33363 | 2.99738 || .35314 | -83176 | 33 

28 | .29558 | .38317 || -31466| -178 04 || .33395 | -99447 || -35340 | -82914 | 32 
29 | -2959 | -37955 || -31498| -1748r || -33427 | -99158 || .35379 | -82653 | 3x 
30 | -296 21 | 3.37594 || -3153 | 317159 || 3346 | 2-98868 || .35412 | 2.82391 | 30 
31 | .29653 | .37234 || -31562 | .16838 || .33492 | -9858 -35445 | -8213 | 29 
32.| -29685 | .36875 || 31594 | -16517 || .33524 | -98292 || .35477 | -8187 | 28 
33 | -29716 | .36516'|| .31626 | '.16197 || .33557 | «98004 || .355 14 -81631 | 27 
34.| -29748 | 36158 || 316058 | -15877 || 33589 | -97717 || -35543.| -8135 | 26 
35 | 2978 | 3-358 -3169 | 3.15558 || .33021 | 2.9743 || .35576 | 2.81091 | 25 

36.| 20811 | .35443 || -31722 | +1524 || 33654 | -972 44 || 35008 | .80833 | 24 
37 | 29843 | .35087 || -31754 | -149 22 || 33686 | -96858 || .35641 | .80574 | 23 
38 | .29875 | -34732 || -31786 | .14605 || .33718 | -96573 || .35674 | .80316 | 22 
39 | -29906 | .34377 || 31818 | .142 88 || .33751 | -96288 || .35707 | .80059 | 2x 
40 | .299 38 | 3.34023 318 5 3-139 72 || -337 83 | 2.96004 |] .3574 | 2.79802 | 20 

4x | -2097. | -3367 || 31882] .13656 || .33816 | -95721 || .35772| -79545 | 19 
42 | .30001 | .33317 || -31914 | -13341 || 33848 | -95437 || 35805 | 79289 | 18 
43 | 30033 | -32965 || 31946 | .13027 || .33881 | -95155 || 35838 | -79033 | 17 
44 | .30065 | .32614 || .31978 | -127.13 || -33913 | -94872 |) 35871 | .78778 | x6 
45 | 30097 | 3-32264 || 3201 | 3.124 -33945 | 2-9459 || 35904 | 2.785 23 | 15 
46 | .301 28 | .31914 || 32042 | .12087 || .33978 | -943°9 || .35937 | .78269 | 14 
47 | .3016 +315 65 || .32074 | .11775 || 3401 +940 28 +359 69 -780 14 | 13 
48 | 30192] .31216 || .32100 | .114 64 || .34043 | -93748 || 36002 | .777 61 | 12 
49 | -30224 | .30868 || .32139 111 53 || .34075 | -93468 || .36035 | .77507 | 11 
50 | .30255 | 3.305 2x || .321 71 | 3.108 42 || .341 08 | 2.931 89 || .36068 | 2.77254 | 10 

5x | -30287 | .30174 || .32203 | .105 32 |||.341 4 +9291 || .36x101 | .77002| g 
52 | .30319 | -29829'|| .32235 | .10223 || .34173 | -92632 || .36134 | -7675. 8 

53 | 30351 | -29483 || .32267 | .09914 || 34205 | -92354 || 36167 | -76408] 7 
54 | 30382] -29139 || .32299 | 09006 ||.34238 | .92076 || :36190 | -76247 | 6 

55 | -30414 | 3-28795 || -323 31 | 3-09298 || .3427 | 2.91799 || -36232 | 2.75995] 5 
56 | .30446 | .28452 || .32363 | -089 97 || .34303 | -915 23 || 36265 | .75746] 4 
57 | .30478 | .28r09 || .32396 086 85 |] .34335 | -91240 || .36298 | .75496] 3 
58 | .30509 | -27767 || .32428 | .08379 || .34368 | -90971 || 36331 | -75246| 2 
59 | -30541 | +27426 || .3246 | .08073 || .344 -906.96 |) .36364 | .74997 | x 
60 | 305,73 | 3.27085 || 324.92 | 3-077 68 || .34433 | 2-904 2 || .36397 | 2.74748 | © 
7 Co-rane.| TAne. Co-Tanc.| TANG Co-rang.| Tane. Co-rane.! Tanc, “i 

b(t oa Aa ype? 70° 



es 

420 NATURAL TANGENTS AND CO-TANGENTS. 

20° Qi 22° | 23° 
’ | tkwe. | Co-ranc. || Tana. { Co-rine. || Tne. | Co-raxe. || Tixé. | Co-ranc. | ” 

o | .36397 | 2-747 48 || -383 86 | 2.60509 || .40403 | 2.47509 42447 2.355 85 | 60 
1 | .3643. | -74499 || -3842 | -60283 || .40436 | .47302 | .42482 |) .35395 | 59 
2 | .36463'| .7425% || -38453 | -60057 || .4047 | -47095 || -42516| .35205 | 58 
3 | -36490 | -74004 || 38487 | .5983x || 40504 | .46888 || .425 5x} -35015'| 57 

4 | -36529 | -73756 || -3852 | -59606'|| .40538 | .46682')| .42585 | .34825 | 56 
5 | .365 62 | 2.735 09 |) -38553 | 2.593 81 || .405 72 | 2.46476 || .42619 | 2.34636 | 55 
6 | .36595 | -73263 || 38587 | -59156||.40606 | .4627 || 42654) -34447'| 54 
7 | .36628 | .73017 || -3862 -589 32 || -4064 | .46065 || .42688 | .34258 | 55 
8.36661 | .72771°|| -38654 | -58708 || .40674 | .4586 || .42722 | .34069') 52 
9 | .36694 | -72526 || 38687 | .58484 || .40707 | -45655 | -42757 | -3388r | 51 

10 | .36727 | 2.72281 || .38721 | 2.5826 || .407 41 | 2.45451 || -42791 | 2.33693 | 50 

tr | .3676 -720 36 || -38754'| .58038 || .40775 | .45246| .42826 | .33505 | 49 
12'| .36793 | -71792 || -38787 | -57815 || 40809) 45043 | 4286 | .33317 | 48 
13 | .36826'| .71548 || 38821 | .57593 || 40843) -44839 || .42894 | -3313 | 47 - 
14 | 36859 | .71305'||-38854 | -57371 || -40877 | -44636 || 42929 | .329 43] 46 
15 | .36892 | 2.71062 || .38888 | 2.5715 +409 11 | 2.444 33 || -42963°| 2.32756'| 45 

16 | .36925| -708'9 || 38921 | -56928 || .40945 | +4423 || -42998) .3257 | 44 
17 | -36958 | -70577 || 38955 | -56707 || -40979 | 44°27 || -43032 | -32383 | 43 
18 | .36991 | -703 35 || -38988 | -56487 || -41013'| -43825 || .43067 | .32197'| 42 
19'| .37024'| .70094 || .39022 | -56266' || .41047 | .43623 || .4310r | .32012 | 4x 
20°| .37057 | 2.69853 || .39055 | 2-56046'|| .41081 | 2.43422 || .431 36 | 2.318 26 | 40 

21 | .3709 .696 r2 || 39089 | -55827 ||.41115 | -4322 || .4317 -316. 41 | 39 
22 | .37124'| .69371 || -39122 | -55608 || .41149 | «43019 ||.43205 | .31456 | 38 
23 | .37157°| -69131 || 30156 | -55389 || .41183 | .428109 || -43239 | .31271 | 37 
24-| .3719 -688 92 || .3019 “5517 || -41217 | .42618 || .43274 | .31086'| 36 
25 | .37223 | 2.686 53 || .39223 | 2-549 52 || .41251 | 2.424 18 i} +433 08 | 2.30902 | 35 

26 | .37256 | -68414 || .39257 | -54734 || 42285 | .42218 |) .43343 | .30718 | 34 
27-| 37289 | -68175 || 3929 | -54516 || «413319 | .42019 || -43378 | -30534 | 33 
28 | .37322 | .67937 || 39324 | -54299 || -41353 | -418319 | -43412 | -30351 | 32 
29 | -37355 | +677 +39357 | -54082 || .41387 | .4162 || .43447 | «30167 | 3r 
30 | .37388 | 2.674 62 || .39391 | 2.53865 || .414 21 | 2.414 21 || .434 8x | 2.2909 84 | 30 

31 | .37422 | -67225 || 39425 | -53648 || 41455 | -41223 || .43516 | .29801'| 29° 
32 | -37455 669 89 || -39458 | -53432 || 4149 +410 25 || .4355 -296 19 | 23° 

33 | -37488 | .66752 || 39492 | -53217 || 41524 | -40827 || .43585 | .20437 | 27 
34 | -37521 | -665 16 || -39526 | 53001 |] .41558 | .400 29 -4302 -29254 | 26 
35 | -37554 | 2-662 8x || -39559 | 2.52786'|| .41592 | 2.404 32 || .436 54 | 2.29073 | 25 
36 | «375 -660 46 || .39593 | -52571 || -41626 | .40235 || .43689 | .288o1 | 24 
37 | .3762r | ..658 rx |}'-39626 |  .52357 || .4166 -400 38 || .43724 | .2871 | 23 
38 | .376 54 655 76 || 3966 -521 42 || .41694 | -398 41 || -43758'| .28528 | 22 
39 | -37687 | -653 42 || 30694 | -51929 || .41728 | .39645 || -43793 | -28348 | 2x 
40 | .3772 | 2.65109 || .397 27 | 2.51715 || .41763 | 2.394 49'||'.438 28 | 2.28167 | 20 

41 | .37754 | -64875' || 39762 | 51502 ||} .41797 | -39253 || -43862 | .27987 | 19 
42 | -37787 | -646 42 || .39795 | | -51280 || .418 31 390 58 -43897 | .27806'| 18 
43 | -3782 -6441 +398 29 | .51076 || .418 65 388 62 || .43932 | .27626 | 17 
44 | -37853 64177 || .39862 | .50864 || .41899 | .38668'|| .43966 | .27447 | 16 
45 | -378 87 | 2-639 45 || -39896 | 2.506 52 || .419 33 | 2.38473 || -44007 | 2.27267 | 15 

46 | .3792 637 14 || 3993 | 5044 || .419 68) «38279 || .44036 | .27088 | 14 
47 | -37953 | -63483 || .39963 | -50229 || «42002 | -38084 || .44071 | .269 09 |} 13 
48 | .3798 -632 52 || .39997 | .50018 || .42036'| .37891 || .44105 | .2673 | 12 
49 | 3802 630.21 || .40031 | .49807 || .4207 | .37607 || .4414 -265 52 | rr 
50 | 38053 | 2.62791 || -40065 | 2.49597'|} 42105 | 2.375 04 || -441 75 | 2.26374 | 10 
51 | -38086 625 6x |] -40098 | .493 86 || .42139 | -37311 || 4427 -26196 | 9 
52 | .3812 623 32 || .40132 | .49177 || 42173 | -37118 || .44244 | .26018| 8 
53 | -381 53 621 03, || .40166 | .489 67 || .42207 | .36925 || .44279 | .2584 a 
54 | .381 86 6x8 74 || -402 +487 58 || 42242 | .36733 || -44314 | .25603| 6 
55 | 3822 | 2.616 46 || .402 34 | 2.485 49 || .42276 | 2.365 41 || .443.49 | 2.25480] 5 

56 | .38253 | -Or418 |) .40267 | .4834 || .4231 | -36349 || .44384 | .25309| 4 
57 | .38286 6119 || .40301 | | .481 32 |] .42345 | .36158 || 44418] .25132 | 3 
58 | .3832 609 63 || 40335 | -47924 || -42379 | -35967 || -44453] -24956| 2 
59 | -38353 | -60736 || .40369 | -47736 || 42413 | -35776 || 44488 | .2478 | x 

+383 86 | 2.605 09 || .404.03 | 2.47509 || 424 47 | 2.35585 || .44523 | 2.24604 | 0 

* | Co-rana.| TAne Co-rane.| Tanc. |/Co-rana.|...\Tanc. ||Co-ranc.|. Tang. | ’ 
69° 68° 67° 66° 



830 ON ounreanno] > 

NATURAL TANGENTS AND CO-TANGENTS. A421, 

24° 25° 26° 27° 
Tange. | Co-rane. Tange. | Co-rane. |} Tana. | Co-rane. Tans. | Co-rane. | ” 

+445 23.| 2.24604 || .46632 | 2.14451 || .48773 | 2.0503 || .50953 | 1.96261.| 60 
-44558.| .24428 || .46066 | .14288 || 48809.) .04879 || .50989.| .96r2 | 59 
-44593.| -24252|| 46702 | .14125 || 48845.) .04728 || .51026.| .95979) 58 

44027 | -24077 || 46737 | .13963 |) .48881 | .04577 || .51063 | .95838 | 57 
-44662 | .23902 || .46772 | .1380r || .48917-| .04426 |! .51099.] .95698 | 56 
44697 | 2.23727 || .46808 | 2.13639 || .48953 | 2.04276.|| .511 360 .| 1.95557.| 55 

+447 32 | -23553.| -46843 | .13477 || -48989 | .o4r25.|| .51173-| -95417 | 54 
-44767.| -23378 || .46879 | .13316 || .49026 | .03975.||.51209.| 95277.) 53 
-44802 | .23204 || .46914 | .13154 ||.49062 | .03825 || .51246.| .95137 | 52 

-44837 | -2303. || -4695 | .12993 || 49098 | -03675 || .51283 | -94907 | 5x 
44872 | 2.22857 || .46985 | 2.128 32. || .49134 | 2.035 26 || .51319 | 1.94858.| 50 
44907 | .22683 || .4702z | .12672 || .4917 -033 76.|| .53356.| .94718 | 49 
-44942 | .2251 || .47056| .12511 || .49206.| .03227 || .51393-| -94579 | 48 
-44977 | -22337 || -47092 | -1235 || .49242 | .03078 || .5143 -9444 | 47 
-45012 | .22164 || .47128 | .1219 ||.49278 | .02929.|| .51467 | .94302 | 46 
.45047 | 2.21992 || .471 63 | 2.1203 || .49315 | 2.0278 || .51503 | 1.94162 | 45 
-45082.| .21819 || .47199.| .11871 || .49351.| -02631 || .5154 +940 23 | 44 
-45117.| .21047.|| .47234 | .x171x || .49387.| -02483 || .51577-| -93885 | 43 
451 52-| .21475.|| 4727 +115 52 || .49423.| -02335.|| .51614| .93746.| 42 
-45187.| .21304 || .47305 | -11392 || .49459| -o2187 || .51651.| .93608 | 4x 
+452 22 | 2.21132 || -47341 | 2.11233 || .49495.| 2.02039 || .51688 | 1.9347 | 40 

45257 | -20961.|) -47377 | .11075.|| .49532| -o18gx || .51724 | -93332 | 39 
-45292.| .2079 -47412 | .10916.|| .49568 | .01743 || .51761 | -93195 | 38 

-45327.| -20619 || .47448.| .10758.|/ .49604 | -01596 || .51798| -93057 | 37 
45362] -20449 | -47483.| .106 +4964 | -01449.|| -51835.] -9292 | 36 
45397 | 2.20278. || .47519 | 2.104 42 || .49677 | 2.01302 || .51872 | 1.92782] 35 
-45432 | -20108 || .47555.| .10284 || .49713.| .o1158 || .51909] .92645 | 34 
-45467.| -19938 | -4759 -101 26 || .49749 | .01008 || .51946-| .92508 | 33 
-45502 | -19769|| .47626 | .09g969 || .49786 | .co862 || .51983, -92372 | 32 
-45537 | -19599!| -47662 | .o9811 || .49822 | .00715 || .5202 +922 35 | 3x 

+455 73 | 2-1943 || -47698 | 2.09654 || .49858 | 2.005 69 || .52057 | 1.92098.) 30 
-45608 | .1926r || -47733.| .09498 || .49894.| .00423-|| 52094] -91962 | 29 
+450 43 | -19092 || -47769 | .09341 || .49931-| .00277 || .52131-| .91826 | 28 
45678 | .18923.|| .47805 | .cg1 84 || .499 67 02131 || .52168.| .9169 | 27 
-45713 | -18755.|| -4784 | -cg028 |) .s0004 | 1.99986 || .52205'| -91554-| 20 
+457 48 | 2.185 87.|| .47876 | 2.06872 || .5004 | 1.998 4r-|| 52242 | 1.91418 | 25 
45784 | -18419 || -47912 | .08716 |) .50076 | .99695 || 52279] -91282 | 24 

| 45819 | .18251|| -47948 | .0856 || 50113] .9955 || .52316| .g1147 | 23 
-45854 | .18084 || .47984 | .08405 || .50149-| -99406-|| -52353 | «91012 | 22 
45889 | .17916 || -48019 | .0825 -50185.| .99261 || .5239 -908 76 | 2% 
45924 | 2.17749 || -48055 | 2.08094 || .502 22 | 1.991 16.|| .524 27 | 1.90741 | 20 

4596 | .17582 || .48091.) .07939 || .50258.| .98972|| .52464 | -g0607 | 19 
-45995.| -17416 || -48127 | .07785 |) .50295 988 28.|| .52501 | -90472 | 18 
-4603 17249 || -48163 | .0763 || .50331 | -98684 || .52538| -.90337 | 17 
-46065 | .17083 || -48198 | .07476 || .50368.| .9854 || .52575| .9o203 | 16 
-461 o1 | 2.169 17.|| .48234 | 2.07321 || .50404 | 1.98396 || .52613 | 1.90069 | 15 
«46136 | .16751.|| .4827 -07167 || 50441 | 98253 || 5265 +899 35 | 14 
-46171.| .165 85 || .48306 | .07014 ||.50477| .98rz || .52687| «89801 | 13 
-46206.| .1642 || .48342 | .0686 || .50514 | -97966 || 52724 | -89667 | 12 
-462 42 | .16255 || .48378 | .06706 || .5055 -978 23 || .52761 | -89533 | 12 
.46277 | 2.1609 || .48414 | 2.06553 || .50587 | 1.9768 || .52798 | 1.894 10 
-46312 | .15925 || .4845 064 +506 23 975 38.|| -52836.| .89266| 9 
-463 48 | .1576 -484 86 | .06247 || .5066 97395 || 52873 | .89733| 8 
-46383 | .15596 || .48521 | .060.94 || .506.96 97253 || 5291 -89 7 
46418 | .15432 || -48557 | .05942|| .50733 | -97112 || 529047 | -88867] 6 

1464 54 | 2.15268 || .485.93 | 2.0579 || .507 69 | 1.969 69 || .529 84 | 1.887 34 | 5 
46489 | «15204 || -48629 | .05637 || .50806 968 27 || .53022 | .88602] 4 
-46525 | «1494 || -48665.| .05485 || .508 43 96685 || .53059 | -88469) 3 

4656 .| -147-77.|| 48701.) -05333 || .50879 | 96544 || .53096| -88337 | 2 
46595 | -14614-|| .48737.| .05782 |) .50916.| .96402)| 53134 | -88205] x 

| .4663r | 2.14452 || -48773 | 2.0503 || 50953 | 1.962 6x || .53r71 | 1.88073] o 

Co-ranec.| -Tane. Co-ranc.| Tane, Co-rane.| Tang. ||Co-rane.| ‘Tana. bs 

659° | 64° 63° 62° 
Nw’ 



NATURAL TANGENTS AND CO-TANGENTS. 422 

28° | 29° 30°. 31° 
* | Tan. | Co-rane. || Tana. | Co-ranc. || Tane. | Co-ranc. || Tana. | Co-rane. 

o | -53r71 | 1-88073 || -55431 | 1-80405 || .57735 | 1-73205 || -60086 1.664 28 
| .53208] .87941 || .55469 | -80282 || .57774-| .73089 || 60126.) .66318 
2 | .53246 | .87809.||.55507 | -80r58 || .57813 | .72973 || 60165 | .66209 
3 | 53283 | -87677 || 55545 | -80034 || .57851 | .72857 | 60205.) .66099 
4| +5332. | -87546 || 55583 | -79911 || 5789 | -72741 || 60245 | .6599 
5 | 53358 | 1.87415 || 55627 | 1.79788 || .57929 | 1.72625 || .60284 | 1.6588 
6 | 53395 | -87283 || 55659] -79065 || .57968 | .72509 || -60324 | .65772 
7 | 53432 | -87152 || -55697 | -79542 || 58007 | .72393 || -60364 | -65663 
8 | .5347 | -8702z || 55736 | -79419 || 58046] .72278 || 60403 | 65554 
g | 53507 | -8689z || .55774 | -79296 || .58085 | .72163 || 60443 | .65445 

x0 | 53545 | 1.8676 || .55822 | 1.79174 || .581 24 | 1.72047 || -60483 | 1.65337 
tz | .53582 | .8663 -5585 -79051 || .58162 | .71932 || 60522 | .65228 
12 | -5302 864.99 || 55888 | -78929 || .58201 | .71817 || 60562) .6512 
13 | -53657 | -86369 || .55926 | -78807 || .5824 -717 02 || .60602 | .65017 
14 | -53694 | -86239 || 55964 | -78685 || 58279 | -71588|| 60642 | .64903 
15 | -53732 | 1-86r0q || .56003 | 1.78563 || .58318 | 1-714 73 || 60681 | 1.64795 

16 | -53769 | -85979 || 56041 | -7844r |) .58357 | -71358 || 60721 | .64687 
17 | 53807 | -8585 |) 56079 | -78319 || .58396 | -71244 || 60761 | -64579 
18 | 53844 | -8572 || 561127 | -78198.|| .58435 | .71129 || 60801 | +644 71 
1g | 53882 | .85591 || .56r56.| -78077 || -58474 | .71015 || 60841 | .64363 
20 | .5392 | 1.85462 || .56r94 | 1-77955 || -58513 | 1-709 07 || -6088z | 1.64256 

2x | 53957 | -85333 || 56232 | -77834 || .58552 | -70787 || 60921 | .641 48 
22 | -53995 | -85204 || 5627 77713 || 58591 | 70673 || 6096 | 64041 
23 | -54032.| -85075 || 56309 | -77592.|| -58631| -7056 || .61 -639 34 
24 | -5407 +849 46 || .563 47 77471 || 5867 -704 46 || .6104 -638 26 
25 | «54x07 | 1.84818 .|| .563 85 | 1.773 51 || .58709 | 1.70332 || 6108 | 1.63719 
26 | 54145 | -84689.|| 56424 | -7723 -58748 | .70219 || 6112 -636 12 
27 | 54183 | -8456r || .56462 | .7711 -58787 | .701 06 || -6116 -63505 
28 | .5422 844.33 |} .565 +7699 || 58826} .69992 || -612 -633 98 
29 | 54258 | -84305 || -56539 | -76869 || .58865 | .69879.|| .6124 -632 92 
30 | -542.96 | 1.84177 || .56577 | 1-767 49 || -58q04 | 1.69766 || 6123 | 1.63185 
31 | -54333 | -84049 -566 16} .7663 58944 | -69653 || -6132 -630 79 
32 | 54371 | 83922 || 56654.) .7651 58983 | .695 41 || 6136 -620 72 
33 | -54409 | -83794 || -56693 | -7639 .59022 | .694 28 || .614 -628 66 
34 | -54446 | .83667.||\.56731 | -76271.|| 59061 | .693 16 || -6144 -6276 
35 | -54484 | 1.8354 || -56769 | 1.76151 || .5oror | 1.69203 || -6148 | 1-626 54 
36 | 54522] 83413 || .56808 760 32 || .5914 -6g0 91 || -6152 -625 48 

37 | +5456 | -83286 || ,56846 | -75913 || .59179 | +689 79 || 61561 | .62442 
38 | .54597 | -83r59.|| -56885 75794 || .59218 | .68866 || .61601 | .623 36 
39 | -54635 | -83033 || 5690. 23 75675 || .59258 687 54 || 616 41 -6223 
40 | .546 73 | 1.82906 || .569 62 | ‘2.75556 || .59297 | 1.68643 || 61682 | 1.621 25 

4r | 54711 | .8278 || .57 75437 || -59336-| -68531-|| 61721 | -62019 
42 | 54748 | .82654.|| 57039 | -75319 || 59376 | -68419 |) 61761 | .619 14 
43 | »54786 | .825 28 || .57078 752 -504 15 683 08 || .618 01 | .618 08 
44 | .54824 | .82402 || 57116 750 82 || .594 54 681 96 || .618 42 | .61703 
45 | -54862 | 1.82276 || .57155 | 1-74964 || .59494 | 1.68085 || .61882 | 1.615 98 
40 | -549 Sars -57193 748.46 || .505 33 67974 || -61922.| .61493 
47 | -54938.| .82025.||.57232 | -74728.|| .59573 67863 || .61962 | .61388 
48 | -54975 | -81899.|].57271.| -7461 || .596 12 677 52 || .62003 | .61283 
49 | -55013| -81774 ||.57309 | -74492.|| -59651 | .67641 || 62043 | .61179 
50 | -55051 | 1-816:49 || «57348 | 1-74375 || 59691 | 1.6753 62083 | 1.61074 

51 | «55089 | -81524|| -57386 | 74257 || -5973 67419 || 62124 | .6097 
52 | .55127| -81399 |) -57425-| -7404 || -5077 67309 || 62164 | .60865 
53 | -55165 | -81274 || 57464 | -74022 || «598.09 67198 || .62204 | .607 6x 

54 | 55203 | -8xr5 |] -57503 | -73905 || 59849 | -67088 || .62245 | .606 57 
55 | .55241 | 1-81025 || .575 41} 1-737 88 || .59888 | 1.66978 || .62285, | 1.605 53 
56 | «55279 | -8ogor |} .5758 736071 || 59928 | .66867 || .62325 | .604 49 
57 | -55317 | -80777 || -57619.| -73555.|| 59967 | .66757 || .62366 | .603 45 
58 | .55355 | -80653.]| 57657 734 38 || .60007 666 47 62406.| .602 41 

59 | -55393 | -805 29.|| .576.96 733 21 || 60046 | .66538 || -62446| .601 37 
60 | .55431 | 1.80405. || .577 35 | 1-73205 || 60086 | 1.66428 || .62487 | 1.60033 

’ |Co-rane.| Tane. ||Co-rane.!| Tang. ||Co-rane.! Tane, || Co-rane.| Tane. 
61° 60° §9° 582 

| J eiie 
*“LOHNWAU AN CWO O 



NATURAL TANGENTS AND CO-TANGENTS, 423 

32° 33° 340 35° 
’ | Tane. | Co-rane, || Tane. | Co-rane. || Tana. | Co-rane. Tanc. | Co-rane. | ” 

© | .624 87 | 1.60033 || -649 42 | 1.53986 || .674 51 | x.482'56 || .7oo2r | 1.42815 | 60 
x | -62527 | .5993 || .64982 | .53888 || .67493 | .48163 || .70064| .42726 | 5 
2 | 62568 | .59826 || .65023 | .5379x || .67536 | .4807 ||.7or07| .42638 | 5 
3 | 62608 | .59723 || -65065 | .53693 || 67578 | «47977 ||.7or5x | .4255 | 57 
4 |'-62649 | 15962 -65106 | .53595 || .6762 +478 85 || .7or94 | -42462 | 56 

5 | -626 89 | 1.59517 |) +6548 | 1.53497 || -67663 | 1.47792 || .702 38 | 1.42374 | 55 
6 | .6273 +59414 || -65189 | .534 677-05 | .47699 || .70281 | .42286 | 54 
7 | 6277 +593 11 || 65231 | .53302 || .67748 | -47607 || .7o325 | «42198 | 53 
8 | .628 rr | «59208 || 65272 | «53205 || .6779 +47514 || .70368 | .4211 | 52 
9 | 62852 | .sgros || 65314 | .53107 || -67832 | .47422 ||.70412 | .42022 | 51 

10 | .62892 | 1.59002 || .65355 | 1.5301 67875 | 1-4733 || .70455 | 1-419 34 | 50 

rz | .62933 | -589 -65397 | -52913 || 67917 | .47238 || 70499 | +418 47 | 4 
12 | .62973 | .58797 || 65438 | .52816 || .6796 +471 46 || .70542 | 41759 | 4: 
13 | 63014 | .586Q5 || .6548 52719 || 68002 | .47053 || .70586 | .41672 | 47 
14 | 63055 | .58593 || .65521 | .52622 || .68045 | .46962 || .70629 | «41584 | 46 
15 | -63095 | 1.5849 || .65563 | 1.52525 || .68088'| 1.4687 || .70673 | 1.41497 | 45 
16 | .63136 | «58388 || 165604 | «52429 || .6813 -46778 || .70717 | «41409 | 44 
17 | .63177 | ~58286 || .65646 | .52332 || .68173 | .46686 || .7076 +41322 | 43 
18 | .63217 | «58184 || 65688 | .52235 || .68215 | .46595 || .7o804 | .41235 | 42 
19 | -63258 | .58083 || .65729 | .52139 || 68258 | .46503 ||.70848 | «41148 | 4x 
20 | .63299 | 1.5798 || .65771 | 1.52043 || .683 02 | 1.46411 || .7089r | 1.41061 | 40 

2x | 6334 | -57879 || -65813 | .519 46 || .68343 | .4632 || 70935 | -40974 | 3 
22 | .6338 +577 78 || -65854 | 15185 68386 | .46229 || .70979 | -40887 | 3 
23 | -63421 | -57676 || .65896 | .51754 || .68429 | .46137 || 71023 | -408 37 
24 | .63462 | .57575 || -65938 | .51658 || .68471 | .46046 || .71066 | .40714 | 36 
25 | 63503 | 1.57474 || -6598 || 1.51562 || 68514 | 1.45955 || 7121 | 1.40627 | 35 
26 | .63544 | -57372 || 66021 | .51466 || .68557 | -45864 || .77154 | -4054 | 34 
27 | 63584 | .57271 || 66063 | .5137 || .686 +457 73 || -72198 | -40454 | 33 
28 | .63625 | .5717- || -66105 | .51275 || -68642 | .45682 || .71242 | .40367 | 32 
29 | .63666 | .57069 || 66147 | .511 79 || .68685 45592 || 71285 | .4028r | 3x 
30 | .63707 | 1.56969 || .661 89 | 1.510 84 || .687 28 | 1.45501 || .71329 | 1-401 95 | 30 

31 | -63748 | .56868 || .6623 «509 88 || 68771 | .4541 71373 | -40109 | 29 
32 | 63789 | -56767 || .66272 } .50893 || 68314 | .4532 -71417 | «40022 | 28 
33 | -6383 56667 || 66314 | .50797 || -68357 | .45229 || .71461 | -39936 | 27 
34 | -63871 | .56566 || .66356 | .50702 || .689 45139 ||-71505 | -.3985 | 26 
35 | -639 12 | 1.56466 || .663.98 | 1.50607 || .689 42 | 1.45049 || .715 49 | 1-397 64 | 25 
36 | 63953 | -56366 |} 6644 | «505 x2 || 68985 | .44958 || «71593 | -39679 | 24 
37 | 63994 | +56265 || 66482 | .50417 || .69028 | .44868 || .71637 | -39593 | 23 
38 | .64035 | .56165 || .66524 | .50322 || 69071 | «44778 || .71681 | «39507 | 22 
39 | 64076 | .56065 || .66566 | .50228 || 69114 | .44688 || .71725 | «39422 | 22 
40 | .64117 | 1.55966 || .66608 | 1.501 33 || -69157 | 1-445 98 || .71769 | 1-39336 | 20 

4x | .64158 | .55866 || .6665 500 38 || -692 -445 08 || .71813] .3925 9 
42 | 64199 | +55766 || 66692 | .499 44 || -69243 | 44418 || .71857 | -391 65 | 1 
43 | 6424 | .55666 || .66734 | 149849 || 69286 | -443 29 || .719 01 | -39079 | 17 
44 | 64281 | 55567 || .66776 | .49755 || 69329 | -44239 || .71946 | .38994 | 16 
45 | -643 22 | 1.55467 || .66818 | 1.49661 || .693 72 | 1.441 49 || 7199 | 1.38909 | 15 
46 | .64363 | «55368 || .6686 -495 66 || -69416 | .4406 -72034 | .38824 | 14 

47 | 64404 | .55269 || .66902 | .49472 || 69459] +4397 ||.72078 | .387 38 | 13 
48 | 64446] «557 || 66944 | .49378 || 69502 | .4388r || .72122 | .38653 | 12 
49 | 64487 | .55071 || .66986 | .49284 || -69545 | .43792 ||.72166 | .38568 | xz 
50 | .645 28 | 1.54972 || .67028 | 1.4919 95 88 | 1.43703 || .722 11 | 1.384 84 | 10 

51 | 64569 | -54873 || 67071 | .49097 || 69631 | -43614 ||.72255 | -38399 2 

52 | .646r | .54774 |) .67113 | .49003 || 69675 | -43525 || -72299 | -383 14 
53 | 64652 | +5475 || .67155 | .48909 || 69718 | .43436 || +72344 | -38229 | 7 
54 | -64693 | -54576 || .67197 | .48816 || 69761 | .433 47 || .72388 | .38145 | 6 
55 | 64734 | 1-544 78 || .67239 | 1.487 22 || 698.04 | 1.43258 || .724 32 | 1.3806 5 

56 | 64775 | -54379 || .67282 | .48629 || 69847 | .431 69 || .72477 | «37975 | 4 
57 | 64817 | «542 8x || .67324 | .485 36 || 69891 | .4308 “72521 | 37891) iB 
58 | 64858 | «541 83 || 67366 | .484 42 || .69934 | -42992 ||.72565 | .37807] 2 
59 | 64899 | -54085 || .67409 | .48349 || -69977 | -42903 || .726x «377-22 | 2 
Go | .649 4x | 1-539 86 || .674 51 | 1.48256 || -7oo2r | 1.42815 || .72654 | 1.37638 | o 

’ |Co-ranc.! Tana. Co-rane.! TAanG. ||/Co-ranc.! Tana. Co-ranc.| Tana. f 

| §7° 56° 55° 54° 



LS 
NATURAL TANGENTS AND CO-TANGENTS. 424 

86° 37° 38° 39° 
# Tanc. | Co-ranc, || Tang. | Co-rane. || Tana. .| Co-tanc. || Tane. | Co-ranc. | ” 

| 

~o | .72654 | 1-37638 || .75355 | 1-32704 i +781 29 | 1.27994 / -809 78 | 1.2349 | 60 
1 | -726.99 | -37554 ||+7540r | -32024 |) .78175 | -27927 || 81027 | .23416 | 5 

2|-72743| -3747 || -75447| -32544 || 78222 | .27841 #81075 | .23343 | 5 
3 | 72788 | .37386 !|.75492 | .32464 || .78269 | -27764 ||.81123 | .2327 | 157 
4 | -72832 | -37302 || -75538 | 32384 || .78316 | -27688 || .81171 | .23196 | 56 
5 | .72877:| 1.37218 || .755 84 | 1.32304 | 783 63 | 1-27611 || «8122 | 1.23123 | 55 
6 | .72921 | -371.34 ||-75629 | -32224 || .784x -275 35 || -81268 | .2305 | 54 

7 | 72966 | «3705 ||+75675 | -32244 || -78457 | +27458 | -81316 | .22977 | 53 
8 | .7301 +369 67 |}.75721 | -32064 || .78504 | .27382 || .81364 | .22904 | 52 

9 | -73955 | -30883 ||.75767 | -31984 || .78551 | 27306 |) .81413 | «22831 | 51 
ro | .731 1.368 -758.12)| 1-319 04 || .78598 | 1-2723 || 81461 | 1.22758 | 50 
az | -73E44 | «367.26 {1275858 | ~31825 || 78645 | «27753 || -8152 -22685 | 49 
12 | .73189 | .30633 ||-75904 | -31745 || -78692! .27077 || -81558 | .22612 | 48 

13 | -73234 | -36549 ||-7595 | -31666 || .78739 | .27001 || 81606 | .22539 | 47 
14 | .73278 | 1.36466 ||.75996 | «31586 || .78786 | .26925 |) .81655 | .22467 | 46 
15 | +73323.| -363.83 || 76042 | 1.31507 |} .78834 | 1.26849 || .81703 | 1.22394 | 45 
16 | .73368 | .363 -76088 | .31427 || .78881 | .26774 || .81752 | «22321 | 44 
17 | -73413 | -36217 || .76134 | .31348 || .78928 | .266098 || .818 +222 49 | 43 
a8 | «73457 | -36133 || «7618 «33269 || .78975 | .26622 || .81849 | -221 76 42 
19 | -73502 | -360.51 ||.76226 | .3119 -79022 | .26546 || .81898 | .22104 | 4x 
20 | -73547 | 1-359 68 || .76272 | 1.3115 | +7997 1.26471 || 819 46 | 1.22031 40 

2r | .735.92 | -35885 ||.76318 | «31031 || .79117 | -26395 || 81995 | -21959 | 39 
22 | .73037 | -35802 || .76364 | -30952 || .79164 | .26319 || -82044 | .21886 | 38 
23 |.7368x | .35719 || -7641 -308 73 \| -79212 | .26244 || -82092| .21814 | 37 
24 | -73726 | .35637 || -76456 | .30795 || -79259 | -26x69 || 82x41 | -217 42 | 36 
25 | +7377% | 1.35554 || -76502 | 1.307 16 || .79306,| 1.26093 || 8219 | 12167 | 35 
26 | .73816 | .35472 || -76548 | .30637 || -79354 | -260728 || 82238 | .21598 | 34 
27 | .73861 | .35389 || -76594 | .30558 || -7940r | .25943 || 82287 | -21526 | 33 

28 | 73906 | -35307 || 7604 | .3048 || .79449 | -25867 || 82336 | -21454 | 32 
29 | -73951 | -35224 ||-76686 | .30401 |) .79496 | «25792 || 82385 | -21382 | 32 
3° | «739.96 | 1-351 42 || .767 33,| 1-303 23 || .795.44 | 1.25717 || 82434 | 1-2132 | 30 
31 | 74041 | -3506 ||.76779 | -30244 || .79591 | .25642 || 82483 | .21238 | 29 
32 | -74086 | .34978 || .76825 | .30166 || .79639 | .25567 || 82531 | .21166 | 28 
33 | 74131 | «34896 ||.7687x | .30087 || .79686 | .25492 || 8258 21094 | 27 
34 | -74176 | .34814 || .76918 | .30009 || .79734 | -25417 || -82629 | .21023 | 26 
35 | -742 21 | 1-347 32 || -76964.| 1.29931 || .797 81 | 1.253 43 || :82678 | 1.20951 | 25 
36 | .74267 | .3465 ||.7701 -298 53 || -79829 | .25268 || .82727 | .20879 | 24 

37 | -74312 | -34568 |! .77057 |, .20775 || -79877 | .25193 || 82776 | .20808 | 23 
38 | 74357 | -34487 || -77103| .29696 +79924 | .25118 || .82825 | .20736 | 22 

39 | -74402 | +34405 || -77249 | -29618 || .70972 | -25044 || 82874 | .20665 | ax 
40 | -744.47 | 1.34323 || -77190 | 1.205 41 || 8002 1.249 69 || -82923 | I-20593 | 20 

41 | -74492 | «34242 || .77242 | .29463 || 80067 | .24895 || .82972 | -20522 | 19 
42 | -74538 | .3420 ||.77289| .29385 || 80115 | .2482 || .83022| .20452 | 18 

43 | -74583 | .34979 || 77335 | -29307 || 80163 | .247 46 || 83071 | -20379 | 17 
44 | -74028 | .339.98 || .77382] .29229 || 80211 | .24672 || 8312 -203 08 | 16 
45 | 74974 | 1.339.216 || -774.28,| 1.291 52 || 80258 | 1.245 97 || 832-69 | 1.202 37 | 15 
46 | .74719 | .33835 || -77475 | -2007¢4 || -80306 | .24523 || .83218 | .201 66 14 
47 | 74764 | -33754 || -77521 | .28997 || -80354 | -24449 || .83268 +20095 | 13 
48 | «7483 -336.73 || -77568 | .28919 || 80402 | .24375 || .83317 | .20024 | 12 
49°) -74855 | -33592 ||-77615 | .288 42 || .8045 +243 01 || 83366 | .19953 | xx 
50 | .749 1.335 11 || -77661 | 1.287 64 || 804.98 | 1.24227 || .83415.| 1.19882 | 10 

511-749 46| -3343 || «77708 | .28687 || 80546 | .24153 -83465 | .198 12 

52/1 :7499r | -33349 || -77754) -2861 || -80594 | .24079 || 83514 | .1074 8 
53 | 75037 | +33208 || .7780r | .285 33 || 80642 | .24005 || 83564 | .196 69} 2 
54 | -75082 | .33187 || 77848 | .28456 || .8069 +239 31 || .83623 | .19599| 6 
55 | «75128 | 1.33107 |) -77895 | 1.38379 || 807 38 | 1.23858 || .836.62 | 1.19528 | 5 
56 | -75173 | -33026 || .77941 | .28302 || .80786 | .237 84 || 83712 | .104.57 | | 4 
57 | -75219 | -32946 || .77988 | .28225 || 80834 | .2371 || .83761 | .19387 | 3 
58 | .75264 | .32865 || .78035 | .281 48 || 80882 | .23637 || 83811 | .19316] 2 
59 | -7531 +327 85 || .78082 | .28071 || .8093 +235 63 || .8386 -19246 | x 
60 | .75355 | 1.32704 || 78129 | x-279.94 || 80978 | 1.2349 -839% | 1.19175 | 0 

“ | Co-rane.| Tane, ,||Co-tane.! Tane,|!/Co-rane.!| Tana, ,|(Co-rane.| Tana, |” 
\ 53° 52° , 51° 502 



‘ 

Coraneweno| > 

NATURAL TANGENTS AND CO-TANGENTS. 

40° 41° 42° 430 
Tane. | Co-ranc. || Tane. | Co-rana. || Tane, | Co-rana. || Tana. | Co-Tana. 

-839x | 1.19175 || .869 29 | 1.15037 || .g004 | 1.11061 || .93252 | 1.07237 
+8396 +191 05 || .8698 -149 69 || .g0093 | -10996 || .93306 | .o71 74 
-84009 | .19035 || .8703r | -14902 || .gor 46 | -109 31 || .9336 -O7L12 
84059 | «18964 || .87082 | .14834)|| .gor99 | .10867 || .93415 | .07049 
+84108 | «18894 || 87133 | .14767 || .go251 | «10802 || .93469 | .06987 
-841 58 | 1.18824 ||..871 84 | 1.14699 || .903 04 | 1-107 37 || -935 24 | 1.069 25 
-84208 | .18754 || .87236 | «14632 || .90357 | -10672 || -93578 | .06862 
-84258 | .18684 || .87287 | .14565 || .go41 -106.07 || .93633 | +068 
-84307 | .186.14 || .87338 | .14498 || .90463 | .105 43 || .93688 | .06738 
84357) -18544 || 87389 | -1443 ||-90516 | .10478 || .93742 | .06676 
-84407 | 1.18474 || .874 41 | 1.143 63 || .905 69 | 1.104 14 || .93797 | 1-06613 

-84457 | .18404 || .87492 | .14296 || .go62r | 103 49 || .93852 | .06551 
-84507 | .18334 || .87543 | .14229 |] .90674 | «10285 |} .93906 | .06489 
-84556 | «18264 || .87595 | «14162 ||.90727 | .1022 || .93961 | .06427 
~84606 | .18194 || .87646 | .14095 || .g0781 | «10156 || .94016 | .06365 
-846 56 | 1.181 25 || .87698 | 1.14028 || .908 34 | 1.10091 || 94071 | 1.06303 
-84706 | .18055 || .87749 | .139 61 || .90887 | «10027 || .g4r25 | .o6241 
-84756 | «17986 || .87801 | «13894 || .g09 4 -099 63 || .9418 -061 79 
-84806 | .17916 || .87852 | .13828 || .gogg3 | «09899 || .94235 | .06117 
-84856 | .17846-|| .87904 | .13761 || .g10 46 | .098 34 || .9429 -060 56 
-849 06 | 1.17777 || .87955 | 1.13694 || .91099 | 1-0977 || .94345 | 1.05994 
-84956 | -17708 || .88007 | .13627 || .911 53 | -09706 || -944 -059 32 
-85006 | .17638 || .88059 | .1356r || .g1206 | .096 42 || .94455 | .0587 
.85057 | -17569 || .88r1 -134.94 || 91259] -09578 || -9451x 058 09 
285107 | «175 -88162 | «13428 || .91313 | -09574 || 94565 | .05747 
-85157 | 1.1743 || .88214 | 1.1336r |] .91366 | 1.0945 || -94602 | 1.05685 
-85207 | .17361 || .88265 | .13295 || .91419 | -09386 || .94676| .05624 
-85257 | «17292 || .88317 | .13228 || .91473 | -09322 || -94731 | .05562 
-85307 | «17223 || .88369 | .13162'|| .91526 | .09258 || .94786 | .055 01 
-85358 | «17154 || .88421 | «13006 || .9158 09195 || 94841 | .054 39 
-85408 | 1.17085 || .884 73 | 1.13029 || .916 33 | 1-091 31 || -948.96 | 1.053 78 
-85458 | .17016 || .88524 | .129 63 || .91687 | .og067 || .94952 | .05317 
-85509| .16947 || 88576 | .12897 || .9174 -090 03 |} .95007 | .05255 
-85559 | .16878 || .88628 | .12837 |} .91794 | .0894 || «95062 |] .o51 94 
-85609 | .16809 || .8868 -12765 || .91847 | .08876 || .95118 | .051 33 
.8566 | 1.16741 || .887 32 | 1.12699 || .919 or | 1.088 13 || .951 73 | 1.05072 
+8571 .166 72 || .887 84 | .126 33 || .91955 | -087,49 || 95229] .o501 
85761 | .16603 || .88836 ] .12567 || .92008 | .086 86 || .95284 | .o49 49 
85811 | .16535 || 88888 | .12501 || .g2062 | .08622 || .9534 -048 8 
-85862 | .16466 || .8894 +12435 |} 92116 | .08559 || -95395 | .04827 
859 12 | 1.16398 || .889 92 | 1.12369 || .9217 | 1.08496 || .954 51 | 1.047 66 
85963 | .163 29 || .89045 | .12303 || .92223 | .08432 |} .95506 | .04705 
-86014 | .1626r |] .89097 | -12238 || .92277 | .08369 |] .95562 | .046 44 
-86064 | .16192 || 89149 | .12172 || .92332 | -08306 || .95618 | .045 83 
.861 15 | .161 24 || 89201 |’ .12106 || .92385 | .082 43 || .95673 | .045 22 
861 66 | 1.16056 || .89253 | 1.12041 || .924 39 | 1-082 79 || .957 29 | 1.044 61 
.86216 | .159 87 || .89306 | «11975 || 92493 | -081 16 || .95785 | .044 01 
-86267 | .15919 || -89358 | 11909 |} .92547 | -08053 || .95841 | .0434 
-86318 | .15851 |] .8941 .118 44 || .g260r | .0799 || 95897 | .04279 
-863 68 | .157 83 || 89463 | .11778 || .92655 | -07927 || 95952 | .04218 
864 19 | 1.15715 || -89515 | 1.117 13 || 92709 | 1.079 64 || .g6008 | 1.041 58 
-8647 -156 47 || .89567 | .116 48 || .92763 | -078 01 || .96064 | .o4097 
.8652r | -15579 || 896.2 +115 82 || .92817 | .07738 || .9612 +040 36 
.86572 | «15511 || 89672 | .11517 || .92872 | .07676 || .96176 | .03976 
-86623 | .15443 || 89725] 11452 || .929 26 | -07613 || .96232| .03915 
86674 | 1115375 || .89777 | 1-113 87 |! .g298 | 1.0755 962 88 | 1.03855 
-86725 | .15308 || .8983 +113 21 |] .93034 | -07487 || .96344 | .03794 
-86776 | .1524 || .89883] .11256 || .93088 | .07425 || .964 +037 34 
.86827 | .15172|| .89935 | -11191 || .931 43 | -073 62 || .96457 | .03674 
.86878 | «15104 || .8998 +111 26 || .93197 | -97299 || 96513 | .03613 
.869 29 | 1.15037 || .9004 | 1-11061 || .93252 | 1.07237 || -96569 | 1.035 53 

Co-rane.| Tana. ||Co-rane.| TAne@.’ ||Co-rane.| Tane. || Co-rane.! Tana, 
499° 48° 47° 46° 

N n* 

425 

sho HNWAMU AN OO 



I ———_ 

426 NATURAL TANGENTS AND CO-TANGENTS. 

449° 440° 442. 

4 Tanc. | Co-rans. | % 44>% Tans. | Co-ranc. | ” | 4 Tanc. | Co-ranc. |’ 

© | .965 69 | 1.03553 | 60|| 21-| .97756 | 1.02295 | 39 || 41.) sQ8Q01 | 1.01112 | 19 
I 368 x 1.03493 | 59 || 22 | -97813 | 1.022 36 | 38 |) 42 | +98958 | 1-01053 | 18 
2 | .966.8x | 1.03433 | 58 || 23 | 9787 | 1-02176 | 37 || 43.| ~9g01x6 | 1.00994 | 17 

3 | 96738 | 1-033 72 | 57 || 24 | -97927 | 1-02127 | 36 || 44 | +99073 | 1-00935 | 16 
4 | «96794 | 1-033 12 | 56 || 25 | .97984 | 1-02057 | 35 || 45 | -99131 | 1-008 76 | 15 
5 | -9685 | 1.03252 | 55 || 26 | .9804r | 1.01998 | 34 } 46 | -g91 89 | 1.00818 | 14 

6 | .96907 | 1 03192 | 54 || 27 | -980.98 | x-019.39 | 33 || 47 | -99247 | 1-00759 | 13 
7 | -969 63 | 1.031 32 | 53 || 28 | -98155 | 1.01879 | 32 |} 48 | -99304 | 1-007 01 | 12 
8 | .g702. | 1.03072 | 52 || 29 | -98213 | r-0182 | 31 |} 49.| -99362 | 1-006.42 | 11 
9 | .97076 | 1.03012 | 51 || 30 | .9827 1.01761 | 30|}'50| -g942. | 100583 | ro 

TO | $971 33] 1-029 52 | 59 || 31'| .98327+| 1.01702 | 29 || 51 | -99478 | 1-00525 | 9 
II | :971 8g | 1.02892 | 49 || 32 | -98384 | 1-016.42 | 28 || 52.| .99536 | x-00467 | 8 
12 | .97246 | 1.028 32 | 48 || 33 | -98441 | 1.01583 | 27/53 | -995.94 | 1-00408 | 7 
13 | .97302 | 1.02772 | 47 || 34 | -984 99 | 1-015 24 26 || 54 | -99652 | 1.0035 6 
14 | -97359 | 1.02713 | 46 35 -985 50 | 1.01465 | 25 || 55 | -9972 1.002 QI 5 
15 | 97410 | 1.02653 | 45 || 36 | -98613 | 1.01406 | 24 || 56] .99768 | 1.00233] 4 
16 | .97472 | 1025.93 | 44 || 37 | -98672 | 1.013 47 | 23 || 57 | -99826 | 1.00175 | 3 
17 | -97529 | 1.02533 | 43 || 38 | -98728 | 1.01288 | 22 || 58 | .99884 | 1.00116 | 2 
18 | .975 86 | 1-024 74 | 42 || 39 | -98786 | 1.01229 | 21 | 59 | -99942 | 1-00058| = 
19 | 97643 | 1.02414 | 4x || 40 | -98843 | 1.0117 | 20 || 60} x I o* 
20 | .977 1.02355 | 40 i} : 

¢ |Co-rane.| Tane. Ud ’ |Co-rane.|  Tane. ' | 1 | Co-raxc. TANG. y 

45° 45° I 45° 

Preceding Table contains Natural Tangents and Co-tangents for every 
minute of the quadrant, to the radius of r. 

If Degrees are taken at head of columns, Minutes, Tangents, and Co-tan- 
gents must be taken from head also; and if they are taken at foot of col- 
umns, Minutes, ete., must be taken from foot also. 

ILLUSTRATION, —.1974 is tangent for 11° 10’, and co-tangent for 78° 50’. 

To Compute Tangents and Co-tangents for Seconds. 

Ascertain tangent or co-tangent of angle for degrees and minutes from 
Table; take difference between it and tangent or co-tangent next below it. 

Then as 60 seconds is to difference, so are seconds given to result required, 
which is to be added to tangent and subtracted from co-tangent. 

POPEPREATION Gs WG is the tangenk pnd co-tangent of 54° 40’ 40°’? 
Tangent of 50° 40’, per Table = 1.410 61 3 Tangent Ne 240 ae Pos = es oat .000 87 difference. 

Then 60 . Ge 87 - 3.000 58, mhich, added fe 1.41061 = 3.41119 tangent. 
Co-tangent o o, per Table=, ° 
Co-tangent of so Z uo BSS 34 poise BH tak ae 

Then 60° : .000 43 :: 40: 29, which, subtracted from .708.91 =.708 62 co-tangent. 

To Compute Tangent or Co-tangent of any Angle in 
Degrees, Minutes, and Seconds. 

Divide Sine by Cosine for Tangent, and Cosine by Sine for Co-tangent. 
ExamPLy.—What is tangent of 259 18’? 

ay RSA +427 30 
Sine =.427 36; cosine =.90408. Then bate = .4727 tangent. 

To Compute Number of Degrees, Minutes, and Seconds 
of a given Tangent or Co-tangent. eli: 

When Tangent is given.—Proceed as by Rule, page 402, for Sines, substi- 
tuting Tangents for Sines. 
EXAMPLE.—What is tangent for r.4r1 19? ‘ 
Next less tangent is 1.41061, are for which is 54° 40’. Next greatest tangent is 

1.411 48, difference between which and next less is .000 87. 
Difference between less tabular tangent and one given is 1.410 61—1.411 19 =.000 58, 
Then .o00 87 : .c00 58 :: 60 : 40, Which, added to.54° 40’ = 54° 40" 40°”. 
When Co-tangent is given.—Proceed as by Rule, page 402, for Cosines, 

substituting Co-tangents for Cosines. 
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AEROSTATICS. 

Atmospheric Air consists, by volume, of Oxygen 21, and Nitrogen 79 
parts; and in 10000 parts there are 4.9 parts of Carbonic acid gas, 
By weight, it consists of 77 parts of Oxygen, and 23 of Nitrogen. 

One cube foot of Atmospheric Air at surface of Earth, when barome- 
ter is at 30 ins., and at a temperature of 32°, weighs 565.0964 grains = 
.080 728 Ibs. avoirdupois, being 773.19 times lighter than water. 

Specific gravity compared with water, at 62.418 = .001 293 345. 

Mean weight of a column of air a foot square, and of an altitude 
equal to height of atmosphere (barometer 30 ins.), is 2124.6875 lbs. = 
14:7548 lbs. per sq. inch = support of 34.0393 feet of water. : 

Standard pound is computed with a mercurial barometer at 30 ins.; hence, 
as a cube inch of mercury at 60° weighs .490 7769 lbs., pressure of atmos- 
phere at 60° = 14.723.307 lbs. per square inch. 

12.3873 cube feet of air weigh a pound, and its weight varies about 
i gr. tor each degree of heat. 

Extreme height of barometer in latitude 30° to 35° N.= 30.21 ins, 

Rate of expansion of Air, and all other Elastic Fluids for all temperatures, 
is essentially uniform, From 32° to 212° they expand from r1o0o to 1376 
volumes = .002 088 or z7yth part of their bulk for every degree of heat, 
From 212° to 680° they expand from 1376 to 2322 =.002 021 for each de- 
gree of heat. ; 

Thus, if volume of air at 132° is required. 132° —32°= 100, and 1000 

+ 100 X .002 088 = 1209 volumes. 

Height, at Equator is estimated at 300 fect greater than at Poles, its 
mean height at 45° latitude. 

In like latitudes, air loses about 1° for every foot in height above level 
of sea. 

Below surface of Earth, temperature increases. 

Elasticity of air is inversely as space it occupies, and directly as its density. 

When altitude of air is taken in arithmetical proportion, its Rarity will be 
in geometric proportion. Thus, at 7 miles above surface of Earth, air is 4 
times rarer or lighter than at Earth’s surface; at 14 miles, 16 times; at 21 
miles, 64 times, and so on. 4 

* Density of an aeriform fluid mass at 32° and at ¢° will be to each other 
as 1 + .002 088 (¢° — 32°) is to 1. 

For Volume, Pressure, and Density of Air, see Heat, page 52t. 

Altitude of Atmosphere at ordinary density is=a column of mercury 30 
ins. in height, divided by specific gravity of air compared with mercury. 

Hence 3o ins. = 2.5 feet, which, divided by .co0.094.987, specific gravity 
of air compared with mercury, = 26 319 feet = 4.985 miles. ; 
Gay Lussac, Humboldt, and Boussingault estimated it at a minimum of 

30 miles, Sir John Herschell 83, Brayais 66 to 100, Dalton 102, and Liais at 
180 or 204 miles. 

The aqueous vapor always existing in air, in a greater or less quantity, 
being lighter than air, diminishes its weight in mixing with it; and as, other 
things equal, its quantity is greater the higher the temperature of the air, its 
effect is to be considered by increasing the multiplier of ¢ by raising it to 
002 22. 

Glaisher and Coxwell, in 1862, ascended in a balloon to a height of 37 000 
feet. , 
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At temperature of 32°, mean velocity of sound is 1089 feet per second. It 
is increased or diminished about one foot for each degree of temperature 
above or below 32°. 

Velocity of sound in water is estimated at 4750 feet per second. 

Velocity of Sound at Various Temperatures. 
° Per Second. | ° Per Second. {| ° | Per Second. |; ° | Per Second. 

Feet, Feet. | Feet. | Feet. 
5 1056 32 1089 68 1122 95 1152 

14 1070 50 1102 77 1132 104 1161 
23 1079 | 59 1112 86 1142 113 | 1171 

Motions of air and all gases, by force of gravity, are precisely alike to 
those of jlurds. . 

Sensation of hearing, or sound, cannot exist in an absolute vacuum. The 
human voice can be heard a distance of 3300 feet. 

Echo.—At a less distance than 100 feet there is not a sufficient interval 
between the delivery of a sound and its reflection to render one perceptible. 

To Compute Velocity of Sound through Air. 

1089 X 13/1 + [.002 088 (¢t — 32)] =v in feet per second, t representing temperature 
of air. 

ILLUsTRATION.—Flash of a cannon from a vessel was observed 13 seconds before ° 
report was heard; temperature of air 60°; what was distance to vessel? 

1089 X 13/1 + [.002 088 (60° — 32)] = 1089 X 13 X 1.029 = 14 567.55 fect = 2.76 miles. 

Theoretical velocity with which air will flow into a vacuum, if wholly un- 

obstructed, is V 29 kh = 1347.4 feet per second. In operation, however, it is 
1347:4 X .707 =952.61 feet. 

To Compute Velocity of Air Flowing into a Vacuum. 

V2gh x c=v in feet per second, c representing coeficient of efflux. 

Coefficients for openings are as follows: 
Circular aperturesin a thin, plate, oo jose neg aie = rl. nee 10S oFeeien sie .65 t0.7 
Cylindrical adjutage.......... .g2 | Conical adjutage.......... 93 

Velocity of Sound in Several Solids. 

Velocity in Air = 1. 
Lead...... 3:9 incre 9.8 | Pine...... 12.5 | Glass... rx.9 | Steel..... 14.3 
Gold kis .ii63 516} | Oakiigs sss 9-9 | Copper... 11.2 | Pine..... 12.5 | Iron..... 15.4 

To Compute Hlevations by a Barometer. 
Approximately * 60000 (log. B —log. b) C= height in feet ; B and b representing 

heights of barometer at lower and upper stations, and C correction due to T+ t or 
temperatures of lower and upper stations. 

Values of C or T+. 
° @ ° c ° Cc ° Cc ° Cc ° Cc ° Cc 

40 | .973 || 60 | -996|| 80 | 1.078 || x00 | 1.04 || 120} 1.062 || 140 | 1.084 || 160 | 1.106 
42 | .976 || 62 998 || 82 | r.02 || 102 | 1.042 || 122 1.064 ||'142 | 1.087 || 162 | 1.108 : 
44 | .978 || 64 | 1 84 | 1.022 || 104 | 1.044 || 124 | 1.067 || 144 | 1.089 || 164 | x11 
40 | .98 || 66 | x.002 || 86 | 1.024 || 106 | 1.047 || 126 | 1.069 |/ 146 | r.09r || 166 | x.113 
48 | .982 || 68 | r.004 || 88 | 1.027 || 108 | 1.049 || 128 | x.071 || 148 | 1.093 || 168 | x.275, 
50 | .984 || 70 | 1.007 || go | 1.029 |} 110 | 1.057 || 130 | 1.073 || 150 | 1.096 || 170} 1.117. 
52 | -987 || 72 | x-009]| 92 | 1-031 || 112 | 1.053 || 132 | 1.076 || 152 | 1.098 || 172 | x.12 
54 | .989 || 74 | x.0rr |] 94 | 1-033 || 114 | 1-056 || 134 | 1.078 |) 154 | 1.2 174 | 1.122 
56 | .ggr || 76 | xr-013 || 96 | 1.036 |] x16 | r.058 || 136 | 1.08 || 156 | r.102 || 176} 1.124 
58 | .993 || 78 | x.0r6 |} 98 | 2-038 || 118 | 1.06 |] 138 | 1.082 || 158 | 1. x04 || 178 | 1.126 

* For more exact formulas, see Tables and Formulas, by Capt. T. S. Lee, U.S. Top. Eng., 1853. 
A 
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Their values vary approximately .oorr per ‘degree. 
Upper Station. Lower Station. 

79-4 77:6 | 
23.66 30.05 

log. B= 1.4778, log. 6 = 1.374. 

6807.2 feet. 

ILLUSTRATION.—Thermometer 
Barometer 

C=77.6 + 70.4 = 1.093, 

_ Then 60000 X (1.4778 — 1.374) X 1.093 = 

To Compute Elevations by a Thermometer. : 

520 B+ B? X C=height in feet. B representing temperature of water boiling at 
elevated station deducted from 212°. | 

Correction for temperatures of air at lower and upper stations, or T+ ¢, to be taken 
from table, page 428, as before. 

ILLUSTRATION.—Temperature of water boiling at upper station 192°; temperature 
of air 50° and 329°. C=1.02. 

_——— Sa Bel 

Then 520 X 212 —192- 212 — 192 X 1.02 =11 010 feet. 

To Compute Capacity of a Balloon, etc., see page 218. 

Barometer. 

Elevations by Barometer Readings. 

Mean Temperature of Atr 50°. 

For correction for temperature, see note at foot. 

(Astronomer Royal.) 

Height.) Barom. ||Height.| Barom. |Height. Barom. ||Height.| Barom. || Height. | Barom. 

. Feet. Ins. Feet. Ins. Feet. Ins. Feet. Ins. Feet. Ins, 
o | 31 600 | 30.325 || 1500 | 29.34 4000 | 26.769 7 000: | 23.979 

59 | 30-943 || 650 | 30.269 || 1600 | 29.233 || 4250 | 26.524 ||. 7500 | 23.543 
too -| 30.886 700 | 30.214 || 1750 | 29.072 || 4500.| 26.282 8000 | 23.115 
150 | 30.83 750 | 30.159 || 1800 | 29.019 |} 4750 | 26.042 8 500 | 22.695 
200 | 30.773 800 | 30.103 || 2000 | 28,807 || 5000 | 25.804 g00o | 22.282 
250 | 30.717 850 | 30.048 || 2250 | 28.544 || 5250 | 25.569 9500 | 21.877 
joo | 30.661 goo | 29.993 || 2500 | 28.283 || 5500 | 25.335 10000 |’ 21.479 
350 | 30.604 || 1000 | 29-883 || 2750 | 28.025 || 5750 | 25.104 |} 10500 | 21.089 
400 | 30.548 |] 1100 | 29.774 || 3000 | 27.769 || 6000 | 24.875 11000 | 20.706 
450 | 30.492 || 1200 |, 29.665, |} 3250 | 27.515 || 6250 | 24.648 I1 500 |, 20.329 
500 | 30.436 || 1300 | 29.556 || 3500 | 27.264 || 6500 | 24.423 || 12000 | 19.959 
550 | 30.382 |] 1400 | 29.448 || 3750 | 27.015 || 6750 | 24.2 12500 | 19.952 

Barometer. 

Correction for Capillary Allraction to be added im Inches. 

Diameter of tube........ 6 A pag “45 | 64 A 125 ity 
Correction, unboiled..... :004 | O05 | .007 .014 | .02 | .025 | 04 | 059 | .087 

Ae ne 002 | .003 | 004 | 005 | .007 | ox | .014 02g | .044 Correction, boiled 

To Compute Height. 

Ru.ze.—Subtract reading at lower station from reading at upper station, 
is height in feet. 

Table assumes mean temperature of atmosphere to be 50° F. or 109 C. 
temperatures following correction must be applied. 

Add together temperatures at upper,and id station, If this sum, in degrees 

in F., is greater than 100°, inerease height by part ee every degree of excess 
above 100°; if sum is less than 100°, diminish pyar by p00 part for every degree 
of defect from 100°. Or if sum in C° is greater than 20°, increase height by 

part for every degree of excess above 20°; if sum is less than 20°, diminish height 
by 5 Ly part for every degree of defect from 20°. 

difference 

For other 

Barometer Indications. 

Increasing storm.—If mercury falls during a high wind from 8S. W., S.S. W., W., 
ors. 

Violent but short.—If fall be rapid. 
Less violent but of longer continuance.—If fall be slow. 
Snow.—If mercury falls when thermometer is low. 

- Improved weather.—When a gradual continuous rise of mercury occurs with a 
falling thermometer. 
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Heavy gales from N.—Soon after first rise of mercury from a very low point. 
Unsettled weather.—With a rapid rise of mercury. 
Settled weather.—With a slow rise of mercury. 
Very fine weather.—With a continued steadiness of mercury with dry air. 
Stormy weather with rain (or snow).—With a rapid and considerable fall of mer- 

cury. 
Mareatouing, unsettled weather.—With an alternate rising and falling of mercury. 
Lightning only.—When mercury is low, storm being beyond horizon. 
Fine weather.—With a rosy sky at sunset. 
Wind and rain,—When sky has a sickly greenish hue. 
Rain.—When clouds are of a dark Indian red. 
Foul weather or much wind —When sky is red in morning. 

Weather Glasses. 

Explanatory Card, Vice-Admiral Fitzroy, F. R. S. 

Barometer Rises for Northerly wind (including from N. W. by NV. to E.), for dry, 
or less wet weather, for less wind, or for more than one of these changes— 
Except on a few occasions when rain, bail, or snow comes from N. with strong wind. 

Barometer Falls for Southerly wind (including from S. E. by S. to W.), for wet 
weather, for stronger wind, or for more than one of these changes— 
Except on a few occasions when moderate wind with rain (or snow) comes from N. 

For change of wind toward Northerly directions, a Thermometer falls. 

For change of wind toward Southerly directions, a Thermometer rises. 

Moisture or dampness in air (Shown by a Hygrometer) increases before rain, fog, 
or dew, 

Add one tenth of an inch to observed height for each hundred feet Barometer is 
above half-tide level. 

Average height of Barometer, in England, at sea-level, is about 29.94 inches; and 
average temperature of air is nearly 50 degrees (latitude of London). 

Thermometer falls about one degree for each 300 feet of elevation from ground, 
but varies with wind. 

‘* When the wind shifts against the sun, 
Trust it not, for back it will run.’’ 

First rise after very low Long foretold—long last, 
Indicates a stronger blow. Short notice—soon past. 

Rarefaction of Air. 

In consequence of rarefaction of air, gas loses of its illuminating power x cube 
inch for each 2.69 feet of elevation above the sea. (M. Bremond.) 

Clouds. 

Classification.—1. Cirrus—Like to a feather, commonly termed Mare’s 
tails. 2. Cirro-cumulus— Small round clouds, termed mackerel sky. 
3. Cirro-stratus—Concave or undulated stratus. 4. Cwmalus—Conical, 
round clusters, termed wool-packs and cotton balls. 5. Cumulo-stratus— 
Two latter mixed, 6. Vimbus—A cumulus spreading out in arms, and 
precipitating rain beneath it. 7. Stratus—A level sheet. 
Norts.—Cirrus is most elevated. 

Height.—Clouds have been seen at a greater height than 37 000 feet. 
elocity.— At an apparent moderate speed, they attain a velocity of 80 

miles per hour. 
Lightning. 

Classification—1 Striped or Zigzay—Developed with great rapidity. 
2. Sheet—Covering a large surface. 3. Globularv—When the electric 
fluid appears condensed, and it is developed at a comparatively lower 
velocity. 4. Phosphoric—When the flash appears to rest upon the 
edges of the clouds. 
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WEATHER INDICATIONS. 

Weather. Clouds, Le  aSiey: 
Fine and Soft or delicate-looking and in- Gray in morning and light, 

Fair. definite outlines. delicate tints and low dawn. 

Wind. Hard - edged, oily - looking, and High dawn, and sunset ofa 
tawny or copper-colored, and the bright yellow, 
more hard, ‘‘ greasy,’ and ragged, 
the more wind. 

Wind only. Light scud alone. 

Rain. Small and inky. Sunset of a pale yellow. 

Wind and Light scud driving across heavy Orange or copper color. 
Rain. masses, 

Rain and Hard defined outlines. Gaudy unusual hues. 
Wind. 

Change of High upper, cross lower in a di- 
Wind, rection different to their course or 

that of wind. 

General. 

Fair.—When sea-birds fly early and far out, when dew is deposited, and when‘’a 
leech, confined in a bottle of water, will curl up at the bottom. 

Rain.—Clear atmosphere near to horizon and light atmospheric pressure, or a 
good *‘hearing day,”’ as it is termed. 

Storm.—When sea-birds remain near to shore or fly inland. 

Rain, Snow, or Wind.—When a leech, confined in a bottle of water, will rise ex- 
citedly to the surface. 

Thunder.—When a leech, confined as above, will be much excited and leave the 
water, cy 

Value of Indications of Hair Weather, in Days, Com- 
pared to one of Rain. 

From an extended series of observations. (Lowe.) 

EYORIEOWIOW Paid s dis see's seta ctanetads 4-5 | Mock Sun or Moon... ..0...0 62008 3.3 
White Stratus in a valley.......... 7.2 | Stars falling abundant............. 32 
Colored Clouds at sunset.......... 2.9 | Stars bright ......scecscccaceroese 3.4 
Solar-Halo: totic Jee -. 1.9 | Stars dim,...... oe 0S 
Sun red and rayless.... . 10.3 | Stars scintillated. . ; 
Sun pale and sparkling............ Za 4,) ANLONA DOLCAliSii.e via vos cece cneiaves 1.8 
White Frost...) 0... sare ccseeas Ava LOBASAD OVONING ap cele als ot sic sieleiara 2.4 
Tomar EHalo; ce eiyete f.c3— meyers Z| Mandrails noisy st fy» diner civlare Cone 3 
Lunar burr, or rough-edged..... +.. .2.8| Ducks and Geese noisy..........+. 2.3 
MOOG GIN cle'sicle acca dsicicicistolce sins Zee PASTE DISID Pp 'o p'o'd ctece'.e'ais'e pie setae pare 15 
Moon rising redi. J... 26el 00. eee lee 7 |Smoke rising vertically......... ve De 

For weather-foretelling plants, see page 185. 

ATMOSPHERIC AIR. 

Very pure air contains Oxygen 20.96, Nitrogen 79, and Carbonic Acid .o4. 

Air respired by a human being in one hour is about 15 cube feet, produc- 
ing 500 grains of carbonic acid, corresponding to 137 grains carbon, and 
during this time about 200 grains of water will be exhaled by the lungs. 

During this period there would be consumed about 415 grains of oxygen, 
In one hour, then, there would be vitiated 73 cube feet pure air. 

A man, weighing 150 lbs., requires 930 cube feet of air per hour, in order 
that the air he breathes may not contain more than x per 1000 of carbonic 
acid (at which proportion its impurity becomes sensible to the nose); he 
ought, therefore, to have 800, cube feet of well ventilated space, 
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An adult human being consumes in food from 145 to 165 grains of carbon 
per hour, and gives off from 12 to 16 cube feet of carbonic acid gas. 

An assemblage of 1000 persons will give off in two hours, in vapor, 8.5 
gallons water, and nearly as much carbon as there is in 56 Ibs. of bitumi- 
nous coal, 

Proportion of Oxygen and Carbonic Acid at following 
Locations. 

Pure Air represented by Oxygen 20.96. 

Strect.in Glasgow... 2.6... 20.895 | Metropolitan Railway (underground) .. 20.6 
Regent Street, London..... 20.865 2 ey ee eee ea 20.74 
Centre Hyde Park ......... 21.005 Gallery Of at THERETO .:.\< wimiuaa sess >< ose gl 20.63 

Carbonic Acid .o4 Per cent. 

Open field, Manchester Top of Monument, London 
Churchyard... j.0506 eamainus Hy lesParkerare% soy ALES os 0 5:0 gabe o roy 
Market, Smithfield 
BACtOlY WN s.5 aia we csow eso 283 Lake. of Geneva . Stc% tin shieokecucea s 
School-Tooms. sos. cs events es 097 BOYS’ SCHOOL Seo no diane «Serco nc neat 
Pitt of theatre, 11 P. M........ 32 ATS eee cele eon se ceca ae 7231 
Boxes, _ ‘ Bae Ay pe aia sores 218 Horse stabloss ey. a t= yee te ope epee es 7 
Gallery ‘‘ TOW vee digas ror | Convict prison ..... AEN RS Sh sidtieg tqepye 045 

* Roscoe, + Peltenhoffer. 

Consuinption of Atmospheric Air. (Coathupe.) 

One wax candle (three in a lb.) destroys, during its combustion, as much 
oxygen per hour as respiration of one adult. 

A lighted taper, when confined within a given volume of atmospheric air, 
will become extinguished as soon as it has converted 3 per cent. of given 
volume of air into carbonic acid. 

Carbonic Acid Exhaled per Minute ly a Man. (Dr. Smith.) 

During sleep 4.99 per cent., lying down 5.91, walking at rate of 2 miles 
per hour 18.1, at.3.miles 25.83, hard labor 44.97. 

ANIMAL. POWER, 

Worl. 

Work is measured by product of the resistance and distance through 
which its point of application is moved. In performance of work by 
means of mechanism, work done upon weight is equal to work done by 
power. 

Unit of Work is the moment or effect of 1 pound through a distance 
of 1 foot, and it is termed a foot-pound. 

In France a kilogrammetre is the expression, or the pressure of a 
kilogramme through a distance of 1 meter = 7.233 foot-pounds. 

Result of observation upon animal power furnishes the following as maximum 
daily effect; { ! , 

1. When effect produced varied from ,2 to .33 of that which could be produced 
without velocity during a brief interval. 

2. When the velocity varied from .16 to .25 for a man, and from .08 to .066 for a 
horse, of the velocity which they were capable for a brief interval, and not involy- 
ing any effort. 

3. When duration of the daily work varied from .33 to .5 for a brief interval, . 
during which the work could be constantly sustained without prejudice to health 
of man or animal; the time not extending beyond 18 hours per day, however lim- 
ited may be the daily task, so long as it involved a ‘constant attendance. ~ : 
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Men. 

Mean effect of power of men working to best practicable advantage, is 
raising of 7o lbs. 1 foot high in a second, for 10 hours per day = 4200 foot- 
pounds per minute, 

Windlass.—Two men, working at a windlass at right angles to each other, 
can raise 70 lbs. more easily than one man can 30 Ibs. 

Labor.—A man of ordinary strength can exert a force of 30 Ibs. for 10 
hours in a day, with a velocity of 2.5 feet in a second = 4500 lbs. raised one 
foot in a minute =.2 of work of a horse. 

A man can travel, without a load, on level ground, during 8.5 hours a day, 
at rate of 3.7 miles an hour, or 31.25 miles a day. He can carry 111 tbs. 
rr miles ina day. Daily allowance of water, 1 gallon for all purposes; and 
he requires from 220 to 240 cube feet of fresh air per hour. ' 

A porter going short distances, and returning unloaded, can carry 135 lbs. 
7 miles a day, or he can transport, in a wheelbarrow, 150 ]bs. ro miles in a 
day. 

Crane.—The maximum power of a man at a crane, as determined by Mr, 
Field, for constant operation, is 15 Ibs., exclusive of frictional resistance, 
which, at a velocity of 220 feet per minute = 3300 foot-pounds, and when 
exerted for a period of 2.5 minutes was 17.329 foot-pounds per minute. 

Pile-driving.—G. B. Bruce states that, in average work at a pile-driver, a 
laborer, for ro hours, exerts a force of 16 Ibs., plus resistance of gearing, and 
at a velocity of 270 feet per minute, making one blow every four minutes. 

Rowing.—A man rowing a boat x mile in 7 minutes, performs the labor 
of 6 fully-worked laborers at ordinary occupations of ro hours per day, 

Drawing or Pushing.—A man drawing a boat in a canal can transport 
110000 lbs. for a distance of 7 miles, and produce 156 times the effect of a 
man weighing 154 lbs., and walking 31.25 miles in a day; and he can push 
on a horizontal plane 20 lbs. with a velocity of 2 feet per second for ro hours 
per day. 

Tread-mill.—A man either inside or outside of a tread-mill can raise 30 
lbs, at a velocity of 1.3 feet per second for 10 hours, = 1 404 000 foot-pounds. 

Pulley.—A man can raise by a single pulley 36 lbs., with a velocity of .8 
of a foot per second, for 10 hours. 

Walking.—A man can pass over 12.5 times the space horizontally that he 
can vertically, and, according to J. Robison, by walking in alternate Meeuiens 
upon a platform supported on a fulcrum in its centre, he can, weighing 165 
Ibs., produce an effect of 3984 000 foot-pounds. for 10 hours per day. 

Pump, Crank, Bell, and Rowing.—Mr. Buchanan ascertained that, in work- 
ing a pump, turning a crank, ringing a bell, and rowing a boat, the effective 
power of a man is as the numbers 100, 167, 227, and 248, 

Pumping.—A practised laborer can raise, during 10 hours, 1000000 lbs. 
water 1 foot in height, with a properly designed and constructed pump. 

Crank.—A man can exert on the handle of a screw-jack of 11 inches ra- 
dius for a short period a force of 25 lbs., and continuously 15 lbs., a net 
power of 20 lbs. Mr.J. Field’s tests gave 11.5 lbs. as easily attained, 17.3 as 
difficult, and 27.6 with great difficulty, 

Mowing.—A man can mow an acre of grass in 1 day. 

Reaping.—A man can reap an acre of wheat in 2 days. 

Ploughing.—A man and horse .8 of an acre per day. 
Oo 
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Day’s Work. (D. K. Clark.) 

Labore.—Carrying bricks or tiles, net load 106 lbs.= 600 Ibs. 1 mile. 
Carrying coal in a mine, net load g5 to 115 lbs. = 342 lbs. x mile. 
Loading coke into a wagon, net load 100 lbs, = 270 Ibs. 1 mile. 
Loading a boat with coal, net load 190 lbs. = 1230 lbs, x mile, or 20 cube yards of 

earth in a wagon. 
Digging stubble land .o55 of an acre per day, or 2000 cube feet of superficial earth. 
Breaking 1.5 cube yards hard stone into 2 inch cubes. 

Quarrying.—A man can quarry from 5 to 8 tons of rock per day. 

A foot-soldier travels in x minute, in common time, 90 steps = 70 yards. 
He occupies in ranks a front of 20 inches, anda depth of 13, Without a knapsack; 

interval between the ranks is 13 inches. 
Average weight of men, 150 lbs. each, and five men can stand in a space of x 

square yard. 

Effective Power of Men for a Short Period. 
Manner of Application. | Force. || Manner of Application. | Force. 

Lbs. Mitts, 
Bench-vice or Chisel............ 72 || Screw-driver, one-hand........ 84 
Drawing-knife or Auger......... roo || Small screw-driver............ 14 
Hand plane ss sinc wn sie aisccie caiveleels so: |}) Thumb. and fingers. «2. ..0065.000 14 
Hand-saw....... ne Us i ee 36 Windlass or Pincers........... 60 

The muscles of the human jaw exert a force of 534 Ibs. 

Mr. Smeaton estimated power-of an ordinary laborer at ordinary work was equiy- 
alent to 3762 foot-pounds per minute. But, according to.a particular case made by 
him in the pumping of water 4 feet high, by good English laborers, their power was 
equivalent to 3904 foot-pounds per minute; and this he assigned as twice that of 
ordinary persons promiscuously operated with. 

Mr. J. Walker deduced from experiments that the power of an ordinary laborer, in 
turning a crank, was 13 lbs., at a velocity of 320 feet per minute for 8 hours per day. 

Amount of Labor produced by a Man. (Morin.) 

For to hours per day. 

Velocity Weigh i ae 
MANNER OF APPLICATION. Power. | per | Feet por | Period 

Second, | Minute. | given. 

: Lbs. Feet. Lbs. No. 
Throwing earth with a shovel, a height of 5 feet. . 6 1.33 480 8.7 
Wheeling a loaded barrow up an inclined plane, 
PA et ae se est oP re Seer a oi te 132 625 4950 90 

Raising and pitching earth in a shovel 13 feet 
HOLIZOMLaILY: Fences hives weuiesincs shice ees cn oe 6 | 2.25 810 14.7 

Pushing and drawing alternately in a vertical 
GIT OO HOR cl enee, terastiat a okisiel nn Wa nites oteiatiann 13 2.5 1950 35:55 

Transporting weight upon a barrow, and return- 
ROPUNIOAGER We veatcc ene cams vic tive time cs cate i 132 I 7.920 144 

For 8 Hours per Day. 

Ascending a slight elevation, unloaded........... 143 a5 4290 62 
Walking, and pushing or drawing in a horizontal 

AILS CTON [69s steie eb a wre wig oie} ole wie olawale bye wigipleys oe 26. | 2 3120 45.2 
TUNDRA CLADE fates besors fy pie siei0ieis « ah an Pele seein 18 | 25 2790 39 
UPON MLA Ts Wace c anos oy sinenisiing oh wolno.e 140 = 4200 6x.1 
ROWin gi cco o50 hades Ghats ADAM a DRS ERM 26 5 7 800 113 

For 7 Hours per Day. ’ 

Walking with a load upon his back..........44-- 88 | 25 13200 | 1605 

For 6 Howrs per Day. 

Transporting a weight upon his back, and return- | 
ing unloaded. ........0.5. apasppoagcad vesbisaate lt) T4074] (2075 14700 | 160.5 

Transporting a weight upon his back up a slight 
elevation, and returning unloaded........ Bibel hres 12 x 680 19 

Raising a weight by his hands. ...........e00005 44 HAYS I 320 ‘I4e4 
* Morin gives amount of labor of a man upon tread-mill, in an individual case, at 140 lbs., at a ve- 

locity of .5 feet per second for 8 hours per day = 70 Ibs, at x foot per second; hence 70 -+-1.3 feet as 
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To Compute Number of Men to Perform Work upon 
a Tread-mill or Pile-driver. 

Ruie.—To product of weight to be raised and radius of crank, add fric- 
tion of wheel, and divide sum by product of power and radius of wheel. 
Exampie.—How many men are required upon a tread-mill, 20 feet in diameter, 

to raise a weight of 9233.33 lbs., crank 9 inches in length, weight of wheel and its 
load estimated at 5000 lbs., and friction at . Ors. . 

Weight of a man assumed at 25 lbs. Radius of crank .75 feet. 

Effect of a man on a tread-mill; page 433, 30 lbs. ata velocity of 1.3 feet per second, 
=1.3 X 60=78 feet per minute. 

9233 33 X -75-+ 5000 X .or5 = 7000 lbs. resistance of load and wheel, and sik 

ees ait X 10 X 30= 7000 = load and weight — product of power increased by its 

velocity over load, radius of wheel and power = 7000 = 1.241 X 10 X 30 = 18.8 men. 

Horse. 

Amount of Labor produced by a Horse under different 
Circumstances. (Morin.) 

For 10 hours per day. 

Velocit: Bi lag ge 
MANNER OF APPLICATION. Power. | per Z ea ae Period 

Second. | Minute. | given. 

‘ Lbs. | Feet. Lbs, No, 
Drawing a 4-wheeled carriage at a walk...... sleool 154 | 3 27720 | 504 
With load upon his back at a walk ............... 264 | 3:75 59 400 | 1080 
Transporting a loaded wagon, and returning un- 

loadeds atca Walled o..3t adie cictvisle Gideon bicep dele odie 1540 | 2 184 800 | 3360 
Drawing a loaded wagon at a w Pek pei Gee onan 1540 | 3.75 | 346500 | 6300 

For 8 Hours rer Day. 
Upon a revolving platform at a walk............. 100 | 3 18000 | 260.8 

For 4.5 Hours per Day. 

Upon a revolving platform ata trot...........-55 66 | 6.75 26730 |- 218.7 
Drawing an unloaded 4-wheeled carriage at a trot. 97 | 7-25 43195 | 353-5 
Drawing a loaded 4-wheeled carriage at a trot..... 770 | 7-25 | 334950 | 2741 

If traction power of a horse, when continuously at a walk, is equal to 120 lbs., 
and grade of road x in 30, resistance on a level being one thirtieth of load, he can 
draw a load of x20 X 30+ 2= 1500 lbs. 

Street Rails or Tramways. (Henry Hughes.) 

Cars, 26 lbs. per ton, or 1 to 86 as a mean. 

Performance of Horses in France. (M. Charié-Marsaines.) 

Weight Speed Work per e Ratio of 
er er Hour, drawn ‘ayement to 

Lang Rone: Here: eur One Mile. Macadam, 

Tons, Miles. | Ton-miles. : 
. Pavement} 1.306 2.05 2.677 } t 

Winter........ Sehalete nial sale eae Bex tigt E6a6 1.644 tor 

Pavement | 1.395 217 are 1.229 tO Saminer st? 0h caer iy Hare cai Soak ees Ahh 

Average daily work of a Flemish horse in North of France, where country is flat 
and loads heavy, is, on same authority, as follows: 

Winter, 21.82 ton- miles per fay; \ Summer, 27.82 Mean for the year, 25. 

given in example = 53.8 Ibs., from which a deduction is to be made for excess of amount of labor that 
can be performed in 8 hours over 10. Or, as 10: $ $1 53-8: 43.04 lbs., which does not essentially differ 
from effect of 30 lbs. for that of an sverage performance, 
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Greatest mechanical effect of an ordinary horse is produced in operating a 

gin or drawing a load on a railroad, when travelling at rate of 2.5 miles per 

hour, where he can exert a tractive force of 150 Ibs. for 8 hours per day. 

Horse upon Turnpike Road. 

At a speed of 10 miles per hour, a horse will perform 13 miles per day for 

3 years. In ordinary staging, a horse will perform 15 miles per day. 

To Compute Tractive Power of a Horse Team, see Ti raction, page 848. 

Assuming maximum load that a horse can draw on a gravel road asa 

standard, he can draw, 

On best-broken stone TOAd...... eee e cece cece rete eenenes 2to 3 times. 

On a well-made stone pavement. .......e. eee cece cere rece 3 to 5's! 

On a stone trackWay ....--- cee eee cece eee eee eee eeweneee Fg dal al 

On plank road ....... eee e eee cece cece rete e erent eee ee eee 40H? 

On a railWay......-.cceec cee e east este rene cereseeecccccee 1to2z0 ‘ 

Nore.—Track of an iron railway compared with a plank-road is as 27 to 10. 

To Compute Power of Draught of a Horse at Different 

Elevations. 

pz _Let ABC represent an inclined plane, o weight Tr 

(x of a horse which, being resolved into two com- 
ponent forces, one of which, x, is perpendicular to 

c plane of inclination, and other, 7, is parallel to it. 
Hence, 7 represents force which horse must over- 

come to move his own weight. 
ho 

Then, by similar triangles, AC or?: BC orh:: 0:7. Or, 7 

If ¢ represents tractive power of horse, upon a level, of 100 lbs., ¢ tractive 
power upon a plane of inclination, and r that part of force exerted by horse 

ras é Ole. yi 
which is expended upon his own body, then ¢ =¢ — r, or ¢ — - =U in lbs. 

ILLUSTRATION. —If inclination is x in so. 
Assume t = 100, weight of horse goo lbs., and 7 = 50.01. 

I X goo 

50.01 

_ Assuming load that a horse can draw on a level at 100, he can draw upon 
inclinations as follows : 

Then, roo — = 100 — 17.99 = 82.01 lbs. 

I in TOO.~ 00s Or ).e Meee. 88 (1 in so..... Baitx Weg bcmriie 74|1in20.. 55 
I is QOia see go| 1 i JOsveee 87) [pe bba Gai ate 80] ri P{0e ees FON THEE DE widow 40 
I 80... 89 |r “" 60... Shy io Ue? panne Wa bk bez Geeta Ogre xO cremate 10 

On his back a horse can carry from 220 to 3go lbs., or about 27.5 per cent. 
‘of his weight. 

Labor.—The work of a horse as assigned by Boulton & Watt, Tredgold, 
Rennie, Beardmore, and others, ranges from 20 000 to 39 320 foot-pounds per 
minute for 8 hours, a mean of 27 750 lbs. 

A horse can travel, at a walk, goo yards in 4.5 minutes; at a trot, in 2 
minutes; and at a gallop, in 1 minute. He occupies in ranks, a front of 40 
ins., and a depth of xo feet; in a stall, from 3.5 to 4.5 feet front; and at a 
picket, 3 feet by 9; and his average weight = 1000 lbs. 

_ Carrying a soldier and his equipments (225 Ibs.) he can travel 25 miles 
in a day of 8 hours. 

: * pire ome can draw 1600 lbs. 23 miles a day, weight of carriage in- 
cluded. 
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Ordinary work of a horse may be stated at 22 500 Ibs., raised 1 foot in a 
minute, for 8 hours per day. £ ondthew ot 

In a mill, he moves at rate of 3 feet in a second. Diameter of track should not 
be less than 25 feet. b 

Rennie ascertained that a horse weighing 1232 lbs. could draw a canal-boat 
at a speed of 2.5 miles per hour, with a power of 108 lbs., 20 miles per day. 
This is equivalent to a work of 23 760 foot-lbs. per minute, He estimated 
that the average work of horses, strong and weak, is at the rate of 22000 
foot-lbs. per minute. 

From results of trials upon strength and endurance of horses. at Bedford, Eng,, it 
was determined that average work of a horse =: 20000 foot-Ibs. per minute. A good 
horse can draw x ton at rate of 2.5 miles per hour, from ro to 12 hours per day. 

Expense of conveying goods at 3 miles per hour, per horse teams being r, expense 
at 4.33 miles will be 1.33, and so on, expense being doubled when speed is 5.125 miles 
per hour. 

Strength of a horse is equivalent to that of 5 men, and his daily allowance of 
water should be 4 gallons. 

Amount of Labor a Horse of average Strength is capa- 
ble of performing, at different Velocities, on Canal, 
Railroad, and Turnpile. 

Traction estimated at 83.3 lbs. 

Valeck: | Dura- | Useful Effect, drawn x Mile. SralsetilifDuve: Useful Effect, drawn x Mile. 

ty per | tion of | Ona (On a Rail-|'On a Turn || ty per | tion of | Ona |On a Rail-j On a Turn- 
our. | Work. | Canal, road, pike, Hour. | Work, | Canal. road. pike. 

Miles, | Hours. | Tons, Tons, Tons, Miles, | Hours. | Tons. Tons, Tons. 
2.5 11.5 520 115 14 6} 2 30 48 6 
3 8 243 92 12 i fa ie Ss} 19 41 Bex 
4 4.5 | 102 qa\' 9 8 | 1.125) 12.8 36 4:5 
5 | 2.9 52 57 Fn 10 LS. K Gi6 28.8 3,6 

Actual labor performed by horses is greater, but they are injured by it. 

Tractive Power of « horse decreases as his speed is increased, and within limits 
of low speed, or up to 4 miles per hour, it decreases nearly in an inverse ratio. 

‘ For 10 Hours per Day. 

Miles. Traction. | Miles. Traction. Miles. Traction, | Miles. Traction, 

Per Hour. Lbs. Per Hour, Lbs. Per Hour, Lbs, Per Hour. Lbs, 
75 330 5 165 2.25 110 3 82 

I 250 1.75 140 2.5 100 3.5 79° 
1.25 200 2 125 2975 go 4 62 

For Ordinary or Short Periods. (Molesworth.) 

Miles per Hour’. . s,..620% 2 3 3:5 4 4.5 5 
Power in Lbs... seis o + see 166 125 104 83 62 AI 

IWiule. (D. kK. Clark.) 

Load on back, 170 to 220 lbs. day’s work = 6400 lbs, 1 mile; 400 lbs. at 2.9 
miles per hour = 5300 lbs. x mile, and 330 lbs, at 2 miles per hour = 5000 lbs. 
x mile. 
Upon a revolving platform, at a velocity of 3 feet per second, = 11 880 lbs. raised 

one foot per minute, or 172.2 HP for 8 hours per day 

Ass. 

Load on back, 176 lbs. carried 19 miles day’s work = 3300 lbs, 1 mile. 
In Syria an ass carries 450 to 550 lbs. grain. . 

Upon a revolving platform, at a velocity of 2.75 feet per second, 5280 Ibs, raised 
one foot per minute, or 76.5 EP for 8 hi per day, 

o* 
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Ox. 

An Ox, walking at a velocity of 2 feet in a second (1.36 miles per hour), 

exerts a power of 154 lbs.,== 18480 lbs. raised one foot per minute, or 

268.8 EP for 8 hours per day. 

A pair of well-conditioned bullocks in India have performed work = 8000 foot-lbs. 

per minute. 
Camel. 

Load on back, 550 bs. carried 30 miles per day for 4 days, 4 days’ work 

16 500 lbs. x mile, for 5 days 13 000 lbs, x mile = 44 for ro hours per day. 

Load of a Dromedary, 770 \bs. 

Llama, 

Load on back, 110 lbs., day’s work 2000 to 3000 Ibs.  mile=.5 to .75 P 

for 10 hours per day. 
Birds and Insects. 

Area of their wing surface is in an inverse ratio to their weight. 

Assuming weight of each of the following Birds to be one pound, and each Insect 

one ounce, the relative area of their wing surface proportionate to that of their act- 

ual weight would be as follows (M. De Lucy): 
Sq. ft. Sq. ft. | Sq. ft. Sq. ft. 

Swallow .... 4.85 | Pigeon.........- 1.27 | Gnat..........- 3.05 | Cockchafer .. .32 
Sparrow....2.7 | Vulture......... -82 | Dragon-fly, sm’ll, 1.83 | Bee.......... 33 
Turtle-dove.. 2.13 | Crane, Australia, .41 | Lady-bird...... 1.66 | Meat-fly...... 35 

Crocodile and Dog. 

The direct power of their jaws is estimated at 120 Ibs. for the former and 
44 for the latter, which, with the leverage, will give respectively 6000 and 
1500 lbs. 

PERFORMANCES OF MEN, HORSES, ETC. 

Following are designed to furnish an authentic summary of the fastest or 
most successful recorded performances in each of the feats, ete., given. 

MAN. Weallxing. 

1874, Wm. Perkins, London, Eng., .5 mile, in 2 min. 56 sec.; 1, in 6 min. 23 sec.; 
2, in 13 min. 30 sec.; 1876, 8, in 59 min. 5 sec.; 1877, 20, in 2 hours 39 Min. 57 Sec. 

1880, 7. Smith, London, Eng., 12 miles, in 1 hour 31 min. 42.4 sec. 
1881, C. A. Harriman, Chicago, Ill., 530 miles, in 5 days 20 hours 47 min. 
1851, J. Smith, London, Eng., 25 miles, in 3 howrs 42 min. 16 sec. 
1878, W. Howes, London, Eng., 50 miles, in 7 howrs 57 min. 44 sec.; 1880, 75 miles, 

in 13 hours 7 min. 27 sec., and roo, in 18 hours 8 min. 15 sec. 
1880, John Dobler, Buffalo, N. Y., x50 miles 850 yards, in 24 hour's. 
x81, Capt. R. Barclay, Eng., country road, 90 miles, in 20 hours 22 min. 4 sec., in- 

cluding rests; 1803,.25 mile, in 56 sec., and Charing Cross to Newmarket, 64, in 10 
hours, including rests; 1806, roo, in 19 hours, including x hour 30 min. in rests; 1809, 
1000, iN roco consecutive hours, walking a mile only at commencement of each hour. 

1877, D. O’ Leary, London, Eng., 200 miles, in 45 hours 21 min. 33 sec. 
1818, Jos. Eaton, Stowmarket, Eng., 4032 quarter miles, in 4032 consecutive quar- 

ter hours. 
1877, Wm. Gale, London, Eng., 1500 miles, in rooo consecutive hours, 1.5 miles 

each hour ; and 4000 quarter miles, in 4000 consecutive periods of 10 minutes. 
1882, Chas. Rowell, New York, N. Y., 89 miles 1640 yards, in r2 hours, 
1882, Geo, Hazael, New York, N. Y., 600 miles 220 yards, in 6 days. 

Running. 

1710, Levi Whitehead, Branham Moor, Eng., 4 miles, in r9 min, 
1844, Geo. Seward, of U.S., Manchester, Eng., roo yards, in 9.25 sec. 
1869, Geo. Forbes, Providence, R. I., 150 yards, in 15 sec. 
1851, Chas. Westhall, Manchester, Eng., 150 yards, in 15 sec., and 200, in 19.5 sec. 
1864, Jas. Nuttall, Manchester, Eng., 600 yards, in x min. 13 sec. 
1881, L. E. Myers, New York, N. Y., rooo yards, in 2 min. 13 sec. 
1863, Wm. Lang, Newmarket, Eng., 1 mile, in 4 min. 2 sec., descending ground; 

Manchester, 2, in g min. 11.5 sec.; 2865, rx miles 1660 yards, in x hour 2 min. 2.5 sec. 
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_ 1852, Wm. Howitt, ‘‘ American Deer,” London, Eng., 10 miles, in 51 min. 34 sec., 
walking last 200 yards, time, if run, 51 min. 20 sec,; and 15, in x howr 22 min. 

1863, L. Bennett, ** Deerfoot,’’ Hackney Wick, Eng., 12 m., in x hour 2 min. 2.5 sec. 
1879, Patrick Byrnes, Halifax, N. S., 20 miles, in 1 hour 54 sec. 
1880, D. Donovan, Providence, R. I., 40 miles, in 4 hours 48 min. 22 sec. 
1879, G. Hazael, London, Eng., 50 miles, in 6 hours 15 min. 57 sec. 
17—, A Courier, East Indies, 102 miles, in 24 hours. 

Jumping, Leaping, ete. 

1848, P. M‘Neely, Petersburg, Ky., 10 jumps, standing, r10 feet 4 ins. 
1854, J. Howard, Chester, Eng., 1 jump, board raised 4 ius. in front, running start, 

with dumb-bells, 5 lbs., 29 feet 7 ins. 
1868, Geo. M. Kelley, Corinth, Miss., running, and from a spring board, leaped over 

17 horses standing side by side. 
1874, J. Lane, Dublin, Ireland, running start, 1 jump, without aid, 23 feet 1.5 ins. 
1878, E. W. Johnson, Baltimore, Md., standing leap, 5 feet 3 ins. 
1879, G. W. Hamilton, Romeo, Mich., dumb-bells, 22 lbs., standing jump, x14 feet 

5.5 ims. ; and 1880, dumb-bells, 12 lbs., 3 standing jumps, 39 feet x inch. 
1880, P. Davin, Dublin, Ireland, running leap, 6 feet 2.75 ins. 

Lifting. 

1825, Thomas Gardner, of New Brunswick, N. S., a barrel of pork, 320 lbs., under 
each arm; also transported across a pier an anchor, 1200 lbs, 

1868, Wm. B. Curtis, New York, N. Y., 3239 /bs., in harness. 
1881, D. L. Dowd, Springfield, Mass., by hands, 1317 lbs, 

Throwing Weights. 

1870, D. Dinnie, New York, N. Y., light stone, 18 lbs., 43 feet; heavy stone, 24 lbs., 
34 feet 6 ins.; heavy hammer, 24 lbs., 83 feet 8 ins.; 1872, Aberdeen, Scotland, light 
hammer, 138 feet ; run, 16 lbs., 162 feet. 

1877, M. Davin, Dublin, Ireland, run, 56 1b. weight, 30 feet 2 ins. 

Swimming. 

1835, S. Bruck, 15 miles, in a rough sea, in 7 hours 30 min. 
1846, A Native, off Sandwich Islands, 7 miles at sea, with a live pig under one arm. 
1878, E. T. Jones, London, Eng., roo yards, in 1 min, 8.5 sec. 
1870, Pauline Rohn, Milwaukee, Wis., 650 feet, still water, in 2 min. 43 sec. 
1881, Wm, Beckwith, London, Eng., 1000 yards, in 15 min. 8.5 sec. 
1872, J. B. Johnson, Hendon, Eng., open water, 1 mile, in 28 min. 24.6 sec. ; Agri- 

cultural Hall, London, Eng., remained under water, 3 min. 35 sec. 
1875, Capt. M. Webb, Dover, Eng., to Calais, France, 23 miles, crossing two full 

and two half tides = 35 miles, in. 21 hours 45 min. 
1880, J. Strickland, Melbourne, Australia, plunged 73 feet x inch. 

Slxating. 

1854, Wm. Clark, Madison, Wis., 1 mile, in 1 min. 56 sec. 
1868, John Conyers, Lake Simcoe, Can., 8 miles, in 18 min. 40.5 sec. 
1876, E. St. Clair Milliard, Chicago, Ill., 50 miles, in 4 howrs 57 min. 3 sec. 
1877, John Ennis, Chicago, Ill., 100 yards, calm, in 11.75 sec. ; g laps to a mile, 

100 miles, in 11 howrs 37 min. 45 sec. ; and 145 inside of 19 howrs. 
Nors.—The Sporting Magazine, London, vol. ix., page 135, reports & man in 1767 to have skated a 

mile upon the Serpentine, Hyde Park, London, in 57 seconds. 

HORSE. ‘Trotting. 

1878, ‘‘Controller,’? San Francisco, Cal., ro miles, harness, in 27 min, 27.25 sec., 
and 20 miles, wagon, in 58 min. 57 sec. 

1875, ‘‘ Steel Grey,’’ Yorkshire, Eng., ro miles, saddle, in 27 min. 56.5 sec. 
1867, ‘‘John Stewart,’’ Boston, Mass., half-mile track, 20 miles, harness, in 58 

min. 5.75 sec., and 20.5 miles in 59 min. 31 sec. 
1830, ‘‘Top Gallant,’’ Philadelphia, Penn., 12 miles, harness, in 38 min. 
1829, ‘‘Tom Thumb,’”’ Sunbury Common, Eng., 16.5 miles, harness, 248 lbs., in 56 

min, 45 sec.; and 100 miles, in 10 hours 7 min., including 37 mtn. in rests. 
1869, ‘‘Morning Star,’’ Doncaster, Eng., 18 miles, harness (sulky roo lbs.), in 57 

min. 27 Sec. : : ; 
1835, ‘‘ Black Joke,’’ Providence, R. I., 50 miles, saddle, 175 lbs., in 3 howrs 57 min. 
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1855, ‘‘Spangle,’’ Long Island, N. Y., 50 miles, wagon and driver 400 Ibs., in 3 
hours 59 min. 4 sec. _ me 

1837, ‘‘ Mischief,’’ Jersey City, N. J., to Philadelphia, Penn., 84.25 miles, harness, 
very hot day and sandy road, in 8 hours 30 min. 

1853, ‘‘Conqueror,’’ Long Island, N. Y., 100 miles, harness, in 8 hours 55 min. 53 
sec., including 15 short rests. 

1873, M. Delaney’s mare, St. Paul’s, Minn., 200 miles, race track, harness, in 44 
hours 20 min., including 15 hours 49 min. in rests. 

1834, ‘‘ Master Burke’? and ‘“ Robin,” Long Island, N. Y., 100 miles, wagon, in 10 
hours, 17 min. 22 sec., including 28 min. 34 sec. in rests. 

Stage-coaching. 

1750, By the Duke of Queensberry, Newmarket, Eng., r9 miles, in 53min. 24 sec. 
1830, London to Birmingham, Eng., ‘‘Tally-ho,” 109 miles, in 7 hours 50 min., 

including stop for breakfast of passengers. 

Leaping.* 

1821, A horse of Mr. Mane, at Loughborough, Leicestershire, Eng., 173 Ibs., over a 
hedge 6 feet in height, 35 feet. 

1821, A horse of Lieut. Green, Third Dragoon Guards, at Inchinnan, Eng., ridden 
by a heavy dragoon, over a wall 6 feet in height and x foot in width at top. 

1839, ‘‘Lottery,’? Liverpool, Eng., over a wall, 33 feet. 
1847, ‘*Chandler,’’ Warwick, Eng., over water, 37 feet. 

Notse.—The maximum stride of a horse is estimated to be 28 feet 9 ins.; * Eclipse’’ has covered 25 
feet. The maximum stride of an elk is 34 feet, and of an elephant r4 feet. 

Running. 

1701, Mr. Sinclair, on the Swift at Carlisle, a gelding, 1000 miles, in 1000 consecu- 
tive hours. 

1731, Geo. Osbaldeston, Newmarket, 156 lbs., 100 miles, by 16 horses, in 4 how's 19 
min. 40 sec., and 200, by 28 horses, in 8 hours 39 min., including x hour 2 min. 56 sec. 
in rests; 1 horse, ‘‘Tranby,’’ 16 miles, in 33 min. 15 sec. 

1752, Spedding’s mare, 100 miles, in 12 hours 30 min., for 2 consecutive days. 
1754, A Galloway mare of Daniel Corker’s, Newmarket, 300 miles, by one rider, 

67 Ibs., in 64 hours 20 min. 
1761, John Woodcock, Newmarket, roo miles per day, by 14 horses, one each day, 

for 29 consecutive days. 
1814, An Officer of 14th Dragoons, Blackwater, 12 miles, x horse, in 25 min. x1 sec. 
1868, V. H. Mowry, San Francisco, Cal., race track, 160 lbs. , 300 miles, by 30 horses 

(Mexican), in 14 hours 9 min., including 40 minutes for rests; the first 200, in 8 
hours 2 min. 48 sec., and the fastest mile in 2 min, 8 sec. 

1869, Well Coher, San Pedro, Texas, 61 miles, ite hours 55 min. 15 sec., including 
rests, 

1870, John Faylor, Carson City, Nevada, 50 miles, by 18 horses, in x hour 58 min. 
33 sec.; and Omaha, Neb., 56 miles, in 2 hours 26 min., including rests. 

1876, John Murphy, New York, N, Y., 155 miles, by 20 horses, in 6 hours 45 min. 
sec, 

d 1878, Capt. Salvi, Bergamo to Naples, Italy, 580 miles, in 10 days. 
1880, ‘‘ Mr. Brown,’’ Rancoeas, N. J., aged, 160 Ibs., ro miles, in 26 min. 18 sec. 
1828, ‘‘Chapeau de Paille’’ (Arabian), India, 1.5 miles, 115 lbs., in 2 min. 53 sec. 
183-, Capt. Horne (Arabians), Madras to Bungalore, India, 200 miles, in less than 

10 hours. : 

DOGS. Coursing and Chasing. 

A Greyhound and Hare ran r2 miles in 30 min. 
1794, A Fox, at Brende, Eng., ran 50 miles in 6.5 hours. 
A Greyhound, at Bushy Park, Eng., leaped over a brook 30 feet 6 ins. 

BIRDS. Flying. 

Vulture, 150 miles; Wzld Goose and Swallow, 90 miles; Crow, 25 miles per hour. 
1870, Carrier Pigeons, Pesth to Cologne, Germany, 600 miles, in 8 hours. ° 
1875, Carrier Pigeon, Dundee Lake to Paterson, N. J., 3 miles, in 3 min. 24 sec. 

——— 

* A Salmon can leap a dam 14 feet in height.—Sporting Magazine, London, vol. xii., page 79. _ 
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HORSE - POWER. 

Horse-power,—P is the principal measure of rate at which work is per- 
formed. One horse-power is computed to be equivalent to raising of 33 000 
lbs. one foot high per minute, or 550 lbs. per second, Or, 33.000 fvot-lbs. of 
work, and it is designated as being Nominal, Indicated, or Actual. 
A F in work is estimated at 33 000 Ibs., raised x foot in a minute; but as a horse 

can exert that force for only 6 hours per day, one work FP is equivalent to that of 
4-5 horses. 

Cheval-vapeur of France is computed to be equivalent to 75 kilogram- 
meters of work per second, or 7.233 foot-lbs., or 75 X 7-233 = 542.5 foot-lbs., 
which is 1.37 per cent, less than American or English value. 

BELTS AND BELTING, 

Capacity of belts to transmit power is determined by extent of their 
adhesion to surface of pulley, and it is very limited in comparison with 
tensile strength of belt. 

Resistance of a belt to slipping depends essentially upon character 
of surface of pulley, its degree of tension, and width, and as adhesion 
is in proportion to pressure on surface of pulley, long belts, by having 
greater weight, give greater adhesion, 

Tensile strength of Belting per square inch of section ranges as follows : 

Tanned Leather, .186 inch thick, from 2846 to 5000 Ibs., or from 530 to 
930 lbs. per inch of width; when spliced 385 lbs., and when laced 210 lbs, 

Taking .3 as a factor of safety, 70 and 128 Ibs. represent resistance per 
sq. inch that belts in operation may be subjected to, and they have been run 
successfully at these tensions. 
Raw hide has a tensile strength of 1.5 times that of tanned. 

By Experiments of H. R. Towne and Mr, Kirkaldy. (England.) 
Tensile strength of Single leather belting per square inch of section. 
Laced, 960 lbs. Riveted, 1740 lbs. Solid, 3080 dbs. 
Norris & Co.—Double, 2 ins., 2942 lbs. ; 6 ins., 5603 lbs. ; 12 ins., 14 861 lbs. 

Single, 3.5 ins., 3007 lbs. ; 5 ins., 4060 /bs.; 10 ins., 8846 lbs, 
Spill’s belting, from flax, saturated with an endurable substance, gaye ten- 

sile strength per inch of width as follows: 
No. 1, 5 ins. wide, 1254 dbs. No, 2,5 ins. wide, 1489 lbs. No. 3, 10 ins. 

wide, 1663 lbs. 
At a velocity of rooo feet per minute, a width of leather belt of r inch will trans- 

mit power of x horse, and at a velocity of 1800 feet, .56 of an inch will transmit a 
like power, pulley being fully three feet in diameter, equal to a stress of 33 Ibs. per 
inch of width of belt of ordinary thickness. ‘ 

To Compute Width of a Leather Belt. 

Assuming a well-defined case (where limit of adhesion was ascertained), 
a belt of ordinary construction (laced), and 9 inches in width, transmitted 
the power of 15 horses over a pulley 4 feet in diameter, at a velocity of 1800 
feet per minute, with an arc of adhesion of 210°, or of .6 or 7.54 feet of cir- 
cumference, and with an area of 95 square feet of belt per EP. 

4400 t0 5000 EP 

dv 
ameter of pulley in feet, and v velocity of belt in feet per minute. 
Norr.—Thickness of belt should be added to diameter of pulley. Applying these 

elements to the formulas of 13 different authors, the result varies from 7.85 to 13.5 
ins., mean of which is 10.675. For double belting width = .6 w, 

Hence, =w; w representing width of belt in inches, d di- 
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ILLUSTRATION.—If EP 25, diameter of pulley 4 feet, and velocity 2250 feet; what 
should be width of belt? 

ASCO 2S = 12.5 ins. for ordinary thickness of .1875 in. 
4 X 2250 

To Compute EHlements of Belting. 

vw PP 33.000 000 FP 5 Ww A—a 
—— =P; #83, 008 ed es Boor =W; —=8; ——=i. 
1000 vw v t lt 

P representing power or stress transmitted, W weight or stress on belt, 
t thickness of belt, S stress on belt per inch of width, A and a areas of coil 
and eye, and | length in feet. 
Note.—7o square feet of good belting are capable of transmitting an indicated PP. 

India Rubber Belting. (Vulcanized.) 

Results of Experiments upon Adhesion of India Rubber and Leather Belting.— 

(J. H. Cheever). 

Rubber. Leather. 
Lbs. Lbs. 

Rubber belt slipped on iron pulley at go | Leather belt slipped on iron pulley at 48 
G3 re leather’ “'*' ‘328 e i leather ““ - 64 

* rubber “ 183 oF sf rubber ‘“ 128 

Hence it appears that a Rubber Belt for equal resistances with a Leather Belt 
may be reduced respectively 46, 50, and 30 per cent. 

Tron Wire.—A wire rope .375 inch in diameter, oyer a pulley 4 feet in 
diameter, and running at a velocity of 1250 feet per minute, will transmit 
4.5 BP. : 

Diameter of pulley should not be less than 140 times diameter of rope, in order 
to avoid undue bending of wires. 

A sheet-iron belt 7 inches in width proved more effective than one of leather of 
like width. 

General Notes. 

Leather Belts—Are best when oak tanned, should be frequently oiled,* and when 
run with hair side over pulley will give greatest adhesion. 

Ordinary thickness .1875 inch, and weight 60 lbs. per cube foot. 

Relative effect of different pulleys and belts: 

Pulleys.—Leather surface. “ Tuned fron scene. Soe ee 
OUCH MOD. ce ais ° +41 ED VDOGE WOOU i «nivieiasisisins> sisi sis “7 

Tensile strength of calf and sheep skins is about one half that of beeve and horse. 
Morin assigns 50 Ibs. as a proper stress per inch of width of good belting. 
Presence of small holes in a belt will prevent its slipping or squealing. 

Rubber Belts.—Best vulcanized rubber is stronger than leather, and its resistance 
is from 50 to 85 per cent. greater. 

To increase adhesion, coat driving surface with boiled oil or cold tallow, and then 
apply powdered chalk. 

When new, cut them .1875 inch short for each foot in length required, to admit 
of the stretch that occurs in their early operation. 

They should be kept free from contact with an animal oil. 

Three ply, .1875 inch thick, has a tensile resistance of 600 lbs. per inch of width. 
Relative slipping of a vulcanized belt, over smooth or turned leather or rubber- 

faced iron pulleys is as .5,.7, and x. 

Rubber, Gutta percha, and Canvas belts will stretch continuously. 

Memoranda. 

Belts should be set as near horizontal as practicable, in order that the sag may 
increase adhesion on pulley, and hence power should be communicated through 
under side. 

The ‘creeping’? or lost speed by belts is about 2 per cent., hence, to maintain a 
uniform or required speed, driver must be increased in diameter p7o vata with slip. 

* See Cements, etc., page 871, for compositions, etc. 
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A belt, rz ins. in width, over a driver 4 feet in diameter, running from 1200 to 2250 
feet per minute, will transmit the power from two steam cylinders, 6 ins. in diam- 
eter and 11 ins. stroke, averaging 125 revolutions per minute, with a pressure of 
60 lbs. per sq. inch. ; 

A double belt, 75 ins. in width and 153.5 feet in length, transmitted 650 IEP. 

Pulleys should have a slight convexity of surface. Authorities differ, from .5 inch 
per foot of breadth to .x of breadth. Belts run at a high speed are less liable to slip 
than at low speed. : 

The best speeds for economy are from 1200 to 1500 feet per minute, and the best 
for result not to exceed 1800. : 

Belts.—Leather, hair-side.... 1 Leather, flesh-side... .74 | Rubber...... .5z 
Gutta percha ........ sAA CBD VER 5000 suipis once ota on 

Coefficient of Friction of a Belt in operation is assumed to be . 423, 

Smooth surface belts are most endurable and soft most adherent. 

Round belts .25 and .5 inch in diameter are fully equal in operation to flat of r 
and 3 ins., and grooves in their pulleys should be angular or V shaped. 

The neutral point of a rope belt is at .33 of diameter from inside surface. 

Friction of driving and pulley bearings is about .o2s. 

A fan-blower No. 6*, driven by a belt 3.875 ins. in width and .18 in thickness, at 
a velocity of 2820 revolutions per minute, requires power of g.7 horses. 

Area of belts per EP varies essentially, ranging from 25 to 100 square feet; the 
mean is 75. 

BLASTING. 

In Blasting, rock requires from .25 to 1.5 lbs. gunpowder per cube 
yard, according to its degree of hardness and position. In small blasts 
2 cube yards have been rent and loosened, and in very large blasts 2 to 
4 cube yards have been rent and loosened, by 1 Ib. of powder. 

Tunnels and shafts require 1.5 to 2 lbs. per cube yard of rock. 

Gunpowder has an explosive force varying from 40000 to go00o 
Ibs, per sq. inch, That used for blasting is much inferior to that used for 
projectiles, the proportion being fully one third less. 

Nitro-glycerine is an unctuous liquid, which explodes by concussion, 
an extreme pressure (2000 lbs. per sq. inch), or a temperature exceeding 600° 
if quickly applied to it; it will inflame, however, and burn gradually. 

At a temperature below 4o° it solidifies in crystals. 
Its explosion is so instantaneous that in rock-blasting tamping is not nec- 

essary; its explosive power by weight is from 4 to 5 times that of gun- 
powder. 

Dynamite is nitro-glycerine 75 parts, absorbed in 25 parts of a sili- 
ceous earth termed kieselguhr; it also explodes so instantaneously as to 
render tamping in blasting quite unnecessary. 

It is insoluble in water, and may be used in wet holes; it congeals at 40°, 
is rendered ineffective at 212°, and has an explosive force by weight of 3 
times that of gunpowder, and by bulk 4.25 times. 
Gun-cotton is insoluble in water, and has an explosive force by 

weight of from 2.75 to 3 times that of gunpowder, and by bulk 2.5 times, 
It may be detonated in a wet state with a small quantity of dry material, 

Tonite is nitrated gun-cotton, and is known also as colton powder. It 
is produced in a granulated form. 

uitho-fracteur is a nitro-glycerine compound in which a portion of 
the base or absorbent material is made explosive by the admixture therein 
of nitrate of baryta and charcoal. 

* For q table of Belts for Fan-blowers, etc., see J. H, Cooper, in “ Jour, Franklin Inst.,’’ vol. 66, p. 409 
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Cellulose Dynamite is when gun-cotton is used as the absorbent 

for nitro-glycerine ; it will explode frozen dynamite, and is more sensitive to 

percussion than it. 

To Compute Charge of Gunpowder for Rock Blasting. 

Rutx.—Divide cube of line of least resistance by 25, as for limestone, to 

32 for granite, and remainder will give charge of powder in lbs, 

Or, L3 + 32 = lbs. 

ExaMpLe.—When line of least resistance is 6 feet, what is charge required? 

6°32 = 6.75 lbs. 

Line of least resistance should not exceed .5 depth of hole. 

Tamping.—Dried clay is the most effective of all materials for tamping; Broken 

Brick the next, and Loose Sand the least. 

Relative Costs of a Tunnel and Shaft in England. (Sir John Burgoyne.) 

Tron and steel.......eeeeeeeees 8.98 Powder. ..---.-e+ee00s adedeee 29.04 

Smiths and coal.....--+s+se0+ 6 LADOF 2.20. ccdececcsuns cece 48.8 

HU seg.r <4 eure Seminal eta eRe 7.18 oO 

Weight of Explosive Materials in Holes of Different Diameters. 

Per Inch of Length. 

Powder | Powder | | Powder | 

Diam. | or Gun- | Dynamite.|| Diam. | °F Gun- | Dynamite.|| Diam. or Gun- | Dynamite. 

cotton. cotton. | cotton, 

Ins, Oz. Oz. Ins. Oz. | Oz. Ins. Oz. ; Ze 

I +419 67 175 1.283 2.053 nis 2.618 4.189 

1.25 654 1.046 2 1.675 2.68 2.75 3.166 5.066 

1.5 942 1.507 2.25 212 | 3-392 3 3.769 6.03 

Boring Holes in Granite. 

Diam, Depth | Diam. | Depth 
of of Men, | Depth bored | Ham- | ot oF Men, | Depth bored] Ham- 

Jumper.| Hole. per Day. mer. ||Jumper.| Hole. “| per Day. mer. 

Ins. Ins, No. Feet. ~ Lbs. Ins. Ins. No Feet. Lbs. 

I x to'e.| x 8 6 2.25 |5to1ro] 3 6 16 

1.75 |25t06] 3 12 14 2.5 gtor12| 3 5 16 

2 7 a 0 Be le 8 ra ig gto1s| 3 4 18 

Drill. —Width of bit compared to stock .625. 

Charges of Powder. 

Usual practice of charging to one third depth of hole is erroneous, inasmuch as 

volume of charge increases as square of diameter of hole. Hence holes of 1.5 and 

2 inches, although of equal depths, would require charges in proportion of 2.25 and 4. 

Line of Line of Line of Line of 

least re- Powder. least re~ Powder. least re- Powder. least re- Powder. 

sistance. sistance. sistance. sistance, 

Feet. Oz Feet, | Lbs. Oz. Feet. Lbs. Oz. Feet. Lbs. Oz. 

I “75 3 13-5 5 3 14-5 7 IO 11.5 

2 4 4 2 \ 6 6° a2 | 8 16 

Effects. 

Rico Ries — From its gradual combustion, rends and projects rather than 

shatters. : 
A hole s.5 ins. in diameter and x9 feet 7 ins. in depth, filled to 8 feet xo ins. with 

75 Ibs, powder, has removed and rent 1200 cube yards, equal to 2400 tons. The 
abor expended was that of 3 men for x4 days. 
Temperature of gases of explosion 4000°. 

Gun-cotton.—From the rapidity of its combustion, shatters. 

Dynamite.—From the greater rapidity of its combustion over gun-cotton, is more 

shattering in its explosion.. é 
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g0iwelih « ovis os Daillings € 

Churn-drilling.—A churn-driller will drill, in ordinary hard rock, from 8 to 12 
feet, 2 inch holes of 2.5 feet depth, per day, and at a cost of from 12 to 18 cents per 
foot, on a basis of.ordinary labor'at $1 per day. Drillers receiving $2.50. 

One man can bore, with a bit x inch in diameter, from 50 to zoo inches per day 
of ro hours in granite, or 300 to 4oo inches per day in limestone. 

Tamping.—Two strikers and a holder can bore, with a bit 2 inches in diameter, 
ro feet in a day in rock of medium hardness. ‘ ; 

Composition for waterproof charger or fusé consists by weight of Pitch, 8 parts; 
Beeswax and Tallow each r part. 

Mining. (Lefroy’s Handbook.) 

«In demolition of walls line of least resistance L=half thickness, and € is a co- 
efficient depending on structure. 
Charge in lbs.=€ x L3. : ‘ 
In a wall without counterforts, where interval between the charge is 2 L, C=.x5. 
In a wall with counterforts the charge to be placed in centre of each counterfort 

at junction with wall, C=.2: 
Where the charge is placed under a foundation, having equal support on both 

sides, C=.4. 

A leather bag, containing 50 to. 60 lbs, powder, hung or supported against a.gate 
or like barrier, will demolish it. 

For ordinary mines in average rock charge in ounces = L3 ~ 160. 

BLOWING ENGINES. 

Hor Smelting. 

Volume of oxygen in air is different at different temperatures. Thus, 
dry air at 85° contains 10 per cent. less oxygen than when it is at tem- 
perature of 32°; and when it is saturated with vapor, it contains 12 
per cent. less. If an average supply of 1500 cube feet per minute is 
required in winter, 1650 feet will be required in summer. 

Smelting of Iron Ore, 

Coke or Anthracite Coal:—18 to 20 tons of air are required for each ton 
of Pig Iron, and with Charcoal 17 to 18 tons are required, 

(z ton of air at 34° = 29 751, and at 60° = 31 366 cube feet.) 

Pressure.—Pressure ordinarily required for smelting purposes is equal to 
a column of mercury from 3 to 10 inches, or a pressure of 1.5 to 5 lbs, per 
square inch, 

Reservoir.—Capacity of it, if dry, should be 15 to 20 times that of cylin- 
der if single acting, and 10 times if double acting. 

Pipes.—Their area, leading to reservoir, should be .2 that of blast cylinder, 
and yelocity of the air should not exceed 35 feet per second, 

A smith’s forge requires 150 cube feet of air per minute. Pressure of 
blast .25 to 2 lbs. per square inch. A ton of iron melted per hour in a cu- 
pola requires 3500 cube feet of air per minute. A finery forge requires 
100000 cube feet of air for each ton of iron refined. A blast furnace re- 
quires 20 cube feet per minute for each cube yard capacity of furnace, 

A Ton of Pig Iron requires for its reduction from the ore 310000 cube 
feet. of air, or 5.3 cube feet of air for each pound of carbon consumed. 
Pressure, .7 lb. per square inch, is 

P 
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To Compute Power Required to Drive a Blowing 
Engine. 

0000509 ,,, (/L 42 = 255 a V3 (73+ 45) 60+ 3300=8. 

d=\ cos 2 Nn v representing velocity of air in feet per sec- 
193 X -7854 X v 

OF : wale’ sees f site DO sees ond, d and d' diameters of pipe and of nozzle in feet, =\/= X «7854 X 500 
==1.300, 

ILLUSTRATION. —What should be power of a steam-engine to drive 35 cube feet of 
air at a velocity of soo feet per second, through a pipe x foot in diameter and 300 
feet in length? 

c=ratio between power employed and effect produced by it =in a well-constructed 
engine .5, and C =.93. d=.2974, assumed at .3. 

+000 0509 Xx 353 (3 “) 60 — 33,000 = 22 631.625 X 60+ 33 000= 41.15 PP. 
*J 

To Compute Required Power of a Blowing Engine. 

P+f/x av 

53S : . i ie : : 
a area of cylinder in sq. ins. ; v velocity of piston in fect per minute; f fric- 
tion of piston and from curvatures, etc., estimated at 1.25 per sq. inch of 
piston. 

=P. -P representing pressure of blast in lbs. per sq. inch; 

Norte.—If cylinder is single acting, divide result by 2. 

ILLUSTRATION.—Assume area of blast cylinder 5600 sq. ins., pressure of blast 2.25 
Ibs. per sq. inch, and velocity of piston 96 feet per second. 

2.25 + 1.25 X 5600 X96 _ 1 881 600 

33 000 33,000 
= 57 horses, the exact power developed in 

this case. 

To Compute Dimensions of a Driving Engine. 

_Ruxe 1.—Divide power in Ibs. by product of mean effective pressure upon 
piston of steam cylinder in Ibs. per sq. inch, and velocity of piston in feet 
per minute, and quotient will give area of cylinder in sq. ins. 

2.—Divide velocity of piston by twice number of revolutions, and quotient 
will give stroke of piston in feet. 

Volume of air at atmospheric density delivered into reservoir, in consequence of 
escape through valves, and partial vacuum necessary to produce a current, will be 
about .2 less than capacity of cylinder, 

ExampeLe.—Assume elements of preceding case, with a pressure of 50 lbs. steam, 
cut off at .375, and with x12 revolutions of engine per minute, what should be area 
of cylinder of a non-condensing engine? . 

Mean effective pressure of steam with s per cent. clearance — 50 lbs., and 50 — 
J* 414.7 = 50—2.5 + 3.334) 14.7 = 20.47 lbs,, and velocity of piston = 192 feet. 

5600 X 2.25-+ 1.25 X 96, 188x600 . 192 f 
= or 2.5 $q. = be Seay Sues . 5658 332.5 Sq. ins., and She ea stroke. 

Area of cylinder in this case was 324 sq. ins. 

For Volume, Pressure, and Density of Air, see Heat, page saz. ' 

* See formula and note for power of non-condensing engine, page 733. 
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To Compute Hlements of a Blowing Engine. 

ae IG D Single Stroke. 

VP4+f a Ae a BibSh i a of Nints 10) Eo, sig) Phew) 

239° f 33 000 { 3 4ou 
D? sz 230: EPs!) yas D2 sins) savy tol 
aia =a; Bi byil aah ae A and 34 P + 32=2. 

V representing volume of air in cube feet per minute, P pressure of air and 
SF frictional resistance in lbs. per sq. inch, A area of cylinder and a area 
of its valves in sq. ins., s stroke of piston in feet, n number of single strokes 
of piston per minute, L length of air-pipe from reservoir to discharge in feet, 
d diameter of air or blast pipe and D diameter of cylinder in ins., v velocity 
of blast in’ feet per second, and t temperature of blast consequent upon com- 
pression in degrees, 

ILLUSTRATIONS, — Assume blowing cylinder so ins. in diam., stroke of piston ro 
feet, number of single strokes ro per minute, pressure by mércurial’ manometer 
6.12 ins., frictional resistance .4 lb., length of pipe 25.25 feet, and area of valveg 
95 Sq. ins. 

| V=1363.54 cube feet, P=3 lbs., A= 1963.5 sq. ins: 

63. = 63. E 
Thon 2303-54 X 3-4 _. 50, 16 HP, and $983-5 X70. 10 % 37 eos EP: 

230 33 000 

1363.54+10%X 25.25 ; 507 X10X 10 507 X 10X10 j 
— ==13.4 Ins, © —— > 65.8 feet, 2 S95 sq. ins. 

3 ; ou 40X95 58 fe 4oxX65.8 29 °4 

To Compute Volume of Air transmitted by an Engine. 

When Pressure, Temperature, etc., are given. 

I + .004 t 5\/ h (=) 
34:5 V A+H , 

Hs and h representing height of barometer and pressure of blast in ins. of 
mercury ; t temperature of blast; and v velocity in fect per second. 

ILLustRaTiIon,—A furnace having 2 tuyeres of 5,ins. diameter, pressure and tem- 
perature of blast 3 ins. and 350°, and barometer 30 ins.; what is volume of air trans- 
mitted per minute? 

C for a conical opening =.94. ‘ 

C=v. Then av x 60=V in cube feet per minute. 

1+ .004 X 350° 2.4 . 34-5 (Ep SEL 34. yh (4) = £6 K146pX 104 a5 18.44 3 34-30 94 = 34:5 3 a3 34-5 KX +497 X «9 

feet velocity per second. , ; 
Then, area 5 ins.= 19.635, Which X 2= 39.27 insi, and 39.27 %.15.14 X 60-1445 

247.73 cube feet. : 

To Compute Pressure of Blast from Water or Mercurial 
, Gauge. 

Ruix.—Divide Water and Mercurial Gauge in ins. by 27.67 and 2.04 re- 
spectively, and quotient will give pressure in lbs. per sq. inch. 

HMan-blowers. 

Proportions of Parts... Blades.—Their width and length should be at least 
equal.to .4 or .5 radius of fan, ; 

Openings.—Inlet should be equal to radius of fan; and outlet, or dis- 
charge, should be in depth not less than .125 diameter, its width being equal 
to width of fan. 

Eccentricity.—.1 of diameter of fan. Journals, 4 diameters of shaft. 
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By the experiments of Mr, Buckle, he deduced que D> oD 

1. That velocity of periphery of blades should be .g that of their theoretical 
velocity; that is, velocity a body would acquire in falling height of a homo- 
geneous column of air equivalent to required density.” ' 

2. That a diminution of inlet from proportions here given involved a 
greater expenditure of power to produce same density. 

3. That greater the depth of blade, greater the density of air produced 
with same number of revolutions. 

To Compute Hlements of a Wan-blower. 

yy \? = av 6o dav 
en sads Vd=v; in ¥ 5 as (5 sj Meagan ci ete gM pea Per 

v representing velocity of periphery of fun in feet per second, d inches -of 
mercury, V volume of air in cube feet, and a area of discharge in sq. ins. 

ILLUSTRATION.—Assume velocity of periphery of fan 123 feet per second, ‘density 
of blast .25 inch, volume of air.1845 cube feet, and area .of discharge 4o sq. ins. 

40 X 123 X 60 

160 

= 2.97 IP, independent of friction of blast in pipes and tuyeres, 

SSE ae) 

123-+-8.02-939.454==-25 inch. 244 V.25—=122 feet. = 1845 cub. fi. 

+242 X 40 X 123 

400 

To Compute Power of a Centrifugal Man. 

V’?=+97300=P. V representing velocity of tips of fan in feet per second. 

Memoranda. 

Operation of a blower requires about 2.5 per cent. of power of attached 
boiler. 

An increase in number of blades renders operation of fan smoother, but 
does not increase its capacity. 

Pressure or density of a blast is usually measured in ins. of mercury, a 
pressure of 1 Ib. per sq. inch at 60° = 2,0376 ins. 

When water is tsed, a pressure of 1 1b, = 27.671 ins. 

Cupola blast .8 \bs., and Smith’s forge .25 to .3 lbs. per sq.inch, 

An ordinary Eccentric Fan, 4 feet in diameter, with 5 blades ro ins. wide 
and r4 in length, set.1.5 ins. eccentric, with an inlet opening of 17.5 ins. in 
diameter, and an outlet of 12 ins. square, making 870 revolutions per min- 
ute, will supply air to 4o tuyeres, each of 1.625 ins. in diameter, and at a 
pressure per sq. inch of .5 inch of mercury. oe 

An ordinary eccentric fan-blower, 50 ins. in diameter, running at rooo revolutions 
per minute, will give a pressure of r5 ins. of water, and require for its operation a 
power of r2 horses. Area of tuyere discharge 500 sq. ins. pe 

A non-condensing engine, diameter of cylinder 8 ins., stroke of piston x foot, press- 
ure of steam 18 lbs. (mercurial gauge), and making 100 revolutions per minute, will 
drive a fan, 4 feet by 2, opening 2 feet by 2, 500 revolutions per minute, i 

Such a blower was applied as an exhausting draught to smoke-pipe of steamer: 
Keystone State, cylinder 80 ins. by 8 feet, and evaporation was doubled over that 
of when wind was calm. ; 

In French blowing engines, volume of air discharged 75 per cent. that of 
volume of piston space in cylinder, stroke equal diameter of cylinder, and 
velocity of piston from 100 to 200 feet per minute. 

Area of admission valves from .066 to .083 of that of cylinder for speeds 
of 100 to 150 feet per minute, and from .t to .r1x for higher speeds. Area 
of exit valves from ,066 to .o5 of cylinder... (AZ. Claudel.) : 3 
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By- some experiments lately concluded in England with boilers of two 
steamers, to determine relative effects of natural and forced draught furnaces, 
the results were as follows (2. J. Butler) : ae 

'~ Per Sq. Foot of Grate Surfauce.— Natural Draught, 10 to 10,87 IE; Steam 
Blast, 12.5 to 13; Forced or Blast Draught, 15 to 16. 

Heating Surface per 1P.— Natural Draught, 2.44 to 2,61; Steam Blast, 
1.71 to 2.86; Forced or Blast Draught, 1.56 to 2.5. 

Tube Surface per IEP in Sq. Feet.— Natural Draught, 2.03 to 2.18; Steam 
Blast, 2,02 to 2.08; Forced or Blast Draught, 1.3 to 2.8, 

IE per Sq. Foot of Grate in these Trials. — Natural Draught, 10.15 to 
10.87; Steam Blast, 12.76 to 13.1; Forced or Blast Draught, 10.6 to 16.9. 

Root’s Rotary Blower—Is constructed from .125 to 14 nominal EP, supplying 
from 150 to 10 800 cube feet of air per minute. Delivery pipe 2.5 to 19 ins. 
in diameter. Efficiency 65 to 80 per cent. of power. bits 

For Ventilation of Mines—From 40 to 280 revolutions per minute, equal 
to discharge of 12 500 to 200000 cube feet of air per minute. 15.5 to 189 BP. 

Steam cylinder from 14 x .18 ins..to 28 x 48 ins. 

For other details of Blowing Engines see page 898, 

CENTRAL FORCES. 

All bodies moving around a céntre or fixed point have a tendency to 
fly off in a straight line: this is termed Centrifugal Moree; it is op- 
posed to a Centripetal Force, or that power which maintains a body in 
its curvilineal path. 

Centrifugal Force of a body, moving with different velocities in same 
circle, is proportional to square of velocity. Thus, centrifugal force of 
a body making ‘10 revolutions in a minute is 4 times as great as centrif- 
ugal force of same body making 5 revolutions in a minute. Hence, in 
equal circles, the forces are inversely as squares of times of revolution. 

If times are equal, velocities and forceg are as radii of circle of revolution, 

The squares of times are as cubes of distances of centrifugal force from 
axis of revolution. 

Centrifugal forces of two unequal bodies, having same velocity, and at same dis- 
tance from central body, are to one another as the respective quantities of matter 
in the two bodies. , 

Centrifugal forces of two bodies, which perform their revolutions in same time, 
the quantities of matter of which are inversely as their distances from centre, are 
equal to one another. 

Centrifugal forces of two equal bodies, moving with equal velocities at different 
distances from centre, are inversely as their distances from centre. 

Centrifugal forces of two unequal bodies, moving with equal velocities at different 
distances from centre, are to one another as their quantities of matter, multiplied by 
their respective distances from centre. : it 

Centrifugal forces of two unequal bodies, having unequal velocities, and at differ- 
ent distances from their axes are in compound ratio of their quantities of matter, 
squares of their velocities, and their distances from centre. 

Centrifugal force is to weight of body, as double height due to velocity is to radias 
of rotation. : 

A Radius Vector is a line drawn from centre of force to moving body. 
P p* 
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To Compute Centrifugal Force of any Body. 

Rute 1.—Divide its velocity in feet per second by 4.01, also square of 
quotient by diameter of circle; this quotient is centrifugal force, assuming 
the weight of body as 1. Then this quotient, multiplied by weight of body, 
will give centrifugal force required, 
ExAmPLe.—What is the centrifugal force of the rim of a fly-wheel having a diam- 

eter of 10 feet, and running with a velocity of 30 feet per second? 

30+ 4.01 = 7.48, and 7.482 10= 5.59, or times weight of rim. 

2 Or, Wn? VR2+7 

4100 . 
Nore. —Diameter of a fly-wheel should be measured from centres of gravity of rim. 

When great accuracy is required, ascertain centre of gyration of body, and 
take twice distance of it from axis for diameter. 

Rue 2.—Multiply square of number of revolutions in a minute by diam- 
eter of circle of centre of gyration in feet, and divide product by constant 
number 5217; quotient is centrifugal force when weight of body is x. Then, 
as. in previous Rule, this quotient, multiplied by weight of body, is centrif- 
ugal force required. 

n? da 

=C. r representing radius of inner diameter of ring. 

Or, = =W. n representing number of revolutions per minute, d diameter of 

circle of gyration in feet, and W weight of revolving body in ibs. 

EXAMPLE. —What is centrifugal force of a grindstone weighing 1200 Ibs., 42 inches 
in diameter, and turning with a velocity of 4oo revolutlons in a minute? 

Centre of gyration = rad. (42+ 2) X.7071 = 14.85 ins., which +12 and X2= 

4007 X 2.475 2.475 feet = diameter of circle of gyration. Then pay X 1200 =-91 080 lbs. 

Formulas to Determine Various Elements. 
2 2 

Ge Ra os PYF 3; = WR?’ z.225; Wa de OR 
32.166 R 2930 ve 

2930 C W v? 2930 C . C R 32.166 

sg Wr? = 321166 0” RSA) WRI wineN/o) laWorsro 7&2 ae 

C representing centrifugal force, W mass or weight of revolving body, both in Ibs. ,° 
R radius of circle of revolving body in feet,n number of revolutions per minute, and 
vand v’ linear-or circumferential and angular velocities of body in feet per second. 

ILLUSTRATION.—What is centrifugal force of a sphere weighing 30 lbs., revolving 
around a centre at a distance of 5 feet, at 30 revolutions per second? 

5X 2X 3.1416 X30 30: X 35,957 6 
= 

eee * rs . 

: 60 32.166 X 5 qelcingss 

Centrifugal forces of two bodies are as radii of circles of revolution directly, and 
as squares of times inversely. 

ILLUSTRATION. —If a fly-wheel, 12 feet in diameter and 3 tons in weight, revolves 
in 8 seconds, and another of like weight revolves in 6, what should be the diameter 
of the second when their centrifugal forces are equal? } 

62 

Theis sish. Sets Leute oy ga sae 6.75 feet, « = unknown element. 82 

=15.71 feet. Then C 

Centrifugal forces of two bodies, when weights are unequal, are directly as squares 
of times. 

ILLUSTRATION.—What should be the ratio of the weights of the whee]s in the pre- | 
ceding case, their forces being equal? ; i ; 

. 3X 8? _ 3 X 64 
OPT KG 

Molesworth gives .ooo 34 WR n?=C. 

Then''3 5a. 5' G2). S4 Origine = 5.333 tons. 

* This is termed the Vis Viva, or living force. 
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FLY-WHEEL., 

A Fry-wHeex by its inertia becomes a ‘reservoir as well as a regulator 
of force, and to be effective should have high ‘velocity, and its diameter 
should be from 3 to 4 times that of stroke ‘of driving engine.’ : 

Co-efficient of fluctuation of energy in'a machine ranges from: OI 5 
to .035. 

Weight of a fly-wheel in engines that are subjected to irregular mo- 
tion, as in a cotton-press, rolling-mill, etc., must be greater than in others 
where so sudden a check is not experienced, and its diameter should 
range from 3.5 to 5 times length of the crank. 

A single acting engine requires a weight of wheel about 2.5 times greater 
than that for a double acting, and 5 times for double engines of double action, 

To Compute Weight of Rim of a Fly-wheel. 

Ruie.—Multiply mean effective pressure upon piston in lbs. by its stroke 
in feet, and divide product by product of square of number of reyolutions, 
diameter of wheel, and .c00 23. 
Note;—If a light wheel is required, aes by’.oc03; and if a heavy one, by 

-000 16. 

EXAMPLE I.—A non-condensing engine (double acting), having a diameter of cyl- 
inder of 14 ins., and a stroke of piston of 4 feet, working full stroke, at a pressure 
of 65 lbs. mercurial gauge, and making 4o revolutions per minute, develops about 
65 HP; what should be the weight of its fly-wheel, when adapted to ordinary work ? 

Area of cylinder 154 sq. ins. Mean pressure assumed so lbs. per sq. inch. Diam- 
eter of wheel 4 feet stroke X 3.5 = 14 feet. 

50 X 154 X 4 = 30 800, which + 40? X 14 X .00023 = 5978 lbs. 

2.—Ifa fly-wheel, 16 feet in diameter and 4 tons in weight, is sufficient to regulate 
an engine (double acting) when it revolves in 4 seconds, what should be the weight 
of a wheel, 12 feet in diameter, revolving in 2 seconds, so that it may have like cen- 
trifugal force? 

Nore.—The centrifugal forces of two bodies are as the radii of the circles of revo- 
lution directly, and as squares of times inversely. 

4X16 eX 12 Onee 4X 16.X 2? 4% 16% 4 

meee 2 12% 42, 9 44.12,% 16 
Assume elements of example x. 

5978 XK «1 + 13.25 = 45.12 square ins, 

Then = 1.333 tons. 

To Compute Dimensions of Rim. 

Rue.—Multiply weight of wheel in lbs, by .z, and divide product by 
mean diameter of rim in feet ; quotient will give sectional area of rim in 
square inches, of cast iron. 

Ly % 
Or, —~ = W, and = =A. P representing pressure on piston and W weight of 

wheel in on S stroke of piston and D mean diameter of wheel, both in feet, and A 
area of section of rim in sq. ins. 

16nNPSC « A BAP Sear’ 
Or, i= == We iC representing coefficient varying from 3 to 4 ordinarily, 

and increasing to 6 when great regularity of speed is required, and n number of revo- 
lutions per minute. 

Norr.—Maximum safe velocity for cast iron is assumed at 80 feet per second. 

For engines at high expansion of'steam, or with irregular loads, as, with a rolling: 
mill, multiply W by 1:5, or put W roo lbs, ‘for each IP. (Molesworth. ) 

In.corn or like mills, the velocity of periphery of fly-wheel should exceed that of 
the stones. 



452 CENTRAL FORCES:—GOVERNORS,—PENDULUMS. 

GOVERNORS, 

A Goysrnor or Contcat PanpuLum in its operation depends upon the 
principles of Central Forces. 
When ina Ball Governor the balls diverge, the ring on vertical shaft 

raises, and in proportion to the increase of velocity of the balls squared, 
or the square roots of distances of ring from fixed point of arms, cor- 
responding to two velocities, will be as these velocities, 

Thus, if a governor makes.6 revolutions in a second when ring is 16 
ins. from fixed point or top, the distance, of ring will be 5.76 ins. when 
speed is increased to ro revolutions in same ‘time, 

For 10: 6 3: V.16.: 2.4, which, squared = 5.76 ins., distance of ring 
Srom top. Or, 67 : 107 1.5.76 2 16.ans. 
A governor performs in one. minute half.as many revolutions as a 

pendulum vibrates, the length of which is perpendicular distance be- 
tween plane in which the balls move and the fixed point or centre of 
suspension. 
To Compute Number of Revolutions of a Ball Governor 

per Minute to maintain Balls at any given Height. 
188 = ./H = revolutions. H representing vertical height between plane of balls 

and points of their suspension in ins. 
ILLusTRATION.—If the rise of the balls of a centrifugal governor is 22'ins., what 

are the number of revolutions per minute ? 

“188 + 4/22 ='40.09 revolutions. 

To Compute Vertical Height between Plane of Balls 
and their Points of Suspension. 

(188 1)? = vertical height in ins, x representing number of revolutions per minute. 
ILLUSTRATION, —If number of revolutions of a centrifugal -governor-is 100, What 

will be rise of balls ? 

188 > 100 = 1.889 > 3.53 ins. 

To Compute Angle of Arms or Plane of Balls with 
Centre ‘Shaft. 

rl sin, at r representing distance of balls from plane of centre shaft, and 1 
distance between balls and point of suspension measured in plane of shaft. 

ILLUSTRATION, —Distance of balls from plane of centre shaft is 10 inches, and 
their distance from point of suspension is 25; What is the angle? 

10 = 25 = .4, and sin. .4 = 23° 357. 

tif vi P gol Wears 16+)? 
When Number of Revolutions are given. cana C08. LZ. 

4 

ILLUSTRATION.—Reyvolutions of a governor per minute are 50, and length of its 
arms 2 feet; what is their angle with plane of shaft? j . ; 

ey (54-1650)? 1.173 

2 ieavane’ 
= 5865, = c08.'54° 6’. 

PENDULUMS. 

Pendulums are Simple or Compound, the former being a material 
point, or single weight suspended from a fixed point, about,.which it 
oscillates, or vibrates, by a connection yoid of weight; and the latter, 
a like body or number. of bodies suspended by a rod. or.connection. 
Any such body will have as. many.centres of oscillation as there are 
given points of suspension to it, and when any one of these centres are 
determined the others are readily ascertained. 
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Thus, 8.0 X $g= = constant product, and sr = Vso X89; sgo and r 
representing points of suspension, gravity ty, oscillation, and gyration. 4 

Or, any body, as a cone, a cylinder, or of any form, regular or irregular, 
so suspended as to be capable of vibrating, is a compound pendulum, and 
distance of its centre of oscillation from any assumed point of SUS erSIOH is 
considered as the length of an equivalent:simple pendulum, 

The Amplitude of a simple pendulum is the distance fopongh which it 
passes from its lowest position to its farthest on either side, 

Complete Period of a pendulum in motion is the time it occupies in making 
two vibrations. 

All vibrations of ‘same pendulum, whether great or small, are performed 
very nearly in same time. 

Number of Oscillations of two different pendulums in same tune and at 
same place are in inyerse ratio of square roots of their lengths, rad 

Length of a Pendulum vibrating seconds is in-a constant ratio to force of 
gravity. 

Time of Vibration is half of a complete period, and it is proportional to 
square root of length of pendulum. Consequéntly, lengths of pendulunis for 
different vibrations are— 

Latitude of Washington. 
39-0958 ins, for one second. 4.344 for third of a.second. 
9-774 ins. for half a second. 2.4435 for quarter of a second, . 

Lengths of Pendulums vibrating Seconds at Level of 
the Sea in several Places. 
Ins, 

Equator........'. + 39-0152 
Washington...... 39.0958 

Ins, 
Paris) arn. veseeve 99.1204 

. : Ins. 
New York’....0.. 39.1017 

London, ..).6.24s) 39-1393 Lat. 45 Oa. a sceis be bi 39-127 

To Compute Length of a Simple Pendulum for a given 
Latitude. 

39-127 —.099 82. cos.2 Ll. L representing latitude. 

ILLUSTRATION. —Required the length of a simple pendulum vibrating seconds in 
the latitude of 50° 31’. 

B—s0° 3r 0s. 2U=2.% ¢ 50° 31° = cos. 180° —50° 31’ X 2= C08, 78° 58’ =. 191 38 

— 39-127 +.191 38 X .099 82 (two — or negative = an affirmative or +-) = 39.1461 ins. 

To Compute Length ofa ‘Simple Pendulum for a given 
Number of Vibrations. 

Liz=l. L representing length for latitude, t time in seconds, and l length of pen- 
dulum in ins. 

ILLustRATION.—Required vibrations of a pendulum in a minute at New York, are 
60; what should be its length? 

L é F . 
39-1017 X 17==39. 1017,, Or, a l. nrepresenting number of vibrations per second. 

To Compute Number of Vibrations of a Simple Pendu- 

lum in a given Time. 

Vit 

vi, 

To Compute Centre of Gravity of a Compound Pendu-~ 
lum of Two Weights connected in a Right Line. 

‘When Weights are both on one Side of Point of Suspension. 
UWwalw 

“Wu 

t hueline eee: 
=n, a representing time of one vibration in seconds. 

=0= distance of centre of gravity from point of suspension. ; 
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When Weights are on Opposite Sides of Point of Suspension. 

1Ww—l’w ; 

W-+-w 
pension, { 
Notr.—To obtain strictly isochtonous vibrations, the circular arc must be sub- 

stituted for the cycloid curve, which possesses the property of having an inclina- 
tion, the sine of which is simply proportional to distance measured on the curve 
from its lowest point. 

For construction of a Cycloidal pendulum, see Deschaniei’s Physics, Part I., pp. 
71-2. 

= 0=distance of centre of gravity of greater weight from point of sus- 

To Compute Length of a Simple Pendulum, Vibrations 
of which will be same in Number as Inches in its 
Length. 

8/(60 /L)? =1 in inches. 
ILLustRATION.—What will be length of a pendulum in New York, vibrations of 

which will be‘same number as the ins. in its length? 

V (V39. 1017 X 60)? = 7.2117 = 52 tns. 

To Compute Time of Vibration of a Simple Pendulum, 
Luength being given. 

Vi=d = t in seconds. 
InLustRATION.—Length of a pendulum is 156.4 ins.; what is the time ofits vibra- 

tion in New York? 

/ 156.4 = 2 seconds. 
39-1017 

1 
Or, \ is a. X 3.1416 =t. 1 representing length of a pendulum vibrating seconds in 

tns., g measure of force of gravity, and t time of one oscillation. 

ILLUsTRATION.—Length of a simple pendulum vibrating seconds, and measure of 
force of gravity at Washington, are 39.0958 ins., and 32.155 feet. 

.0958 
1436, [30005 = 3.1416 X 7/1-013 = 3.1416 X .3183 = x second. 

To Compute Number of Vibrations of a Sizhple Pen- 
dulum in a given Time. 

L 
iy 7 xXt=n. n representing number of vibrations. 

__ InLustration.—The length ofa pendulum in New York is 156.4 ins., and time of 
its vibration is 2 seconds; what are number of its vibrations? ! 

3Q:TOLT a 6.253 = dis F . 60 st 

Sa x2 =, / 33 X2=.5X2=1 vibration. Hence, 1X > = 30.0- 

brations per minute. 

To Compute Measure of Gravity, Length of Pendulum 
and Number of its Vibrations being given. 

822 46:1 2? , aii BSc 2 = 9. g representing measure of gravity in feet. 

dake Compute Number of Revolutions of a Conical Pen- 
dulum per Minute. 

22338 =n. h representing distance between point of suspension and plane of 
revolutions in ins, - dh sic las eS ae 
Norr.—Number of revolutions per minute are constant for any given height, and 

the time of a revolution is directly as square root of height. : 

¥ 



CRANES, 455 

<4 SEE Se AN Ee 
Usual form of a Crane is that of a right-angled triangle, the sides 

being post or jib, and stay or strut, which is hypothenuse of triangle. 
When jib and post are equal in length, and stay is diagonal of a square, 

this form is theoretically strongest, as the whole stress or weight is borne by 
stay, tending to compress it in direction of its length; stress upon it, com- 
pared to weight supported, being as diagonal to side of square, or ‘as 1.4142 
to 1. Consequently, if weight borne by crane is 1000 lbs., thrust or com- 
pression upon stay will be 1414.2 lbs., or as ae to e W, Fig. 1. 

When Post is Supported at both Head and Moot, as 
! Fig. 1. ( 

a Weight W is sustained by a rope ‘or chain, 
: and tension is equal upon both parts of it; that 

is, on two sides of square,za@ and eW.  Conse- 
quently jib,2 a, has no stress upon it, and serves 
merely to retain stay, ae. ; 

If foot of stay is set at m, thrust upon it, as 
compared with weight, will be as an to aw; 
and if chain or rope from ¢ to a is removed, and 

+, weight is suspended from a, tension on jib will 
~ beasiatoa W. 

If foot of stay is raised to o, thrust, as compared with weight, will be as 
linea o is to a@.W, and tension on jib will be as line ar. 
By dividing line representing weight, as a W or aw, into equal parts, to 

represent tons or pounds, and using it as a scale, stress upon any other part 
may be measured upon described parallelogram. 

~ Thus, as length of a W, compared to ae, is as 1 to 1.4142: if a W is di- 
vided into 10 parts representing tons, a ¢ would measure 14.142 parts or tons, 

Fig. 1, t . 

When Post is Supported at Foot only. 

If post is wholly unsupported at head, and its foot is secured up to line 
o W, then W, acting with leverage, e W, will tend to rupture post at e, with 
same effect as if twice that weight was laid upon middle of a beam equal to 
twice length of e W, ¢ being at middle of beam, which is assumed to be sup- 
ported at both ends, and of like dimensions to those of post, 

- Or, force exerted to rupture post will be represented by stress, W, multi- 
plied by 4 times length of lever, e W, divided by depth of post in line of 
stress, squared, and multiplied by breadth of it and Value* of its material. 

Post of such a crane is in condition of half a beam supported at one end, 
weight suspended from other; consequently, it must be estimated as a beam 
of twice the length supported at both ends, stress applied in middle. 

To Compute Stress on Jib, and on Stay or Strut.-Fig. 2. 

“On diagram of crane, Fig. 2, mark off on line of 
chain, @ W, a distance, a 5, representing weight on 
chain; from point 6 draw a line, dc, parallel to jib, 
ae, and where this intersects stay or strut, draw a 
vertical line, c 0, extending to jib, and distances 
from a to points 6c and oc, measured upon a scale 
of equal parts, will represent proportional strain. 
ILLUSTRATION. —In figure, weight being ro tons, stress 

on stay or strut‘compressing, a c, will be 3x tons, and 
on jib or tension-rods, a 0, 26 tons. 

* For Value of Materials, see page 779. 
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To Compute Dimensions of Post of a Crane. 

When Post is Supported at Feet only. RuLte.—Multiply weight or stress 
to be borne in Ibs. by length of jib in feet measured upon a horizontal 
plane; divide product by Value of material to be used, and product, divided 
by breadth in ins., will give square of depth, also in ins. 

, ExaAMPLe.—Stress upon a crane is to be 22 400 lbs., and distance of it from centre 
of post 20 feet; what should be dimension of post if of American white oak? 

Value of American white oak 50... Assumed breadth re ins. ¢ 

5° 

» When. Post is Supported at both:Ends. - RuLe.—Multiply weight or stress 
to be borne in Ibs. by twice length.of jib in feet measured upon a horizontal 
plane; divide product by Value of material to be used, and product, divided 
by four times breadth in ins., will give square of depth, also in ins, 

ExamMPLeE.—Take same elements.as in preceding case. Assumed breadth xo ins. 

22400 X 20 X 2. 17.920 
Then ia 17.920, gxao 

‘In’ Fig..3, angle abe and ¢be¢ being equal, chain or rope is represented . 
by abc, and weight by W; stress upon stay bd, as 
compared with weight, is as bd to ab or be. 

In practice, however, it is not prudent to consider 
chain as supporting stay; but it is proper to disregard 
chain ‘or rope as forming part of system, and crane 
should .be designed to support load independent of it. 
It is also proper that angles on each side of diagonal 
stay, in this case, should not be equal. If side ab is 
formed of tension-rods of wrought iron, point a should 
be depressed, so as to lengthen that side, and decrease 
angle abe; but if it is of timber, point @ should be 

raised, and angle a de increased. 
Fig. 4. g Fig. 4 shows a form of crane very generally used; 

4 angles are same as in Fig. 3, and weight suspended from 
c it, being attached to point a, is represented by line bd, 

The tension, which is equal to weight, is shown by length 
of line bc, and thrust by length of line b a, measured by 
a scale of equal parts, into which line 0 d, representing 
weight, is supposed to be divided. 

But if be be direction of jib, then bg will show ten- 
sion, and bf the thrust (df being taken parallel to be), 

, both of them being now greater than before; line b d 
representing weight, and being same in both cases, 

6a 2 mnie 
= 8960, and — = 746.67. -Then.4/746.67 = 27.32 ins. 

448, and 37/448 = 21.166 ins. © 

To Ascertain Stress on Jib,on Strut 
ofa Crane.—WMig. 5, 

Through a draw as, parallel to jib or tension-rod WwW : ov, and also sw parallel to strut a7; then 7s is a 
diagonal of parallelogram, sides of which are equal to 7 a and rw. 
Fig. & % — Ifthen rs represents a stress of 20 lbs., 

the two forces into which it is decom- 
posed are shown by 7 and ra; or is 
equal to ru, as each of them is equal to 
as, and # s is equal to o a. Hence, 20 
represented by a 0, stress on jib willbe 
represented by o 7, and that on strut by 
Ti, 

"Assuming then o r 3 feet, a7 3.5, and 
0 @ 1, stress on jib will be 60 Ibs., and on strut 70, 
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Thus, in all cases, stress on jib or tension-rod and on strut can be deter- 
wae by relative proportions of Bice of triangle formed. 

; “To Compute ‘Stress upon Strut of a Crane. A 

Rute. —Multiply length of strut in feet by weight to be borne i in Ibs. ; di- 
vide product by height of jib from point of bearing’ of strut in feet, ta 
quotient will give stress or thrust in lbs. 

Exampe.—Length of strut’ of a crane is 28.284 feet, height of post is 26.457 feet, 
and weight to be borne is 22 400 lbs.’ ; what: is stress ? 

_ 28.284 K 22400 633 561.6 

fs VTS 1964 5p!) 1° 0126457 
= 23.947 lbs. 

Chains and Ropes. 

Chains for Cranes should be made of short oval links, and should not ex- 
ceed t inch in ks Saige : 

Biocts linea Grane Chains and Honor showing Di- 
mensions and Weight of each, and Proof of Chain 
in Tons. 

Diam. | Weight Circumf,| Weight || Diam. | Weight Circumf. | Weight 
of, per Proof of of Rope | of er Proof of of Rope 
Chains. | Fathom. | Strain. | Rope. |per Fath.|| Chains, | Fathom, Strain. | “Rope. | | per Fath. 

- Ins- Lbs, Tons. Ins. Lbs, Ins. Lbs, Yons, Ins, _. Lbs, 
OgB25 6 LieZS 2.5 1.5 -6875 28 6.5 7 10.5 

23375 8.5 | 15 3-25 | 25 75 32 7:75). 75 12 
$4375 |' x2 2:5 4 3-75 || 8125 | 36 9-25], 8:25 | 15 
“5 14 35 4:75 | 5 -875 44.1 1075 | 9 17-5 
“+5625 | 18 4-5 5:5 7 9375 |) 50° | 12-5 9:5 19-5 
1.625 24 10 WO Bl25) 6.25 3.7 I 56 14 10 22, 

Ropes of circumferences given are considered to be of equal strength with 
the chains, which, being short-linked, are made without studs. 
A crane chain will stretch, under a proof of 15 tons, half an inch per fathom. 

; Machinery of Cranes, 

To attain greater effect of application of power to a crane, the wheel-work 
must be properly designed and executed. 

If manual labor is employed, it should be exerted at a speed of 220 feet 
per minute. 

Proportions.—Capacity of Crane, 5 tons. 

Radius of winch or handle rs to 18 ins. Height of axle from floor 36 to 39. 

1st pinion, 11 teeth, 1.25 ins, pitch. 2d pinion, r2 teeth, 1.5 ins. pitch. 
xst wheel+ 89.7 .°6.. x25, !¢ tt 2d wheel, 96 ,‘*.  * 

rrel 8 = F Barrel 8 ins. X 11 teeth X 12 teeth X 11 200 Ibs. = 30 800 = 20.35 Ibs, = statical ro- 

Winch 17 ins. X 89 leeth X 96 teeth X 4men = 1513 | 
sistance to each of the 4 men at winches. 

An experiment upon capacity of a crane, geared 1 to 105, developed that 
a strong man for a period of 2.5 minutes exerted a power of 27 562 foot- 
pounds per minute, which, when friction of crane is considered, is fully equal 
to the power of a horse for one minute. 

In practice an ordinary man can develop a power of 15 Ibs. upon a crane, 
handle moved at a velocity of 220 feet per minute, which is eee, » 
3300 foot-pounds. 

For Treatise on Cranes, see Weales’ Series, No. 33. 
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COMBUSTION. 

Combustion is one of the many sources of heat, and denotes combi- 

nation of a body with any of the substances termed Supporters of Com- 

bustion; with reference to generation of steam, we are restricted to but 
one of these combinations, and that is Oxygen. 

All bodies, when intensely heated, become luminous. When this heat 

is produced by combination with oxygen, they are said to be ignited; 
‘and when the body heated is in a gaseous state, it forms what is termed 
Flame. 

Carbon exists in nearly a pure state in charcoal and in soot. It com- 
bines with no more than 2.66 of its weight of oxygen. In its combus- 
tion, 1 lb. of it produces sufficient heat to increase temperature of 14 500 
Ibs. of water 1°, 

Hydrogen exists in a gaseous state, and combines with 8 times its 
weight of oxygen, and r lb. of it, in burning, raises heat of 50000 lbs. 
of water 1°.* 

‘An increase in the rapidity of combustion is accompanied by a dimi- 
nution in the evaporative efficiency of the combustible. 

Mr, D. K. Clark furnishes the following: When coal is exposed to heat in a fur- 
nace, the carbon and hydrogen, associated in various chemical unions, as hydrocar- 
bons, are volatilized and pass off. At lowest temperature, naphthaline, resins, and 
fluids with high boiling-points are disengaged; at a higher temperature, volatile 
fluids are disengaged; and still higher, oletiant gas, followed by light carburetted 
hydrogen, which continues to be given off after the coal has reached a low red heat. 
As temperature rises, pure hydrogen is also given off, until finally, in the fifth or 
highest stage of temperature for distillation, hydrogen alone is discharged. What 
remains after distillatory process is over, is coke, which is the fixed or solid carbon 
of coal, with earthy matter or ash of the coal. 

The hydrocarbons, especially those which are given off at lowest temperatures, 
being richest in carbon, constitute the flame-making and smoke-making part of the 
coal. When subjected to heat much above the temperatures required to vaporize 
them, they become decomposed, and pass successively into more and more perma- 
nent forms by precipitating portions of their carbon. At temperature of low red- 
ness none of them are to be found, and the olefiant gas is the densest type that 
remains, mixed with carburetted and free hydrogen. It is during these trans- 
formations that the great volume of smoke is made, consisting of precipitated car- 
bon passing off uncombined. Even olefiant gas, at a bright red heat, deposits half 
its carbon, changing into carburetted hydrogen; and this gas, in its turn, may 
deposit the last remaining equivalent of carbon at highest furnace heats, and be 
converted into pure hydrogen. 
Throughout all this distillation and transformation, the element of hydrogen 

maintains a prior claim to the oxygen present above the fuel; and until it is satis- 
fied, the precipitated carbon remains unburned. 

Summary of Products of Decomposition in the Furnace. 

Reverting to statement of average composition of coal, page 485, it ap- 
pears that the fixed carbon or coke remaining in a furnace after volatile 
portions of coal are driven off, averages 61 per cent. of gross weight of the 
coal. Taking it at 60 per cent., proportion of carbon volatilized in com- 
bination with hydrogen will be 20 per cent., making total of 80 per cent. of 
constituent carbon in average coal. , 

Of the 5 per cent. of constituent hydrogen, 1 part is united to the 8 per 
cent, of oxygen, in the combining proportions to form water, and remaining 
4 parts of hydrogen are found partly united to the yolatilized carbon, and 
partly free. 

* Mean effect. 
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These particulars are embodied in following summary of condition of 
elements of 100 Ibs. of average coal, after having been decomposed, and prior 
to entering into combustion— 

100 Lbs, of Average Coal in a Furnace. 
Composition Lbs. Lbs. Decomposition. 

Carbon {Vorati Bieiais/aittats 60 60 fixed carbon. 
Volatilized.... 20 24 hydrocarbons and free hydrogen. 

AV GrOgOD ne cisic sic.c.s'c 5 1.25 Sulphur. 
Sulphur. ......... Jiaer KE.25 a 85.25 
OXY GE0ti ck. does vsiec. £298 forming ) 3) > water or steam. 
Nitrogen j gen... 1.2 nitrogen. 
Ash, etc......... . 4-55 ash, etc. 

100 

showing a total useful combustible of 85.25 per cent., of which 25.25 per 
cent. is volatilized. While the decomposition proceeds, combustion proceeds, 
and the 25.25 per cent. of volatilized portions, and the 60 per cent. of fixed 
carbon, successively, are burned. 

It may be added that the sulphur and a portion of the nitrogen are dis- 
engaged in combination with hydrogen, as sulphuretted hydrogen and am- 
monia, But these compounds are small in quantity, and, for the sake of 
simplicity, they have not been indicated in the synopsis. 

Volume of Air chemically consumed in complete Combustion of Coal, 
Assume roo Ibs. of average coal. Then, by following 

8 —SSS 

80+ 3 (s—5) +.4X 1.25 X 152=14 060 cube feet of air at 62° for x00 lbs, coal. 

For volatilized portion, Hydrogen (H), 4 ‘Ibs. x 457 = 1828 cube feet. 
6h 66 Carbon (C), 20 (6 "X152'==..3,040 

SUIDBUEI(S)). 3.25 So ecg as Cemese 

4939) ounce 
For fixed portion, Carbon, 66°— lbs. 182 = 912000 ht 

Total useful combustible, 85.25 ‘f 14059 ‘* * for com- 4 
plete combustion of 100 lbs, coal of average composition at 62°. 

To Compute Volume of Air at 62°, under One At- 
mosphere, chemically consumed in Complete Com- 
bustion of 1 Lb. of a given Fuel. 

Ruie.—Express constituent carbon, hydrogen, oxygen, and sulphur, as 
percentages of whole weight of fuel; divide oxygen by 8, deduct quotient 
from hydrogen, and multiply remainder by 3; multiply sulphur by .4; add 
products to the carbon, and multiply sum by 1.52. Final product is volume 
of air in cube feet, 

To compute weight of air chemically consumed.—Divide volume thus found 
by 13.14; quotient is weight of air in Ibs. 

Or, 1.52 (C-+3 a— 2) +.48)=Air. O Oxygen. 

Norts.—In ordinary or approximate computations, sulphur may be neglected. 

‘ ExAmpPLE.—Assume x 1b. Newcastle coal.” C = 82.24, H=5.42, O=6.44, and 
= 1.35. 

6. aay! 
“#= 805, 5.42—.805 = 4.615 X 3 = 13.845, 1-35 X «4 =-54, 13-845 +.54-+ 82.24 

= 96.625, and 96.625 X 1.52 = 146.87 cube feet. 

Then 146.87 + 13.14 = 11.18 Lbs. 



460. COMBUSTION. 

To Compute Total Weight of Gaseous Products of Com- 

5.) plete Combustion, of 1 lub. of a given Brel « jeqiceosl 

Ruie.—Express the elements as per-centages of fuel; multiply carbon by 

.126, hydrogen by .358, sulphur by .053, and nitrogen by .o1, and add prod- 

ucts together, Sum is total weight of gases in lbs. — 
Or, .126 C+..358 H+.053 S+.o1 N= Weight. 

EXAMPLe. —Assumeas preceding case.. N =1.6r. 

82.24 X 1.26 -+ 5.42 X.358-+ 1.35 X 053-4+1.61 X .or = 12.39 Ibs. 

To Compute Total Volume, at G2°, of Gaseous Products 
of Complete Combustion of 1 Lb. of given Fuel. 

Ruite.—Express elements as per-centages; multiply carbon by 1.52, hy- 
drogen by 5.52, sulphur by .567, and nitrogen by .135, and add products 
together. Sum is total volume, at 62° F., of gases, in cube feet. 

Or, 1.52 C+5.52 H+.567 S+.135 N=Volume. 

To Compute Volume of the several Gases separately 
from their Respective Quantities. } 

RuLe.—Multiply weight of each gaseous product by volume of 1 Ib, in 
cube feet at 62°; as below. I 

‘olume of 1 Lb. of Gases at,62° under a Pressure of 14.7 Lbs. 
Cube feet. Cube feet. Cube feet, 

Aqueous Vapor or Be WTVOON . ners oes xx.887 | Nitrogen... 2.20... 13.501 
Gaseous Steam. } ~~ 5 Hydrogen ........ 190 Carbonic Acid ..... 8.594 

- PUT, SES ee 13.141 cube feet. 

For a Ib, of oxygen in combustion, 4.35 lbs: air are consumed; or, by volume, for 
a cube foot of oxygen 4.76 cube feet of air are consumed. 

1 lb, Hydrogen Consumes. .... 0. cece ese eee 34.8 lbs., or 457 cube feet, at 62° 
x) ‘{. Carbon, completely burned, consumes.... 12,6 6 “f aga SS BE HE a 
I xm "partially uf 4 suede Sue 4 = JOE AE SS 
a “Sulphur conbumesssisitk .. vince Seen shee dete 57 8 eee 

Composition and Equivalents of Gases, combined in 
Combustion of Huel. 

GASES. Elements. Went, GASES. Elements. went, 

ELEMENTS. ~ ay COMPOUNDS. Se 

Oxygenacif.t otctas s Ov x 8 || Light Carburetted || C.2 12 
aueneee dk Orde Esa Hyer r Hydrogen......: §.| HH. 4 4 
AL DOW «0 01010) 0iujeininists’ OR 6 ey : O. 1 8 

Solpbur .. .. pars esves ee 16 Carbonic Oxide; } C. 14 et 
Nitrogen. 2... 32h 60.5 Nw 14 Rarbaria ied Ms 2 of _ || Carbonic Acid ..... es a 

;GOMPOUNDE. ale Olefiant Gas (Bi-car- C. 4 24). 
*Atmospheric Air 0. 23 8 \ buretted Hyd... H. 4 - 

(mech, mixture).. N.77/| 26.85 4] F 0. 2 16 
Aqueous Vapor or Ona 8 Sulpharous Abid... } S. 1 re 
Water ijemra scan H; 2 I \ 

Weights of products in combustion of's 1b. of given fuel, are— 

C=.0366. H=.o9. S=.o2z, N=.0893 C+ .268 H+ .0335 S+.o1 N, 
Cube Feet. 2  Oube Feet. y 

-0366 X 8.59 .315 volume carbonic -02 X 5.85 —=.117 volume sulph. acid. 
acid. +0893 + .268'++'.0335'+ or X 13.501 = 

209: X x90. 17.2 wy , fhe Steam. 5.409 volume nitrogen. F 

Volume of Air or Gases at higher temperatures than here given (62°) is ascer- 
: v * F 

tained by, V ; oo =V’. V representing volume of air or gas at temperature t, 
I 3 t 

and V’ at temperature t’. 

* By Volume 1 Oxygen, 3.762 Nitrogen. 
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Chemical Composition of some Compound Com- 
bustibles. 

Combining equivalents. In 100 parts by weight. 
timemee ing Car. Hyd. Oxy. Car, | Hyd. Oxy. 

Per Cent,| Per Cent.| Per Cent. 
Carbonic OXide: ... 00's wie. dim eye's 3 I _— I 42.9 _ 57-0 
Light carburetted hydrogen... 2 4 “= 75 25 — 
Olefiant gas, Bicarburetted hyd. 4 4 -- 85.7 14.3 —_— 
Sulphuric ether. <220.050.00 0% 4 5 I 64.8 13-5 21.7 

4 6 2 52.2 3 34.8 
20 16 _ 88.2 11.8 _— 

Waxsenece ts SnouBescod spesod _— _ _ 81.6 13-9 4:5 
CERO ane ar een en eoce] _ _ 77-2 13-4 9:4 
gehen oe Bea — ~- — 79 11.7 9:3 

Heating powers of compound bodies are approximately equal to sum of 
heating powers of their elements, 

Thus, carburetted hydrogen, which consists of two equivalents of carbon and four 
of hydrogen, weighing respectively 2 X 612 and 1 X 4=4, in proportion of 3 to 1, 
or .75 lb. of carbon and .25 lb. of hydrogen in one Ib. of gas. Elements of 
combustion of one Ib, are, then— 

heat of 

Units of heat, 
OD CALDON acy atain sisiersteieiaiciisiess sw atetel eta, vie: cerewearahe 14544 X .75 = 10908 
For hydrogen.......... atebdghaiiela lvinigis asia aie eis +« 62032 X .25==15 508 

Total heat of combustion, as computed..........+e.e+0+- saris? 26 416 
Total heat, by direct trial..............6. cisie's siaine sislsiecclslaleinciots 23513 

Heating Powers of Combustibles. 

(4M, Favre and Silbermann, D. K. Clark and others.) 

0: Total Heat * 
conrad Weight and Volume | of Combus- Equivalent evaporative 

x Ls. or ; : Power of x lb, of Com- per Ib. of | of Air consumed per | tion of x Ib. petibie. und ‘Ate 
CT Be Com. | Ibu of Combustible, | of Combus- eens 

bustible. tible, Z 

a ce 
Hydrogen......... 8 34.8 457 2.032 55. 4.2 
Carbon, making 8 6 6 

carbonic oxide. 1-33 5: 7 4452 ay A Hee 
Carbon, making Marbonienchs } 2.66 11.6 152 14 500 13 15 

Carbonic oxide..... 57 2.48 33 4325 3.88 4.48 
i ted 

ah ix } 4 17-4 229 23 513 21.07 24.34 

Olefiant gas........ 3:43 15 196 21 343 19.12 22.09 
Sulphuric ether....| 2.6 11.3 149 16 249 14.56 16,82 
Alcohol 2.78 12.1 159 12.929 11.76 13.38 
Turpentine, 3:29 14.3 188 19 534 17-5 20.22 
at Me I 4: 35 87 ee Est ae } 
Allow a 2.95 12.83 169 138.02 16.15 18, 

Petroleum.,........| - -4.12 17.93 235 27 531 _ 28.5 
Coal (average) 2.46 10.7 141 14133 12.67 14.62 
Coke, desiccated.,.} 2.5 10.9 143 13,550 12.14 14.02' 
Wood, desiccated...) 1.4 6.1 80 7.792 6.98 8.07 

- charcoal 
Wie ea. 2.25 9.8 129 13 309 11.92 13.13 

Peat, desiccated...) 1.75 7-6 100 9951 8.91 10.3 

Peatoharoan eS \ 2,28 9-9 129 12 325 11.04 12.76 

Fignites: cetcescsce) | 2:03 8.85 116 11 678 oa 12.1 
Asphalt....... Sone 2.73 11.87 156 16655 _— 17.24 

When carbon is not completely burned, and becomes carbonic oxide, it produces 
less than a third of heat yielded when it is completely burned, For heatin 
of carbon an average of 14 500 units is adopted. 

Q Q* 

g power 
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To Compute Heating Power of 1 Lb. of a given Com- 
bustible. 

When proportions of Carbon, Hydrogen, Oxygen, and Sulphur are given. 
Ruve.—Ascertain difference between hydrogen and .125 of oxygen; multi- 
ply remainder by 4.28; multiply sulphur by .28, add products to the carbon, 
multiply sum by 14 500, divide by 100, and product is total heating power 
in units of heat. * 

Or, 145 (C++ 4.28 H—O X .125-+.28 S) = heat. 

ILLUSTRATION, —Assume as preceding case. 

5.42 w 82.28 X .125 X 4.28 + 1.35 X .28-4 82.28 K 14 500+ 100= 15 005. 

To Compute Evaporative Power of 1 Lb. of a Given 
Combustible. 

When Proportions’ of Carbon, Hydrogen, Oxygen, and Sulphur are given, 
Ruie.—Ascertain difference between hydrogen and .125 of oxygen, multiply 
remainder by 4.28; multiply sulphur by .28, add products to the carbon, and 
multiply sum by'.13, when’ water is supplied at 62°, and .15 when at 212°; 
product is evaporative power in lbs. of water at 212°. 

Or, When total heating power is known, divide it by 1116 when water is - 
at 62°, or 996 when at 212°. 
ILLusTRATION.—By table, heating power of Tallow is 18 028 units. 

Hence, 18 028+ 1116 = 16.15 lbs. water evaporated at 62°. 

Temperature of Combustion. 

Temperature of combustion is determined by product of volumes and 
specific heats of products of combustion. 
ILLUSTRATION.— 1 lb. carbon, When completely burned, yields 3.66 lbs. carbonic 

acid and 8.94 of nitrogen. Specific heats .2164 and .244. 

3.66 X.2164 = .792 units of heat for 1°. 
8.94 Xuedh i= a.r8r st xo nian ase 

12.6 2973 Bt te xe. 

Consequently, products of combustion of x 1b, carbon absorbs 2.973 units of heat 
in producing 1° temperature. 

Weight and Specific Heat of Products of Combustion, 
and Temperature of Combustion. (D.K. Clark.) 

; Gaseous Products for x Lb. of Combustible. 

1 Ls. or COMBUSTIBLE, Weight. Moen a ec Temperature of 
med Pree: Combustion 

Lbs. Water= 1. Units. ° Ratio, 

Hydrogen... ...cseneeseceeeecies 35.8 302 10.814 | 5744 100 
Sulphuric ether. .50.....5.0<si. 11.97 +256 3-063 5305 92 
Olefiant gas (Bi-carburetted hyd.)| 15.9 +257 4.089 5219 9x 
TallOW2 yo» »:< v0.6 Tob wich camisetas 13.84 4.256 3-54 5093 88.7 
Coal (average).......seceeeeeeee 11.94 -240 2.935 4879 | 85 
Carbon, or pure COKe......+..../ 12.6 -236 2.973 4877 85 
WaHdic. patisieieict Raise Biareiete ajelolsisteless | LGsienr +257 3-914 4826 84 
Alcohol.......++ minicielstejsta/Siulnelsio.e 10.09 +27 2.68 4825 84 
Light carburetted hydrogen.....| 18.4 -268 4.933 | 4766 | 83 
Sulphur. 2.0% cca te stelecisioncre os > E 5.35 .2II 1.128 3575 62 
Turpentine... ve .ccieedesiiee.| 12018 257 3-127 3470 60 
Coal, with double supply ofair..| 22,64 +242 5478) AO 26 rh Pera 

Whence it appears, that mean specific heat of products of combustion, omitting 
hydrogen .302 and sulphur .2rz, is about .25. ; ; i 

Hence, Zo Ascertain Temperature of Combustion.—Divide total heat of 
combustion in units by units of heat for 1°, and quotient will give tem- 
perature, : A 
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, PLM RATRON: —What-is temperature of combustion of coal of ayerage composi- 
tion : é , ce : 

Gaseous products as per preceding table rr.94, which X .246 specific heat = 2.935 
units of heat at 1°. i 5 

Hence, 14 133 units of combustion (from table, page 461) + 2.935 = 4812° temper- 
ature of combustion of average coal. , 

If surplus air is mixed with products of combustion equal to volume of air chem- 
ically combined, total weight of gases for one lb. of this coal is increased to 22.64. 
See following table, having a meen specific heat-ot .242. : 

Then 22.64 X..242= 5.478 units for 19. 

Hence, 14 133 total heat of combustion 5.478—= 26149 temperature of combus- 
tion, or a little more than half that of undiluted products. — - 

Taking averages, it is seen that the evaporative efficiency of coal varies 
directly with volume’ of constituent carbon, and inversely with volume of 
constituent oxygen; and that it varies, not so much because there is more or 
less carbon, as, chiefly, because there is less or more oxygen. ‘The per-cent- 
ages of constituent hydrogen, nitrogen, sulphur, and ash, taking averages, 
are nearly constant, though there are individual exceptions, and their united 
effect, as a whole, appears to be nearly constant also, : 

Heat of Combustion. 

Or, number of times in combustion of a substance, its equivalent weight of water 
would be raised 1°, by heat evolved in combustion of substance. 

Alcohol.,........+. EZO50. | WUD CY iain maison os 16 246 | Oleflant gas...,.,.. 25340 
Charcoal.) ........% 14/545 | Olive oik: ..2...2.25 17780 | Hydrogen... ...0cee 62030 

Combustion of Muel. 

Constituents of coal are Carbon, Hydrogen, Azote, and Oxygen. 

‘Volatile products of combustion of coal are hydrogen and carbon, the 
unions of which (relating to combustion in a furnace) are Carburetted 
hydrogen and Bi-carburetted hydrogen or Olefiant gas, which, upon com- 
bining with atmospheric air, becomes Carbonic acid or Carbonic oxide, 
Steam, and uncombined WMitrogen. 

Carbonic oxide is result of imperfect combustion, and Carbonic acid 
that of perfect, combustion. 

Perfect combustion of carbon evolves heat as 15 to 4.55 compared 
with imperfect combustion of it, as when carbonic oxide is produced, 

I lb. carbon combines with 2.66 Ibs. of oxygen, and produces 3.66 Ibs. 
of carbonic acid. 

Smoke is the combustible and incombustible products evolved in combustion of 
fuel, which pass off by flues of a furnace, and it is composed of such portions of 
hydrogen and carbon of the fuel gas as have not been supplied or combined with 
oxygen, and consequently have not been converted either into steam or carbonic 
acid; the hydrogen so passing away is invisible, but the carbon, upon being sepa- 
rated from the hydrogen, loses its gaseous character, and returns to its elementary 
State of a black pulverulent body, and as such it becomes visible. 

Bituminous portion of coal is converted into gascous state alone, carbonaceous 
portion only into solid state. It is partly combustible and partly incombustible. 

To effect combustion of x cube foot of coal gas, 2 cube feet of oxygen are required; 
and, as 10 cube feet of atmospheric air are necessary to supply this volume of oxy- 
gen, 1 cube foot of gas requires oxygen of 10 cube feet of air. 

In furnaces with a natural draught, volume of air required exceeds that 
when the draught is produced artificially. 
An insufficient supply of air causes imperfect combustion; an excessive 

supply, a waate of heat. 
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Volume of atmospheric air that is chemically required for combustion of 
x lb. of bituminous coal is 150.35 cube feet. Of this, 44.64* cube feet com- 
bine with the gases evolved from the coal, and remaining 105.71 cube feet 
combine with the carbon of the coal. 

Combination of gases evolved by combustion gives a resulting volume 
proportionate to volume of atmospheric air required to furnish the oxygen, 
as 11 to 10. Hence the 44.64 cube feet must be increased in this proportion, 
and it becomes 44.64 + 4.46= 49.1. 

Gases resulting from combustion of the carbon of coal and oxygen of the 
atmosphere, are of same bulk as that of atmospheric air required to furnish 
the oxygen, viz., 105.71 cube feet. Total volume, then, of the atmospheric 
air and gases at bridge wall, flues, or tubes, becomes 105.71 + 49.1 = 154.81 
cube feet, assuming temperature to be that of the external air. Conse- 
quently, augmentation of volume due to increase of temperature of a fur- 
nace is to be considered and added to this volume, in the consideration of the 
capacity of flue or calorimeter of a furnace. 

There is required, then, to be admitted through the grates of a furnace for 
combustion of 1 Ib, of bituminous coal as follows: 

Coal containing 80 per cent. of carbon, or .7047 per cent. of coke. 
x Ib. coal X 44.64 cube feet of gas........ ==) 45 6e 
-7047 1b. carbon X 150 cube feet of air... = 105.71 

150.35 cube feet. 

For anthracite, by observations of W. R. Johnston, an increase of go per 
cent. over that for bituminous coal is required = 195.45 cube feet. 

Coke does not require as much air as coal, usually not to exceed 108 cube 
feet, depending upon its purity. 

Heat of an ordinary furnace may be safely considered at 1000° ; hence air 
entering ash-pit and gases evolved in furnace under general law of expan- 
sion of permanently elastic fluids of ;45ths of its volume (or .002087) for 
each degree of heat imparted to it, the 154.81 is increased in volume from 
100° (assumed ordinary temperature of air at ash-pit) to r1000° = goo®; then 

g00 X .002 087 = 1.8783 times, or 154.81-+ 154.81 X 1.8783 = 445.59 cube feet. 

If the combustion of the gases evolved from coal and air was complete, 
there would be required to give passage to volume of but 445.59 cube feet 
over bridge wall or through flues of a furnace; but by experiments it ap- 
pears that about one half of the oxygen admitted beneath grates of a furnice 
passes off uncombined; the area of the bridge wall, or flues or tubes, must con- 
sequently be increased in this proportion, hence the 445.59 becomes 891.18. 

Velocity of the gases passing from furnace of a proper-proportioned boiler 

may be estimated at from 30 to 36 feet per second. Then ___ 891.18 

60 x60" X36 
.006 87 sq. feet, or .99 sq. ins., of area at bridge wall for each lb. of coal con- 
sumed per hour, 

A limit, then, is here obtained for area at the bridge wall, or of flues or 
tubes immediately behind it, below which it must not be decreased, or com- 
bustion will be imperfect. In ordinary practice it will be found adyan- 
tageous to make this area .or4 sq. feet, or 2 sq. ins. for every lb. of bitu- 
minous coal consumed per sq. foot of grate per hour, and so on ‘in proportion 
for any other quantity. . 

Volumes of heat evolved are very nearly same for same substance, what- 
ever temperature of combustible. 

* By experiment, 4.464 cube feet of gas are evolved from x Ib. of bitumi 1 iri a 
cube feet of air.” arc e ‘ SETAPRS coelh:FeaaIEg athe 
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Relative Volumes of Air required for Combustion of Fuels. 
> : fi + Aa, Absat . Fane _> Lbs Lbs. 

Warlich’s patent.... 13.1 | Anthracite Coal.... 12. 13 Bitum. Coal, lowest.. 5.92 
hrarecoale. SEO 11.16 | Bituminous“... 16.98 | Peat, dry... .....20.. 7.08 
OKOUS 284 eee haa . 11.28 | Bitum: Coal, average 10.7 Wood, OY YAU reste to tay oes 

Pérfoct combustion of x 1b. of carbon requires 11.18 lbs, air at 62°, and 
total weight = 12.39 lbs. Total heat of combustion of 1 Ib, carbon or char- 
coal is 14 500 thermal units; mean specific heat of products of combustion 
is .25, which, multiplied by 12.39 as above = 3.0975, and 14 500* + 3.0975 = 
468r1° temperature of a furnace, assuming every atom of oxygen that‘was 
ignited in it entered, into combination. 

If, however, as in ordinary furnaces, twice volume of air enters, then 
products of combustion of x lb. of coal will be 12.39 + 11.18 = 23.57, which, 
multiplied by its specific heat of .25 as before, and if divided into 14 500, 
quotient will be 2641°, which is temperature of an ordinary furnace. 

Ratio of Combustion.—Quantity of fuel burned per hour per sq. foot of 
grate varies very much in different classes of boilers. In Cornish boilers it 
is 3.5 lbs. per sq. foot; in ordinary Land boilers, 10 to 20 lbs.; (English) 13 
to 14 lbs.; in Marine boilers (natural draught), 10 to 24 lbs.; (blast) 30 to 
60 lbs.; and in Locomotive boilers, 80 to 120 lbs. 

Volumes of air and smoke for each cube foot of water converted into 
steam, is for coal and coke 2000 cube feet, for wood 4000 cube feet ; and for 
each Ib, of fuel as follows ; 
Coal At. swole ve 207 | Cannel coal... 315 | Coke......... 216) | WoO0ds 2% eteleee 173 

Calorific power of x 1b. good coal = 14 000 X 772 = 10 808 000 Lbs. 

Relative Evaporation of Several Combustibles in Libs. 
of Water, Heated 1° by 1 Lb. of Material. 

Combustible. Composition. | Water. Combustible. Composition. | Water. 

Lbs. ed Lbs, 

Alcohol:.... .812 {By wei 8120 || Olive Oil. vss. ees (Bag mn } 14 560 

Bituminous coal... ied Sa} 9 830 || Peat, moist........ 1 orb. tee } 3 481 
Carbon. «6.5 0+6- 0% — 14 220 { Hyd. .06 
Cores ren Car, ay} Sidag Pr ar Iees Kart i Carb. . 3 3.900 
Hyangen oui H Hyd. - 5° 854 |l pine wood, dry... 1} Coa at 3618 
Oak wood, dry .... pen i 6018 Hyd. 

Hyacnds Sulphuric ether. .7 {Garb ia 8680 
ieee vores... asc eS 5 662 Ne Carb. .37 BW OW a satacle suncierele — 14 560 

x lb. Hydrogen will ev aporate 62.6 lbs, water from 212° = 60.509 Ibs. heated 1°. 
x lb, Carbon 14.6 lbs, Mis 212°, or raise 12 lbs. water at 

60° to steam at 120 lbs. pressure. 

x lb. of Oxygen will generate same quantity of heat whether in combustion with 
hydrogen, carbon, alcohol, or other combustible. 

Relative Volumes of Gases or Products of Combustion per Lh. of Fuel. 
Supply of Air per Ib. of Fuel. Supply of Air per lb. of Fuel. 

Temp. 12 Ibs. 18 Iba, 24 lbs, ' || Temp. 12 lbs. 18 lbs, 24 lbs. 
Air. Volume Volume Volume Air. Volume Volume Volume | 

per |b. per Ib. per |b, per lb. per lb. per lb. 

° Cube Feet. | Cube Feet, | Cube Feet. ° Cube Feet, | Cube Feet, | Cube Feet, 
32 150 225, 300 572 314 471 628 
68 161 24 322 752 369 553 738 

104 || 9 172 258 344 112 479 738 957 
212 205 307 409 1472 588 882 1176 

392 . 259 389 519 ‘|| 2500 | 906 1359 1812 

* Mean of all experiments 13 964, 
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To Compute Consumption of Fuel to Heat Air. 

Ruix.—Divide volume of air to be heated by volume of 1 Ib. of it, at its 
temperature of supply ; multiply result by number of heat-units necessa 
to raise 1 lb. air through the range of temperature to which it is to be hea 
and product, divided by number of heat-units of fuel used, will give result 
in Ibs, per hour, 

ExamMPLEe.—What is required consumption per hour of coal of an average compo- 
sition to heat 776 400 cube feet of air at 54° to 114°? 

Coal of an average composition (Table, page 461) = 14 133 heat-units. Volumg of 
4 6 Sa 

x Ib. air at 54° (see formula, page 522) = “ir os = 12.94 cube feet. 1X 114—54 

X .2377 (specific heat of air) = 14.262 heat-wnits. 

776 400 
12.94 

Loss of heat by conduction of it to walls of apartment is to be added to this. 

X 14.262 + 14 133 = 60.55 lbs. 

EXCAVATION AND EMBANKMENT. 

Labor and Work upon Excavation and Embankment. 

Elements of Estimate of Work and Cost. 

Per Day of 10 Hours. 

Cart.—One horse. Distance or lead assumed at too feet, or 200 feet for 
a trip, at a speed of 200 feet per minute. 

Earths.—Of gravelly, loam, and sandy, a laborer will load per day into a 
cart respectively 10, 12, and 14 cube yards as measured in embankment, and 
if measured in excavation, .11 more is to be added, in consequence of the 
greater density of earth when placed in embankment than in excavation. 
Norr.—Earth, when first loosened, increases in volume about .2, but when settled 

in embankment it has less volume than when in bank or excavation. 

Carting.—Descending, load .33 cube yard, Level, .28, and Ascending .25, 
measured in embankment ; and number of cart-loads in a cube yard of em- 
bankment are, Gravelly earth 3, Loam 3.5, and Sandy earth 4. 

Loosening.—Loam, a three-horsed plough will loosen from 250 to 800 cube 
yards per day. 

Trimming.—Cost of trimming and superintendence 1 to 2 cents per cube 
yard. 

Scooping. — A scoop load measures about .1 cube yard in excayation; 
time lost in loading, unloading, and turning, 1.125 minutes per load; in 
double scooping it is x minute. Time occupied for every 100 feet of dis- 
tance from excavation to embankment, 1.43 minutes. 

Time.—Time occupied in loading, unloading, awaiting, etc., 4 minutes per 
load. ; 

To Compute Number of Loads or Trips in Cube Yards 
per Cart per Day. 

(ses) h+y=n. E representing average distance of carting from em- 
+ 100-+ 

bankment in stations of 100 feet each, y number of cart-loads to cube yard of excava- 
tion, and n number of cube yards in embankment, hauled by a cart per day to dis- 
tance E. 
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ILLUSTRATION. — What is number of cube yards of loam that can be removed by 
one cart from an embankment on level ground for an average distance of 250 feet? 

; E = 250+ 100 = 2.5, and y= 3.5. 
60° 

25+4 
Substituting for 3, 3.5, and 4 number of cart-loads in a cube yard of embank- 

ment, 20, 17.14, and 15,= 60 minutes, divided respectively by these numbers. 

h X 20 17.14 Xh 15h 

E+4 E+4 Es 
ascending. h representing number of hours actually at work. 

G28 
x 10+ 3.5=5— X 10 + 3.5 = 26.37 cube yards. 

=n, tn descending carting ; =n, in level, and =n, in 

To Compute Cost of Excavating and Embanking per 
Cube Yard. 

L ce 
7 + = +l+s=V. L representing pay of laborers, v value or result of loading 

in different earths, as 10, 12, and 14, ¢ of one cart and driver per day, l cost of loosen- 
tng material per cube yard, and s cost of trimming and superintendence, both per 
cube yard, and all in cents. 

ILLUSTRATION.—Volume of excavation in loam 30000 cube yards. Leyel carting 
650 feet 6.5 trips or courses. Loosening by plough 1.7 cents per cube yard, 
laborers 106 cents per day, carts 160, and trimming and superintendence 1.5 cents 
per cube yard. 

v=12, and jee = 16.33, number of loads per day by preceding formula. 

106 160 
Th Tae 6 aah 74+ 1.5 = 8.833 + 9:797 + 1-7+ 1.5 = 21.83 cents per cube 

yard. 
Earthwork. 

By Carts.—A laborer can load a cart with one third of a cube yard of sandy 
earth in 5 minutes, of loam in 6, and of heavy soil in 7. This will give a result, for 
a day of ro hours, of 24, 20, and 17.2 cube yards of the respective earths, after de- 
ducting the necessary and indispensable losses of time, which is estimated at .4. 

It is not customary to alter the volume of a cart-load in consequence of any dif- 
ference in density of the earths, or to modify it in consequence of a slight inclina- 
tion in the grade of the lead. 

In a lead of ordinary length one driver can operate 4 carts. With labor at $x 
per day, the expense of a horse and cart, including harness, repairs, etc., is $1.25 
per day. 

A laborer will spread from so to 100 cube yards of earth per day, 

The removal of stones requires more time than earth. 

The cost of maintaining the lead in good order, the wear of tools, superintend- 
ence, trimming, etc., is fully 2.5 cents per cube yard. 

By Wheel-barrows.—A laborer in wheeling travels at the rate of 200 feet per min- 
ute, and the time occupied in loading, emptying, etc., is about 1.25 minutes, with- 
out including lead. The actual time of a man in wheeling in a day of ro hours is .g 
or 2.25 minutes per lead of 100 feet. Hence, 

To Compute Number of Barrow-Loads removed by a 
Laborer per Day. 

10 X 60 X .9 

1.25-+7 

A barrow-load is about .o4 of a cube yard. 

Rock. 

By Carts.—Quarried rock will weigh upon an average 4250 lbs. per cube yard, 
and a load may be estimated at .2 cube yard, and weighing a very little more than 
a load of average earth. 

Hence, the comparative cost of carting earth and rock is to be computed on the 
basis of a cube yard of earth averaging 3.5 loads and one of rock 5 loads, with the 
addition of an increase in time of loading, and wear of cart. 

=n. w representing number of leads of 100 feet. 
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Labor. 

For labor of a man, see Animal Power, pp. 433-34- 

By Wheel-barrow.— A barrow-load may be assumed at 175 Ibs. = 2 cube feet of 

space. 

Blasting. —When labor is $x per day, hard rock in ordinary position may be 

blasted and loaded for 45 cénts per cube yard. 
The cost, however, in consequence of condition, position, etc., may vary from 20 

cents to $1. 

See Blasting, page 443. 

17 cube yards of hard rock may be carted per day over a lead of roo feet, at a cost 
of 7.29 cents per yard. 

The preceding elements are essentially deduced from notes furnished by Ellwood 
Morris, C.E., and the valuable treatise of John C. Trautwine, C.E., Phila. , 1872. 

Stone. 

Hauling Stone.—A cart drawn by horses over an ordinary road will travel x.15 
miles per hour of trip =2.3 miles per hour. 

A four-horse team. will haul from 25 to 36 cube feet of stone at each load. 

Time expended in loading, unloading, etc., including delays, averages 35 minutes 
per'trip. © Cost of loading and unloading a cart, using a horse-crane at the quarry, 
and unloading by hand, when labor is $x 25 per day, and a horse 75 cents, is 25 
cents per perch = 24.75 cube feet=x cent per cube foot. 

Work done by an animal is greatest when velocity with which he moves is .125 
of greatest with which he can move when not impeded, and force then exerted . 45 
of utmost force the animal can exert at a dead pull. 

Earthwork. (Molesworth.) 

Proportion of Getters, Fillers, and Wheelers in different soils, Wheelers deing cal- 
culated at 50 yards run. 

Gett’s.| Fill’s.|Wheel’s. | |Gett's. Fill’s.| Wheel’s, 

Tn loose earth, sand,ete.| 1 I | I In Hard clay..... I | 1.25 1.25 
6 COMPACt...e os «ie Racing 2 | 2 “Compact gravel) r |x’ I 
Cel i eel recor ereoere el ne 2 2 SPROCK WM cecal 4 3 ate > ag 

Average Weight of Earths, Roclkss, etc. 

Per cube yard. 

Lbs. bs, Lbs. Lbs. 
SANG... pc .aris sie SAO MAL). ccrninncs «ip 2912 | Sandstone... 4368 | Granite...... 4700 
Grayel....... 3360 | Clay...ch dest, 3472 | Shales os. 44801 [Trap 0.0.8 4700 
Mpdstccentun 2800 | Chalk ....... 4032 | Quartz....... 4492 | Slate..... Pails AFFO 

Bulk of Roek Earthwork, ete., original Excavation as= 
sumed at 1. 

When in Embankment. 

Rock, large... ...sseeeeeeeee 1.5 Sanduand gravel es. chcce seems 4 r07 
Medium......cseeeeeeeseses 125 tO 1.3 | Clay and earth after subsidence.... 1.08, 
Metal... ..sevcccescrsseeees M2 cr SS before © ““ ppicite Se 
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FRICTION. 

Friction is the force that resists the bearing or movement of one sur- 
face over another, and it is termed Sliding when, one surface moves 
over another, as on a slide or over a pin; and Rolling when a body ro- 
tates upon the surface of some other, as a wheel upon a plane, so that 
new parts of both surfaces are continually being brought in contact with 
each other. 

The force necessary to abrade the fibres or particles of a body is 
termed Measure of friction ;' this is determined by ascertaining what 
portion of the weight of a moving body must be exerted to overcome 
the resistance arising from. this. cause. 

Coefficient of Friction expresses ratio between pressure and resistance of 
one surface over or upon another, or of surfaces upon each other, 

Angle of Repose is the greatest angle of obliquity of pressure between 
two planes, consistent with stability, the tangent of which is the coefficient 
of friction. 

Experiments and Investigations have adduced the following observations 
and results: 

x. Amount of friction in surfaces of like material is very nearly propor- 
tioned to pressure perpendicularly exerted on such surfaces. ‘ 

2. With equal pressure and similar surfaces, friction increases as dimen- 
sions of surfaces are increased. 

3. A regular velocity has no considerable influence on friction; if velocity 
is increased friction may be greater, but this depends on secondary or inci- 
dental causes, as generation of heat and resistance of the air. 

M. Morin’s experiments afford the principal available data for use. Though con- 
stancy of friction holds good for velocities not exceeding 15 or 16 feet per second, 
yet, for greater velocities, resistance of friction appears, from experiments of M. 
Poirée, in 1851, to be diminished in same proportion as velocity is increased. I 

4. Similar substances excite a greater degree of friction than dissimilar. 
T£ pressures are light, the hardest bodies excite least friction. 

5. In the choice of unguents, those of a viscous nature are best adapted for 
rough or porous surfaces, as tar and tallow are suitable for surfaces of woods, 
and oils best adapted for surfaces of metals. 

6. A rolling motion produces much less friction than a sliding one. 

7. Hard metals and woods have less friction than soft. 

8. Without unguents or lubrication, and within the limits of 33 lbs. press- 
ure per sq. inch, the friction, of hard metals upon each other may be esti- 
mated generally at about one sixth the pressure. 

g. Within limits of abrasion friction of metals is nearly alike. 

io, With greatly increased pressures friction increases in a very sensible 
ratio, being greatest with steel or cast iron, and least with brass or wrought 
iron. . 

x1. With woods and metals, without lubrication, velocity has very little 
influence in augmenting friction, except under peculiar circumstances, 

12, When no unguent is interposed, the amount of the friction is, in every 
case, independent of extent of surfaces of contact; so that, the force with 
which two surfaces are pressed together being the same, their friction is the 
same, whatever may be the extent of their surfaces of contact. 

13. Friction of a body sliding upon another will be the same, whether the 
body moves upon its face or upon its edge. 
Bee a eT wa a Rr 
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14. When fibres of materials cross each other, friction is less than when 
they run in the same direction. 

15. Friction is greater between surfaces of the same character than be- 
tween those of different characters. 

16. With hard substances, and within limits of abrasion, friction is as 
pressure, without regard to surfaces, time, or velocity. 

17. The influence of duration of contact (friction of rest) varies with the 
nature of substances; thus, with hard bodies resting upon each other, the 
effect reaches a maximum very quickly ; with soft bodies, very slowly; with 
wood upon wood, the limit is attained in a few minutes; and with metal on 
wood, the greatest effect is not attained for some days, 

Coefficient of Friction of Journals. 

Diameters from 2 to 4 ins. Speeds varied as1to4. Pressure up to 2 tons. 

(From data of M. Morin.) 
Coefficient * 

Surraces or ConrTacr. LuBnication Morita 
Lubrication, 

Journals. Bearings. Oli l 1 3 a ; ive oil, or tallow..........00- .07 t0.o} 
Cast iron on cast iron..........- . apes ands ee ae 

Olive oil, or tallow...........%. -07 to .08 
Cast iron on gun metal.......+.-- {oantdous and webtssissh pose we .16 

Slightly unctuous .........se0- «18 
Cast iron on lignum-vite..... eee) SUL, OF MATE. wn ccananates : — 

Lard and plumbago..... oa. “14 
Wrought iron on cast iron....... Olive oil, or tallow.......... é.%8]// 07 tO .68 

Olive oil, or tallow.........6.5. -07 to .08 
Wrought iron on gun metal......| ) Unctuous and wet......... sees +19 

Slightly unctuous.............- +25 
A ; 3 sR HEINE Pate MAR Boe ree 

Wrought iron on lignum-vite..... { Unotuous. 2s.) Laas Sal an “19 
Gun metal on gun metal..........| Oil......... & 
Lignum-vite on cast iron......... Unctuous......... 0.0. se eeeeee +15 

* Continuous lubrication reduces the coefficients fully one half, 

Disposition OF FIBRES AND Coefficient 
Supraces or Conract. LUBRICATION. pressure = I. 

Oak on Oak... cece. eee e ee dais Parallel and soaped 16 
Wrought iron on oak... 85 es “wet 26 

“ a3 4c ae a3 “ soaped .2I 

Cast iron on oak..... we so ee wet +22 
a Me is subi initia apie a ** soaped +19 

BeatherON Oaks. ccs peice vee sere Ue se wet +29 
Leather belt on oak (flat)......... se cc “ary, .27 

“ s* on oak pulley....... Perpendicular ‘* 47 

Leather belts over wood drums .47 of pressure, and over turned cast-iron pulleys 
.28 of pressure. 

Coefficients of Frietion of Motion. , 
Condition of Surfaces and Unguents. 

a & | > 
SuBSTANCES. g 3 J E & g : 

Sl oc ees ne [Sho EN pk 
08d lai all kA ie gid ese & 

Hemp cords, etc. eseeseeeseeee {On from “45 | +33 Fe me hai am 
Metal upon wood.............. Mean...| .18 | .31 | .07 | 0g] .0g | .2 | w13 
Sole-leather, smooth, upon wood {Raw....| .54 | .36 | .16 | — | .2 —}i— 

or metal...... sonedecne cle ping tYome eet «34s [Shel ath |i —e il oral a} pe ete 
Wood upon metal..........0... Mean...| .42 | .24 | .06 | .o7 | .o8 | .2 | .14 
Wood upon WOOd...secccccccescvesvvneee| #30 | 25 f —>| .07 [407 fers jure 
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Relative Value of Unguents to Reduce Friction. 

‘| Wood | Wood | Metals Wood | Wood | Metals 
UNauENTS, upon | upon | upon ; upon | upon | 

Wood. | Metals.| Metals. soa eb: Wood. | Metala,| Metals, 

Pry‘soap 5559. RP, 132 |) .27 || Olive oil. ...0...f = 1x I 
Hard... . os pigieravesa 82 85 Ay) AYU vie ABR RSE iges 593, | 28 
Lard and plumbago.| — -67 Tg") Waters. Soest oe 2e +24 +18 

To Determine Coefficient of Friction of Bodies. 

Place them upon a horizontal plane, attach a cord to them, and lead it in 
a direction parallel to the plane over a pulley, and suspend from it a scale in 
which weights are to be placed until body moves. 

Then weight that moves the body is numerator, and weight of body moved 
is denominator of a fraction, which represents coefficient required. 

IntusTration.—If, by a pressure of 320 lbs. friction amounts to 8o Ibs., its coefii- 
cient of friction in this case would be 80+ 320 =.25. 

Hence, if coefficient of friction of a wagon over a gravel road was .25, and the load 
84co lbs., the power required to draw it would be 8400 X .25 = 2100 lbs. 

Coefficients of Axle Friction. (M. Morin.) 

| Condition of Surfaces and Unguents, 

aba u 5 Greasy Oil, Tallow, or Lard. en 

SupsTances. alittle | 924 et | 73 usnal | Continus fied Car- 
Greasy. | Wator, way. ously. riage 

Grease. 

Bell metal upon bell metal............ Soils Seam :097 ieee ewe 
Cast iron upon bell metal............. +194 161 -075 1054 -065 
Cast iron upon CaSt iron...........66- wears -079 1075 +054 bod 
Cast iron upon lignum-vite#........... 185 aistets I 092 +109 
Wrought iron upon bell metal........ +251 -189 075 +054 +09 
Wrought iron upon cast iron......... Wereis Seung +075 +054 A 
Wrought iron upon lignum-vite...... .188 ates +125 Bem 

Friction of a journal of an axle which presses on one side only, as in a 
worn bearing, is less than when it presses at all points, the difference being 
about ,005. 

Friction of Aales.—With axles, friction of motion has alone been experi- 
mented upon. When weight upon axle and radius of its journal is given, 
mechanical effect of friction may be readily determined. 

The mechanical effect absorbed by, or of friction, increases with pressure 
or weight upon journal of axle and number of revolutions. 

Friction of an axle is greater the deeper it lies in its bearing. 

If journal of an axle lies in a prismatic bearing, as in a triangle, etc., 
friction is greater, as there is more pressure on, and consequently greater 
friction in contact: in a triangular bearing it is about double that of a cyl- 
indrical bearing. 

To Compute Mechanical Effect of Friction on Journal 
of an Axle, 

=F. n representing number of revolutions, and r radius of journal 

ILLUSTRATION.—Weight of a wheel, with its axle or shaft resting on its journals, 
is 360 lbs.; diameter of Journals 2 ins. ; and number of revolutions 30; what is me- 
chanical effect of the friction, the coefficient of it being .16? 

3.1416 X 30 X .16 X 360 X 1-12 ul 452-4 16.08 Tbs. 

30 39 . 
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By application of friction-wheels (rollers) friction is much reduced, and 
mechanical effect then becomes, when weights of friction-wheels are disre- 
garded, 

i 

pnfWr, __¥ representing radii of azles of friction-wheels, 
BO, a’ cos. a2 H 

a’ radii of friction-wheels, and a angle of lines of direction between axis of roller 
and axis of friction-wheels. 

2prn 

60 
When @ single friction-wheel is used, x fW=F, and =r, «Ke 

T= 

representing mechanical effect. 

ILLUSTRATION.—A wheel and its shaft, making 5 revolutions per minute, weighs 
30000 lbs.; its diameter and that of its journals are 32 feet and roins. The journals 
rest upon a friction-wheel, the radius of which is 5 times greater than its axle. 

"x, What is the power at circumference of wheel necessary to overcome friction? 
2. What is mechanical effect of the friction? 3. What is reduction of friction by 
use of the friction-wheel ? 

on 2X2. = 38.4, circum. of wheel = 38.4 times that of axle. 
10--2 

30.000 XK .075 
Coefficient of friction assumed at .o75. Hence = 58.59 lbs. = power 

38.4 ~) 

3.1416 5 
at circum. to overcome friction atazle. 2. wa == 2.618 feet = distance passed 

by friction. 
2.618 X 5 : SERS: 

Consequently, ee = .2181 feet = distance passed by friction in one second. 

Hence, .2181 X 2250 (30000 X .075) = 490.725. 3. 1+ 5 =.2=—Tadtius of friction- 
axle—by radius of friction-wheel, and 38.4 X .2= 7.68 = friction referred to circum, 

of wheel, and aa = 98.145 = mechanical effect by application of friction-wheel 

=a reduction of four fifths. 

Friction of Pivots. 

Friction on Pivots is independent of their velocity, increases in a greater 
degree than their pressures, and approximates very near to that of sliding 
and axle friction. 

Friction on Conical Bearings is greater than with like elements on plane 
surfaces. 

Figure of point of a pivot, as to its acuteness, affects friction: with great 
pressure the most advantageous angle for the figure ranges from 30° to 45° ; 
with less pressure it may be reduced to 10° and 12°. 

Relative Value of Angles of Pivots. 

OO ian tlab lel ste olde.» TE ee TALEO Na tetas ste a 166} BRON IME a, tt asee 39 

Relative Values of different Materials for use as Pivots. 

Agate eciciisisecss O93; GLANIUO eres ae eeeetciate ce I Tempered steel..... +44 
GIASS urteniesciat=6 .55 | Rock ecrystal.....:.. 76 

Eriction and Rigidity of Cordage. 

Experiments by Amonton and Coulomb, with an apparatus of Amonton’s, 
furnish the following deductions : 

1, That resistance caused by stiffness of cords about the same or like pul- 
leys varies directly as the suspended weight. 

2. That resistance caused by stiffness of cords increases not only in direct 
proportion of suspended weights, but also in direct proportion of diameter 
of the cords, 
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~ Consequently, that resistance to motion over the same or like pulleys, 
arising from stiffness of cords, is in direet compound proportion of suspend- 
ed weight and diameter of cords. 

F 3. That resistance to bending varied inversely as diameter of sheave or 
rum. 

2 : ‘ Skee) 
4. That complete resistance is represented by expression pe oF S 7ep- 

resenting constant for each rope and sheave, expressing stiffness of rope; T 
tension RY rope which is being bent, expressed by CT; C constant for each 
rope and sheave ; and d diameter of sheave, including diameter of rope. 

5. That stiffness of tarred ropes is sensibly greater than that of white ropes, 

ain results obtained by Coulomb, Morin furnishes following for- 
mulas : 

For White Ropes: 12 n+d (.00215-++.00177 n-+.0012 W)=R. For Tarred 
Ropes: 12 nd (.01054-++.0025 n+ .0014 W)=R. R representing rigidity in lbs., 
n arenes of yarns, d diameter of sheave in ins. and rope combined, and W weight 
in lbs. 

ILLUSTRATION.—What is value of stiffness or resistance of a dry white rope hav- 
ing a diameter of 60 yarns, which runs over a sheave 6 ins. in diameter in the 
groove, with an attached weight of 1000 lbs, ? 

Assume diameter for 60 yarns to be 1.2 ins. Then aa Go (.002 15 + .001 77 X 
7-2 

60+ .c012 X 1000) = 100 X 1.308 35 = 130.835 lbs. 

Value of natural stiffness of ropes increases as the square of number of 
threads nearly, and value of stiffness proportional to tension is directly as 
number of threads, being a constant number. Hence, having the rigidity for 
any number of threads, the rigidity for a greater or lesser number is readily 
ascertained, ‘ 

Wire Ropes. 
Weisbach deduced from his experiments on wire ropes that their rigidity 

for diameters capable of supporting equal strains with hemp ropes is con- 
siderably less. 

Wire ropes, newly tarred or greased, have about 4o per cent. less rigidity 
than untarred ropes. l bos 

Rolling Friction. 

Rolling Friction increases with pressure, and is inversely as diameter of 
rolling body. 

For rolling upon compressed wood, f= .or9 to 031. 
When a Body is moved upon Rollers and Power applied at the Base of the Body, 

(F+7’) =F. fandf’ representing coefficients of friction of two surfaces upon 

which rollers act. 

When Power is applied at Circumference of Roller, fW r= F. 

When Power is applied at Axis of Roller, fW—-r-2= F. 

Bearings for Propeller Shaft, (Mr. John Penn.) 

Pressure} Time Pressure oe 
: ‘GS. er of Op- > per 0 ~ 
BEAREE qtrach! Sranion! PRsEINGS Sq. Inch. station 

Lbs. Min. Lbs. Min. 
Babbit’s metal on iron*...| 1600 8 || Brass on iront......+.- 675 60 
Box 0n DrassS...+.+.++206+| 4480 5 || Brass on iron}.,....-.- 4480 _— 
BoX ON iVON...ssceeeeee--| 448 30 || Lignum-vite on brass..| 4000 (4 
Brass on brass ....+.+.+-| 448 30 || Snake-wood on brass...| 4000 5 
Brass on iron...... seeoee| 448 | 30 || Lignum-vite on iron...| 1250 | 2160 

* Rolled out. + Abraded. t Set fast. 

R r* 
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Result of Hxperiments upon Friction of Several Instru- 
ments. (RK. S. Ball.) 

Mechanical | Useful — 
INSTRUMENT, Friction. 1 Velocity ratio.| “cc. ency, | effect. 

' 

¥F L \Per Cent. 
Pulley, single........ ass ouiniee <i] OORT ges 2 1.8 go 

6. 63 SNEAVES. opine evsesece-| 2.36 .23) 6 4 64 
“differential... .../. escees| 387 —--.15r 16 6.1 38 

Screwanits us, Mietskiah ore ss Wiatirat date :0 '-+.or4 193 70 36 
Inclined plane, angle 179 2’....| .09 +.55 3-4 1.72 5r 
SCHOW SACK won 145 aster sects eralee -66 -+.007 414 116 28 
WHeGI aNd ARC... cars.ste celeeisie +204. + .043 31 22 jo 

e SOIBArreln te csatee ester +5. + .169 5-95 5.55 93 
Os SOY PROM. oe ae cts wake 2.46 +.21 8 4-1 51 

CAMO tc cera cee cicradie er eten eae Ke) 056 23 18 73 
CMe cots lentatciarataraiaereinve’ a aisle cietsle rs -185 + .008 137 87 | 63° 

F representing friction, and L load. 

ILLUSTRATION 1.—If it is required to ascertain power necessary to raise 200 Ibs. 
2 feet, by a single movable pulley, 200 X .5453 + 2.21 = 111.27 lbs., Which must be 
applied as power to raise 200 lbs. 2 feet. 111.27 X 2222.54 lbs. Hence, for appli- 
cation of 222.54 lbs., 200 or 89.87 per cent. are usefully or effectively employed. 

2.—If it is required to raise roo lbs. by a three-sheave pulley, then roo X .238 + 
2.36 = 26.16 lbs, which must be applied as power to raise roo lbs. 6 feet (3 X 2=6). 
26.16 X 6 = 156.96 lbs. Hence, for application of 156.96 Ibs., 100 or 63.71 per cent. 
are effectively employed. 

3.—The velocity ratio of a crane being 137, and its mechanical efficiency 87, a 
man applying 26 lbs, to it can raise 87 x 26 = 2262 lbs. 

Application of preceding Results. 

ILLusTRation. —If a vessel, including cradle, weighing 1ooo tons, is to be drawn 
upon an inclined plane having a rise of ro feet in roo of its length, what will be the 
resistance to be overcome, the cradle being supported on wrought-iron axles in cast- 
iron rollers, running on cast-iron rails ? 

1000 X 10 

rI00 

Ratio of friction to pressure of wrought iron on cast, in an axle and its bearing, 
075. Ratio of ditto of cast iron upon cast, say .oo05. 

Hence .075 4-.005 =.08 of tooo tons = 80 tons, which, added to roo tons before de- 
ducted, gives 180 tons, or resistance to be overcome. 

= 100 tons = power required to draw vessel independent of friction, 

Power or effect lost: by friction in axles and their bearing may be ex- 
pressed by formula 
Wfdr , Ne : mie =e ee P. f representing coefficient of friction, d diameter of axle in ins., and 

> * . 

r number of revolutions per minute. 

ILLUSTRATION. —Pressure on piston of a steam-engine is 20000 Ibs., number of 
revolutions 20, and diameter of driving shaft of wrought iron in a brass journal is 
8 ins.; what is the effect of friction ? 

20000 X .07 X 8X20 | 
rates. hut = 973.91 lbs. 

Hence P v+-33000= BP. v representing circumference of shaft in feet x by revo- 
lutions per minute. 

The power or effect lost by friction in guides or slides may be expressed 
by following formula: 

Wifsr : § . ’ ; Fak hjigt? seam P. s representing stroke of cross-head, and U length of con- 

necting vod in feet, 
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Frictional Resistances. 

Friction of Steam-engines. 

Friction of Condensing Engines in Libs. per Sq. Inch 
of Piston. 

Diameter | Oscillating Beam Direct- Diameter | Oscillating Beam Direct- 
i) and and acting and ° and and acting and 

Cylinder. Trunk, Geared, Vertical. Cylinder. Trunk. Geared. Vertical. 

10 5 6 7 50 2.5 2.7 318 
15 4 5 6 60 2.4 2.6 3 
20 3-5 4 5 72 2.3 2.5 2.7 
25 3 3.6 7x43 80 2 2.3 2.6 
30 3 3.5 4 100 1.6 2.2 2.5 
35 2.6 3 B15 110 1.5 2 2.1 

Experiments upon different steam-engines have determined that friction, 
when pressure on piston is about 12 lbs. per sq. inch, does not exceed 1.5 lbs., 
or about one tenth of power exerted. 

Friction of double cylinder (50-inch diam.) direct-acting condensing pro- 
peller engine is 1.25 lbs. per sq. inch of piston = 10.3 per cent. of total power 
developed ; friction of load is .9 Ibs. per sq. inch of piston = 7.5 per cent. of 
total pressure; and friction of propeller is 1.3 lbs. per sq. inch of piston= 
10.8 per cent. of total power = 28.6 per cent. 

Friction of double cylinder (70-inch diam.) inclined condensing water- 
wheel engine with its load is 15 per cent. of total power developed. 

In general, when engines are in good order, their efficiency ranges from 80 
per cent. for small engines to 93 per cent. for large. 

Power required to work air-pumps is 5 per cent., and to work feed-pumps 
I per cent. : 

Results of Experiments upon Friction of Machinery. 

(Davison. ) 

Steam-engine, vertical beam, one tenth its power; 190 feet horizontal, and 
180 feet. vertical shafting, with 34 bearings, having an area of 3300 sq. ins., 
with x11 pair of spur and bevel wheels; 7.65 EP. 

Set of three-throw Pumps, 6 ins. in diam,, delivering 5000 gallons per hour 
at an elevation of 165 feet; 4.7 EP, or about 13 per cent. 

Two pair iron Rollers and an elevator, grinding and raising 320 bushels 
malt per hour; 8.5 FP. 

Ale-mashing Machine, 800 bushels malt at a time; 5.68 EP. 

Archimedes Screw (ninety-five feet), 15 ins. in diameter, and an elevator 
conveying 320 bushels malt per hour to a height of 65 feet; 3.13 EP. 

Friction Clutch.—Driven by a leather belt 14 ins. in width; face of clutch 
5 ins. deep; broke a cast-iron shaft 6.5 ins. in diameter, 

Flax Mill (M. Cornut, 1872).—Two condensing engines, cylinders, 12.9 
ins. X 44.3 ins. stroke, and 22 ins. X 59.8 ins. stroke. Pressure of steam, 
50 lbs. per sq. inch; revolutions, 25 per minute. Friction of entire machin- 
ery, 20 per cent, 

With vegetable oil and hand oiling a steam pressure of 62 lbs. per sq. 
inch was required, and with mineral oil and continuous oiling a pressure of 
50 lbs. only was required. 

By continuous oiling, a saving of 44 per cent. was effected over hand 
oiling. : 
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Mlax Mill. 

Power required to Drive Engine, Shafting, and entire 
Machinery. (M. Cornut.) 

Indicated Horse-power. 
Parts. One Machine Effect of 

Total. at work. empty. Machines. 

Engines, shafting, and belts.......... | 30.41 — — — 
4 CATS... 5... esses cescsccess Bisa oar aie 8.42 2.105 1.423 32 
14 drawing frames (29 heads or 156 

BURVOLS) trie \elsicicistalsinrate ose ieecete 739 +003 4 +0794 15 
4 combing machines,.......... soe 2.22 +555 Pap. 78 
6 roving frames (330 spindles)........ 7-78 -02627* | 2.434 43 
20 spinning frames. 

Dry (1480 spindles)...............- 47-5 .0321* 2.515 21.6 
Weti(2080/ SS | )rasesecces eoeeee| 46.59 1022 4* 1.613 19 

Total 150.11 FP. * Per roo spindles. 

Estimate of Horse’s Power.—2080 spindles, wet, 34.4 per B, long fibre. 
640 a dry, 20.1 “ee ae ue te 

840 *§ a 14-515) *" “low, 

3560 “ average, 23.7 ‘* “ 

The EP per roo spindles varies inversely as sq. root of their number. 

Winding Engine (G. H. Daglish). 

Shafts 738 to 1740 feet in depth; cylinder 65 X 84 ins. stroke; pressure of steam 
19 lbs. per sq. inch; revolutions 12.5 per minute; mean diameter of drum, 26 feet. 

313.4; effect 235—=75 per cent. 

Tools. (Dr. Hartig). 

. n t? 

Single shearing, .1+ Poe =F to drive tool. mn representing number of 

. aF 
cuts per minute, t thickness of plate, and —_—— = }P to shear. a representing 

1 980.000 
area of surface cut or punched per hour in sq. ins.,and F (1166+ 1691 t) a factor ex- 
pressing work required to cut or shear a surface of 1 inch square. 

IntustRation.—A shearing machine cutting 4648 sq. ins. of surface per hour, in 
plates .4 inch thick, required .68 EP to run and 4.3 to operate it, equal to 5 horses. 

85 000 b t? 7 11 300 b t? J 
Iron Plate-bending. 

? 
= P for red-hot plates. b, t, and l representing breadth, thickness, and length of plate, 
x radius of curvature, all in ins., and P net power of bending. 

Power for large rolls when running only .5 to .6 EP. 

=P for cold plates, and 

Ordinary Cutting Tools, in Metal. 

Materials ofa brittle nature, as cast iron, are reduced most economically in power 
consumed, by heayy cuts; while materials which yield tough curling shavings are 
more economically reduced by thinner cuttings. Following formulas apply to light 
cutting work: 

Power required to plane cast iron is— 

x 

Planing Cast iron, W (or 55+ = ‘= IP. W representing weight of cast 
000 §, 

iron removed per hour, in lbs., and s average sectional arca of shavings, in sq. ins. 

Steel, Wrought iron, and Gun-metal, with cuts of an average character— 

Steel ost 112 W=F | Wrought iron, .o52 W= FP | Gun-metal, .o127 W= P 

Planing and Molding.—Run without cutting X= Ep. N rep- 
2000 5 

resenting sum of revolutions of all the shafts per minute. 
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-022 68 007 3 
Molding. — Pine, .0566 + i? and Red Beech, 088 95 ay Siew =P. h rep- 

resenting depth of wood cut down to form molding. - ry 

Turning. — Steel, .o47 W=H; Wrought iron, .o327 W=H; Cast iron, 
.0314 W= PP. 

i For turning off metals, power required is less than for planing, and it is ascer- 
tained that greater power is required for small diameters than large. 

Light Lathes, .o5 +-.cco5 n= FP; x or 2 shafts, .o5-++.cor2 n = FP; 3 or 4 shafts, 
-05+.05u= FP. Heavy Lathes, .025 +-.0031 N; .025 +.053 n; .o25 + .18 1. 

n representing number of revolutions of spindle per minute. 

Drilling.—Power required to remove a given weight of metal is greater than 
in planing. Volume being taken in place of weight. 

Holes from .4 to 2 ins. in diameter. 
.000 67 

Cast iron, dry. V (-o168 + ange ye Wrought iron, oil. V (-cr68 +238 a2) = B. 
V representing volume removed in cube ins. per hour, and d diameter of hole. 

Without gearing, .cco6 m+ .0005 n’; with gearing, .occ6 n+ .oo1 n’; radial 
drills without gearing, .oo0c6 n+ .co4'n’; radial drills with gearing, .o4 + .0006 n + 
.004 0’, n representing number of revolutions per minute of gearing shaft, and n’ 
of drill. 

7 ns a 
Slotting.—Stroke 8 ins. .o45 -+——_=BP,_n representing number of strokes 

4000 
per minute, and s stroke in ins. 

W ood-sawing, Circular.—aA cube foot of soft wood and half a cube 
foot of hard, reduced to sawdust, requires x EP. 

A A 
Hard wood, = =P’. Soft wood, << =P’. A representing area in sq. feet 

and EP’ horse-power per sq foot, both cut per hour, and c width of cut in ins. 

.006 56 
From .4 to 4 ins. in diameter.—Pine. V ( 000 125 or") = PP. 

Sc i F ; 
Dry pine timber. 004 28 +.0065 oe = FP’. 8 representing stroke of saw in feet, 

and f feed per cut in ins. 

nd 
=F for horse-power to run only without cutting. d representing diameter 

32 000 , : 

of saw in ins., and n number of revolutions per minute. 

Net power required to cut with a circular saw is proportional to volume of ma- 
terial removed. For a saw cutting hot iron, at a circumferential speed of 7875 feet 
per minute, and making a cut,.14 inch wide, power is expressed by formulas— 

-702 A= PP, for red-hot iron, 1.013 A= EP, for red-hot stecl. 

A representing sectional area of surface cut through, in‘ sq. feet. 

Ss 
Vertical Saw. .004 28+ .0065 Po np in dry pine timber per sq. foot 

per hour. 8S representing stroke of saw in feet, c width of cut in ins., and f feed of 
cut in ins. 

Sy alan eae 2057.60 meses 
Band Saw. .0034-+ cee se FP’ in Pine. | .004 83 -+ too a EP’ in Oak. 

005 76 -+ ATH vin PP’ in Beech. v representing velocity of saw, and f rate of feed, 

tn feet per minute. 

: 5ld3 1a3 : 
Screw Cutting. Screws, iay-F oe HP. Taps, ee = FP. d representing 

diameter in ins., and l length cut in feet per hour. 

Machine of medium dimensions, .2 EP. 
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P oz = FP. p representing pressure upon stone, v circum- 

ferential velocity of stone in feet per minute, and C coefficient of friction. 

Grindstones. 

Coefficients of Friction between Grindstones and Metals. 

Cast iron, .22 at high speed, .72 at low speed; Wrought iron, .44 at high speed, 
z at low; Steel, .29 at high speed, .94 at low. 

Power required to run them alone. 

Large....... see 20000409 d v = P Small. ..... -16-+ .000089 5 d v= P 
Oar sastcip’aisieis .000 128 d? n = FP IDEs ice - -16-+.00028 d?m =} 

Grain Conveyers. 

Conveyers of Grain horizontally by Screws and Bands.—A 12-inch screw, having 
4 ins. pitch, turning in a trough, with a clearance of .25 inch, revolving with a 
speed of maximum effect, 60 turns per minute, will discharge 6.75 tons of grain 
per hour, expending .o4 HP per foot run. Sectional area of body of grain moved 
49 per cent. of that of screw. At speeds above 60 turns per minute, the grain will 
not advance, but will revolve with screw. 

Screw Steamer. (Vice-admiral C. R. Moorsom, R. N.) 

Moving friction of hull............ 707 | SUP OP BCTOW .ciccuescleace@ecciecicure +171 
Moving friction of load............ .063 | Resistance of hull. .......0c.scecse -606 
Moving friction of rotation of 

Dlades of SCreW....s0000¢0f ca" “29 I 

Side Lever Steam-engine. (J. V. Merrick.) 

In Pressure of Steam. 

Frietion toowork gir-pump..< snag. 0th deen s ceccacmevestpears 57 1D: 
Friction of weight’ of parts 2.2.2 ec occ eee cee e ce SpE 
Friction, of cylinder PAGING oc «a cssste <tarsiaumye dbinibs bmals aque ererepurss urs 
Priction: of aiP-DUMD PACKING oiao.0:65.000 sc eineles Mc me's cowed eory.e -046 ‘ .og2 “ 
Friction of valves, parallel motion, resistance to air, etc....... .169 “ .258 

1.45 1.85 lbs. 
1.45 + 1.85 r . 

Hence — ee 1.65 lbs. per sq. inch. If journals are kept constantly lubri- 

cated, as with automatic lubrications, friction of weight will be reduced to .33, and 
pressure will be reduced from 1.65 —.33 to 1.32 lbs. per sq. inch of piston to work 
engine without load. Friction of load, according as journals are lubricated, ends 
keyed up, etc., will range from 2 to 5 per cent. 

Locomotives and Railway Trains. See Railways, page 682, 

Eriction developed in TLaunching of Vessels. 

Experiments made by a committee of Franklin Institute on friction of launching 
vessels gave, when pressure or weight was from 2280 to 3560 per sq. foot, a co. 
efficient of .0335. 

Marine Railway.—To draw 3000 tons upon greased slides a power of 250 tons was 
necessary to move it, but when started 150 tons would draw it. 

Woollen Machinery. (Dr. Hartig.) When running empty 8.15 IEP, and at work 
32.97: 

The efficiency of the various machines averaging 60. 5 per cent. 

Friction of a Non-condensing Steam-engine. 

Friction of an Engine. Diameter of cylinder 20 ins. by 4o ins. stroke of piston, 
Revolutions, r5 to 7o per minute. 

Engine, unloaded, 2 Ibs. per sq. inch ............. = 1.86 to 8.69 B. 
Shafting, unloaded, 2.5 to 45 lbs. per sq. inch...... = 2.36 to 10.61. “¢ 
Total 4.5 to 6.5 lbs. per sq. inch’.................. = 4.22 to 28.3 
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FUEL: 

With equal weights, where each kind is exposed under like advan- 
tageous circumstances, that which contains most hydrogen ought, in its 
combustion, to produce greatest volume of flame. Thus, pine wood is 
preferable to hard, and bituminous to anthracite coal. 

' When wood is used as a fuel, it should be as dry as practicable. 
To produce greatest quantity of heat, it should be dried by direct ap- 
plication of heat; usually it has about 25 per cent. of water combined 
with it, heat necessary for evaporation of which is lost. 

Different fuels require different volumes of oxygen; for different 
kinds of coal it varies from 1.87 to 3 lbs. for each lb. of coal. 60 cube 
feet of air is necessary to furnish 1 lb. of oxygen; and, making a due 
allowance for loss, nearly go cube feet of air are required in furnace of 
a boiler for each lb. of oxygen applied to combustion. 

+ He ; Cherry. Cannel. Semi-bitumin... { : d x ae ae Splint. Pyerogeaoud 4 ws. ¥Shaly, 
‘ton ( Caking. Aaphalt, 

of Coal. Bituminous.... ‘Cherry. : ard. 
(Splint. RAE MEE yo itiees {Semi or gaseous, 

Bituminous Coal. 

Lignite. Brown Coal or Bituminous Wood.—Presents a distinct woody 
structure; is brittle, and burns readily, leaving a white ash, and contains 
and absorbs moisture in some cases fully 4o per cent. 

Caking.—Fractures uneyen, and when heated breaks into small pieces, 
which afterwards agglomerate and form a compact body. When the pro- 
portion of bitumen is great, it fuses into a pasty mass. ‘This coal is unsuit- 
ed where great heat is requtired, as the draught of a furnace is impeded by 
its eaking. It is applicable for production of gas and coke. 

Splint or Hard.—Color black or brown-black, lustre resinous and glisten- 
ing. It kindles less readily than caking coal, but when ignited produces a 
clear and hot fire. 

Cherry or Soft,—Alike to splint coal in fracture, but its lustre is more 
splendent. Does not fuse when heated, is very brittle, ignites readily, and 
produces a bright fire with a yellow flame, but consumes rapidly, 

Cannel.—Color jet, or gray or brown-black, compact and even texture, a 
shining, resinous lustre. Fractures smooth.or flat, conchoidal in every di- 
rection, and polishes readily. 

Experiments upon practical burning of this description of coal in furnace of a 
steam-boiler give an evaporation of from 6 to ro lbs. of fresh water, under a pressure 
of 30 lbs. per sq. inch per lb. of coal; Cumberland (Md., U. 8.) coal being most ef- 
fective, and Scotch least. 

Limit of evaporation from 212° for 1 Ib. of best coal, assuming all of heat 
evolved from it to be absorbed, would be 14.9 Ibs, 

Coals that contain sulphur, and are in progress of decay, are liable to spontaneous 
combustion. 

There are very great variations in the chemical composition and proper- 
ties of coals. 

American. British. 
Carbon, from 75 to 80 per cent. _ Carbon, from 70 to ox per cent. 
Hydrogen, from 5 to 6. Hydrogen, from 3.5 to nearly 7, 
Oxygen, from 4 to ro. Oxygen, from about .5 to 20. 
Nitrogen, from x to 2. Nitrogen, from a mere trace to 2.2. 
Sulphur, from .4 to 3. Sulphur, from o to 5. 
Ash, from 3 to ro. Ash, from .2 to 15. 
Coke, from 48.5 to 79.5. Coke, from 49 to 93. 

For Volume of Air, etc., see Combustion, page 465. 
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Coal. 

Anthracite. 

4 Anithracite or Glance Coal, or Culm—Is hard, compact, lustrous, and some- 
times iridescent, most perfect being entirely free from bitumen; it ignites 
with difficulty, and breaks into fragments when heated. 

Evaporative power, in furnace of a steam-boiler and under pressure, is 
from 7.5 to 9.5 lbs. of fresh water per lb. of coal. 

Coal from one pit will sometimes vary 6 per cent. in evaporative value. 

Elements of Various American Coals. 

Specific | Fixed | Volatile Moist- Earth 
Gravity. Carbon. | Matter. | Water. ure. Ash. | Matter. 

Per Per Per | Per | Per Per 
Cent. | Cent. | Cent Cent. | Cent. | Cent. 

Illinois, Warren Co.........+ 1.23. | 51-7 43-1 — — ~~ 5.2 
BUlGaUy, OO eve aiswees 1-32 | 57.0 28.8 —_— 1.2 | 24 _ 
Mercer,” & ... boos 1.26 | 54.8 31-2 —_— 8.4 5:6 _— 

Indiana, Clay an rare oes} (B20 156.5 32-5 8.5 — 2.5 — 
Coopriders......... z.28 | 50.5 | 42.5 3 — 4 — 

Pennsyl-) Connellsville..... z.28 | 65 24 4-5 _ 6.5 — 
vania }ovouehlogheny neh aes 58.4 35 — I 5-6 = 

Fayette Co...... +| 1-29 | 58 34 3 — 5 as 
Kentucky, Sardric.........»| 132} 52 42.5 2 — a5 — 

Mud River....... 1.28 | 57 37 3:5 — 2.5 _ 
Ohio, Nelsonville........:.. 1:27. | 58.4 33-05 | 6.65 — 5 ae) —_ 
Colorado, Carbon City....... ui2r || 56.8 34-2 4.5 _ +5 - 

7 bias 3 ea Washington Territory ......) 1-32. | 58:25 | 31.75 | 

Coke. 

Coke.—Coking in a close oven will give an inctease of yield of 40 per cent. 
over coking in heaps, gain in bulk being 22 per cent. Coals when coked in 
heaps will lose in bulk. 

Cannel and Welsh (Cardiff) coals when coked in retorts will gain from Zo 
to go per cent. in bulk and lose 36.5 per cent. in weight. 

Relative costs of coal and coke for like results, as developed by an ex- 
periment in a locomotive boiler, are as 1 to 2.4. 

Evaporative power in furnace of a steam-boiler and under pressure, is 
from 7.5 to 8.5 lbs. of fresh water per Ib. 

Bituminous coal will yield from 60 to 80 per cent. of coke, Averaging 
66 per cent. It is capable of absorbing 15 to 20 per cent. of moisture. 

Heat of combustion lost in coking of bituminous coal 4o per cent. 

Charcoal. 

Charcoal, properly termed, is not made below a temperature of 536°. The 
best quality is made from Oak, Maple, Beech; and Chestnut. 

Wood will furnish, when properly burned, about 23 per cent. of coal. 

Charcoal absorbs, upon an average of the various kinds, from .8 per cent. 
of water for Beech, to 16.3 for Black Poplar, Oak absorbing about 4.28, and 
Pine 8.9. 

Evaporative power, in furnace of a boiler and under pressure, is 5.5 lbs. 
of fresh water per lb. of coal, jek 

Volume of air chemically required for combustion of x Ib. of charcoal is, 
when it consists of 79 carbon, 129 cube feet at 62°. 

138 bushels charcoal and 432 Ibs. limestone, with 2612 Ibs. of ore, will pro- 
duce 1 ton of pig iron. 
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Produce of Charcoal from Various Woods dried at 300° and Carbonized 
“4 aif at 572°. (M&M. Violette.) 

Woop. Weight. Woop. Weight. “Woop. | Weight. 

| We ee iawn Per Cent, Per Cent, 
2. ATC. +| 40.31 33-75 

46.09 || Chestnut 36.06 a hie 
44.25 || Apple.. 34.69 33-61 
4x-48 || Elm............ 34.59 | 33-28 
40.9 BIC avacaceicrets ste 34-17 31.88 

IBOpPlats a sacteis.s «se. 31-12 per cent. 

In @ Green or Ordinary State. (Weight per cent.) 

OA Beraecsisioraie's 22.85 | Red Pine..... 23 
“* young... 33.3 | White Pine...’23''5 

Poplar....... 20.5 | Willow ....... 18.6 

It appears from this that cork, the lightest of woods, yields largest per-centage 
of charcoal, about 63 per cent.; and that poplar yields lowest, about 31 per cent. 
There does not appear to be any definite relation between density of wood and 
volume of yield. 

Produce by a slow process of charring is very nearly so per cent. greater than by 
a quick process. 

Lignite. 

Lignite is an imperfect mineral coal. It is distinguished from coal by 
its large proportion of oxygen, being from 13 to 29 per cent. Its specific 
gravity ranges from 1.12 to 1.35. 

Elements of Various American Lignites. (W. M. Barr.) 

Spec. | Fixed | Volatile Total 
Location. Grav. | Carvon. | Matter. | Water. Ash. | Volatile. | Coke, 

Per Cent.| Per Cent.) Per Cent.| Per Cent.) Per Cent.| Per Cent. 
Kentucky..... bid Arties nae dee 40 23 30 7 53 47 

" Blandville...| 1.17 | 32 48 11.5 9.5 59-5 40.5 
Washington Terr’y....} — 58.25 31.75 7 3 38.75 | 61.25 
Vancouyer’s Island....}|. — 62 31 4 3 35 65 
Colorado, Carbon City..| 1.27 | 41-25 | 46 3.5 9.25 40-5 50.5 

Canon City ..| 1.28 | 56.8 34-2 45 4:5 38.7 61.3 
PABIKANISES . <a .0,0/0'p10,0'¢ 0.0/0 _ 34.5 28.5 32 5 60.5 39:5 
Texas, Robertson Co. ..| 1.23 | 45 39:5 Ir 45 50.5 49-5 

Asphalt. 

Asphalt, alike to Lignite, contains a large proportion of oxygen. 

W ood. 

Wood, as a combustible, is divided into two classes, the hard, as Oak, Ash, 
Elm, Beech, Maple, and Hickory, and soft, as Pine, Cotton, Birch, Sycamore, 
and Chestnut, 

Green wood subjected to a temperature ranging from 340° to 440° will 
lose 30 to 45 per cent. of its weight. 

At a temperature of 300°, Oak, Ash; Elm, and Walnut, in a comparatively 
seasoned state, lost from 16 to 18 per cent. 

Woods contain an average of 56 per cent. of combustible matter. 
From an analysis of M. Violette it appears that composition of wood is about 

- same throughout the tree, and that of the bark also; that wood and bark have about 
same proportion of carbon (49 per cent.), but that bark has more ash than wood. 
Leaves and small roots have less carbon than wood (45 per cent.), and more ash, 

- g and 7 per cent. wa j f 

Leaves when dried at 212° lost 60 per cent. of water, and branches 45 per cent. 
| Ss 
. 
7 
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Evaporative power of 1 cube foot of pine wood is equal to that of x cube 
foot of fresh water; or, in the furnace of a steam-boiler and under pressure, 
it is 4.75 lbs. fresh water for 1 lb. of wood. 

Northern Wood.—One cord of hard wood and one cord of soft wood, such 
as is used upon Lakes Ontario and Erie, is equal in evaporative effects to 
2000 lbs. of anthracite coal. 

Western Wood.—One cord of the description used by the river steamboats 
is equal in evaporative qualities to 12 bushels (960 lbs.) of Pittsburgh coal. 
g cords cotton, ash, and cypress wood are equal to 7 cords of yellow pine, 

Solid portion (lignin) of all woods, wherever and under whatever cireum- 
stances of growth, are nearly similar, specific gravity being as 1.46 to 1.53. 

Densest woods give greatest heat, as charcoal produces greater heat than 
flame. 

For every 14 parts of an ordinary pile of wood there are 11 parts of space; 
or a cord of wood in pile has 71.68 feet of solid wood and 56.32 feet of voids. 

Trees in the early part of April contain 20 per cent. more water than they 
do in the end of January, t 

Ash. 

Proportion of Ash in 100 Lbs. of several Woods. : 

Woops. | Wood. Leaves. {| Woops. Wood. | Leaves, 

| Per Cent. | Per Cent. ] Per Cent. | Per Cent. 
ASD. 6 sleisseis s otplelaie'sjeins 5 — |\ Elm .......-..200+ee 1.88 11.8 
Beech. ...ccccsecceces +35 RA | WAR... cseasasaedtac AC) ale 5 leah 
BICHAES LS tte wh of ae 5 bitch Pine. 5.0.2. ee eS) |S Stirs 

Peat. 

Peat is the organic matter, or soil, of bogs, swamps, and marshes—decayed 
moss, sedge, coarse grass, etc.—in beds varying from 1 to 4o feet in depth, 
That near the surface, and less advanced in transformation, is light, spongy, 
and fibrous, of reddish-brown color; lower down, it is more compact, of a 
darker brown color; and, in lowest strata, it is of a blackish brown, or almost 
black, of a pitchy or unctuous surface, the fibrous texture nearly or alto- 
gether transformed. i ; 

Peat, in its natural condition, contains from 75 to 80 per cent. of water. 
Occasionally its constituent water amounts to 85 or 90 per cent., in which 
case peat is of the consistency of mire. It shrinks very much in drying; 
and its specific gravity varies from .22 to 1.06, surface peat being lightest, 
and deepest peat densest. 
When peat is milled, so that its fibre is broken up, its contraction in dry- 

ing is much increased, and in this condition it is termed condensed. 
When ordinarily air dried, it will contain 20 to 3o per cent. of moisture, 

and when effectively dried at least 15 per cent. 

Products of Distillation of Peat. 

Water 31.4. Tar 2.8, Gas 36.6. Charcoal 29.2. 
The distillation of the tar will yield paraffine, oil, gas, water, and char- 

coal, and the water acetic acid, wood spirit, and chloride of ammonia. 

Evaporative power, in furnace of a steam-boiler and under pressure, is 
from 3.5 to 5 lbs. of fresh water per Ib. of fuel. 

Tan. 

Tan, oak or hemlock bark, after having been used in the process of tan- 
ning, is combustible as a fuel. It consists of the fibre of the bark, and, 
according to M. Peclet, 5 parts of bark produce 4 parts of dry tan; and 
heating power of it when perfectly dry, or containing but 15 per cent. of 
ash, is 6100 units; while that of tan in an ordinary state of dryness, con- 
taining 30 per cent. of water, is 4284. Weight of water evaporated at 212° 
by 1 lb., equivalent to these units, is 6.31 lbs. for dry, and 4.44 for moist. ° 
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- Relative Values of different Fuels. 

Bus | #83 | #83 | 32 |-8 
£4 oem 8 FM} rae oie 
ges | £22 | F32| 22 | §4.| 878 

Description. . Cae Boe | ios = a ae : he Ay m& 5 ES 
SS ole bee od sane die a. lc eam cen 
zee | 223 | 223) 22 |.22.| 233 | 22 
3 a e es a a ae 

Anthracites. | Seah 
Peach Mountain, Pa...... 10.7 I I 505 633i 3725 945 
Beaver Meadow.......... 9-88 +923 +982 207 748 I 

Bituminous, 

Newcastle............... 8.66 -809 776 +595 -887] .346 | .g04 
PiCtOU .......-0eseeeeeee 8.48 +792 +738 +588 +418] x -876 
LJVERDOOL 6: ocs/etescwrpiela cia 7.84 +733 -663 158r | 1 +333 | -852 
Cannelton, JUG e eee cool 7534 686 -616 | 1 +984] «573 | .848 
COUCH Se 6:s, us aietae vecceser| . 6.95 -649 625 +521 -499| .649 | -gog 

Pine wood, dry..........! 4.69 +430. 175 — |16.417} — —_ 

Weights, Evaporative Powers per Weight and Bulk,. 
ete., of different Wuels. (W. R. Johnson and others.) 

F Weight Steam from é 
Toe: Specific per Water at Clinker Cube Feet 

Gravity. Cine Kaot oe by 1b. |from roo Ibs,} ina Ton, 

+ BITUMINOUS. Lbs, Lbs. Lbs. No. 

Cumberland, maximum..... 1.313 52.92 10.7 2.13 42.3 
, MUNUMUM «600+ 1.337 54.29 9-44 4:53 41.2 

POUT Ye ie lnininic 4.0.0/e,0)sa.0\e'en/ois 1.326 53-22 10.14 —_ 42.09 
@anNOl Wile as cen sccces x 1.23 48.3 7 — 46.37 
POVOSSOUL ED ecan's ce've cele esas 1.324 |' 53.05 9-72 354 42.2 
Midlothian, sereened........ 1.283 45-72 8.94 $33 49 

os AVETAGYE «os eaes 1.294 54.04 8.39 8,82 40.4 
Newcastle, Hartley.... 1.257 50.82 8.76 3-14 44 
BictOU. 2.0. ccccecsecacccces 1.318 49:25 8.41 6.13 45 
PPS DUPED ala1s:0 0/0 210, sch e.0 p10 1.252 46.81 8.2 +94 47.8 
BY ONO. carve cieie eniyie oieie$ oie +] 1-338 47-44 7.99 2.25 47.2 
Carr’s, Hartley......++-.00+ 1.262 47.88 7.84 1.86 46.7 
Clover Hill, Vaccs seer ccces 1.285 45-49 7.67 3,86 49-2 
Cannelton, Ind...........-- 1.273 47.65 7-34 1.64 47 
Scotch, Dalkeith. «| T8529 51.09 7.08 5.63 43.8 
GDA Gre esis.’ ae — — 5.72 = ae 
GBPAU ieee ele, oo ofee sae ge 1.231 48.3 _ = a 

ANTHRACITE, 
Peach Mountain........ eas}! 3, 464 53-79 10.11 3.03 41.6 
Forest Improvement....... 1.477 53:66 10.06 81 4-7 
Beaver Meadow...........- 1.554 56.19 9.88 6 39-8 
Lackawanna.............6. 1.421 48.89 9:79 1.24 45.8 
Beaver Meadow, No. 3....-.| 1.61 54-93 Q. 21 1.01 40-7 
LIGIVEA UE Se los atc OP OR OEP One 1.59 55-32 8.93 1.08 40.5 

CoKE. 

Natural Virginia........... 1.323 46.64 8.47 Beye 48.3 
ME CLOPD IAD «ces elcic waco .n\0 +16 _— 32.7 8.63 10.51 68.5 
Gumberland ss(. sc cceccveces — 31.6 8.99 3.55 70.9 

MISCELLANEOUS. Ashi 

Charcoal, Oak... 6. .6sesnses ire 5 24 isi 3.06 104 
Peat. ..jcccseceece aekise dence 85 30 5 — 75 
Warlich’s fuel..... Le15 69.1 10.4 2.91 32:44 
Wylam’s ‘‘ _ 65 8.9 = _ 

Pine wood, dry..is uecseetes — 2r 47 au 106.6 
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Weights and Comparative Values of different Woods. 

Woops. Cord. | Value. Woops. | Cord. Value. 

Lbs. f Lbs. 
Shell-bark Hickory...| 4469 I New Jersey Pine..... 2137 +54 
Red-heart Hickory ...} 3705 -8x || Yellow Pine........- 1904 |) .43 
White Oak..... -| 382 .8r || White Pine.......... 1868 +42 
Red Oak..... 58 -| 3254 -69 || Beech.... eee] 7 
Virginia Pine..... seee] 2689 -61 Sia (ce ae Se — -52 
Southern Pine,......-] 3375 373 jy Hemlock 22. 2. Sees. _ 344 
Hard Maple.......... 2878 6 Cottonwood......... + o— +33 

Liquid WMvuels. 

Petroleum. 

Petroleum is a hydro-carbon liquid which is found in America and Europe. 
According to analysis of M. Sainte-Claire Deville, composition of 15 petro- 
leums from different sources was found to be practicaily constant. Average 
specific gravity was .87. Extreme and average elementary composition was 
as follows: 

Carbon, .....eeseees + 82 to 87.1 per cent. Average, 84.7 per cent. 
Hydrogen......eeoese 11.2 to 14.8 as $4 13st ¥. 
OXYPON.accrcccccese wh tO 5.7 sk si 2.2 ss 

100 

Its heat of combustion is 20 240, and its evaporative power at 212° 20.33. 

Petroleum Oils—Are obtained by distillation from petroleum, and are com- 
pounds of carbon and hydrogen, in average proportion of 72.6 and 27.4. 

Boiling-point ranges from 86° to 495°. 

Schist Oil—Consists of carbon 80.3 parts, hydrogen 11.5, and oxygen 8.2, 

Pine Wood Oil— Consists of carbon 87.1 per cent., hydrogen 10.4, and 
oxygen 2.5. 

Coal-gas. 

: Bid Gas—As furnished by Chartered Gas Co. of London is composed as 
ollows : 

Carbon. |Hydrogen _| Oxygen. |Hydrogen.| Nitrogen, 

Olefiant Gas. Hydrogen...... =— 51.8 — 
Broarb.npat -+| 3-096 | +434 I! Oxygen.......; .08 meg mit 

Marsh gas. Nitrogen....... _ — : 
eee } nenreleO-446 “1, S835 : = 

Carbonic oxide....| 3.84 5.11 Rotalane <<< roo parts. 

Heat of combustion at 212° 52961 units, and evaporative power 47.51 Ibs. 

Coal-gas. (V. Harcourt.) 

Carb. | Hyd. | Oxy. | Nit. Carb. | Hyd. | Oxy. | Nit. 

Per ct,|Per ct.|Per ct.| Per ct. Per ct.|Per ct.| Per ct.| Per ct. 
Olefiant gas 1.7| — | — || Hydrogen...... — | 8&r} — | — 
Marsh. gas..... 13.2| — | — || Nitrogen... pee Po eg 
Carbonic oxide..| 5.9] — | 7-9 | — Oxygen.... ee Ses 

Carbonic dioxide) x.9| — | 5 ¥ Totalcpps cee 58 |} 23'] 132 | 5.8 

One lb. of this gas had a volume of 30 cube feet at 62°; heat of combus- 
tion 22684 units; and of one cube foot 756 units, which is. equivalent to 
evaporation of .68 lb. of water from 62°, or of .78 Ib. from.212° per cube foot, 
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Average Composition of Muels. 

Bituminous Coats. 

Australian 
Borneo 
British, lowest 
Boghead, dry, average ... 
Chili, Conception Bay 

Chiriqui 
Cannel, Wigan 
Cumberland, Md. .<............ 
Coke, Garesfield 

Due bam eis ais eetvidie. c's fs 
Average 

Duittyns 8253 se 

“6 

fe QVEFALOMS 2. wee seins oc 
Indian, average ............... 

Mer Kotbec, feces 56 aetenieeia's 
Patagonia........ 2 
Russian, Miouchit.. ; 
By dney, SW. <.. cele sectte cs oe 
Splint, Wylam 

Glasgow: 22... dees Ooh e 
Cannel, Lancashire 

ey Edinburgh..... 
Cherry, Newcastle 
Caking, Garesfield . . 
Ebbro Vale, Welsh... 
Llangenneck ‘‘ 

Vancouver’s Island 

ANTHRACITES, 

VADIPHYACIUG: cio.5 ain sien ein oie'sis vices 
French 
Russian 

ae 

46 

ae 

iss 

4c 

oe 

MISCELLANEOUS. 

Asp balltawniustas «ae CE LANCE CB IOS 
Lignite; perfect. ¢ 2.5... ee. 

bao UIMINELLO CEE seine bac ciciv.0:e 
bituminous .. 
Colorado,.... 
Kentucky..... 
Arkansas..... Misfeleae ay 

Peat, dense 
Trish, AVCTAGC |... ecceyeced 

Patent, Warlich........ satnptein4 
¢  Wylam’s . 

ee Hydro-| Nit Sul KON Carbon. he eat Oxygen. Ste Ash. 

Per ct, | Per ct. | Perct. | Per ct. | Per ct. | Per ct. 
1.31 _— — _ _ 5 8.38 
1.28 | 64.52] 4.74 8 | 20.75 | 1.45 7:74 
— | 68.72) 4.76) — | 18.63 | 1.35 — 
1.18 | 63.94 | 8.86 | .96 | 4.7 +32 | 21.22 
1.29 | 70.55] 5.76] .95 | 13-24 | 1.98 | 7.52 
— | 3898] 4or] -.58 | 13,38] 6.14 }° 36.92 
1.23 | 79-23 | 6.08) 1.18 | 7.24 | 1-43 4.84 
1.31 | 93.81 | 1.82) — 2.77) — 1.6 ° 
— | 97.6 —_ _ 85 1.55 
— | 89.5 _ _— _ 1.25 9-25 

— |93-44) — | — — | 122 | 5:34 
1.33 | 88.26] 4.66] 1.45 6 Le77, 3.26 
1.24 | 78.26] 5.7 -64 | 10.95 49 3-96 
1.32 | 88.56 | 4.88 ( 4.38) _ 2.19 

1.29 | 87.73] 5.08| ( 5-65) meri) ai54 
1.3 82.94} 5-35 ( 8.63) — 3-08 

1.31 | 85 4:5 a) SaaS 
Se Gel Semen Ace al ted la 
Se Mee! — ory 5 ie 4 
— -|-62.25 |) 5.05'|. .63. |.17.54-| -%.13° | 13/4 

— | 91-45} 4.5 ( 4-05 ) oa al 
— +}-82:39"|- 5.32-!- 1.27 -|- 8.32 07 2.04 
— | 74.82] 6.18 (5.09 ) = | 23:92 
— | 82.92] 5.49 ( 10,46 ) _ 1.13 
— | 83.75| 5.66 ( 8,04) — 2.55 

— | 67.6 |: 5.4 (12,43) — | 14.57 
84.85 | 5.05 ( 8.43) ee 1.67 
87.95| 5.24] ( 5.42) a 1.39 
89.78 | 5.15 | 2.16 +39 | 1.02 5 

84.97 | 4.26] 1-45 | 3:5 42 |) 54 
66.93 | 5-32] 1.02 | 8.7 2.2 15.83 

1.5 | 88.54 — — “52 | 8.67 
1.5 | 86.17] 2.67 ( 2.85) _ 8.56 

— | 96-66] 1.35| ( 1.99) == = 

— |5017) 6.12] 4.05 | 40.38 |. — 1.77 

— | 48.12.) 6.37] 1-15 | 43.95 +48 
— | 48.13) 5.25} .82 |. 44.5 = 1.3 
—- | 49.95 | 642]. =. | 43.65.. — +31 
— | 49:7 6.06 | 1.05 | 41.3 - 1.8 

— | 87.68} 283) — 6.43 | — 3-06 
=" | 71.36 |" 5.95 | =" | 22:19f) — “4 
— | 70.07} 4.61] — | 24:89t) — +43 

1.06 | 79.18] 9.3 | ( 872) — 2.8 
1.29 | 69.02 | 5.05 (20.12 ) — 5.82 
1.25 | 60.18] 5.29 (29.03 ) cas 5:57 
1.18 | 74,82 | 7.36 (13.38 ) TR 4-45 
x.28 | 56.8 — — _ = 455 
1.2 40 ned sr — ia 7 

ial ot > ix. bs, re rai 5 
— |6r.02] 5.77| 81 | 32-4 _ =— 
+528, 58-18 | 5.90 | 1.23 | 3r-2% 1, == 3-43 

1.15 | 90.02] 5-56} — — | 1.62 | 2.918 
rr |79-91| 5.69| 1.68 | 6.63 | 1.25 | 4.84 

* Heat of Combustion of x Lb. 14 723. 
t Including Nitrogen. 

+ Heat of Combustion of x Lb. 15 651. 
§ Including Oxygen. 
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Average Composition of Coals and Fuels, Heat of Com-~= 
bustion, and Evaporative Power. 

Deduced from analysis and experiments of Messrs. De La Béche, Playfair, and Peclet. 

: gS | 83 
ae Composition, Sz = or 

Coats anp Fugts. 22 sz BER 
a Hydro-| Nitro- |] Sul- | Oxy- 222) ££s 

2 \Carbon oa gen. phur. Bane Ash, ae= ao + 

Per ct. | Per ct. | Per ct. | Per ct.| Per ct.| Perct. | Units. | Lbs, 

Debye ae 1.29 | 79.68] 4.94| 1.4r | z-or | 10.28] 2.65 | 13860] 14.34 

Lancashire. bal yr 27 4 F769 5.92) 0B 3 1.44 | 9-53] 4-88 |13918| 14.56 
Newcastle . 1.26 .|-82.12"|. 5.3z |) 2.35: | 1-24 5-69 | 3-77 |14 820] 15.32 
SGOUCh: eiatateio sais ove 1.26 | 78.53 | 5-61] x 1.11 |. 9-69] 4.03 |14164] 14.77 
AUS CHESS BRE Sree vere 1.32 | 83.78 |- 4.79} -98 | 1-43 | 4-15]. 4-91 | 14858] 15.52 
Average of British.) 1.28 | 80.4 5-19 | 1-21 | 1-25 |. 7-87.]. 4.05 |'%4 320] 14.82 
Patent fuels....... 1.17 | 83.4 497| 1-08 | 1.26 | 2.79]. 5.93 |.15000] 15.66 
Van Diemen’s Land| — | 65.8 ZB sf 23 Ir 5-58 | 22.71 | 11 320] 11.83 
Chiltiie saccades — | 63.56] 5.43] 82 | 25 14.84 | 13.31 | 11030! 12.68 
Lignite, Trinidad..| — | 65.2 | 4.25 | 1.33 -69 |.21.69.| 6.84 | 10438] 10.87 

‘¢ French Alps} 1.28 | 70.02] 5.2 — — _ 3-08 | 11790] 12.1 
« Bitum.,Cuba| r.2 | 75.85] 7.25| — — — 3-94 | 14562] 14.96 
‘¢ Wash. Ter.*.| — | 67 455} — I — 3-1 | 12538] 12.92 

Asphalt. .........% 1.06 | 79.18] 9.3 _ _ _ 2.8 | 16655} 17.24 
Petroleum........ 87 | 84.7 | 13-2 — _ 2.2 — | 20240}. 20.33 

“ IS: Ss “75 — _ _ — _ 27 530| 28.5 
Oak bark Tan, dry.| — _ — — — — |15 6100| 6.3r 

“ moist} — _- _ _ _ —..| 35 4284| 4.24 
Charcoal at 302°..., 1.5 | 47-51} 6.12} (Oand N 46.29) 4 8130] 8.4 

y 572°... --| m4 | 73-24] 4.25 | (O and N 21.96) 57 | 11861 | 12.27 
ef “ 870°...) x.7x | 81.64] 4.96) (O and N 15.24) 1.61 | 14916) 15.43 

Peat, dry, average.| .53 | 58.18] 5.96] 1.23 | — | 31-21 | 3-43] 9951| 10.3 
« moist,t ‘ — | 431 4:3 (O and N er.4) 3:3 8917| 9.22 

Coal-gas.......... .42 | 33-38] 66.16] .38-| — -0 — |520961| 47.51 
* Water 7. Oxygen and Nitrogen 17.36. + Moisture 27. .8. Sulphur .2. 

Elements of Fuels not included in Preceding Tables. 
Heat of | Evaporative } Coke pro- | Weight | volume of Fouru. ‘ombustion | Power of x Ere eran a 

Cor ib. | ieatara | eed [cay Foot,| = Tom 

Bituminous Coal. Units. Lbs. Per cent. Lbs, | Cube Feet. 
WWIOISD eretcatttnciciatacistssieictereie’e 14858 9-05 73 82 42.7 
Newcastle . tele «+-| 14820 8.01 6x 78.3 45-3 
Lancashire .. 13918 7-94 58 79°4 45.2 
Scotch....... 14 164 7-7 54 78.6 42 
Boghead....:....< 14478 7.87 30-94 _ — 
British, average.........2... 14133 8.13 6r 79.8 44.52 
Erish, LOwest:....tc..sisjeiveeee — 9.85 90 99.6 35-7 
Cumberland, Md............- = — 83.7 84.93 42.4 
American, average .......... _ _— 82.5 87.54 43-49 
French, average........-+.-- 14723 — 64.2 — 40 
Australian... joo... AR SN SES — — 68.27 — 2 

Anthracite. 
AMOFIOBD Ail wtsa + gine mens’ — — 4.82 78 2. 
Brench) 5s yas SSNS BIO 14.038 — 88.83 puis os 

Miscellaneous 
Warlich’s fuel..... sear sete 16 495 — = 2, ; 
Cokes... bc tetisee nies “Mickley 15 Peed — — en os : 
Virginia, average ....... pe DIESER S50. 14.02 — Ptah 69.8 
Charcoal........+ SRA SaGss 12 325 —_ os pes ith, 2-76 
Lignite, perfect...... Pale/Sisia pie EE EOTS, 12.1 47 Ey 

3 Tp ees 9 834 10.18 37.5 — — 
a Russian. 15 837 — — i = 

Asphalt......... 4 16555 17.24 9 —_ — 
Woods, dry, ay erage. se eecees 7792 | 8.07 — — [| 114 
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Miscellaneous. 

Experiments undertaken by Baltimore and Ohio R. R. Co. determined 
evaporating effect of x ton of Cumberland coal equal to 1.25 tons of anthra- 
cite, and.1 ton of anthracite to be equal to 1.75 cords of pine wood; also 
that 2000 Ibs. of Lackawanna coal were equal to 4500 Ibs. best pine wood. 

One 1b. of anthracite coal ina cupola furnace will melt from 5 to ro Ibs. of cast 
iron; 8 bushels bituminous coal in an air furnace will melt x ton of cast iron. 

Small coal produces about .75 effect of large coal of'same description, 

Experiments by Messrs. Stevens, at Bordentown, N. J., gave following results: 

Under a pressure’of 30 lbs., x lb. pine wood evaporated 3.5 to 4.75 lbs. of water. 
1 lb. Lehigh coal, 7:25 to 8.75 lbs. 

Bituminous coal is 13 per cent. more effective than coke for equal weights; and 
in England effects are alike for equal costs. 

Radiation from Fuel.—Proportion which heat radiated from incandescent fuel 
bears to total heat of combustion is, 

From Wy OOP sists a2.Ns su. ese + .29 | From Charcoal and Peat........ 25 

Least consumption of coal yet attained is 1.5 lbs. per [FP. It usually varies in 
different engines from 2 to 8 lbs. 

reore of pine wood is about 5.5 times as great as, its equivalent of bituminous 
coal. 

GRAVITATION. 

Gravity is an attraction common to all material substances, and 
they are affected by it directly, in exact proportion to their mass, and 
inversely, as square of their distance apart. 

This attraction is termed terrestrial gravity, and force with which a 
body is drawn toward centre of Earth is termed the weighé of that body, 

Force of gravity differs a little at different latitudes: the law of variation, 
however, is not accurately ascertained ; but following theorems represent it 
very nearly : 

9 (1 —.002 837 Cos. 2 lat.) 5) ti = ‘ ; 
A : ith 1 a g representing force of gravity at lati- 
¢ C oe ony at raed Eiiaide $ tude 45°, and g force at other places, 

Or, 32.171 (lat. 45°) (x 4+-.005 133 sin. L) (: —*7) =g. L representing latitude, 

H height of elevation above level of sea, and R radius of Earth, both in feet. 

Norer.—If 2 L exceeds go°, put cos. 180—2 L, and R at Equator = 20926 o62, at 
Poles 20 853 429, and mean 20 889 746. 

IntustRATION.—What is force of gravity at latitude 45°, at an elevation of 209 
feet, and radius = 20 900000 feet? 4 

ATOM ee Ne my 32.171 (1.005 133 Sin. 45°) (: a Ss) = 32.171 X 1.003 63 X .999 98 = 32.287. 

Gravity at Various Locations at Level of Sea. 

Equator. i... 2.28. 32.088 | New York......... 32.161 
Washington....... 32.155 | Lat. 45°.....0 Mea Q2t7L 

In bodies descending freely by their own weight, their velocities are as 
times of their descent, and spaces passed through as square of the times. 

Times, then, being 1, 2, 3, 4, etc., Velocities will be 1, 2, 3, 4, etc. 

Spaces passed through will be as square of the velocities acquired at end 
of those times, as 1, 4, 9, 16, etc.; and spaces for each time as 1, 3, 5, 7, 9, ete. 
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A body falling freely will descend through 16.0833 feet in first second of 
time, and will then have acquired a velocity which will carry it through 
32.166 feet in next second. 

If a body descends in a curved line, it suffers no loss of velocity, and the 
curve of a cycloid is that of quickest descent. 

Motion of a falling body being uniformly. accelerated by gravity, motion 
of a body projected vertically upwards is uniformly retarded in same manner. 
A body projected perpendicularly upwards with a velocity equal to that 

which it would have acquired by falling from any height, will ascend to 
the same height before it loses its velocity, Hence, a body projected up- 
wards is ascending for one half of time it is in motion, and descending the 
other half. 

Various Formulas here given ave for Bodies Projected Upwards or 
Falling Freely, in Vacuo. 

When, however, weight of a body is great compared with its volume, and velocity of it is low, deductions given are sufficiently accurate Jor ordinary purposes. 
In considering action of gravitation on bodies not far distant from surface of the Earth, it is assumed, without sensible error, that the directions in which it acts are 

parallel, or perpendicular to the horizontal plane. 
A distance of one mile only produces a deviation from parallelism less than one 

minute, or the 6oth part of a degree. 

Relation of Time, Space, and Velocities. 
Time from | Velocity acquired | Squares Space fallen Spaces Space fallen Beginning of | at End of that of through in that for through in last escent, Time. Time. Time. this Time. | Second of Fall. 
Seconds. Feet. Seconds, Feet. No. Feet. I 32.166 I 16.083 I 16.08 

2 64.333 4 64.333 3 48.25 3 96.5 9 144.75 5 80.41 4 128.665 16 257-33 7 112.58 5 160,832 25 402.08 9 144.75 
6 193 36 579 Ir 176.91 7 225.166 49 788.08 13 209.08 8 257-333 64 1029. 33 15 241.25 9 289.5 81 1302.75 17 273-42 10 321.666 100 1608. 33 19 305-58 

and in same manner this Table may be continued to any extent. 

Velocity acquired due to given Height of Fall and 
Height due to given Velocity. 

v2 

erga, and 16,083 (2 = h. 

h representing height of fall in feet, v velocity acquired in Jeet per second, and t time of fall in seconds. : 

8.04, Jk =v; 32.20 =; 

To Compute Action of Gravity. - 
Time. 

When Space is given. Ruiu.—Divide space by 16,083, and square root - of quotient will give time. 
ExaMPLe.—How long will a body be in falling through 402.08 feet? 

V 402.08 += 16.083 = 5 seconds, 

When Velocity is given. Ruie.— Divide given velocity by 32.166, and quotient will give time. 
ExamPLE.—How long must a body he in falling to acquire a velocity of 800 feet per second ? 800 + 32.166 = 24.87 seconds. : 
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i Velocity... 

"When Space is given. Rute. — Multiply space in feet by 64.333, and 
square root of product will give velocity. 
Exampie.—Required velocity a body acquires in descending through 579 feet. 

V 579 X 64.333 = 193 feet. 
Velocity 'y acquired at any period is equal to twice the mean Clty aaPiag 

that period. 
ILLustrAtIoN.—If a ball fall through 2316 feet in 12 seconds, with what velocity 

will it strike? 

2316 + 12 = 193, mean velocity, which X 2 = 386 feet = velocity. 

When Time is given. RvLE.—Multiply time in seconds by 32.166, and 
product will give velocity. 
ExamMpLe.—What is velocity acquired by a falling body in 6 seconds? 

32-166 X 6 = 192.996 feet. 

Space. 

When Velocity is given. Ruie.—Divide velocity by 8.04, and square of 
quotient will give distance fallen through to acquire that velocity. 

Or, Divide square of velocity by 64.33. 
Examprr. —If the velocity of a cannon-ball is 579 feet per second, from what 

height must a body fall to acquire the same bcp ses 

579 + 8.04 = 72.014, and 72.0147 = 5186.02 feet. 

When Time is given. Rue. — Multiply square of time in seconds by 
16.083, and it will give space in feet. 
ExaMPLe. —Required space fallen through in 5 seconds. 

5? = 25, and 25 X 16.083 = 402.08 feet. 

Distance fallen through in feet is very nearly equal to square of time in fourths 
of a second. 

ILLUSTRATION 1.—A bullet dropped from the spire of a church was 4 seconds in 
reaching the ground; what was height of the spire? 

4X 4= 16, and 16? = 256 feet. 

By Rule, 4 X 4 X 16.0833 = 257.33 feet. 
2.—A bullet dropped into a well was 2 seconds in reaching bottom; what is the 

depth of the well? 
Then 2 X 4= 8, and 82 = 64 feet. 

By Rule, 2 X 2 X 16.0833 = 64.33 feet. 

By Inversion.—In what time will a bullet fall through 256 feet? 

a/ 256 = 16, and 16-4 = 4 seconds. 

Space fallen through in last Second of Fall. 

When Time is given. Ru te.—Subtract half of a second from time, and 
multiply remainder by 32.166. 
ExAmpPLe.—What is space fallen through in last second of time, of a body falling 

for ro seconds? 
; 10 —.5 X 32.166 = 305.58 feet. 

Promiscuous HKxamples. 

1. Ifa ball is x minute in falling, how far will it fall in last second? 

Space fallen through = square of time, and 1 minute = 60 seconds. 

60? X 16.083 = 57 898 feet for 60 seconds. 
597 X 16.083 = 55984 ‘  “ 59 

IQ14 I 

2. Compute time of generating a velocity of r93 feet per second, and whole space 
descended. 

193+ 32.166 =6 seconds ; 6? X 16.083 = 579 feet. 
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3. If a body was to fall 579 feet, what time would it be in falling, and how far 
would it fall in the last second? a 

ee x2 = 36 =6 seconds, and 6—.5 X 32.166 =5.5 X 32.166 = 176.91 feet. 
32.1 ‘ 

Formulas to determine the various Elements... 

Ss VG 28 28 h 

Tafa = 7 = ei as =i ts 
VEN2 "= ee rT? 

2. s=(—) 3 Mer. pee a =4 Pet tat wer 3 h=T—.5 9. 

= 28 
40 Vie SX 21g ne ge a Ving Se Sr 

T representing time of falling in seconds, V velocity acquired in feet per second, 
S space or vertical height in feet, h space fallen through in last second, g 32.166 and 
+59 and .25 g representing 16.083 and 8.04. 

Retarded Motion. 

A body projected vertically upward is affected inversely to its motion 
when falling freely and directly downward, inasmuch as a like cause retards 
it in one case and accelerates it in the other. 

In air_a ball will not return with same velocity with which it started, In 
vacuo it would. Effect of the air is to lessen its velocity both ascending and 
descending. Difference of velocities will depend upon relative spetifie grav- 
ity of ball and density of medium through which it passes. Thus, greater 
weight of ball, greater its velocity. 

To Compute Action of Gravity by a Body projected 
Upward or Downward with a given Velocity. 

Space. 

When projected Upward. Rute.—From the product of the given velocity 
and the time in seconds subtract the product of 32.166, and half the square 
of the time, and the remainder will give the space in feet. 

Or, Square velocity, divide result by 64.33, and quotient will give space 
in feet. 
Examp.e.—lIf a body is projected upward with a velocity of 96.5 feet per second, 

through what space will it ascend before it stops? 

96.5 + 32. 166 = 3 seconds = time to acquire this velocity. 
2 

Then, 96.5 X 3— (22 166 X x) = 289.5 — 144.75 = 144.75 feet. 

Time. 

RuLE.—Divide velocity in feet by 32.166, and quotient will give time in 
seconds, 
ExampiE.—Velocity as in preceding example. 

96.5 + 32.166 = 3 seconds. 

Velocity. 

Rutx.—Multiply time in seconds by 32.166, and product will give velocity 
in feet per second. 

EXAMPLE. —Time as in preceding example. 

3 X 32.166 = 96.5 feet velocity. 

Space fallen through in last Second. 

Rue.—Subtract .5 from time, multiply remainder by 32.166, and product 
will give space in feet per second. , : 
EXAMPLE.—Time as in preceding example. 

3—-5 X 32.166 = 2.5 X 32.166 = 80.416 feet. 
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When projected Downward, 
Space. 

Ruir.—Proceed as for projection upwards and take sum of products. 
EXAMPLE I.—If a body is projected downward with a velocity of 96.5 feet per sec- 

ond, through what space will it fall in 3 seconds? 
2 

96.5X3+ (32.166 x a = 289.5-+ 144.75 = 434.25 feet. 

Or, t? X 16.083 +vxXt=s. 

2. —If a body is projected downward with a velocity of 96.5 feet per second, 
through what space must it descend to acquire a velocity of 193 feet per second? 

96.5 + 32.166 = 3 seconds, time to acquire this velocity. 
193 + 32.166 = 6 seconds, time to acquire this velocity. 

Hence 6 —3 =3 seconds, time of body falling. 

Then 96.5 X 3 = 289.5 = product of velocity of projection and time. 

16,083 X 37 = 144.75 = product of 32.166, and half square of time. 

Therefore 289.5 + 144.75 = 434.25 feel. 

‘Time. 

Ru.e.—Subtract space for velocity of projection from space given, and 
remainder, divided by velocity of projection, will give time. ' 
ExampLe.—In what time will a body fall through 434.25 feet of space, when pro- 

jected with a velocity of 96.5 feet? 

Space for velocity of 96.5—= 144.75 feet. 

Then, 434.25 — 144.75 + 96.5 = 289.5 — 96.5 =3 seconds. 

Velocity. 

Rue.—Divide twice space fallen through in feet by time in seconds. 
ExamMpLe.—Llements as in. preceding example. 

Space fallen through when projected at velocity of 96.5 feet = 144.75 feet, and 434.25 
Jeet = space fallen through in 3 seconds. 

Then, 144.75 -+ 434-25 = 579 Jeet space fallen through, and V579 + 16.083 =6 
seconds. 

Hence, 579 X 2+ 6=1158+6= 103 feet. 

Space Fallen through in last Second. 

Ruie.—Subtract .5 from time, multiply remainder by 32.166, and product 
will give space in feet per second, 
Exampie.—Elements as in preceding example. 

6—.5 X 32.166=5.5 X 32.166 = 176.91 feet. 

Ascending bodies, as before stated, are retarded in same ratio that descending 
bodies are accelerated. Hence, a body projected upward is ascending for one half 
of the time it is in motion, and descending the other half. 

ILLustRATION 1.—If a body projected vertically upwards return to earth in 12 
seconds, how high did it ascend? 

The body is half time in ascending. 12—2=6, 

Hence, by Rule, p. 489, 6? X 16.083 = 579 feet=product of square of time and 
16.083. ; 

2,—If a body is projected upward with a velocity of 96.5 feet per second, it is 
required to ascertain point of body at end of xo seconds. 

96.5 + 32:166 = 3 seconds, time lo acquire this velocity, and 3? X 16.083 = 144.75 
feet, height body reached with its initial velocity. 

Then 1o—3=7 seconds left for body to fall in. 

Hence, by Rule; as in preceding example, 7? X 16.083 = 788.07, and 788.07 — 
144.75 = 643.32 feet == distance below point of projection. 

Or, 10? X 16.083 = 1608.3 feet, space fallen through under the effect of gravity, and 
96.5 X 10= 965 feet, space if gravity did not act. Hence 1608.3 —965 = 643.3 feet. 
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._—A body is projected vertically with a velocity of 135 feet; what velocity will 

it have at 60 feet? 
1352 64.33 = 283.3 feet space projected at that velocity, 135+ 32.16= 4.197 sec- 

onde time yi projection, and 283.3 — 60 = 223.3 = space to be passed through after 

attainment of 60 feet. Hence, 223.3 X 64.33 = 119.85 feet velocity, and 223.3 + 60 
= 283.3 Jeet. 

‘ r 119.85? 
By Inversion:—Velocity 119.85. Hence, aes = 223.3 feet space, and 283.3 — 

223.3 = 60 feet. 

Formulas to Determine Elements of Retarded Motion, 

¥ v=V—gt. 2)\V=S 34 Vorigt. 

t t 4 vas 4h 5 sa wey 6. s=tv+2 
2 

V—v v Vienne — 
ae 5 : 8 t= — — a. . A=T—t—t’—.5 9. 7 g g v9 9 59. 

v representing velocity at expiration of time, t any less time than T, t’ less time than 
t, s space through which a body ascends in time t, V, T, S, and h as in previous formulas, 
page 490. 

ILLUSTRATION.—A body projected upwards with a velocity of 193 feet per second, 
was arrested in 5 seconds. 

a Ose es 

x. What was its velocity when arrested? (1.) 

2. What was the time of its passing through 562.92 feet of space? (7.) 
3. What space had it passed through? (5.) 

4. What was the time of its projection, when it had a velocity of 96.5 feet? (4.) 

5. What was the height it. was projected in the last second of time? (8.) 

I. 193 — 32.166 X 5 = 32.17 feet. 3. 32.17 + 32.166 X 5 = 193 velocity. 
562.92 , 32.166 X 5 : 193 — 96.5 
al velocity. % ——— * 

2 5 2 ae ¥ 4 32.166 ISLET, 

32.166. X52 193 — 32.17 
193 X § —>———>_ = 562. ia a . 5. 193 X5 5 562.92 fee 6 ae 5 seconds. 

/ 2 4 
e293" StO3E 22. X'502, 008s eae 

r 32.166 Vf 32.1662 32.166 Seay 36 TSS. ES NOME 

8. 6 —5 —1—.5 X 32.166 = 48.25 feet. 

Gravity and Motion at an Inclination. 
If a body freely descend at an inclination, as upon an inclined plane, by 

force of gravity alone, the velocity acquired by it when it arrives at ter- 
mination of inclination is that which it would acquire by falling freely 
through vertical height thereof. Or, velocity is that due to heieht of in- 
clination of the plane. 3 
Time occupied in making descent is greater than that due to heicht, in 

ratio of length of its inclination, or distance passed, to its height. wt oa 
Consequently, times of descending different inclinations or planes of like 

heights are to one another as lengths of the inclinations or planes. 
Space which a body descends upon an inclination, when descending by gravity, is to space it would freely fall in same time as height of inclination 

is to its length; and spaces being same, times will be inversely in this pro- 
portion. 

If a body descend in a curve, it suffers no loss of velocity. 
If two bodies begin to descend from rest, from same point, one upon an in- 

clined plane, and the other falling freely, their velocities at all ig 
below point ‘of starting will be era a Copenh pt be Se FN 



GRAVITATION. 493 

ILLustration.—What. distance will a body roll down an inclined plane 300 feet 
fong and 25 feet high in one second, by force of gravity alone? — 

AS 300 : 25 :: 16.083 : 1.34025 feet. 

Hence, if proportion of height to length of above plane is reduced from 25 to 300 
to 25 to 600, the time required for body to full 1.34025 feet would be determined as 
ee 

: 600 $1 1.34025 : 32.166, and 32.166 = 16.083 X 2 = twice ‘time on space in 
which “t would Jali Sreely requir ed Sor one half proportion of height to length, ; 

BOO Ons : Or, as PSE es 1.34025 : 32.166, as above. 

Impelling or accelerating force by gravitation acting in a direction paral- 
lel to an inclination, is less than weight of body, in ratio of height of in- 
clination to its length. It is, therefore, inversely in proportion to length of 
inclination, when height is the same. 

Time of descent, under this condition, is inversely in proportion to accel- 
erating force. 

If, for instanee, length of inclination is five times height, time of making 
freely descent at inclination by gravitation is five times ‘that in which a 
body would freely fall vertically through height; and impelling force down 
inclination is .2 of weight of body. 

When bodies move down inclined planes, the accelerating force is ex- 
pressed by 4 = 1, quotient of height = length of plane; or, what is equivalent 
thereto, sine of inclination of plane, 7. ¢., sins a. 

ILLUSTRATION. —An inclined plane having a height of one half its length, the space 
fallen through in any time would be one half of that which vt would fall freely. 

Velocity which a body rolling down such a plane would acquire in 5 seconds is 
80.416 feet. 

Thus, 32.166 X 5 = 160.833 feet, and an inclined plane, having a height one half 
of its length, has an angle or sine of 30°. Hence, sin. 309 =.5, and 160.833 %.5 = 
80.416 feet. 

Hormulas to Determine various HMlements of Gravitae 
tion on an Inclined Plane. 

v2 
a= 2 of. le . a3 tid pat y t S=.5g9T? sin. a; Ea anna iris VNie 4 VovyzgT sin. a, 

pares ; F F 28 12 
2° V=gT sina; =V2eg8 sina); => 6. Beart 

28 (2 1 
Sh J (sae AE v3 25/5 re 7 la=-4T4/H. 

EEL Ts v2 
Bh 4 (2 of. S Ss Vv l=. .5 9 17 siz, a. Cy ene. ae 

vw representing velocity of projection in feet per second, 8 space or vertical height 
of velocity and projection, a angle of inclination of plane, l length, and HL height of 
plane. 

ILLUSTRATION: — Assime elements of preceding illustration. V = 80.416, T=s, 
and H= 201.04. 

1. 15 X 32.166 X 5? X .5 = 201.04 fect. 2. 32.166 X 5 X .5 = 80.416 feet. 

2X 201.04 ‘402.08 ; 

" a/ \32.106X.5) — es ds. 
Y el (2e x | “fi (25) V 25 = 5 seconds. 

283.42? 
6. = 201.04 feet. 7 4X5 X 201.04 = 283. 42 feet, 

15 X 16.083 X 57. 
If projected downward with an initial velocity of 16.083 feet per second. V-+g, 

16,083 + 32:166.X 5 X.5 = 06.5 feet. 

iy “Bo. 416 -+ 16.083 X 5 —.5 X32. 166 X 52 X.5 = 281.46 feet, 
Top 
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ILLUSTRATION.—What time will it take for a ball to roll 38 feet down an inclined 
plane, the angle a= 12° 20’, and what velocity will it attain at 38 feet from its start- 
ing-point? 

oad Zee 2X 38 ae Ate , obs, 
Me Gia Rie a ee V=gT sin. a= 32.166 X 3.33 

X .2136 = 22.88 feet per second. 

When a body is projected upward it is retarded in the same ratio that a 
descending body is accelerated. 

ILLusTRATION.—If a body is projected up an inclined plane having a length of 
twice its height, at a velocity of 96.5 feet per second, 

Then, T= 96.5 +-32.166=3 seconds. S=.5 32.166 X 37X.5=72.375 fee. v= 
32.166 X 3 X .5—= 48.25 Jeet, 

Inclined Plane. 

Problems on descent of bodies on inclined planes are soluble by formulas 
1 to 9, page 495, for relations of accelerating forces. As a preliminary step, 
however, accelerating force is to be determined by multiplying weight of 
descending body by height of plane, and dividing product by length of plane, 

IutustRaTiIoN. —If a body of x5 lbs. weight gravitate freely down an inclined 
plane, length of which is five times height, accelerating force is 15—5—3 lbs. If 
length of plane is roo feet and height 20, velocity acquired in falling freely from top 
to bottom of plane would be 

= 3, /3X 20 = 8 /20 = 35.776 feet. 

Time occupied in making descent, 

00 
t=.a5,/% = = .25 1/500 = 5.59 seconds. 

i 

Whereas, for a free vertical fall through height of zo feet, time would be, 

¢— 35:76 
32.166 

which is .2 of time of making descent on inclined plane. 

Velocities acquired by bodies in falling down planes of like height will all be 
equal when arriving at base of plane. 

= 1.118 seconds, 

When Length of an Inclined Plane and Time of Free Descent are given. 

Ruix.—Divide square of length by square of time in seconds and by 16; 
the quotient is height of inclined plane. 

ExampPLy.—Length of plane is roo feet, and time of descent is 5.59 seconds; then 
vertical height of descent is 

1007 

5.597 X 16.08 sse0iias 

Accelerated and Retarded Motion. 

If an Accelerating or Retarding force is greater than gravity, that is, 
weight of the body, the constant, g, or 32.166, is to be varied in proportion. 
thereto, and to do this it is to be multiplied by the accelerating force, and 
product divided by weight of body. 

Thus, Let f represent accelerating force, and w weight of body. 

64. 166 6. 
Then, ei or oe For eke become the constants. 

The same rules and formulas that have been given for action of gravity alone 
are applicable to the action of any other uniformly accelerating or retarding force, 
the numerical constants above given being adapted to the force. 
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Average Velocity of a Moving Body uniformly Accel- 
erated or Retarded. ; 

Average velocity of a moving body uniformly accelerated or retarded, 
during a given time or in a given space, is equal to half sum of initial and 
final velocities ; and if body begin from a state of rest or arrive at a state of 
rest, its average speed is half the final or initial velocity, as the case may be. 

Thus, in example of a ball rolling, initial speed or velocity is, in either 
case, 60 feet per second, and terminal speed is nothing; average speed is 

therefore ae namely, one half of that, or 30 feet per second. 

When a cannon-ball is projected at an angle to horizon, there are two forces act- 
ing on it at same time—viz., force of charge, which propels it uniformly in a right 
line, and force of gravity, which causes it to fall from a right line with an accel- 
erated motion; these two motions (uniform and accelerated) cause the ball to move 
in the curved line of a Parabola. 

Formulas for Flight of a Cannon-ball. 
ie Wit 

Mie 28oor t/a phon 
w 7 840 000 

Hane Sin. a, COS. @ | t V sin. a V?sin.? a 

xe g aL kg 26 07 't90le alg 
w representing weight of ball and P of powder in lbs. ; t time of flight in seconds ; 

b horizontal range, and h vertical height of range of projection of ball in feet. 

ILLUSTRATION.—A cannon loaded to give a ball a velocity of 900 feet per second, 
the angle a= 45°; what is horizontal range, the time ¢ and height of range h? 

__ 900? & Sin. 45° X COS. 45° goo? X .5 
= a t. 

P 32.166 32.166 12 590 [¢6 

_ 900 X «7071 Becher Merk Ge f 
ia annie doers Capveeinpr ze = 6295 feet. 

Norr.—As distance b will be greatest when angle a= 45°, product of sine and 
cosine is greatest for that angle. Sin. 45° x cos. 45°=.5. 

24 lb. ball with a velocity of 2000 feet per second at 45° range 7300 feet, 

General Formulas for Accelerating and Retarding 
Forces. 

2 2 

Vee 2. pas 3. a 4. savy 

5. t=.25 a 6 v=8,/2 

7: sao Spey g walt 
Nore 1.—When accelerating or retarding force bears a simple ratio to weight of 

body, the ratio may, for facility of calculation, be substituted in the quantities rep- 
resenting modified constants, for force and weight. Thus, if accelerating force is a 

a 6.08 
tenth part of weight, then ratio is x to xo, and ee = 3.21665! or, er 1.6083, 

10 Io 

64.333 
10 

64.333 respectively, in formulas for action of gravity x to 9g, to fit them for computa- 
tion in an accelerating or retarding force one-tenth of gravity. 

2.—Table, page 488, giving relations of velocity and height of falling bodies, may 
be employed in solving questions of accelerating force general. 

Exampe.—A ball weighing ro lbs. is projected with an initial velocity of 60 feet 
per second on a level plane, and frictional resistance to its motion is 1b, What dis- 
tance will it traverse before it comes to a state of rest? By formula 4: 

to lbs. X 602 

64.333 X x 1b. 

and = 6.4333; and these quotients may be substituted for 16.083, 32.166, and 

= 559-59 feet. 
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~| Again, same result may be arrived at, accorditig to Note x, by multiplying con- 
stant 64.333, in Rule, page 494, for gravity, by ratio of force and weight, which in 
this case is =4,, and 64.333 X ip = 6-4333- Substituting 6.4333 for 64.333 in that 
rule, formula becomes : 

¥Z 602 ‘i 
= = —_ = e eet. 

614333 6.4333 °°? sof 
The question may. be answered more directly by aid of table for falling bodies, 

page 488. Height due to a velocity of 60 feet. per second, is 55.9 feet; which is to 

be multiplied by inverse ratio of accelerating force and weight of body, or 43 or 103 

thatis, 55-9 X 10 = 559 feet. 
If the question is put otherwise—What space will a weight move over before it 

‘comes to a state of rest, with an initial velocity of 60 feet per second, allowing fric- 
-tion to be one tenth weight? The answer is that friction, which is retarding force, 
being one tenth of weight, or of gravity, space described will be ro times as great as 
is necessary for gravity, supposing the weight to be projected vertically upwards to 
bring it to a state of rest. The height due to velocity being 55.9 feet; then 

55-9 X10 = 559 feet. 
Average velocity of a moving body, uniformly accelerated or retarded during a 

given period or space, is equal to half suin of initial and final velocities, 

To Compute Velocity of a Falling Stream of Water per 
. Second at Hnd of any given Time. 

When Perpendicular Distance is given. 

EXAMPLE,—What is the distance a stream of water will descend on an inclined 
plane ro feet high, and roo feet long at base, in 5 seconds? 

5° X 16.083 = 402.08 feet = space a body will freely fall in this time. 
Then, as 100 : 10 :: 402.08.: 40.21 feet = proportionate velocity on a plane of these 

dimensions to velocity when falling freely. 

Miscellaneous Illustrations. 

1.—What is the space descended vertically by a falling body in 7 seconds. 
7 S=.59x% Then 16.083 X 7? = 788.067 feet. 

2.—What is the time of a falling body descending 4oo feet, and velocity acquired 
at end of that time? 

60. <- 
sats = 4.98 see. v=V2gxXS8. Then V 64.333 X 400 = 160.4 feet. 
32.166 

t= Ee Then 
g 

3-—If a drop of rain fall through 176 feet in last second of its fall, how high was 
the cloud from which it fell? 

he : 1762 
Ss=—. Then —“_ — 2 Cl. 

2g 64. 166 Arama tars 

4.—If two weights, one of 5 Ibs. and one of 3, hanging freely over a sheave, are set free, how fur will heavier one descend or lighter one rise in 4 seconds. 

one X 16.083 X sag X 257.328 = 64.33 feet. 

5.—If length of an inclined plane is roo feet, and time of descent of a body is 6 : seconds, what is vertical height of plane or space fallen through ? 
: 1007 ss 10.000 

67X59 579 
6.—If a bullet is projected vertically with a velocity of 135 feet per second, what velocity will it have at 60 feet? y te 

a ° a 60 
Formula ny f ROSA Sey 235 ay g x = 

Ta PCG AD 32.166 32.1667 32.166 sat 

= 17.27 feet. 
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¥ ry GUNNERY. 

_ A heavy body impelled by a force of projection describes in its flight 
or track a parabola, parameter of which is four times height due to 
velocity of projection. 

Velocity of a shot projected from a gun varies as square root of 
charge directly, and as square root of weight of shot reciprocally, 

To Compute Velocity of a Shot or Shell. 

_Rure.—Multiply square root of triple weight of powder in Ibs. by 16003 
divide product by square root of weight of shot; and quotient will give ve- 
locity in feet per second. 

Exampie.—What is velocity of a shot of 196 lbs., projected with a charge of 9 lbs. 
of powder? 

V9X 3 X 1600+ V/196 = 8320+ 14 = 594-3 lbs. 

To Compute Range for a Charge, or Charge for a Range. 

When Range for a Charge is given.—Ranges have same proportion as 
charges of powder; that.is, as one range is to its charge, so is any other 
range to its charge, elevation of gun being same in both cases. Consequently, 

To Compute Range. 

_Ruie.—Multiply range determined by charge in Ibs. for range required, 
divide product by given charge, and quotient will give range required. 
Exampce.—If, with a charge of 9 Ibs. of powder, a shot ranges 4000 feet, how far 

will a charge of 6.75 lbs. project same shot at same elevation ? 

4000 X 6.75 +9 = 3000 feet. 

To Compute Charge. 

Rute.—Multiply given range by charge in Ibs. for range determined, 
divide product by range determined, and quotient will give charge required. 
Exampre.—If required range of a shot is 3000 feet, and charge for a range of 4000 

feet has been determined to be g lbs. of powder, what is charge required to project 
same shot at same elevation? 

3000 X 9 + 4000 = 6.75 lbs. 

To Compute Range at one Elevation, when Range for 
another is given. 

Rute.—As sine of double first elevation in degrees is to its range, so is 
sine of double another elevation to its range. 
Exampiy.—lIf a shot range 1ooo yards wen projected at an elevation of 45°, how 

far will it range when elevation is 30° 16’, charge of powder being same? 
Sine of 45° X 2= 100000; sine of 309 16’ X 2= 87 064. 

Then, as 100000 : 1000 :: 87 064 : 870.64 feet. 

To Compute Elevation at one Range, when Elevation 
for another is given. 

Rure.—As range for first elevation is to sine of double its elevation, so 
is range for elevation required to sine for double its elevation. 
Exampry.—If range of a shell at 45° elevation is 3750 feet, at what elevation 

must a gun be set for a shell to range 2810 feet with a like charge of powder? 

Sine of 45° X 2 = 100000. 

Then, as 3750 : 100000 :: 2810 : 74933 = sine for double elevation = 24° 16’, 

Approximate Rule for Time of Flight. 

Under 4000 yards, velocity of projectile 900 feet in one second; under 
6000 yards, velocity 800 feet ; and over 6000 yards, velocity 700 feet. 

Guns and Howitzers take their denomination from weights of their solid 
shot in round numbers, up to the 42-pounder ; larger pieces, rifled guns, and 
mortars, from diameter of their bore. 

Eat 
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Initial Velocity and Ranges of Shot and Shells. 
’ The Range of a shot or shell is the distance of its first graze upon a horizontal 
plane, the piece mounted upon its proper carriage. 19 

Projectile. | Initial | Time of | Eleva- j 
ARMS AND ORDNANCE. Sonar | Weight. |Powdex- Yelocity.| Flight. tion, | Range. 

‘ | Grains. | Grains. | Feet. | Seconds, pe ae fee FR 
Rifle Musket......... Wlongated. | 510 | 60 | 963 _ = —— 
Musket, 1841......... Round. 412} 110 1500 — = — 

Lbs Lbs, 
6-Pounder.......... ee 6.15) ‘n25 — _ 5 1523 

12 Oe iiaroee toc gS 12.3 2.5 1826 1.95 I 575 
24 Oe Posisaece aur, ee | 24.05 | 6 1870 _ ie 1147 
32 OOS Gn AGOOE CIO 32.3 8 1640 — I 713 
42 i Lebar % 42.5 | 10.5 _ _ 5 1955 
8-inch Columbiad. . $s | 65 10 _ 14.19 | 15 3224 

100 *t a | 127.5 15 — 14.32 | 15 3281 
ro) pene I rata Shell. | 98 Io — 36 45 4250 
ye ud taatiinartisy at ss ; 200 20 _- _ 45 4325 
rs ‘* Columbiad... ae |. 302 40 —_ = 7 1948 15 “ sr “ b 3x5 50 =. 23.29 | 25 4680 

RIFLED. | | 
1o-pounder Parrott... S 9-75 I — | 2r 20 5000 
20 BS ee “4 19 2 — E725 Map 4400 
30 $4 Ar eek ss 29 3.25 — 27 25 6700 a5 “ ‘«,.| Elongated. | 100 10 — 29 25 | 6910 
100 iS sr kerdlitga nell, IOI 10 1250 | 28 25 6820 
200 bs G sé H | 150 16 — —_— 4 2200 
r2-inch Rodman..... i — 50 1154 5.5 40 [P= 

Hall’s Rockets....... 3-inch. |. 26 — — — |47 ~ | x720 

Penetration of Shot and Shell. 

Experiments at Fort Monroe, 1839, and at West Point, 1853. 
Mean Penetration. 5 | Mean Penetration», ant Sane $ ghee |". ORDNANCE. 5 S| ex Sc = Orpnance, Slo3 =a gz| 4 q 

& |2| 83s co 4\/z/¢é a cS) $ 3 Oo las OF rean|te ma Lé S| A | 5S [zs & 

Lbs, | ¥ds.| Ins, Ins. | Ins. » ; | Lbs.) Yds.] Ins. | Ins. | Ins, ’ 32 Lbs. Shot.;| 8 | 880} — | 15.25|3:5|| 8-inch Howitz.*| 6/880] — 8.5| x 32“ 6 Tar | 100] 60 — |---|] 8 ‘$ Columb.!#/ 12} 200} — }| —| — 42) eed AONE roo! Ea. 7g a7 4 |lx0 & St} 18) x14] 63.5 |44 | 7-75 
42 ‘* Shell.| 7 | 100] 40,75 | naa ‘t  *| 18] 100 | 56.75 

1 24 ins, of Concrete. * Shell. t Shot. 

Solid shot broke against granite, but not against freestone or brick, and general 
effect is less upon brick than upon granite. 

Shells broke into small fragments against each of the three materials, 
Penetration in earth of shell from a ro-inch Columbiad was 33 ins. 

—-|  — 

Experiments—England. (Holley.) 
ORDNANCE. Charge. | Projectile. | Weight. | Velocity, |Range. Target and Effects, 

Lbs. Lbs. Feet. Yards. : 
1r-inch U.S. Navy.| 30 Shot. 169 1400 50 | Iron plates, 14 ins, | 

—loosened. 
15-inch Rodman...| 60 BS 400 1480 50 | Iron plates, 6 ins.— 

destroyed. 
RIFLED, 

7-inch Whitworth..| 25 Shot. 150 1241 200 Inglis’st—dectr’d. 
to.5-inch Armstrong. 45 KC 307 1228 200 
13-inch go aie 344.5 1760 200 | Solid plates, rz ins. 

thick—destr’ dis 
* Steel. + 8-inch vertical and s-inch horizontal slabs, and 7-inch vertical and s-in. horizontal. slabs, 9 X 5 ins, ribs and 3-inch ribs. 

} 
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Elements of Report of Board of Engineers for Fortifications, U. S.A, 
Professional Papers No. 25. (Brev. Maj.-Gen. Z. B. Tower.) 

Experimental firings for penetration during the past twenty years have 
determined that wrought iron and cast iron, unless chilled, are unsuitable for 
projectiles to be used against iron armor; that the best material for that 
purpose is hammered steel or Whitworth’s compressed steel. 

2. That cast-iron and cast-steel armor-plates will break up under the im- 
pact of the heaviest projectiles now in service, unless made so thick as to 
exclude their use in ship-protection. 

3. That wrought-iron plates have been so perfected that they do not. break 
up, but are penetrated by displacement or crowding aside of the material in 
the path of the shot, the rate of penetration bearing an approximately deter- 
mined ratio to the striking energy -of ‘the projectile, measured per inch of 
shot’s circumference, as expressed by the following formula : 

2.035 V2-P i § Wigs Bolas ae by ay ed 
ae FEE Gare Eves = penetration in ins.. V representing velocity in 

Jeet per second, P weight of shot in lbs., and r radius of shot in ins. 

That such plates can therefore be safely used in ship construction, their 
thickness being determined by the limit of flotation and the protection 
needed, 

4. That, though experiments with wrought-iron plates, faced with steel, 
have not been sufficiently extended to determine the best combination of 
these two materials, we may nevertheless assume that they give a resistance 
of about one fourth greater than those of homogenous iron, 

5. That hammered steel in the late Spezzia trials proved superior to any 
other material hitherto tested for armor-plates. The 19-inch plate resisted 
penetration, and was only partially broken up by 4 shots, three of which had 
a striking energy of between 33 000 and 34 000 foot-tons each. Not one shot 
penetrated the plate. ‘Those of chilled iron were broken up, and the steel 
projectile, though of excellent quality, was set up to about two thirds of its 
length, 

Velocity and Ranges of Shot. (Krupp’s Ballistic Tables.) 

Penetration in Wrought Iron. 

shal v2P 
= tration in ins. C= 2.53. A SOE L EPUIS Ti penetration in ins. 2.53: 

Velocity Penetration 
i t 

Gun. oe Powder.| Shot. Mukcle Range. at Range 
per Sec. | 3000 | 6000 |Muzzle} 600 | 3000 | 6000 

Tons. Ins. Lbs, Lbs. | Feet, | Yds. | Yds. | Ins. Ins. Ins. Ins. 
Armstrong, 100..]17.75] 550 | 2022|] 1715 |1424|1191 | 34.76/ 33.2 | 27.55 | 22.04 

Ke “"..127.75| 776 | 2000} 1832 | 1518] 1259 | 37.52 | 35.81 | 29.06 | 23.47 
Woolwich, 81..|16 445. | 1760) 1657 | 1393] 1181] 32.6 | 31.23 | 26.24 | 21.35 
Krupp, 7X++|15-75| 485 | 1715 | 1703 | 1434 | 12rx | 33.52 | 32.12 | 27.04 | 21.89 

% 18..] 9.45] 165 474 | 1688 | 1351 | x113} 20.42] 19.31 | 15.46) 12:14 
U.S.*8-inch....| 8 35 180 | 1450 | 1036! 840} 10.23] 9.22] 6.72] 5.17 

* Unchambered. 

Target.—For xoo-ton gun, steel plate 22 ins. thick, backed with 28.8 ins. of wood, 
2 wrought-iron plates r.5 ins. thick, and the frame of a vessel. 

 Effect.—Total destruction of steel plate, and backing entered to a depth of 22 ins., 
but not perforated. be 
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Summary of Record of Practice in Hurope with Heavy 
Armstrong, Woolwich, and Krupp Guns. 

Board of Engineers for Fortifications, U. S. A., Professional Papers No. 25. 

lm Energy b 

5.2382 | ieleh | 
he Ss | as |23.-) sala j2kta |" Gun. Powder. Projectile. | FS | 3 > Z>|) 25/48 2225 = 

a co to — 

oO | ee Sz | Se[5 fogs] 5 
& aS > 

a 

Lbs. | Lbs. Feet. | Ft.-tons.| Foot-tons. 
ARMSTRONG, 1.5-inch cubes. .; Shot....] 330 | 2000] 1446 | 28990 | 544.05 

roo Tons, caliber Waltham Abbey, ‘“ ....) 375 | 2000/1543] 33000 | 623 
17 ins., bore 30.5 Fossano....... piss ++] 400 | 2000} 1502} 31282 | 585.74 

feet. MUMEE Prete ee ne ++| 776 | 2000} 1832] 46580 | 835.32 
Woo.wicu, 81 -75-inch cubes.| ‘* , 170 | 1258] 1393| 16922 | 371-5 

Tons, caliber 14.5 BS as e Ete 220 | 1450] 1440! 20842 | 457.57 
ins., bore 24 feet. 2 cs ye et 250 | 1260| 1523] 20259 | 444.7 

caliber 16 ins..... me es = ‘ty 2+-| 310 | 1466 | 1553] 24508 | 520.4 
38 Tons, me ees ‘* {Pall shell! 130 | 800lr451} 11668 | 297.64 

caliber r2.5 ins., Ts i U3 | 200 | 800| 1421} 11210 | 285.4 
bore 16.5 feet. Ree tS i eS 180 | 800} 1504] 12545 | 319.4 

Krupp, 71 Tons, Prism’ Ay... . Plain ...| 208 | 1707 | 1184| 16602 | 335.42 
caliber 15.75 ins., BNE bili Liciararcancts Shrapnel) 485 | 1725 | 1703] 34503 7-9 
bore 28.58 feet. «¢ 2inch...|Shell....| 447 1419") 1761 | 30484 | 616.14 

18 Tons, “ rhole...| Plain...) 132 | 300| 1873 7 298 | 246.03 
caliber 9.45 ins., ‘“2inch...|Shrapnel) 145 | 474 | 1688 9 367 |. 315-66 
_ bore 17.5 feet. € ec eeeeees] Shell... | 165 | 300 1991| 8244 | 277.69 

Penetration in Ball Cartridge Paper, No. 1. 
Musket, with 134 grains, at 13.3 yards.............se0000e 653 sheets. 
Common rifle, 92 grains, at 13.3 yards.................... 500 sheets. 

Penetration of Lead Balls in Small Arms. 
Experiments at Washington Arsenal in 1839, and at West Point in 1837: 

Diameter | Charg. E Weight Penetration. 
ARM. of Ball. | Powder, | Distance. of Ball. White Oak. | White Pine, 

res Grains. Yards, Grains. Ins. ing, 
. 307-5 6 — INES Ob <n. nci goals { + 134 9 397-5 : 
-64 144 5 397-5 3 = ' —_ roo 5 219 2.05 — Common Rifle........ { Ea 93 3 ack Sg aN 

Ree — 100 5 219 2 — USENDUST SVR ARR AGS aa { ee =e 5 ok 6 ee 

4 7O 5 = 1.7 — 
Hall’s carbine, musket 80 5 219 8 _ 

CRLDOR tere ictsqacke 5,010 «| ) 79775 go* 5 — 1.1 —_ 
100% 5 — 1.2 _ 

Pistol eee kee evecnscee _— 51 5 219 +725 — 
Rifle musket.......... +5775 — 200 500 _— Ir 
Altered musket. ..... +| 685 60 200 730 Abe 10.5 
Rifle, Harper’s Ferry..| .5775 7o 200 500 ES 9.33: 
Pistol carbine........ +5775 40 200 450 — 5.75 
Sharpe’s carbine......| .55 60 30 463 oo 737 
Burnside?s "OP aes o55 55 30 350 = 6.15 

* Charges too great for service. . ‘ en : 

Musket discharged at 9 yards distance, with a charge of 134 cgniee 1 ball and 3 buckshot, gave for ball a penetration of 1.15 ins., buckshot, .41 inc 
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therts t _lIhoss. ef: Horee by Windage. > >.) 

A comparison of results shows that 4 Ibs. of powder give to a ball without wind- 
age nearly as great a velocity as is given by 6 lbs. having x4 inch windage, which 
is true windage of a 24-Ib. ball; or, in other words, this windage causes a ‘loss of 
nearly one third of force of charge. 

Vents.—Experiments show that loss of force by escape of gas from vent 
of a gun is altogether inconsiderable when compared with whole force of 
charge. 

Diameter of Vent in U.S. Ordnance is in all cases .2 inch. 

Effect of different Waddings with a Charge of 77 Grains of Powder. 
Wane Velocity of Ball 

per Second. 

Feet. 
Ball wrapped in cartridge paper and crumpled.............++40- 1377 
x felt wad upon powder and x upon ball..... b obiepenieg ala en oldae 1346 
2 felt wads upon powder and x upon ball............... islet eietabd 1482 

.1 elastic wad upon powder and x upon ball.............. ag Waris I132 
2 pasteboard wads UPON POWdES.........c cee esccccsevesdecceces 1200 
ZClAStIC WAGSiUPON POWGET. 2c Hie t esc ce cee escnsens AdAgEAGH I100 

Felt wads cut from body of a hat, weight 3 grains. 

Pasteboard wads .1 of an inch thick, weight 8 grains. 

Cartridge paper 3 X 4.5 ins., weight 12.82 grains, 

Elastic wads, ‘‘ Baldwin's indented, » a little more than .x of an inch thick, 
weight 5.127 grains. 

Most advantageous wads are those made of thick pasteboard, or of or- 
dinary cartridge paper. 

In service of cannon, heavy wads over ball are in all respects injurious. 

For purpose of retaining the ball in its place, light grommets should be used. 

On the other hand, it is of great importance, and especially so in use of small 
arms, that there should be a good wad over powder for developing full force of 
charge, unless, as in the rifle, the ball has but very little windage. (Capt. Mordecai.) 

Weight and Dimensions of Lead Balls. 

Number of Balls in a Lb., from 1.3125 to .237 of an Inch Diameter, 

Diam. No. Diam.| No. Diam. | No. ‘|! Diam. | No. Diam, | No. Diam. No. 

Ins. Inch, Inch. Inch. Inch. Inch, 
1.67 I 75 Br, Weber 25 «388 80''|| .3gor | 170 || .259\} 270 
1.326 2 "73 12 +537 30 “375 88 || .295 | 180 || .256 | 280 
1.157 3. (he7E 13 .51 35 372 go || .29 199 || .252 | 290 
1.051 4 -693 14 +505 | 36 +359 | 100 || .285 | 200 || .249 | 300 

9077 5 677 15 488 40 -348 | r10'||'.281 | 210 || .247 | 310 
919 6 .662 | 16 -469 | 45 -338 | 120 ‘|| .276''| 220 || .244 | 320 
873 Fe Wi 65 17 453 |) 50 || 329.) 130 |] .272 | 230 |} .242 | 330 
835 8 -637 | 18 -420 |) 60 1321 | 140° || .268 | 240 || .239 | 340 

150 || .265 | 250 || .237 | 350 
:775 | 10 -615 | 20° || .395 75 +307 | 160. || .262 | 260 

fea) ie) 8 Ko} a iS} n 4 Ke} EN ° a x ° w ro] BSS 

‘Heated shot do not return to their original dimensions upon cooling, but retain 
a permanent enlargement of about .o2 per cent. in volume. 

Number of Pellets in an Ounce of Lead Shot of the different Sizes. 

Ac hsboa dao ep alias 7 75 NO. g2.040.1235 
DN Bt, bx NO. 2 (idols ele) ) 82 Aeielace 177. 
Rives (Beveees 112 SueacuhOLe 

INONEAvs o(eisiaiaceic's.o 6.6 
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Proportion of Powder to Shot for following Numbers 
of Shot. 

No. Shot. Powder. || No. | Shot. Powder. || No. | Shot. Powder. 
Oz. Drains | Oz. Drams, Oz. Drams. 2 2 ms 4 E55 1.875 6 1.25 2.375 

3 1.75 1.625 5 1-375 2.125 7 1.125 2.625 
NotE.—2z oz. of No, 2 shot, with x.5 drams of powder, produced greatest effect, 
Increase of powder for greater number of pellets is in consequence of increased friction of their projection. 

Numbers of Percussion Caps corresponding with Birmingham Numbers. 
HOY? Bee icieioye cis 516|7]|]819]24 10 18 13| 14 

Birmingham. .| 43 | 44 | 46 | 48| 49 | 50| 5x and 52] 53 and 54/55 and 56 | 57| 58 58 
Where there are two numbers of Birmingham sizes corresponding with only one of Eley’s, it is in consequence of two numbers being of same size, varying only in length of caps. 

It 12 

Comparison of Force of a Charge in various Arms. 
Arm, Lock. par i | Windage. Wa ) Velocity. 
: Grains. Inch. Grains. Feet. Ordinary rifle Percussion. 100 O15 219 2018 ae eh ae : ; 7oO +O15 219 1755 Hall’s rifle Flint. qo | Mo) 219 1490 Hall’s carbine... Percussion. 79. ull Gi 219 1240 Jenks’s carbine ee 7O -0 219 1687 ~ Cadet’s musket..,..,... Flint. 70 +045, 219 1690 BISCO clon ure cctv ones attiat iad Percussion. 35 -O15, 218.5 947 

Ranges for Small Arms, 
Musket.—With a ball of 17 to pound, and a charge of rro grains of powder, etc., an elevation of 36’ is required for a range of 200 yards; and for a range of 500 yards, an elevation of 3° 30’ is necessary, and at this distance a ball will pass through a pine board x inch in thickness. 

Rifle. —With a charge of 70 grains, an effective range of from 300 to 350 yards is obtained; but as 75 grains can be used without stripping the ball, it is deemed better to use it, to allow for accidental loss, deterioration of powder, ete. 
Pistol.—With a charge of 30 grains, the ball is projected through a pine board 1 inch in thickness at a distance of 80 yards, 

Gunpowder. 

Gunpowder is distinguished as Muskei, Mortar, Cannon, Mammoth, and Sporting powder; it is all made in same manner, of same proportions of materials, and differs only in size of its grain. : 
Bursting or Explosive Energy.—By the experiments of Captain Rodman, U. S. Ordnance Corps, a pressure of 45 ooo Ibs. per square inch was obtained with xo lbs. of powder, and a ball of 43 lbs. 

Also, a pressure of 185000 Ibs. per sq. inch was obtained when the powder was burned in its own volume, in a cast-iron shell having diameters of 3-85 and r2 ins, 

Proof of Powder. (U.S. Ordnance Manual.) F 
Powder in magazines that does not range over 180 yards is held to be unservice- able. 

’ 
Good powder averages from 280 to 300 yards; small grain, from 300 to 320 yards. 
Restoring Unserviceable Powder. — When powder has been damaged by being stored in damp places, it loses its strength, and requires to be worked over. If quantity of moisture absorbed does not exceed 7 per cent., it is sufticient to dry it to restore it for service. This is done by exposing it to the sun. | 
When powder has absorbed more than 7 per cent. of water it should be sent to a powder mill to be worked over. ‘ 

¢ 
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Properties and Results of Gunpowder, determined by 
Experiments. (Captain A. Mordecai, U.S. A.) 

I 24-POUNDER GUN. ° Musker PENDULUM. 
Weight of ball and wad.... 24.25 lbs. Weight of ball....... sees. 397-5 grains. 

#8 ‘Ss DOW UOT Gsesnenae O58 Sf By So © Sr saoase Le) On 
Windage of ball........... -135 inch. | Windage of ball.......... og inch. 

“oa |] % Ws S oo) oe BO 

Composition. Manufacture. Re ¢ £ ge = ve £ 3 
Grain, gaD | SSE] Sao] 2S 

Salt-} Char- |, ,Sul- BSp (S25 |225| = 
petre.| coal, | phur. Where from. 4G ry oe F 8 a 

Per c’t. 
Cannon, large... 971 275A 277, 677 

(3 small, .. 569] 314 | 3-35 | +72 
1 063 RES * to Mi 1134 | 214 _— -808 
Ritle. F/0L IS ee 76 | 14 12 He Re aM ils, 6174} 142 — -907 
ERTHO® icisro% cieiareista 5344 | 282 | 3.55 | .728 
Musket......... 1642| — oa -834 
Ritleros. ist 030%). 13152| — — +943 
Cannon, uneven. + Dupont’s Mills, 166 | 183 | 2.09 | .788 

os large... 75 | 72:5 | 12-5 Del. 103 | 182 | 1.91 | .756 
Sporting........ ype ie} 10 * Dupont’s Mills, | 72808 | x00 | 4.42 | x 
Blasting, uneven) 70 | 15 15 Del. 295| 212 | — _ 
USNC rere einieicicle cic eer Loomis, Hazard, | 2378) 204 | — -82 
Spores a. {AN cr 9 \ &Co., Conn.*| — = ih sos 

: : Waltham Abbey Eee Cater sielete areztn 75 | 15 10 } England. * >| 11600| — = 865 

* Glazed. + Rough, 

Manufacture of Powder.—Powder of greatest force, whether for cannon or small 
arms, is produced by incorporation in the ‘‘ cylinder mills.’’ 

Effect of Size of Grain. —Within limits of difference in size of grain, which occurs 
in ordinary cannon powder, the granulation appears to exercise but little influence 
upon force of it, unless grain be exceedingly dense and hard. 

Effect of Glazing. — Glazing is favorable to production of greatest force, and to 
quick combustion of grains, by affording a rapid transmission of flame through 
mass of the powder. 

Effect of using Percussion Primers. —Increase of force by use of primers, which 
nearly closes vent, is constant and appreciable in amount, yet not of sufficient value 
to authorize a reduction of charge. 

Ratio of Relative Strength of different Powders for use under water differ 
but hitile from the reciprocal of the ratio between the sizes of the grains, 
showing that the strength is nearly inversely proportional thereto.* 

Mammoth, .08; Oliver, .o9; Cannon, .18; Mortar, 1; Musket, 1.57; 
Sporting 2.61, and Safety Compound 30.62. 

Dualin is nitro-glycerine absorbed by Schultze’s powder. 

For other powders and explosive materials see Gunnery, page 443- 

Hleat and Explosive Power. (Capt, Noble and F. A. Abel.) 

One gram of fired powder evolves a mean temperature of 730°. Temper- 
ature of explosion 3970°. Volume of permanent gas (which is in an in- 
verse ratio to units of heat evolved) at 32° = 250°. 

The explosive power of powder, as tested in Ordnance, ranges, for volumes 
| of expansion of 1,5 to 50 times, from 36 to 170 fvot-tons per lb. burned. 

A charge of 7o lbs. gave to an 180 lbs, shot a velocity of 1694 feet per 
| second, equal to a total energy of 3637 foot-tons, and a charge of 100 lbs, 
gave a velocity of 2182 feet, and an energy of 5940 fvot-tons. 

* Report of Experiments and Investigations to develop a system of submarine mines, Professional 
Papers, U.S, E., No. 23. 
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HEAT. 

Heat, alike to gravity, is a universal force, and is referred to both as 
cause and effect. ; 

Caloric is usually treated of as a material substance, though its claims 
to this distinction are not decided; the strongest argument in favor of 
this position is that of its power of radiation, Upon touching a body 
having a higher temperature than our own, caloric passes from it, and 
excites the feeling of warmth; and when we touch a body having a 
lower temperature than our own, caloric passes from our body to it, and 
thus arises the sensation of cold. 

To avoid any ambiguity that may arise from use of the same expres-- 
sion, it is usual and proper to employ the word Caloric to signify the 
principle or cause of sensation of heat. 

Heat Unit.—For purpose of expressing and comparing quantities of 
heat, it is convenient and customary to'adopt a Unit of heat or Thermal 
unit, being that quantity of heat which is raised or lost in a defined » 
period of temperature in a defined weight of a particular substance. 

Thus, a Thermal unit, Zs quantity of heat which corresponds to an interval of 1° in 
temperature of x lb. of pure liquid water, at and near its temperature of greatest 
density. 

Thermal unit in France, termed Caloric, Is quantity of heat which corresponds 
to an interval of 1° C. in temperature of x kilogramme of pure liquid water, at and 
near its temperature of greatest density. 

Thermal unit to Caloric, 3.968 32; Caloric to Thermal unit, ..251 996. 

One Thermal unit or 1° in x Ib: of water, 772 foot-lbs. 
One Caloric or 1° C, in x kilogramme of water, 425.55 kilogrammetres. 
1° C, in x lb. water, 1389.6 foot-Ibs. 

Ratio of Fahrenheit to Centigrade, 1.8; of Centigrade to Fahrenheit, .555. 

Absolute Temperature, Is a temperature assigned by deduction, as an 
opportunity of observing it cannot occur, it being the temperature corre- 
sponding to entixe absence of gaseous elasticity, or when pressure and vol- 
ume=o. By Fahrenheit it is—461.2°, by Reaumur—229.2°, and by Cen- 
tigrade—274°: 

Heat is termed Sensible when it diffuses itself. to all surrounding 
bodies; hence it is free and uncombined, passing from-one substance 
to another, affecting the senses in its passage, determining the height . 
of the thermometer, etc. 

Temperature of a body, is the quantity of sensible heat in it, present 
at any moment. 

Heat is developed by water when it is violently agitated. ‘ 

Heat is developed by percussion of a metal, and it is greatest at the first» 
blow. i 

Quantities of heat evolved are nearly the same for same substance, with- 
out reference to temperature of its combustion. 

Mechanical. power may be expended in production of heat either by fric- 
tion or compression, and quantity of heat produced bears the same propor- 
tion to quantity of mechanical power expended, being x unit for power 
necessary to raise 1 lb. 772 feet in height. This number of 772 is termed 
the mechanical equivalent of heat (Joules). a ‘ 



HEAT. . 505. 

vitongn j Specific: Meats! 35 soresh dons a » 

| Specific Heat -of a body signifies its capacity for heat, or quantity re- 
quired to raise temperature of a body 1°, or it is that which is ab- 
sorbed by different bodies of equal weights or ‘volumes when their 
temperature is equal, based upon the law, That, similar quantities of 
different bodies require unequal quantities of heat at any given tempera-. 
ture. It is also the quantity of heat requisite to change the tempera- 
ture of a body any stated number of degrees compared with that which’ 
would produce same effect upon water at 32°. 

- Quantity of heat, therefore, is the quantity necessary to change the tem- 
perature of a body by any given amount (as 1°), divided by quantity of 
heat, necessary to change an equal weight or volume of water 32° by same | 
amount, : 
Nors.—Water has greater specific heat than any known body. 

Every substance has a specific heat peculiar to itself, whence a change of 
composition will be attended by a change of its capacity for heat. 

Specific heat of a body varies with its form, A solid has a less capacity 
for heat than same substance when in state of a liquid; specific heat of 
water, for instance, being .5 in solid state (ice), .622 in gaseous (steam), 
and x in liquid. 

Specific heat of equal weights of same gas increases as density decreases ; 
exact rate of increase is not known, but ratio is less rapid than diminution 
in density. ; 

Change of capacity for heat always occasions a change of temperature, 
Increase in former is attended by diminution of latter, and contrariwise. 

“Specific heat multiplied’ by atomic weight of a substance will give 
the constant 37.5 as an average, which shows that the atoms of all 
substances have equal capacity for heat. This is a result for which as 
yet no reason has been assigned. 

Thus: atomic weights of lead and copper are respectively 1294.5 and 395.7, and 
their specific heats are .031 and .og5. Hence 1294.5 X..031= 40.129, and 395.7 X 
+095 = 37-591- n 

It is important to know the relative Specific Heat of bodies. The most conve- 
nient method of discovering it is by mixing different substances together at dif- 
ferent temperatures, and noting temperature of mixture; and by experiments it 
appears that the same quantity of heat imparts twice as high a temperature to 
mercury as to an equal quantity of water; thus, when water at 100° and mercury 
at 4o° are mixed together, the mixture will be at 80°, the 20° lost by the water 
causing a rise of 40° in the mercury; and when weights are substituted for meas- 
ures, the fact is strikingly illustrated; for instance, on mixing a pound of mercury 
at 40° with a pound of water at 160°, a thermometer placed in it will fall to 155°. 
Thus it appears that same quantity of heat imparts twice as high a temperature to 
mercury as to an equal volume of water, and that the heat which gives 5° to water 
will raise an equal weight of mercury 115°, being the ratio of x to 23. Hence, if 
equal quantities of heat be added to equal weights of water and mercury, their 
temperatures will be expressed in relation to each other by numbers 1 and 23; or, 
in order to increase the temperature of equal weights of those substances to the 
same extent, the water will require 23 times as much heat as the mercury. 

Capacity for Heat is relative power, of a body in receiving and re- 
taining heat in being raised to any given temperature; while Specific . 
applies to actual quantity of heat so received and retained. 

sy Specific Heat of Air and other Gases. : 
Specific heat, or capacity for heat, of permanent gases is sensibly constant 

for all temperatures, and for all densities, Capacity for heat‘of each gas’ is 
5 ei aU Ux, 

i 

7 
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me for each degree of temperature. M. Regn ‘ 
Pr heat for air was uniform for temperatures varying 

HEAT. 

ault proved that capacity 
from —22° to 

+437°; consequently, specific heat for equal weights of air, at constant 

pressure, averaged .2377. 

Specific Heat. 

Metals from 32° to | Silver....... 056 Woods. Sulphur..... .2026 
212°. ae Re _ | WAI No’. Settee 57 Liquids. - 

‘Antimony... .o508 | TM »+2+---+- -0502 | Pear........ 5 | Alcohol...... .6588 
Bismuth .... .o308 | Wrought iron .1138 | Pine........ 65 Ether....... eve 
IBEASS\« cresiacie .0939 | ZINC ..-++--- -0955 Min’l Substances. | Linseed oil .. .32, 
Copper...... +092 Ston "| Olive oil..... .3096 
Cast iron,... .1298 3" Charcoal .... -2415 | Steam....... .365 
Goldie wnat . 0324 | Chalk....... .2149 | Coal... ++ +2411 | Turpentine .. .416 
LICE WR A .0314 | Limestone... .2174 | Coke.. - -203 | Vinegar..... -92 
Mercury..... -0333 | Masonry..... +2 Eo saeeese 1077 i 
Nickel....... *,1086 | Marble, gray. .2694 | Gypsum...... 1966 Solid. 
Platinum,... .0324 “* white. :2158 | Phosphorus. . .2503 | Ice..... wanes sSOR 

Gases. 

Hinges tee TN Se Wat eu -1 12377 | Hydrogen ........ 6.008 Sines. » .2356 
OXY BEN. ceisiataia'vie sjebie lage edie claw .2412 | Carbonic Acid ........ i Sisto kGOS 

For Equal Weights. 

AUP. oo os enone 0.402000 00.0.9. 00:90 -1688 HY GTOZEN « oo... s.aq sre ceenis « 2.4096 
ORY POM. accra ccs mee ne oes vm +1559 Carbonic ACid.........000 ses +1714 

Metals have least, ranging from Bismuth .0308 to Cast Iron .r298. Stones and 
Mineral Substances have .2 that of water, and Woods about .5. Liquids, with ex- 
ception of Bromine, are less than water, Olive oil being lowest and Vinegar highest. 

ILLUSTRATION. —If x lb. of coal will heat x lb. of water to 100°, ae 
+033, 30-3 

of a Ib. 

will heat x lb. of mercury to 100°. 

To Compute Temperature of a Mixture of like Sub- 
stances. 

WT+wt  ,  w(t’—t) iol! BS) Merge : . 
Wee v; 7 aay gaa W; W +U=T. W representing weight 

or volume of a substance of temperature T, w weight or volume of a like substance of 
temperature t, and U’ temperature of mixture W + w. 

ILLUSTRATION I. — When 5 cube feet of water (W) at a temperature of r50° (T) is 
mixed with 7.5 cube feet (w) at 50° (t), what is the resultant temperature of the 
mixture? 

5 X 150° + 7.5 X 50° 

5+7:5 

2.—How much water at (T) 100° should be mixed with 30 gallons (w) at 60°, for 
a required temperature of 80°? 

30 (80° — 60°) 600 
= aS gallons. 

1125 

MES icin 
0°, 

1009 — 80° 

To Compute Temperature of a Mixture of Unlike 
Substances. é 

WST+wst-.,, wstt—’) .  v(WS+ws)vwst ; 

Wehin See oN ae Ws rs Pee ese 
representing weights, and S and s specific heat of substances. 

InLusTRATION.—To what temperature should 20 Ibs. cast iron (W) be heated to 
raise x50 lbs, (w) of water to a temperature (¢) of 50% to 60°? 

60° (20 X .1298-+- 150 X 1) W1soOxK IX 50° 1655.76 
$= 1, and S=.1208. =16382. 

a seats 20 X .1298 2.5090 oy 
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To Compute Specific Heat at Constant Volume. 

When Specific Heat at Constant Pressure is known. SP as S represent- 

ing specific heat at constant pressure, p proportion of heat absorbed at constant vol- 
ume, H total heat absorbed at constant pressure, and s specific heat at constant volume. 

Uv —t)—2, ae8 or, 2! me DD 

ture of the gas and that to which it is raised, and V and v initial and final volumes 
of the gas under 14.7 lbs. per sq. inch, and of it heated under constant pressure in 
cube feet. 

ILLUSTRATION, —Assume x Ib, air at atmospheric pressure and at 32°, doubled in 
volume by heat. S=.2377*, t—t’ = 32° ~ 525° = 493° and V—v=12.387* cube 
feet. 

s. tandt’ representing initial and final tempera- 

tar X 495 — (748 X12 3) = .1688 specific heat, 

For comparative volumes of other gases, see Table, page 506. 

To Compute Specific Heat for Equal Volume of Gas 
and Air. 

Ruie.—Multiply specific heat of the gas for equal weights of gas and air 
by specific gravity of gas, and product is specific heat for equal volume, 
ExampLe.—What is specific heat of air at equal volume with hydrogen? 

Specific heat of hydrogen for equal weights at constant volume, 2.4096, and’ speci- 
fic gravity of the gas, .o692. (See Table, page 506.) 

Then, 2.4096 X .o692 =.1667 specific heat for equal volumes at constant volume. 

Specific heat of steam, air at unity = 1.281. 

Capacity for Heat. 

When a body has its density increased, its capacity for heat is di- 
minished. The rapid reduction of air to .2 of its volume evolves heat 
sufficient to inflame tinder, which requires 550°. 

Relative Capacity for Heat of Various Bodies. (Water at 32°=1.) 

Equal Equal Equal Equal Equal Equal 
Boprzs. Weights. | Volumes. Bopissi Weights. | Volumes. Bopiss, Weights. | Volumes, 

Water..| x x Gold....| .05 -966 || Mercury| .036 — 
Brass...| .116 -971 || Ice..... 9 _ Silver..| .082 -833 
Copper..| «114 1.027 || Iron...) .126 4693.) || EIDiee. 06 — 
Glass...| .187 +448 || Lead...| .043 487 Zinc....| .102 — 

To Ascertain Relative Capacities of Different Bodies, 
combined with experiment. 

Rute.—Multiply weight of each body by number of degrees of heat lost 
or gained by mixture, and capacities of bodies will be inversely as products, 

Or, if bodies be mingled in unequal quantities, capacities of the bodies 
will be reciprocally as quantities of matter, multiplied into their respective 
changes of temperature, 
ILLUSTRATION.—If x lb. of water at 156° is mixed with x lb. of mercury at 40°, 

resultant temperature is 152°. 

Thus, 1 X 156° — 152° = 4°, and 1 X 40° w 1529-1129. Hence capacity of water 
for heat is to capacity of mercury as 112° to 4°, or as 28 to x. 

Sensible Heat. 

Sensible heat or temperature to raise water from 32° to 212°= 180.9, or 
heat units, 

* See Tables, pages 506 and 520-21. 
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Latent Heat. 

“Latent Heat is that which is insensible to the touch of our bodies, 
and is incapable of being detected by a thermometer. ° 

When a solid body is exposed to heat, and ultimately passes into the 

liquid state under its influence, its temperature rises until it attains the 

point of fusion, or melting point. The temperature of the body at this 

point remains stationary until the whole of it is melted; and the heat mean- 

time absorbed, without affecting the temperature or being sensible to the 

touch or to the indications of a thermometer, is said to become latent. It is, 

in fact, the latent heat of fusion, or the latent heat of liquidity, and its func- 

tion is to separate the particles of the body, hitherto so id, and change their 

condition into that of a liquid. When, on the contrary, a liquid is solidified, 

the latent heat is disengaged. 

If to a pound of newly-fallen snow were added a pound of water at 192°, 

the snow would be melted, and 32° would be resulting temperature. 

When a body is fusing, no rise in its temperature occurs, however great 

the additional quantity of heat-may be imparted to it, as the increased heat 

is absorbed in the operation of fusion, ‘The quantity of heat thus made . 

latent varies in different bodies. 

A pound of water, in passing from a liquid at 212° to steam at 212°, re- 

ceives as much; heat as would be sufficient to raise it through 966.6 ther- 

mometric degrees, if that heat, instead of becoming dudent, had been sensible. 

If s.s lbs. of water, at temperature of 32°, be placed in a vessel, communicating 

with another one (in which water is kept constantly boiling at temperature of 212°), 

until former reaches temperature of latter quantity, then let it be weighed, and 

it will be found to weigh 6.5 lbs., showing that one Ib. of water has been received 

in form of steam through communication, and reconverted into water by lower 

temperature in vessel. Now this pound of water, received in the form of steam, 

had, when in that form, a temperature of 212°. Tt is now ‘converted into liquid 

form, and still retains same temperature of 212°; but it has caused's. 5 lbs. of water 

to rise from the temperature of 32° to 212°, and this without losing any tempera- 

ture of itself, Now this heat was combined with the steam, but as it is not sensible 

to a thermometer, it is termed Latent. 

Quantity of heat necessary to enable ice to resume the fluid state is equal 

to that which would raise temperature of same weight of water 140°; and an 

equal quantity of heat is set free from water when it assumes the solid form, 

Sum of Sensible and Latent Heats. 

From Water at 32°. 
- || Press- S8- a Prose Latent.| Sum. |} "{rs*"|Latent.| Sum. Press: /Tatent.| Sum. ee Latent.| Sum, 

ere a Lbs. |, ° Lbs. |, ° ° Lbs, | _ © fe) 
14.7 | 964-3 | 1146-1], 26 | 943-7] 1155-3|] 55 | 92 | 1169 || 120 | 873.7 | 1185.4 
16 | 9621 | 1147:4'| 27 | 942:2 | 1155-8 || 60 | 908 | 1170.7)| 130 869.4 | 1187.3 
17 959:8 | rx48.3 || 28 | 940.8 | 1156.4 65 | 904.2 | 1172.3|| 140 | 865.4 | 1189 
18 | 957+7.|1249-2|| 29 | 939-4 |1157-1|| 70 goo.8 | 1173.8 || 150 | 861.5 | 1190.7 

19 955:7.| 1150-1 || 30, | 937-9 1157-8|| 75 | 897-5 | 1175-2|| 160 | 857.9 | 1192.2 
20 | 952.8] 150.91] 32 | 935-3 |: 1158.9 80 | 894-3 | 1176.5}| 170 | 854.5 | 1193-7 
21 951-3 | 1151-7|| 35 | 932-6 | 1160.5 85 | 891.4 | 1177-9 || 280 | 851-3 | 1195.2 
22 - | 949-9 | 1252-5] 37 | 929-3] t26x-5|) 90 | 888.5 | 1179.1 || r90,| 848 | 1196.5 
23 | 948.5 | 1253-2|] 40 | 926 | x1162.9]| 95 | 885.8 1180,3 ||. 200 | 845. | 1197-8 
24 | 946.9 | 1153-9||.45 | 920.9 1164.6 |} 100 | 883.1 | 1181.4 |} 220 | 829.2 | 1200.3 
25 945-3 | 1154-01] 50 | 916.3 1167.1 || 110 | 878.3 | 1183.5 || 250 | 83112 | 1203.7 

Latent Heat of Vaporization, or Number of Degrees of Heat required to con- 
vert following Substances from their respective Solidities to Vapor at 
Pressure of Atmosphere. ° Wail 3 2h 

PATCOHO).a)s\tiete siren ate « 364° | Ice .....0-00-04-- 142,60 | Water.... wees 966,69 
Ammonia..........- 860° | Mercury ........ 00 1570 | ZINC evi eeeevecees 4932- 
Ether (Sulph.) ...... 163° | Carbonic Acid..... 2989 | Oil of Turpentine... 124° 
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Latent Heat of Fusion of Solids. (Person.) 
Melt- . j In. Heat- . ! Melt- In Heat- A Specific Heat. . Specific Heat. . in ts of i ee ; 

Subatenecs | eoent. (Rigukad Botdah wile. Wo. en ereteemh Som ek 
‘ ar) ° ° ¢ ° ° 
ID, . +0. 442 | .0637 |.0562|] 25.6. ||Ice.......sceeee 32 |r +504 | 142.85 

Bismuth. .| 507 | .0363 |.0308 | 22.7 ||Phosphorus....| 112 | .2045| .1788 Es 
Lead ..... 617 | .0402 |.0314 9.86 |/Spermaceti.....] 120 | — — | 148 
Zinc...... 773| — |.0956} 50.6 || Wax..... bias | GUase — — |175 
Silver ....|1873| — |.057 | 37.9 ||Sulphur...... +-| 239 |-234 |.2026] 17 
Mercury..| 39 | -0333|.0319 | “5 Nitrate ofsoda..| 591 |.413 | .2782| 113 
Cast iron. .| 3400] — |.129 | 233 Nit. of potassia .| 642 | .3319] .2388| 85 

To Compute Latent Heat of Fusion of a Non-metallic 
Substance. 

Cwc(t+256°)=L. Candc representing specific heats of substance in solid and 
liquid state, t temperature of fusion, and I. latent heat. 

ILLUSTRATION. —What is latent heat of fusion of ice? 

C=.504; c=1; andt—32°. 

+504 UI X 32+ 256 = 142.85° units. 

Notr.—For Latent Heat of Fusion of some substances, see Deschanel’s, New York, 
1872, Heat, part 2. 

Radiation of Heat. 

Radiation of Heat is diffusion of heat by projection of it in diverging right 
lines into space, from a body having a higher temperature than space sur- 
rounding it, or body or bodies enveloping it. 

Radiation is affected by nature of surface of body; thus, black and rough 
surfaces radiate and absorb more heat than light and polished surfaces, 
Bodies which radiate heat best absorb it best. 

Radiant heat passes through moderate thicknesses of air and gas without 
suffering any appreciable loss or heating them. When a polished surface 
receives a ray of heat, it absorbs a portion of it and reflects the rest. The 
quantity of heat absorbed by the body from its surface is the measure of 
its absorbing power, and the heat reflected, that of its reflecting power. 

When temperature of a body remains constant it is in consequence of 
quantity of heat emitted being equal to quantity of heat absorbed by body. 
Reflecting power of a body is complement of its absorbing power; or, sum 

_ of absorbing and reflecting powers of all bodies is the same. 
Thus, if quantity of heat which strikes a body = roo, and radiating and reflecting 

powers each go, the absorbent would be zo. 

Radiating or Absorbent and Reflecting Powers of 
Substances. 

iatin Radiating 

SuBsTaNcEs, nadine lel Substances, or Ab- eee 
sorbing. ne. sorbing. Be 

Lamp Blacks 5.22.1: 100 — || Wrought Iron, polished.. 23 Vinh 
SVYAUOR Sis tate Nat sist amaid bore) — || Lead, polished.........+ 19 81 
Carbonate of Lead..... 100 — || Zinc, polished........... 19 81 
Lead, white............ 100 — ||Steel, polished..... 1G 17 83 
Writing Paper.......... 98 2 || Platinum, in sheet...... 17 83 
Ivory, Jet, Marble...... 93 t0.98|7 to 2] Tin.......sceeeeeennee 15 85 
PROGID sin asia secant ae seis 96 4 || Copper, varnished ...... 14 86 
GIASS... 1. essere rseeves go zo || Brass, dead polished... II 89 
And ia. Witenes ee 5s 85 15 ‘bright polished... 7 93 
Te@ viii ceee sews edees 85 15 || Copper, ham’ered or cast y 93 

Shellac. pdidelante weal? ¥. 72 28 ‘t deposited on iron 7 193 
CBAs es sjeioin'o Mites vases 45 §5./.| Gold, plated... .e+rleess 5 95 
Cast Iron, bright polished 25 75 ‘polished... A 3 97 
Platinum, a little polish’d 24 76 ||Silver, polished......... 3 97 
MOLcury.....cereverecee 23 17 cast, polished... 3 97 
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Radiating and Absorbing Power of various’ Bodies, in 

Units of Heat per Sq. Foot per Hour for a Difference 

of 1°. (Peclet.) 
Unit. Unit. Unit. 

Silver, polished..... .0266 | Iron, ordinary...... .5662 | Woollen stuff...... +7522 
+ 30327-} GlaSS ...senecoecces -5948 | Oil paint........... +7583 

.0439 | Iron, cast ....... <2 .648°<| Papers. | 9... 1 +7700 
o4gr | Wood sawdust ..... .7225 Lamp-black 8196 

Tron; sheet......... .og2 | Stone, Brick, etc.... .7358 | Water........+...- 1.0853 

To. Compute Loss of Heat by Radiation per Sq. Foot. 

aoe =R.° T representing temperature of pipe, which is assumed to be .05 

less than that of steam ; t temperature of air ; L length of pipe, and v velocity of heat 
in feet per second ; d diameter in ins., and R radiation im degrees per second. 

ILLUSTRATION.—Assume temperatures of a steam-pipe, steam, 212°, 200°, and air 
60°, length of pipe 20 feet, velocity of heat (steam) 15 feet per second, and diameter 
of pipe 16 ins. ; what will be loss of heat by radiation? 

¥ — 60 
STEER NAO) Lt ) = 35.662; 

16 X 15 

Reflection. 

Reflection of Heat is passage of heat from surface of one substance 
to another or into space, and it is the converse of radiation. 

Heat is reflected from surface upon which its rays fall in same manner as 
light, angle of reflection being opposite and equal to that of incidence. Met- 
als are the strongest reflectors. 

Reflecting Power of various Substances. 
SUZ O bons ces sania «.-. -97 | Specular metal...... eBOwd AMCs. nic:c 0 lesgtvtiolenegs > tate 81 
opt: Rdg Se Re AE, a gg POT PRs Us J8gi'}> Prontes Jit AGA te 77 
BYABSS. 200 eic'esicilecs cle 393! | Steels cncisseice sce a 683510] Aemds a. Hse. abe 146 

Communication and Transmission of Heat, 

Communication of Heat is passage of heat through different bodies 
with different degrees of velocity. This has led to division of bodies 
into Conductors and Non-conductors ; former includes such as metals, 
which allow calorie to pass freely through their substance, and latter 
comprise those that do not give an easy passage to it, such as stones, 
glass, wood, charcoal, ete. 

Velocity of cooling, other things being equal, increases with extent of sur- 
face compared with volume of substance; and.of two bodies of same mate- 
rial, temperature, and form, but differing in volume. 

Transmission of Heat is passage of heat through different bodies with dif- 
ferent degrees of intensity. Gaseous bodies and a vacuum are highest in 
order of transmittents. 

Relative Power of various Substances to Transmit Heat. 

All bodies capable of transmitting heat are more or less translucent, 
though their powers of transmitting heat:and light are not in’ same rela- 
tive proportions. ° 
AGE Sk ceteja's «= I Flint-glass .... .67 | Nitric acid.... .15 | Sulphuric acid. .17 
Alcohol...... .15 | Gypsum....... 2 | Rock-crystal.. .62| Turpentine.... .3z 
Crown-glass..  .49 |, Ice.........-. -06 | Rape-seed oil... .3 ; Watern. ocicin cei KE 

Heat which passes through one plate of glass is less. subject to absorption 
in passing through -a-second and a third plate. Of 1000 rays, 451 were in- 
tercepted by 4 plates as follows: Mt 4 

ist. 381. 2d. 43. 3d. 18. 4th. g. 
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Average Results of Heating and Evaporating Water by 
Steam in Copper Pipes and Boilers. (D. K. Clark.) 

f Steam condensed © * - Heat transmitted 
Per sq. foot for 1° difference per hour. 

Heating. Evaporating.|| Heating. |Evaporating 

rng a Lbs. etree Units, Units, 
Cast-iron-plate surface. ...........4.- .077 +105 82, 100 
Copper-plate surface............s0.0 +248 -483 276 534 
Copper-pipe surface...:...........+- +291 1.07 312 1034 

Whence.—Efficiency of copper-plate surface for evaporation of water is 
double its efficiency for heating; for copper-pipe surface efficiency is more 
than three times as much; and for cast-iron-plate surface, a fourth more. 

Efficiency of pipe surface is a fifth more than that of plate surface for 
heating, and more than twice as much for evaporation, 

Generally, copper-plate surface condenses .5 lb. of steam, copper-pipe 
x lb., and cast-iron-plate surface .1 lb. per sq. foot per 1° of temperature per 
hour, for evaporation. ; 

Quantity of heat transmitted is at rate of about 1000 units per lb. of steam 
condensed. 

Transmission of Heat through Glass of different Colors. 
Direct. = 100, 

ETERS Sopa adatncc 65.5 | Blue, deep 
WidOW. 2.2. c sass 52 Tashi ot idoh Rete 
Violet, deep.......%. 53 Greaney ctstsciclelate eds 

M. Peclet defines law of transmission of heat as: The flow of heat which 
traverses an element of a body in a unit of time is proportional to its sur- 
face, and to difference of temperature of the two faces perpendicular to direc- 
tion of flow, and is in inverse of thickness of element. 

Or, (¢—t’) _ H. tandV representing temperatures of surfaces, C constant for 

material 1 inoh thick, or quantity of heat transmitted per hour for 1° difference of 
temperature through x unit of thickness, T thickness, and H quantity of heal in units 
passed through plate per sq. foot per hour. 

Quantities of Heat transmitted from Water to Water 
through Plates or Beds of Metals and other Solid 
Bodies, 1 Inch thick, per Sq. Foot. 

For 1° Difference of Temperature between the two Faces per Hour. 

Selected from M. Peclet’s tables. (D. K. Clark.) 

C or « ee or | e C or 
e uantity y NCE. uantity | STANCE. uantit: SuBsTance, Q Heate Substance eHeati| SursTance, ee Heat. 

Units, Units. Units. 
Gold) Merits s iniete efere 620 EVOL fare bo ple cba ole 225 Marble 24 
Platinum. : 604 IEVAG « Save's\« ef» ele ats 225 Plaster 2.6 
Silver 596 10) RRO aaah An aOn 177 GIGS. 20). ob oles e 6.56 
Copper 555 Hebd. £28 tue r12'_ || Sand 2.16 

The conditions are, that the surfaces of conducting material must be per- 
fectly clean, that they be in contact, with water at both faces of different 
temperatures, and that the water in contact with surfaces be thoroughly and 
constantly changed. M. Peclet found that when metallic surfaces became 
dull, rate of transmission of heat through all metals became very nearly 
the same, 

To Compute Units of Heat Transmitted. 

ILLUSTRATION I. —If 2000 lbs, beet root juice at 40° are contained in a copper 
boiler with a double bottom, and heated to 212°, with a heating surface of 25 sq. feet, 
and subjected to steam at a temperature of 275°, for a period of 15 minutes, what 
will be the total heat, and heat per degree of difference transmitted per sq. foot per 
hour? Bir GAT fai ie 
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© 212°— 40° X 60+ 15 = 688° per hour, and 2000 % 688 + 25 = 55 040 units per sq. 
Foot per hour. ¢ 
(212° ++ 40°) + 2 = 126° mean temperature of juice, and 275° — 126° = 149° mean 

difference of temperature. 
Hence, 55 040+ 149 = 369.4 units per sq. foot per degree of difference per hour. 

2.—If 48.2 sq. feet of iron pipe r. 36 ins. in diameter, is supplied with steam at 275°, 
and it raises temperature of 882 lbs. water from 46° to 212° in 4 minutes, what will 
be total heat per sq. foot per hour, total heat per sq. foot per degree, and quantity 
condensed per sq. foot per degree per hour ? 

212° — 46° X 60-+ 4 = 2490° tn an hour; 469+ 212° + 2 = 129° mean temper- 
ature, and 275° — 129° = 146° difference of temperature. 

(o} 

_- = 45563 units per sq. foot per hour, 45 563+ 146 = 312.1 units per sq. 
48.2 

Soot per degree, and total heat of steam above 129° = 10689. 

Hence ae = .292 lbs. steam condensed per sq. foot per degree per hour. 
10} 

Evaporation. 

} Evaporation or Vaporization is conversion of a fluid into vapor, and 
it produces cold in consequence of heat being absorbed to form vapor. - 

It proceeds only from surface of fluids, and therefore, other things equal, 
must depend upon extent of surface exposed. 

. When a liquid is covered by a stratum of dry air, evaporation is rapid, 
even when temperature is low. 

I} As a large quantity of heat passes from a sensible to a latent state during 
formation of vapor, it follows that cold is generated by evaporation. 

Fluids evaporate in vacuo at from 120° to 125° below their boiling-point. 

Heat required to EKvaporate 1llb. Water at Temperatures 
below 212° from a Vessel in open air at 32° 

(Thomas Boz.) 

Rak HEAT Set HEAT 

9 EVES ua Price eres Sa ee fla “tal She fealines 
Ga [ese Sig] 2 1S | 82 Be | ess) 38s) a lee | BB 
ie 6.2) FES a eu] 3s aR o.e| FES re Baas =o 
AR WSS ed Pee eee we TBs! ore | Bec pe re neice eels 
3) 8.2/5.9 2 3 $s os il a See [Lee 3 oa SS 

BAe 39 | Aethigel [cee Bag) Er teahgn fh 
° Lbs. Units. | Units. | Units. | Units. ° Lbs. | Units. | Units. | Units. | Units 
32 027 _ — | rogr 29 132 +70 182 | 202 | 1506 | 1068 
42 o4 270 424 | 1788 71 142 |, -g16| 158 162 | 1445 | 1326 
52 058 | 375 581 | 2052] 119 152 | 1.178] 137 127 | 1392 | 1637 
62 | .083 | 405 605 | 2110 |] 174 162 | x.505 | 118 97 | 1346 | 2039 
g2 | .117 | 380 | 566 | 2055 | 239 172 | 1.895 | 106 72 | 1312 | 2475 
Bae TO2: | 358 504 | 1968 | 319 182 | 2.373 2 50 | 1279 | 3045 
92 | -223 | 319 | 434 | 1862 | 435 192 | 2.947 I 32 | 1253 | 3685 

102 | .303.| 280 366 | 1758 | 533 202 | 3.633 71 14 | 1228 | 4465 
riz | .409 | 245 304 | 1664 | 671 212 | 4.471 63 — 1209. | 5397 
122 |, .528 | 211 250 | 1580 | 849 — —_ — — — je 

To Compute Surface of a Refrigerator. 

Illustration of Table. —If it is required to cool 20 barrels, of 42 gallons each, of 
beer, from 202° to 82° in an hour. 

Result to be attained is to dissipate 42 x 8.33 (Ibs. U. S. gallons) X 20 X 202 — 82 
= 840000 wnits of heat per hour. ' 

At 202°, 4465 units are lost, and at 82°, 319, hence, average loss for each temper- 
ature between extremes = 1850 units per sq. foot per hour. ' ; 

840000 

1850 

The volume of air required per hour in this case would be about 100 coo cube feet. 

Then = 454 sq. feet in a still ain. 
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To Compute Area of Grate and Consumption of Muel 
for Evaporation. 

Illustration of Table. —If it,is required to evaporate 6 Beer gallons (282 cube ins.) 
of liquid per hour, at a temperature not exceeding 152°. 

6 gallons = 50 lbs. At 152°, water evaporated as per table = 1.178 lbs. per hour. 

2 g = 42 84: Jeet. Heat mequeeed to effect this = 1392 X 50= - 600 units. 
1.17 

19 600 
Assuming 6000 units as average economi¢ value of coals, them 2 = 11.6 lbs. 

coal, on a grate of x sq. foot. 

When it is practicable to evaporate at a high temperature, as at or above’ 212°, it 
is most economical. 

Thus, water requires only 1209 units per Ib. if surface is exposed, but if enclosed, 
heat is reduced (1209 — 63) to 1146 units. 

Evaporative Powers of Different Tubes per Degree of Heat, per ise Foot of 
Surface.—In Units. 

Vertical tube, 230; Double-bottomed vessel, 330; Horizontal tube or Worm, 430. 

To Compute Volume of Water Evaporated in a eiveR 

Time. 

InLustTRATION.—What is volume evaporated at 212°, in 15. minutes per sq. foot of 
surface, in a double-bottomed vessel having an area of heating surface of 17 feet, 
and subjected to steam at a pressure of 25 lbs. ? 

Temperature of steam at 25+ 14.7 Ibs. = 269°. 269° — 212° = 57°, and latent 
heat'= 927. , 

330 X 57 X17 X15 Then’? 
927 X 60 

= 86.2 lbs. water. 

When Water is at a Lower Temperature than 212°, 

If 120 gallons or 1000 lbs. of water were to be evaporated from 42° in = 
hour, from same vessel and under like pressure as preceding : 

There would be required rod0 X (at28 — 42°) 170.000 abd’ of heat. Mean tempera- 

ture of water while being heated — wba 22 | ==227°, 
2 ‘ 

Difference between temperature of steam and water = 267° — 1279 = 140°, 

170 000 

” 330.X 140 X 17 
-784 hour left for evaporation, and quantity evaporated = 

Then = .216 hour = time to raise water to 212°; hence 1 —.216 = 

330 X 57 X 17 X +784 _ 
927, 

270.4 lbs., or 32.44 gallons. 

Dessiccation. 

Dessiccation, or the drying of a substance, is best effected in a drying 
chamber, and it is imperative that to attain greatest effect the hot air 
should be admitted at highest point of exposed substance and dis- 
charged at its lowest. 

Wood, submitted to an average temperature of 300° in an enclosed space 
for a period: of 2.5 days, will lose its moisture at a consumption of x Ib, of 
wood for 10.5 Ibs. of wood dried, and evaporating 4 lbs. of water, equal to 
2.66 lbs. of water per Ib. of undried wood. 

Limit of temperature for drying of wood is 340°, 
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Evaporation of Water per Sq. Foot of Surface per Hour, 
(Dr. Dalton.) 7 

Evaporation. ] Evaporation. 
‘Temperature ; Temperature ‘ < 

of Water. Calm. rig ae | — of Water. Calm: Ligh war 

° Lbs Lbs. Lbs. ° Lbs. Lbs. Lbs. 
32 0349 -0448 055 100 3248 -4169 5116 
40 0459 -0589 0723 125 -6619 8494 | 1.043 
50 55 0841 1032 150 1.296 1.663 2.043 

60 OORT, 1175 1441 175 2.378 3-053 3-746 
7o 1257 1616 1983 200 4.128 5.298 6.502 
80 +1746 +2241 +2751 || 212 5-239 6.724 8.252 

The rates of evaporation for these conditions of the air when perfectly dry are as 
1, 1.28, and 1.57. 

To Compute Quantity of Water erposed to Air that would be evaporated as 
above.—Subtract tabulated weight of water corresponding to dew-point from 
weight of water corresponding to temperature of dry air, and remainder is 
weight of water that would be evaporated per sq. foct of surface per hour. 

Distillation. 

Distillation is depriving vapor of its latent heat, and, though it may 
be effected in a vacuum with very little heat, no advantage in regard to 
a saving of fuel is gained, as latent heat of vapor is increased propor- 
tionately to diminution of sensible heat. 
A temperature of 70° is sufficient for distillation of water in a vessel ex- 

hausted of air. 

Conduction or Convection of Heat. 

Air and gases are very imperfect conductors. Heat appears to be 
transmitted through them almost entirely by conveyance, the heated 
portions of air becoming lighter, and diffusing the heat through the 
mass in their ascent. Hence, in heating a room with air, the hot air 

_ should be introduced at lowest part. The advantage of double win- 
dows for retention of heat depends, in a great measure, upon sheet of air 
confined between them, through which heat is very slowly transmitted. 

Convection of heat refers to transfer and diffusion of heat in a fluid mass, 
by means of the motion of the particles of the mass. 

Relative Internal Conducting Powers of Various 
Substances. 

Metals. 

[Shs RRR Porcelain... .0x2 | TiN, Xsieees 63 
Cast Iron.... STS OSILVEL wale iere ee -97 | WroughtIron .44 
Copper...... -98 | Terra Cotta... .orr | Zinc..... ee Ee 

Minerals. 

Cement, Coal, anth’cite 1.92 | Fire brick.... .61 | Gypsum...... .2 
Chalk ‘« " pitumin. 1.68 | Fire clay..... 170:| LAINO; cacysnrsiceeaed 
Charcoal Coke......... 1-98 | Glass......... -96 | Marble....... 2.22 

Aare Wood ash..... .08 

Woods with Birch =.41 with Silver. : 

Apple’... ...2: ROS EINCH sch ei'nicls I Ebony... ..... 25] Oak ce cepieeee 393 
ABD asec eels ce -73 | Chestnut...... Sift SSRs ssh oe 673] PMO... ve seeee 73 

Hair and Fur with Air =x. 

Cotton........ 55 | Flannel....... 2.44 || PLAIN iereesjars ae SH inicusjsieige gals 
Eider down... .44 | Hemp Canvas, .28]} Hare’s fur.... .43] Wool......... .5 

Liquids with Water. 

Mlcohol...4...2%. sees -O9 | PROOMSPINIE. csi anes) 255%) LUMPERUNe. cic cncue Sue 
Mercury ............ 28 .| Sulphuric acid: ..3:.0 19.7) || Water... ik caee E 
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Practical Deductions from preceding Results. 

Asphalt is best composition for resisting moisture, and, being a slow con- 
ductor of heat, it is best adapted for economy of heat and dryness. 

Slate is a very dry material, but, from its quick conducting power, it is 
not adapted for retention of heat. 

Cements. — Plaster of Puris and Woods are well adapted for lining of 
rooms, having low conductive powers, while Hair and Lime, being a quick 
conductor, is one of the coldest compositions. 

Fire-brick absorbs much heat, and is well adapted for lining of fire-places, 
ete.; while ron, being a high conductor of heat, is one of the worst of sub- 
stances for this purpose. Common brick is not a very slow conductor of heat. 

Communication. 

Communication of Heat is passage of heat through different bodies 
with different degrees of velocity. This has led to the division of 
bodies into Conductors and Non-conductors of caloric; the former in- 
cludes such as metals, which allow caloric to pass freely through their 
substance, and the latter comprise those that do not give an easy pas- 
sage to it, such as stones, glass, wood, charcoal, etc. 

The velocity of cooling, other things being equal, increases with the extent 
of surface compared with volume of substance; and of two bodies of same 
material, temperature, and form, but differing in volume, 

Condensation. 

Tredgold ascertained by experiment that steam at pressure (absolute) 
of 17.5 lbs. per sq. inch, 221°, produced 1 cube foot of water per hour 
by condensation in 182 sq. feet of cast-iron pipe, at a uniform and qui- 
escent temperature of 60°. Hence, condensation .352 lb. water per 
hour, or .0022 lbs. per degree of difference of temperature (221 —60). 

From experiments of Mr. B. G, Nichol in England, 1875, it was deduced : 

That rates of transmission of heat, between temperature of steam and 
that of water of condensation at its exit, at the rate of 150 feet per minute, 
may be taken as 380 units for vertical tubes and 520 for horizontal. 

Condensation of Steam in Cast-iron Pipes. (MM. Burnat.) 

Condensation per sq. foot of external surface of pipe 
sabi Temperature. per hour. 

Sq. Inch. | Steam, Air. Difference. Bare. Straw. Pipe. Waste. Plaster. 

Lbs. ° ° ° Lb. Lb. Lb. Lb. Lb. 
22 233 36.5 196.5 581 x2 +229 286 +324 

From these data, following constants are deduced for an absolute pressure of 
22 lbs. per sq. inch of steam condensed, and heat passed off per sq. foot of external 
surface of pipe per hour of 1° difference of temperature. 

Bais 4 Heat einer : Kinde 
condense assed condense A38e SurRFAce oF Prpg. per 8q; Foot. Ln Surrace or Pipe Pena CoH Ley 

Lb. | Units, : Lb. | Uniter 
Bare: pipes ic vive ee dee] 1/603 2.8r2 ||Cotton waste rinch..} .001 46 | 1.384 
Straw coat .........+../ .ooro2 -968 || Earth and hair...... -001 65 | 1.568 
Cased with clay pipe...| .oorz5 | 1.108 |} White paint.........| .oo156 | 1.486 
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Pipes were 4.72 ins. diameter, .25 inch thick, and had area of 58.5 sq. feet. 
Bore—rough surface as cast. Straw coat—laid lengthwise .6 inch thick and bound. 

Pipe—iaid in clay pipe with an air space between them, the whole covered with 

loam and straw. Waste cotton—x inch thick and bound with twine. Plaster— 

laid in clay and hair 2.36 ins. thick. ; ; 

‘A wrought-iron pipe 3.75 ins. in external diameter, .25 inch thick, and lagged 

with felt and spun yarn .5 inch thick, condensed steam at 245° at rate of .262 lb. 

per sq. foot per hour, in an external temperature of 60°. 

Steam Condensed per Sq. Foot and per Degree per Hour. 

Mean Results of several Experiments with bare Cast-iron Pipes, with Steam 
at Absolute Pressure of 20 lbs. per Sq. Inch. 

_ 4 1b. per sq. foot, and ,oo2 39 Ib. per degree. 

Hence, to ascertain quantity of heat lost by condensation of .oo2 39 Ib. = = ofa lb. 

Difference of total and sensible heats of x Ib. steam at 20 Ibs. absolute pressure = 

11519 -+ 32° — 228° =955 units, and 955 + 420 = 2.274 units = heat condensed. 

|The loss of heat from a naked boiler in air at 62°, under an absolute pressure of 50: 
Ibs. per sq. inch, was 5.8 units, , 

Congelation and Liquefaction. 

Freezing water gives out 140° of heat. All solids absorb heat when 

becoming fluid. 

Particular quantity of heat which renders a substance fluid is termed 

its caloric of fluidity, or latent heat. 

Temperature of Solidification of Several Gases. (Faraday.) 

Sulphuretted Hydrogen, 123° Ammonia........ . 103° 
Protoxide of Nitrogen.. 148° Sulphurous Acid... 105° 

Cy AMOgens . 4 voy 09 90/329 
Carbonic ACID. 0.0.5 010 72° 

Frigorific Mixtures. 

Fall of | Fall of 
MIxtTURES. Parts.| ‘Temperature. | Mixturns. Parts.| Temperature, 

° ° ce} 

Sea salt... cg. cece 5 Nitrate of ammonia.] 1 
Nitrate of ammonia...| 5} | —18 to —25 || Water......../...4. _ i +soto +4 

Snow, or pounded ice..| r2 now, (eke :, igo & 

Muriate of ammonia )\| .) Dilute sulphuric acid] x } Tae Sk Ve. 
Nitrate of potash ) —s to —18 || Sulphate of soda.... 
Snow, or pounded ice..) x ) meted mitre acid 3} +50 to —3 

Phosphate of soda..... 3 ) Nitrate of ammonia. x) 
Nitrate of ammonia ...| 2+ | —34t0 —so|| Carbonate of soda...| 1( |->50t0 —7 
Dilute mixed acids Pest i ) WELGET es farcismipis sieweiaisie I j 

ene Raya ere 1) ; Sulphate of soda....} 6 
rystallized muriate —4o to —73||Muriate ofammonia.} 4 
oflime }. essai } 35 Nitrate of potashz,i| 2 450° 

Snow.....0e- Baebes 8} Lego e% Dilute nitric acid...) 4 
Dilute sulphuric acid ..) 10 9 Phosphate of soda,..] 9 } +50 to —12 
Phosphate of soda.....| 5 Dilute nitric acid...) 4 1 
Nitrate of ammonia...| 3 o to —34 |/Snow...........6- ts 
Dilute nitric acid...... 4 Muriate of lime.,... 7 DIS 
SOW sb sure outdo: BRN) 2) Potash), <eewiaaejshies =| 
Dilute nitric acid...... a oo eet aes. cae, a s oh32 to 52 

A Mixture of Solid Carbonic Acid and Sulphuric Ether, under receiver of an air- 
pump, under pressures of .6 Ibs. to: x4 Ibs., exhibited. a temperature ranging from 
—107° to —166°, which is the most intense cold as yet known. (Faraday.) 2 
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Aluminium at red heat... 
Antimony...... 
pate ea a 2. 
Bismuth, . ; 

sete 

GOlGBpURC a. cisions ae eee cess 

‘* standard 

Trompeast .. s2.001 «veiw awen 

‘sod melting..... sdctiGor OB 

PACDIGM os. «iccipirisciee AGHAGEACS 
Mercury... 06.00 BAL, hb LVN 
Platinum 
Nickel, pines} forge heat..... 
Potassium. . 

SEVER o7s's\e a ieistoatelere pita alata ta 

ee ey 

HEAT, 

“Meltine-points. 

ALLOYS. 

Lead 2, Tin ef Bismuth Ppaevieis 
ae 3 5) 5 Ah ies 

shower ALLoys, : 

— Lead . Tin 4) Bismuth 5...... 
810 1S fn a ete ee bie sai ais 
365 e 4 + 2 Bismuth Beas. 
476 NINE ts  Seagi Sirah JEL AO 

1692 CB vos ES x HSORMEL) obi telekens «5 
= - pscice 2 em solder)..... 
1996 Ail ONE BRA S2) Ic Sao kee 
ee ‘ea z,eS%ea, :, Bismi 4, Cadm. 1 
2590 Tin I, Bismuth rie... whee 
2156 2, & TRE IE ol. color wee 
2000 Erg, s Wyatt se Eas 
=. Zine, 1; Biase cS’ oe od Sens 

3479* 
era Eusible Plugs. 

Glass 

Various Substances. 

Ambergris 
Beeswax Ji70 NG ost tiles 

Nitro-Glyceritiers \/.6. lide 
Phosphorus, <5}.!50 6500 “Ba 
Pitch 
Salipesres spies fd eretenebiow é 
Spermaceti.. 
Stearine..... cial 
Sulphuy. .. ge crap ign Seeded ee 

* Rankine, * 

Volume of Water, Antimony, and Cast iron, in the solid state, exceeds 
that’ of the liquid, as evidenced by the floating of ice on water, and of cold 
iron on iron ina liquid state, 

Boiling-points. (Under One Atmosphere.) 

Liquips. fo) p Liquips. ° 

'r73 TUYpeNtine,....s.eeereserevee 315 
140 WALET. oo ceed ener ccccccesece 212 
173° HS ID VACUO... eset cee eee es 98 
146 WHOAG MOM. ois csiclelceie sicinsieisie's 630 

ae SATURATED SOLUTIONS. 

648 ‘Acetate of Soda.........4/+2..] 255.8 
(213 os STP OURSED, « o's 00, y0js.0 a ves]! 336 
248 IBTING scsi esccia ken piecsiespeaiag 220s 
‘210 Carbonate of Soda...........,. 220,3 

on we rorsentie. 315 a SC POUABI 3 rere vreaia cin “o75, 
Petroleum, rectified: 316 Nitrate of Sodasas.%. 06.00... 250 
Phosphorus erent peweneaaecne 554 ae “ Potash : 240.6 
Sea water; average........ ¢.e-| *'243-2> || Salt; COMMON... 0... kee | 227-2 
Sulphur.........,.....+-. Pc ar| Mancy fe’ & 
Sulphie acid, 8. gs I. 848. cea Pago Various SUBSTANCES. Oy 

Ri.» 240 Goal Tar sis: cieis oie sid orthondrar ores 325 
£e2 ee eee x00 Naphtha iii k iQ bree ae 186 

xe 
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Boiling-points of Saturated Vapors under Various 
Pressures. (Regnault.) 

Temper- | Water. | Alcohol. | Ether. Chloro-|| TemPer-| water. | Alcohol. Steers + gee 

° Lbs. Lbs. Lbs. Lbs. ° Lbs. Lbs. Lbs.. Lbs. 
32 -089 +246 3:53 _ 212 14-7 32.6 95-17 | 45-54 
50 +178 «406 | 5-54 | 2.52 || 230 20.8 45-5 | 120.9 58.42 
68 +337 851 8:6 3:68 || 240.8 | 25.37 == 137 Torp’tine. 
86 -609 1.52 12.32 5-34 || 248 29.88 | 62.05 = 4:97 

104 1.06 2.59 17.67 7:04 || 266 39-27 83.8 -- 6.71 
122 1.78 4:26 24:53 | 10.14 |} 276.8;| 46.87 | — — — 
140 2.88 6.77; |. 33°47 .| 14:27 || 284 52.56 | 109.1 — 8.94 
158 4-51 | 10.43, | 44:67 | 18.88 |] 302 69.27 140.4 = 11.7 
176 6.86 15.72 57-01 | 26.46 || 305-6 | 73.07 | 147-3 — ~ 
194 1.10.16 | 23.02 | 754m | 35:03 |] 320 89.97 |. — — 13.2 

Boiling-points of Water corresponding to Altitudes of Barometer between 
62 and 31 Ins. 

Barom, | Boiling-point. || Barom. | Boiling-point. \| Barom. | Boiling-point. HT Barom. | Boiling-point. 

) fr) ° ° 
26 204.91 | 27.8 207-55 29 210.19 | 30.5 212.88 
26.5 205.79 28 208. 43 29-5 211.07 | 32 213.76 
27 206.67 28.5 209.31 ‘ || 30 212° | 

Boiling-point of Salt water, 213.2°. Water may be heated in a Digester 
to 400° without boiling. 

Fluids boil in a vacuum with less heat than under pressure of atmosphere, 
On Mont Blanc water boils at 187°; and in a vacuum water boils at 98° to 
roo°, according as it is more or less perfect. 4 
Water may be reduced.to 5° if confined in tubes of from .co3 to .oo5 inch in diam- 

eter: this is in consequence of adhesion of water to surface of tube; interfering with 
a change in its state. It may also be reduced.in its temperature below 32° if it is 
kept perfectly quiescent. 

Eiffect: upon Various Bodies by Heat. 

Wedgewood’s zero is 1077° (Fahrenheit), and each degree = 130° 
In designation of degrees of temperature, symbol + is omitted when temperature 

is above 0; but when below it, symbol — must be prefixed, 

Degrees. | Degrees. Degrees, 
Acetification ends.... 88 | Highest naturaltem- Sea-water freezes....° 28 
Acetous fermen- g | . perature, Egypt.. \ 17 | Snow and Salt, equal 

tation begins. . \ 7° | India- rubber and ) POEUS. oS Te winiectars 
Air Furnace, . os ssi 3300 Gutta-percha yul-¢ 293 | Spirits Turpen. freezes 14 
Ammonia (liq,) freezes —46 CHIE a cs }.cnise te Steel, faint yellow.... 430 
Blood (hum,), heat of. 98 | Iron, bright red in) OE Get ep tastets O7O) 

“ freezes. 25| the dark......... f 02 te pirnles se tas +++ 530 
Brandy freezes....... —7 | Iron, red hot in twi-\ 99 ASGal Ss UE ema 57 ++ 550 
Charcoal burns....... 800 Dight: we sothna noes j 4 ee fall blae... scr +» 560 
Cold, greatest artific. —166 | Iron, wrought, welds..2700 | ‘¢ dark “ , 

e ‘~~ natural —s6 | Ignition of bodies.... 750 ‘polished, blue .. 580 
Common fire.......4. 790 | Combustion of do... 800 KU ** straw color 460 
Fire brick. ...4000 to 5000 | Mercury volatilizes,.. 680 | Strong Wines freeze.. . 20 
Gutta-percha softens.. 145 | Milk freezes......... 30 | Sulph. Acid (sp. grav. i“ 
Heat, cherry red .....1500 | Nitric Acid (sp. gray. \ 1.641) freezes... : ad 

“ “" (Daniell) xz4x | . 1.424) freezes....§ 45 | Sulph. Ether freezes. .—46 
sc" bright red... <5 .1860 | Nitrous Oxide freezes —rs50 | Vinegar freezes...... 28 

red, visible by Olive-oil freezes...... 36 | Vinousferment...60to 77 
Ody. ccteienos 1077 | Petroleum boils...... 306 | Zinc boils........ won 01872 

Hee TWIEO rennet chetets 2900 | Proof Spirit freezes... —7 | Wood, dried.......... 340 

Volume of Several Liquids at their Boiling-point. . 

Steam.. Weert Steam. Steam. Steam. 
x Water....... ae x Alcohol...... 528 | 1 Ether........298,|.x. Turpentine .. 193 
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Height corresponding to Boiling-point of Pure Water. 
: _ Boiling-point at Level of Sea 212°. 

Degree. | Feet. ||Degree.| Feet. {|Degree.| Feet. ||Degree.| Feet. Degree.| Feet. 

211 521 207 2625 203 4761 199 6929 195 9129 
210]. 1044 206 3156 202 5300 || 198 7476 194 9 684 
209 1569. ||. 205 3689 201 5841 197 8025 193 10241 
208 2096 204 4224 200 6384 196 8576 192 10 800 

Correction for temperature of air same as given at page 428 for Elevation 
by a Barometer by multiplying by C. 

ILLUSTRATION.—If water boils at a temperature of 200° and C = 136°, 

Then 6384 X 1.08 = 6894.72 feet. 

Underground Temperature. 

Mean increase of underground temperature per foot, from observations in 
36 mines in various and extended localities, is .or5 65° = 1° in 64 feet. 

Linear Expansion or Dilatation of a Bar or Prism by 
Heat. 

For 1° in a Length of 100 Feet. 
METALS, MINERALS, ETC. 

sees Inch. Inch, 
Antimony..... be iaies Fo ee an ealiotd 1007'22' |, Iron, from 32° tO 572° .....0a00 +003 26 
Bismuth......+++- ereversss F< 2 0069.28 [TTON WiFes eh wclsisneinensiasivencse 008 23 
BYABS. S003 ee cv everccesvocrvves FOND 1T | LAM... 6 O08 06 eseissereis nieve’ seee 2019 

UP UROMOW . degevedesveddeercs ©0126! | Marble 64 .i00 0+ vieicces atdjeioteta wicks +005 66 
Brick, 20.3...’ sl -0o1 44 | Palladium... ++ .006 67 
Cast Iron. . .0074 | PlatinuM........ssces- ++ .005 71 
Cementie 22. 2000.4. ae Cobees 009 56 ‘from 32° to 572°......0coz04 
Copper from 0° to 212°......... GOTT S | SARASTOME 15 cic's o'snlsrolb eleivteele'e 013 

66: sefrom: 32° to 5720 ot. wo .004 18 CO BODO RODOD OF Gs ia GOC -008 14 
TRO DEIOR dec ie sels egieloe cio cla sje BOSS Tn MHTIVEL vite lalelae ete of-ta> eset meine -O127 
Cape stisin cs aeete cies cio Sad one ae .005 74 | Speculum metal......5.. § orate 4003 
SE a ene, bah HadVsOO5/40>1 StOC) TOM. ss eevee ee ee dele teeee .00763 
PAEAEI DO, slat otet dole olaloh si4)0 0's elele -061 2 ERICABU sidicie'e sieve 4s vied otalete +007 2 

Gold—Paris standard annealed.. .oror S$ se tomapered .\.\sndesre ++++ 008 26 
ss Os ‘ unannealed .o103 “not tempered .......... -007 19 

GFANGOLS tio1e, 0: aieis.e poe Pb aaa sh .005 25 | Tins...4.. NCD OL Out BUCBCL: 10145 
Gun Metal—16 copper-+-1x tin... 012.7) | Water... ceserceeeeeeseereree +000 2229 

ee se 8 copper-+-1 tin... .or21 | White Solder—tin 1-++ 2 lead.. .0167 
TCO 27s Qe0sis s be Seis At jeer) 103335] Zine, forgeds........ Saree 46109602019 
ULM) LOT LCM. cra'o:o,aw.a ais sie lel oie\sis .008 14 Sire BROCE sielelasi: Srotsta p'ntarnioll 019 6 

SP FLOM OF tO, 21 Pivps16)<'>'0 «v0 SGOT) Bri bays Gat TPLIDG 3:0 sj0i0 « 0/9 «0 081616 -O179 

Superficial expansion is twice linear, and cubical, three times linear, 

To Compute Linear Expansion of a Substance. 

Divide 1 by decimal given in above Table, and quotient will give pro- 
portion. 

ILLUSTRATION I.—A rod of copper roo feet in length will expand between tem- 
peratures of 329 and 2129, 2r2—32=180 X.o115 = 2.07 Ins. 

2.—A cube of cast iron of 1 foot will expand in volume between temperatures of 
62° and 2129. 212—62=150, and 150 X .0074 =1.11, Which 100 for x foot= 
sorrz inch, and 124.0111 X 3 = 12.0333 Ms. 

: Some solids, as ice, cast iron, etc., have more volume when near to their melting: 
point than when melted, . This is illustrated in floating of solid metal in the liquid. 

Expansion of Water. 

- Water expands from temperature of maximum density (see page 520), 
39.1°, to 46°, at which degree it regains its initial volume of 32°, and from 
thence it expands ‘under one atmosphere to 212°; and its cubical expansion 
is .0466, that is, its volume is dilated from 1 at 32° to 1.0466 at 212°, 

Its expansion increases in a greater ratio than that of temperature. 
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To Compute Density of Water at a giyen Temperature, 

Ces Xx? = approximate density, t representing temperature of water. 
UePROT | 4 500 ! “ vr 

500 t+ 461 : 

ILLUSTRATION. —What is density 62.5 X 2 i AGS 3 eM oe aneidhito 
of'pure water at 298°? 298 + 461 ak 500 pas - a ght of 

500 298-+ 461 

Expansion of Water, (Dalton.) 

Temp. Expansion. || Temp. | Expansion. I. Temp. | Expansion. ||" Temp. Expansic.. 
{. 

° °, i 4 ° 

22 1.0009 52 I 000 21 112 1.008 8 172 1.02575 

3 I 72°, | 4.0018 132 1.013 67 192 | 1.03265 

#46» I g2 1.00477 | 152. | 1.01934 212 | 1.0466 

* Greatest density 39.1°. 

Hence, at 72°, water expands HE = 555-55th part of its original bulk. 

Expansion of Liquids from S2° to 212°. Volume at 32°=1. 

Liquips. | Volume at 212°. || Liquims. | Volume at 212°. 

ICOBON. 215. cence cieie eins 1.11 GIEVAE OS. ci asin es ee seh 1.08 
LixtS@@Gcoil......:.:eerere eieleieele 1.08 Sulphuric acid. . 106 

BOPOMI YN S orcs cto eerereverarere ore 1.015 4 ss ether. 1.07 + 

os 2122 0.392%... 0 x.or8 4337 ||| Turpentine.............. 1.07 
Kf) = 203929 tO 15722-00010 1.018 867 9)'"|| Water. . ... 20... .seeenee 1.046 6 

NUtviC ACI oie sacseererese erates 1.10 Water sat. with salt...... 1.05 

Expansion of Gases from 32° to 212°. Volume at 32°=1%, 

Ghee fea canna — 
AAD oc eee eee I eR ED NINE |. 367 06 }| Nitrous oxide ...1 Atmosphere. .} 1.3179 

345 S + | 1-369 64 || Sulphurous acid es (tr) 
Hydrogen .. us «| 16366 13 : z a “ “9 tae 

venen £6 ae 1, 366 16 Garbodicoxid ie 6 
Carbonic acid, 1 ie eee ESGTOOO Te ee tea ++| 1.3669 

3-32 s§ ++ | 1.384 55 || Cyamogen...,... I Se ++ | 23877 

Expansion of Gases is uniform for all temperatures. 

Volume of One Pound of Various Gases at 32° under one Atmosphere. 
Cube feet. Cube feet. Cube feet. 

ATER Noe blew in eee 12:387 | Hydrogen.......: 178.83 | OXYZeN.... 1... eee 12.205 
Carbonic cis ween: 8,r1ox,| Nitrogen......... 12.753 |-Mercury 1.776 
Ether, vapor ...... 4.777 | Olefiant.......... 12.58 | StCAM ssi... eceeece 19.913 

Expansion of Air. (Dalton) | c 
" 

Temp. Segall | Temp. edias | Temp. expe | Temp. Bee Temp. ee | Temp 

ont Ontky ° @ te Wy FO ° i 

32 |= 40 | x.02r|| 60 | 1.066|| 80 | 1.110 || 100 | 1.152 || 392 |: 2.739 
33 | z-002|) 45 -| £032 ||..65.| 1-077 || 85 | t-rex || 200 .|.1.354 ||. 482 | 1.912 
34 | 1-004 || 50 | 4.043 |]. 70 | 1.089 |! 90 | 4-132 || 212 | 1.376 || 680, | 2.028 
35 | x.007 || 55 | 1-055]! 75 | 3-099 || 95 | 1-142 || 302 | 1.558 772 2.312 

To Compute Volume of a Constant Weight of uASisn or 
Permanent Gas for any Pressure. 

When volume at a given, pressure is. known, temperature remaining con- 
stant. RuLeE—Maultiply einen yolume. by given pressure and divide by 
new pressure, 
Exampin.—Pressure at Mw 92 Ibs. per sq. inch, and volume 16.91 cube foot 

what is volume at pressure of 13.86 lbs, 

16.91 X 13,86 + 18.92 = 12.39 cube feet, 
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sy oy Relative Densities of some Vapors. ‘ oat 

_Water.1. Alcohol 2.59, Ether 4.16. Spirits of Turpentine 8.06. Sulphur 3. 50. 

Volume, Pressure, and Density of Air at Various Tem- 
peratures. 

Volume and Atmospheric Pressure at 62° = 1. 

Volume of Density, or Volume of i 
= 1 Ib, of air at ear, weight 3 one x Ib, of air at pressure wae pat 
emper- | atmospheric | 145 Lit of | cube foot Temper- |atmospheric | ° OL at cube foot 
ature. pressure of a of air at ature. pressure of weight o of air at 

14.7 lbs. pore 14.7 Ibs. 14.7 lbs. Enel 14.7 lbs. 

° Cube feet. seek. Lbs., ° Cube feet. pores Lbs, 
0 -{}11-583,¢] 12.96 086 331 360 20.63 23.08 -048 476 
32 12.387 13.86 -080 728 380 21.131 23.64 +047 323 
40 12.586 14.08 -079 439 400 21.634 24.2 +046 223 
50 12.84 14.36 -077 884 425 22.262 24.9 -044.92 
62 13-141 14] -076 097 450 22.89 25.61 -043 686 
Jo 13-342 14.92 +07495 475 23.518 26.31 +042 52 
80-} 13.593 15.21 +073 505 500 24.146 27.01 :O4E 414 

99 13,845 15-49 +072 23 325 24-775 Tele. +040 364 
100 14.096 15-77 +070 942 550 25.403 28.42 -039 365 
120 14.592 16.33 :068 5 575 26.031 29.12 -038 415 
140 15. 16.89 1066 221 600 26.659 29.82 +037 5 
160 15.603 17.5 064 088 650 27-915 31-23 +035 822 
180 16. 106 18.02 -062 09 700 29.171 32.635 | .034 28 
200 16.606 18.58 .060 21 750 30.428 34.04 -032 865 
210 16.86 18,86 +059 313 800 31.684 35-445 | .031 56r 
212 16.91 18.92 +059 135 850 32.941 36.85, -030 358 
220 17-11 19-14 1058 442 goo 34-197 38.255 | -029 242 
240 17.612 19-7 -056 774 950 35-454 39:66 -028 206 
260 18,116 20,27 10552 1000 30.811 41.065 | .027 241 
280 18.621 20.83 +053 71 1500 49-375 55-115 | .020295 
300. 1g. 12t 21.39 +052 207 2000 61.94 69.165 | .o16172 
320 19.624 21.95 +050 959 2500 74.505 83.215 | .013 441 
340 20.126 22.51 +049 686 3000 87.13 97.2605 | .011499 

To Compute Volume of a Constant Weight of Air or, 
other Permanent Gas for. any other Pressure and 
Temperature. 

When volume is known at a given pressure and temperature. Ruie.—Mul- 
tiply given volume by given, pressure, and by’ new absolute, temperature, 
and divide by new pressure, and by given absolute temperature, 

ExamriE.—Given volume 16.91 cube feet, pressure 13.86 lbs., and temperature 
32°; what is volume at this temperaturo? - 

Temperature for volume’ 16.91 = 212°. 

16.91 X 13,86/x 32-+ 461+ 13.86 X 212+ 461 = 12.39 cube feet. 

To Compute.Pressure of a Constant Weight of Air or 
other Permanent. Gas for any other Volume and 
Temperature. 

_ When. pressure is known, for a given. volume.and temperature, RULE.— 
Multiply given pressure by new absolute temperature, and divide by given. 
absolute temperature. 

Norre.—<Absolute temperature is found by adding 461° to temperature. 

Exame.y.—Given pressure 13.86 lbs., and temperature at this volume 32°; what 
is pressure at temperature of 212°? 

13-86 X 212-+ 461 + 32+ 461 = 18.92 lbs, 
Xx 
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To Compute Volume of a Constant Weight of Air or 
other Permanent Gas at any Temperature. 

“Wien volume at a given’ temperature is known, pressure being constant. 
Rutr.—Multiply given volume by new absolute temperature, and divide 
by given absolute temperature. ‘ 

Absolute zero-point by different thermometrical scales is: Fahrenheit —461.2°; 
Reaumur —219.2°9; Centigrade —274°. 

ExaMPLE.—Volume of x 1b. air at 32° 12.387 cube feet; what is its volume at 
212°? 

12.387 X 212+ 461 + 32+ 461 = 16.91 cube feet. 

To Compute Increased Volume of a Constant Weight 
of Air. 

When initial volume at 62°=1 under 1 atmosphere. RuLte—To given 
temperature add 461, and divide sam by 523 (32 + 461). 
Examp_e.—Assume elements of preceding case. 

, 212° + 461 +523 = 1.287 comparative volume to x. 

To Compute Pressure of a Constant Weight of Air or” 
other Gas at 62°, and at14.7 Ibs. Pressure per Sq. In., 
with Constant Volume, for a given Temperature. 

Rure.—Add 461 to given temperature, and divide sum by 35.58. 

Examp_e.—Temperature is 212°; what is pressure? 

212+ 461 + 35.58 = 18.92 lbs. 

To Compute Volume, Pressure, Temperature, and 
Density of Air. 

t+ 46x t+ 46x t+ 462 
= V5 ———_=V; —=p}; r: _— ey a ; 30.8 ; Vora =p} V 2.7074 p— 461 =t; and 

Pp ; ; - 
2.71 aries =D. ¢ representing temperature, p pressure in Ibs. per sq. inch, V vol- 

ume in cube feet, and D weight of x cube fool at 14.7 lbs. per sq. inch. 

Product of volume and pressure of a constant weight of air, or any other 
permanent gas, is equal to product of absolute temperature and a coefficient, 
determined for each gas by its density. 

Or, Vp =C t+ 46x. 

Coefticients, as determined by volumes and consequent densities.* 
BIRD one cance neeens 2.71 | Hydrogen: .!.3. 3 TLOPS || OSVRCH so 5 cutee ones 
Carbonic acid........ 4.14 | Nitrogen. «s+ sj. se» 2.63 Mercury...... 
Ether, vapor......... 7-02 | Ol@fiant. .. 2. vesieste-2,67 ShEADI. ire wi sere wd pele 

* See D. K. Clark, London, 1877, page 349. 

Decrease of Temperature by Altitudes. 

In clear sky. ith cloudy sky. 
From 1 to. 1006 feet. sl. eedee aes 19 in 199 feetisemawl.L. +. 19 in one fect, 

x‘ 10000) ** 5 pen. BOVE aBBsS ot cers Eiktetasterale 10 rigs aye 
t (a9 20 000 a3 omnay 6 “e fom a3 46 SAAN HOPGSAUEDAO I 365 ivelelsra ol esstone digi tts ME 408 

To Compute Temperature to which a Substance of a 
given Length or Dimension must be Submitted or 
Reduced, to give it a Greater or Less Length or Vol 
ume by Expansion or Contraction. 

Lineal.— When Length is to be increased. pasa t=T. Land 1 represent- 

ing lengths of increased and primitive substance in like denominations, T and t tem- 
peratures of LL andl, and C expansion of substance for each degree of heat. 
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‘Iniustration:—A copper rod at 32° is 100 feet in length; to what temperature 
taust it be subjected. to increase its length 1.1633 ins. ?: : ; 

Expansion for a length of 100 feet of copper for 19 =.orrs. 

100 X 12-+ 1.1633 — 100 X 12 1.1633 geLU AES ce ee sOLI5 -O1I5 

When Length is to be reduced. a —T=t. 

ILLUSTRATION. —Take elements of preceding case. 

1201. 1633 — 1200 
— 133-16° = 101.16 — 133.16 = 329. rosie 133-1 IOI. 133.16 = 32' 

To Reduce Degrees of Mahrenheit to Reaumur and Cen= 
tigrade, and Contrariwise. 

Fahrenheit to Reaumur. Jf above zero.— Multiply difference 
between number of degrees and 32 by 4, and divide product by 9. 

Thus, 212° — 32° = 180°, and 180° X 4-9 = 80°. 2 

If below zero.—Add 32 to number of ‘degrees; multiply sum by 4, and 
divide product by 9. 

Thus, —40° + 32° = 72°, and 72° X 4-+ 9 = —32°. 

Reaumur to Fahrenheit. Jf above /reezing-point. — Multiply 
number of degrees by 9, divide by 4, and add 32 to quotient. 

Thus, 80° X 9+ 4 = 180°, and 1809 +32 = 212°. 

Tf below freezing-point.—Multiply number of degrees by 9, divide by 4, 
and subtract 32 from product. 

Thus, —32° X 9-4-4 = 72°, and 729 —32= —40?. 

Fahrenheit to Centigrade. If above zero.—Multiply difference 
between number of degrees and 32 by 5, and divide product by g. 

Thus, 212° — 32° X 5 +9 = 180° X 5 +9 = 100°. 

Tf below zero.—Add 32 to number of degrees, multiply sum by 5, and 
divide product by 9. 

Thus, —40° + 32° X 5+9=729 X 5--9= —40°. 

Centigrade to Fahrenheit. T[f above freezing-point.—Multiply 
number of degrees by 9g, divide product by 5, and add 32 to quotient. 

Thus, 100° X g +5 = 180°, and 180° +4 32= 212°. 

Tf below freczing-point.—Multiply number of degrees by 9, divide product 
by 5, and take difference between 32 and quotient. 

Thus, —10° X 9 + 5 = 189, and 18° ~w 32= 14°. 

Reaumur to Centigrade.—Divide by 4, and add product. 
Thus, 809 = 4 = 20°, and 20° + 80° = 100°. 

Centigrade to Reaumur. Divide by 5, and subtract product. 
Thus, 1009 + 5 = 20°, and 100° — 20 = 80°. 

Corresponding Degrees upon the Three Scales. 
Fabr, | Cent. a Fabr. Cent. |} Reaum. Cent, Reanm. 

80 

Fahr. 

212 100 32 ° ° —-40 —40 | —32 

To Compute Hxpansion of Fluids in Volume, 

Ruie.—Proceed by preceding formulas for computing length of a sub- 
stance. Substitute V and v for volume, instead of L and J, the lengths. 
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“ ILLusTRation.—A closed vessel contains 6 cube feet of water at a temperature éf 
40°; to what height will a column of it rise in a pipe 1.152 ins. in area, when it is! 
exposed to a temperature of 130°? fay I 

1.152 ins. =.008 sq. foot. C for water =.coo2229. 

6.12595 —6 

008 
6 (x + .000 2229 (130 — 40)) =.6.125 95, and = 15.744 lineal feet. 

Temperature by Agitation. 

Results of Experiments with Water enclosed in a Vessel and violently Agitated. 

Temperature of Air, 60.59; of Water, 59.5°. 

Duration Increase | Duration Increase {| Duration 
of Agitation. | of Temperature.|| of Agitation. | of Temperature.|| of Agitation. 

Increase 
of Temperature. 

Sahat | 
Hour, ' ° Hours. ° I Hours. ° 

“5 10 2 19-5 5 | 30-5 

I 14-5 et 29-5 | 6 42.5 

VENTILATION. 

Buildings, Apartments, ete. 

In Ventilation of Apartments—From 3.5 to 5 cube feet of air are required — 
per minute in winter, and 5 to ro feet in summer for each occupant. In 
Hospitals, this rate must be materially increased. : 

Ventilation is attained by both natural draught and artificial means. In 
first case the ascensional force is measured by différence in weight of two 
columns of air of same height, the height being determined by total difference 
of level between entrance for warm air and its escape into the atmosphere. 
The difference of weight is ascertained from difference of temperatures of 
ascending warm air and the external atmosphere, as by Table, page 521, or 
by formula, page 522. 

Volumes of Air Discharged through a Ventilator One 

Foot Square of Opening, at Various Heights and 
Temperatures, 

Height of | Excess of Temperature of Apartment Height of | Excess of Temperature of Apartment 
Ventilator above that of External Air, Ventilator, above that of External Air. 

from from 
Base-line.|| 5° | 10° | 15° | 20° | 25° | 30° |] Base-tine..| 5° | 29° |,15° | 20 | 25° | 30° 

Feet. .[6. ft fe.tt. [C.#t, [Cte Cte. 1Cvtt. | oBeet., — |c.tt. |ovtterOrtt. (ete. |ovte. [Oare, 
10 116 | 164 | 200 | 235 | 260 | 284 35 218 | 306 | 376 | 436} 486 | 53x 
15 142 | 202 | 245 | 284 | 318 | 348 40 235 | 329 | 403 | 465 | 518 | 570 

20 104 | 232 | 285 | 330 | 368 | 4o4 45 248 |348 | 427 | 493 | 552 | 605 
25 184 | 260 | 318 | 368 | 410 | 450 50 260 | 367 | 450 | 518 | 579 | 635 | 

30 2or | 284 | 347 | 403 | 450 | 493 55 270 | 385 | 472 | 54x | 605 | 663 

Velocity of draft having been ascertained for any particular case, together with 
volume of air to be supplied per minute, sectional area of both air passages may be 
computed from these data. 

Heating by Hot Water. 

One sq. foot of plate or pipe surface at 200° will heat from 40 to 100 cube 
feet of enclosed space to 70° where extreme: depression of temperature is 
=—-TO R 

The range from 4o to 100 is to meet conditions of exposed or corner 
buildings, of buildings less exposed, as intermediate ones of a cluster or 
block, and of rooms intermediate between the front and rear. 

When the, air is in constant course of change, as required for ventilation 
or occupation of space, these proportions are to be very materially increased 
as per following rules. WP No 
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In determining length of pipe for any. given space it is proper to include 
in the computation the character, and occupancy of the space. Thus, a 
church, during hours of service, or a dwelling-room, will require less service 
of plate or length of pipe than a hallway or a public building. 

Reduction of Heat by Surfaces of Glass or Metal.—In addition to the 
volume of air to be heated per minute for each occupant, 1.25 cube feet. for 
each sq. foot of glass or metal the space is enclosed with must be added. 
The communicating power of the glass and metal being directly proportion- 
ate to difference of external and internal temperature of the air. Thus, 80 
feet, of glass will reduce 100 feet of air per minute. 

When Pipes are laid in Trenches in the Earth.—The loss of heat is es- 
timated by Mr. Hood at from 5 to 7 per cent. 

Circulation of Water in Pipes.—In consequence of the complex forms of 
heating-pipes and the roughness of their internal surface, it is impracticable 
to apply a rule to determine the velocity of circulation, as consequent upon 
difference of weights of ascending and descending columns of the water. 

For a difference of temperature in the two columns of 30°. (190° — 160°) 
and a height of 20 feet, the velocity due to the height would be 3.74 feet. 
In practice not .3, and in some cases but .1, would be attained. 

In Churches and Large Public Rooms, with ordinary area of doors and windows 
and moderate ventilation, a large amount of heat is generated by the respiration 
of the persons assembled therein. 

Tn these cases it is not necessary to heat the air above 55°, and a rule that will 
meet the ordinary ranges of temperature from 10° is to divide yolume in.cube 
feet by 200, and quotient will give area of plate in sq. feet or length of 4-inch pipe 
in lineal feet. i 

Volume of Air required per Hour for each Occupant in an Enclosed Space. 
(General Morin.) 

Cube Feet. Cube Feet. Cube Feet, 
Hospitals..., 2100 to 3700 | Lecture-rooms 1000 to 2100 | Prisons....... 1800 
Workshops .. 2100 ‘* 3500 | Theatres....., 1400 ‘‘1800 | Schools,...... 424 to 1060 

To Compute Length of Iron Pipe required to Heat Air 
in’ an EKinelosed Space. 

By Hot Water. 

‘ Rute.—Multiply volume of air to be heated per minute in cube feet by 
difference of temperatures in space and external air, divide product by differ- 
ence of temperatures of surface of pipe and space, multiply result by follow- 
ing coeflicients, and product will give length of pipe in feet. 

For diameter of 4 ins. multiply by .5 to .55, for g ins. by .7 to..75, and for 
2 ins. by x to 1.1. 

A pipe 4 ins. in diameter, .375 inch thick, and x foot in length has an 
area of internal surface of 1.05 sq. feet. 

ExampLy.—Volume of a room, of a protected dwelling is 4ooo, cube feet; what 
length of 4 ins. pipe, at 200°, is necessary to maintain a temperature of 70°, when 
external air is at 0°? 

4000 X 70 —0 
200 — 70 

In computing length of pipe or surface of plate it is to be borne in mind 
that the coefficients here given and computation in following table are based 

-upon a ventilation or change of air ordinarily of 3.5 to 5 cube feet per 
person, and from 5 to ro cube feet in summer per minute. Hence, when 
the pelety is restricted the coeflicient may be correspondingly in- 
creased, 

x .4 = 862 feet. 
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Lengths of Four-Inch Pipe to Heat 1000 Cube Feet. 
of Air per Minute. (Chas. Hood.) 

Temperature of Pipe 200°. 

Soepernture Temperature of Building. > i 

External Air. | 45° 50° 55° 60° | 65° 7o° | 75° | 80° } 85° | go® 

° Feet. | Feet. | Feet. | Feet. Feet. | Feet. i Feet. | Feet. } Feet. | Feet. 
10 126 150 174 200 229 259 | 292 328 367 409 
16 105 127 I5r | 176 204 223 | 265 300 | 337 378 
20 gt 112 135 | 160 187 216 | 247 28r 318 358 
26 69 go,,| x12 | 136. | .162-] 190 | 220 | 253 | 288 | 327 
30 54 75 g7°'| 120 | 145'] 173 | 202 | 234 | 269 ‘| 307 
36 32 52 73 96 | 120 | 147. | 175 | 206.) 239 | 276 
40 18 37 53 80. |. 104 129 | 157 187 220 | 255 
50 ~ — 19 49 62 86 | 112, |, 140 | 172 | 204 

Proper Temperatures of Enclosed Spaces. 

| Temper- Temper- 
SPAcEs, f ature Spacks. ature 

required. required, 

° ° 
Work-rooms, manufactories, etc.|. 55 || Dwelling-rooms........ Re acas 79 
Churches and like spaces......- 55 GYANCEIOS. ..10'0'ein paid prises hid 7O 
GOON DONKES.. o:.\<icte.s cleleieciele waleeie | 55 | Hot-houses nvactis eniieeie ace aerecats 80 
Schools, lecture-rooms.........- 58 | Drying-rooms, when filled salami 80 
Halls, shops, waiting-rooms, ete.|') 60 Ye ‘« ~~ for curing paper.. 70 
Dwelling-rooms,............ Per ee, 1 ee SOLU tA AE Ge Sf St 120 

Boiler. 

Boiler for steam-heating should be capable of evaporating as much water 
as the pipes or surfaces will condense in equal times. Mr. Hood recom- 
mends that 6 sq. feet of direct heating-surface of boiler should be provided 
to evaporate a cube foot per hour, Adopt mean weight of steam of 5 Ibs. 
above pressure of atmosphere, or 20 lbs. absolute pressure, condensed per sq. 
foot of pipe per degree of difference of temperature per hour, viz., .oo2 35 Ib. 
(as given by D, K, Clark), the quantity of pipe or plate surface that would 
form a cube foot of condensed water per hour, weight of like volume of 
water 62.4 lbs., would be, per 1° difference of temperature, 

62.4 + .002 35 = 26550 sq. feet, and for differences of 168°, 158°, 148°, and 108°, 
he surface would be respectively (26 550168 = 158) 158, 168, x79, and 246 
sq. feet. 

Hence, assuming, as previously stated, that 4 sq. feet of direct and effec- 
tive heating boiler-surface, or its equivalent flue or tube surface, will evap- 
orate 1 cube foot of water per hour, 158 sq. feet of steam-pipe or plate will 
require 4 sq. feet of direct surface, etc., for a temperature of 60°, and cor- 
respondingly for other temperatures. 

Boiler-power.—One sq. foot of boiler-surface exposed to direct action of 
fire, or 3 sq. feet of flue-surface, will suffice, with good coal, for heating 50 
sq. feet of 4-inch, 66 of 3-inch, and 100 of 2-inch pipe. Mr. Hood assigns the 
proportion at go feet of 4-inch pipe for all purposes. Usual rate of com- 
bustion of coal is ro or 12 Ibs. per sq. foot of grate-surface, and at this rate, 
20 sq. ins. of grate suffice for heating 4o feet of 4-inch pipe. 

Four sq. feet of direct heating boiler-surface, or equivalent flue or tube 
surface, exposed to direct action of a good fire, are capable of evaporating 
x cube foot of water per hour. : ne 

According to M. Grouvelle, x Sq. meter of pipe-surface (10.76 sq. feet), héated to 
60° an ordinary room alike te a library or office, of from go to roo cube meters 
(3178 to 3531 cube feet). AGAR IED 
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Ifa workshop to be heated to a high temperature, 1 sq. meter (x0.76 sq, feet) of 
surface is assigned to 70 cube meters (2472 cube feet) = 4.35 sq. feet or 5.11 lineal 
feet of 4-inch pipe per 1000 cube feet. 

For heating workshops, having a transverse section of 260 sq. feet, with a window- 
surface of one sixth total surface, it is customary in France to assign 1.33 sq. feet 
of iron pipe surface per lineal foot of shop = 5.2 sq. feet per ro00 cube feet. 

Illustrations of extensive Heating by Steam. . (R. Briggs, M.I..C.E.) 
1, Total number of rooms, including halls and vaults. .2..0.. vies! 286 

‘¢ Area of floor surface ..... Parra beld ubivihavis's ciclele ssic steisiee 137 370 Sq. feet. 
‘¢ Volume of rooms...... sinigielaine'sioista's plq.cls'n\o/s/a.p = stapaersly I 923 500 Cube feet. 
 =Numberiotoccupants (Oise ome oes eae 3..° 650 

Maximum average of occupants at any time..........scesee0s 1300 
Volume per occupant, excluding vaults .............ceeeeeess 1443 cube feet. 

Boilers. —8 with 173 sq. feet of grate surface and 8000 ‘sq. feet of heating. surface, 
Furnishing steam in addition to the above, to operate. the elevators and electric 
dynamos, elevating water, and supplying steam to heat a distant building, requiring 
one third of their capacity. 

By Steam. 

To Compute Length of Iron Pipe required to Heat Air 
in an Hinclosed Space, with Steam at 5 lbs. per Sq. 
Inch above Pressure of Atmosphere, 

Ru.e.—Multiply volume of air in cube feet to be heated per minute, by 
difference of temperature in space and external air, divide product by coeffi- 
cients in preceding table, and quotient will give length of 4-inch pipe in 
lineal feet, or area of plate-surface in sq. feet. 

Temperature of steam at 5 lbs.+ pressure = 228°. Hence, if temperature of space 
required is 60°, 70°, 80°, or 120°, the differences will be 168°, 158°, 148°, and 108%, 
which for a coeflicient of .5, as given in rule for hot water, would be 336, 316, 296, 
and 216, for a pipe 4 ins. in diameter, and for 

60° 70° 80° 120° 
g-inch pipes..)..2.e52! 11237 222 162 
2a shin. bv wo said oi 168 158 148 108 
RRS Ge Bert 84 79 74 54 

ILLUSTRATION.—Volume of combined spaces of a factory is 50,000 cube feet; what 
surface of wrought-iron plate at 200° is necessary to maintain a temperature of 50° 
when external air is at 0°? 

SCO SUT? yy 4 = 6666 square feet. 
200 — 50 

Coal Consumed per Hour to Heat 100 Weet of Pipe. 
(Chas. Hood.) 

Diam. of Difference of Temperature of Pipe and Air in Space, in Degrees, 

Pipe. | 150 | ras | 140] 135 | 130] 125 | 120,] x25 | 110 | 105 | 100] 95,| 90 | 85 | 80 

Ins, Lbs.| Lbs.| Lbs. | Lbs.| Lbs.} Lbs.) Lbs.) Lbs.| Lbs. | Lbs. | Lbs.) Lbs.) Lbs.| Lbs.| Lbs. 

I Fe Bopp rey, [rer fz L 91 Qf} Bf. 8] for) 7 [ur fo-6 156 
2 2.3) 2.2 | 22) 2271.2 1.9} 1.8} 1.8] 2.7} 2-6] 1-5 | 164 |1-4 | 1-3} 12 
3 35134/331/32/3 |29]28)27]25)]2-4]23)22] 27) 2 1.8 
4 471451441421 4-213.913-7 136134132132 129] 28] 26] 25 

To warm a factory, according to M. Claudel, 43 feet in width by ro.5 high, a single 
line of hot-water pipe 6.25 ins. in diameter per foot of length of room, appears to be 
sufficient, temperature in pipe being from 170° to 180°. Also, water being at 180°, 
and air at 60°, making a difference of 120°, itis convenient to estimate from 1.5 
to r.75 sq. feet of water-heated surface as equivalent to one sq. foot of steam-heated, 
surface, and to allow from 8 to 9 sq. fect of hot-water pipe-surface per 1000 cube 
feet of room. | ‘ . 

M. Grouvelle states that 4 sq. feet of cast-iron pipe-surface, whether heated by 
steam or by water at 176° to 194°, will warm 1000 cube feet of workshop, main- 
taining a temperature of 60°. Steam is condensed at rate of .328 Ib. per sq. foot 
per hour. iy ‘ i 
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2, (R. L. Greene.) Length of fronts of buildings...............-- 2000 lineal feet. 
Total volume ie rooms...... aN 2S ... 2574084 cube feet. 
Radiating surfaces, direct, 10804.......... 

indirect, 23296.....-...- | 34100 89. feet. 
Boilers. —Grate-surface. ..... Lite dope sc 180 = 

Heating surface oo ere ee see clone 5 863 ne 

Volume of Air Heated by Radiators 5 Consumption of 

Coal; Areas of Grate and Heating-surface of Boiler. 

(Rob’t Briggs.) 

Per 100 Sq. Feet of Warming-surface of Radiator. 
Pressure of steam per sq. inch + 

atmosphere im 108. ee.06+++++ serdeld rab 3 ox 3° 60 

BSc ae a Ne oP nef al | Sn a 
if i ° in- 

ute in cube foth ners esses} | 25410 | 26772 | 29570 | 3535e | 40803 
Efficiency of radiators in ratio....| 1 1.066 1.178 1.408 1.625 
Coal consumed per hour in /6s:...! 3.04 3-24 3-58 4.28 4:94 
Area of grate consuming 8 lbs, Z 5€ vig 

coal per hour in squJeet.,.cesraces ‘ ie 405 448 
WO! nar IWS. ome vines mole ae nen _— — 298 +357 412 ~ 
Heating surface of boiler; coal) 

consumed per hour X2.8 in sq. feet § 8.512 |... 9072.1, $902, | 1721-98. | 13.88 
CUNSESS CREF Ree Ret hoe eee ee 22.4 22.4 22:4 od — 
CED US “e > a BE RY =e INE 7 — 33-6 33.6 33:6 

By Hot-Air Furnaces or Stoves. 

A square foot of heating surface in a hot-air furnace or stove is held to 
be equivalent to 7 sq. feet of hot water pipe. 

M. Peclet deduced that when the flue-pipe of a stove radiated its heat 
directly to air of a space, the heat radiated per sq. foot per hour, for 1° 
difference of temperature, were, for: Cast iron, 3.65 units; Wrought iron, r.45 
units, and Terra cotta .4 inch thick, 1.42 units. 

In ordinary practice, 1 sq. foot of cast iron is assigned to 328 cube feet 
of space. 

Open Fires. 

According to M. Claudel, the quantity of heat radiated into an apart- 
ment from an ordinary fireplace is .25 of total heat radiated by combustible. 

Yor wood the heat utilized is but from 6 to 7 per cent., and for coal 13 per 
cent, 

In combustion of wood, chimney of an ordinary open fireplace draws 
from rooo to 1600 cube feet of air per pound of fuel, and a sectional area 
of from 50 to 60 sq. ins. is sufficient for an ordinary apartment. 

Proportions of fuel required to heat an apartment are: For ordinary fire- 
places, 100; metal stoves, 63; and open fires, 13 to 16, 

Eurnaces. 

By D. K. Clark, from investigations of Mr. J. Lothian Bell. rf 

Cupola.—M. Peclet estimates that in melting pig-iron by combustion 
of zo per cent. of its weight of coke, 14 per cent. only of the heat of combus- 
tion is utilized. 

Metallurgical.—<According to Dr, Siemens, 1 ton of coal is‘consumed 
in heating 1.66 tons of wrought iron to welding-point: of 2700°, and a ton 
of coal is capable of heating up 39 tons.of iron; from which it appears that 
only 4.5 per cent. of whole heat is appropriated by the iron. Similarly, he 
estimates 1.5 per cent. of whole heat generated is utilized in melting pot 

~~ 
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steel in ordinary furnaces, whilst, in his regenerative furnace, x ‘ton of steel 
is melted by combustion of 1344 ‘Ths. of sniall coal, showing Bens 6 per cent. 
of the heat is utilized. 
~ Blast-furnace.—Mr. Bell has formed detailed estimates of appro- 
priation of the heat of Durham coke in a blast-furnace ; from which is de- 
Se following abstract : 

~ Durham coke consists of 92.5 per cent, of carbon, 2.5 of water, and 5 of 
ash and sulphur. ‘To produce r ton of pig-iron, there are required 1232 Ibs. 
of limestone, and 5388 lbs. of calcined iron-stone; the iron-stone consists of 
2083 lbs. of iron, 1008 lbs. of oxygen, and 2509 lbs. of earths. ‘There is 
formed 813),1bs. of slag, of which 123 Ibs, is formed: with ash of the coke, 
and. 690 lbs. with the limestone. There are 2397 lbs.,of earths from the i iron~ 
stone, less 93 lbs. of bases taken up by the pig-iron and dissipated in fume, 
say 2314 lbs. ‘Total of slag and earths, 3127 lbs. 

Mr. Bell assumes that 30.4 ‘per cent. of the carbon of the fuel, which es- 
capes: in a gaseous form, is carbonic acid; and that, therefore, only 51.27 
per cent. of heating power ‘of fuel is developed, and remaining 48.73 per 
cent. leaves: tunnel-head undeveloped. He adopts, asa unit of beat, the 
heat required to raise the temperature of 112 lbs. of water 33.8°. 

HYDRAULICS. 

Descending Fluids are actuated by same laws as Falling Bodies. 

A Fluid will fall through 1 foot in,.25,0f a second, 4 fect in .5 of a 
second, and through g feet in -75 of a second, and so on, 

Velocity of a fluid, flowing through an aperture in side of a dastel; 
reservoir, or bulkhead, is same that a heavy body would aequire by fall. 
ing freely from a height equal to that between surface of fluid and 
middle of aperture. 

Velocity of a fluid flowing out of an aperture is as square root of 
height of head of fluid. Theoretical velocity, therefore, in feet per sec- 
ond, is as square root of product of space fallen through in feet and 

64.333 = V 2gh; consequently, for one foot it is V 64.333 = 8.02 fect. 
Mean velocity, however, of a number of experiments gives 5.4 feet, 
or .673. 

In short ajutages accurately rounded, and of form of contracted vein, 
(vena contracta), coefficient of discharge = = .974 of theoretical. 

Fluids subside to a natural level, or curve similar to Narth’s convexity; apparent 
level, or level taken by any instrument for that purpose, is only a tangent to Karth’s 
circumference; hence, in leveling for canals, etc., difference caused by Earth’s cur- 
vature must be deducted from apparent level, to obtain true level. 

Deductions from HWxperiments on Discharge of Fluids 
from Reservoirs. 

x. That volumes of a fluid discharged in equal times by same ppextaires 
from same head are nearly as areas of apertures. 

‘2, That volumes of a fluid discharged in equal times by same apertures, 
under different heads, are nearly as square roots of corresponding heights 
of fluid above surface. of apertures, 

3. That, on account of friction, small-lipped or thin orifices discharge pro- 
portionally more fluid than those which are larger and of similar figure, 
under same height’ of fluid. 

aX 
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4, That in consequence of a slight augmentation which contraction of the . 
fluid vein undergoes, in proportion as the height of a fluid increases, the flow 
is a little diminished. : 4 

5. That if a cylindrical, horizontal tube is of greater length than its di- 
ameter, discharge of a fluid is much increased, and may be increased with 
advantage, up to a length of tube of four times diameter of aperture. 

6. That discharge of a fluid by a vertical pipe is augmented, on the prin- 
ciple of gravitation of falling bodies; consequently, greater the length of a 
pipe, greater the discharge of the fluid. 

7. That discharge of a fluid is inversely as square root of its density. - 

8. That velocity of a fluid line passing from a reservoir at any point is 
equal to ordinate of a parabola, of which twice the action of gravity (2 9) 
is parameter, the distance of this point below surface of reservoir being the 
abscissa.* Or, velocity of a jet being ascertained, its curve is a parabola, 
parameter of which = 4 h, due to velocity of projection.t+ 

g. Volume of water discharged through an aperture from a prismatic 
vessel which empties itself, is only half of what it would have been during 
the time of emptying, if flow had taken place constantly under same head 
and corresponding velocity as at commencement of discharge; consequently, ~ 
the time in which such a vessel empties itself is double the time in which 
all its fluid would have run out if the head had remained uniform. 

to. Mean velocity of a fluid flowing from a rectangular slit in side of a 
reservoir is two thirds of that due to velocity at sill or lowest point, or it is 
that due toa point four ninths of whole height from surface of reservoir. 

iz. When a fluid issues through a short tube, the vein is less contracted 
than in preceding case, in proportion of 16 to 13; and if it issues through 
an aperture which is alike to frustum of a cone, base of which is the aper- 
ture, the height of frustum half diameter of aperture, and area of small end 
to area of large end as ro to 16, there will be no contraction of the vein. 
Hence this form of aperture will give greatest attainable discharge of a fluid. 

12. Velocity of efflux increases as square root of pressure on surface of a 
fluid. Se) 

13. In efflux under water, difference of levels between the surfaces must 
be taken as head of the flowing water, 

14. To attain greatest mechanical effect, or vis viva, of water flowing 
through an opening, it should flow through a circular aperture in a thin 
plate, as it has less frictional surface. 

From Conduits or Pipes. (Bossut.) 

1. Less diameter of pipe, the less is proportional discharge of fluid. 

2. Discharges made in equal times by horizontal pipes of different lengths, 
but of same diameter, and under same altitude of fluid, are to one another 
in inverse ratio of sq. roots of their lengths. 

3. In order to have a perceptible and continuous discharge of fluid, the 
altitude of it in a reservoir, above plane of conduit pipe, must not be less 
than .082 ins. for every 100 feet of length of pipe. 

4. In construction of hydraulic machines, it is not enough that elbows and 
contractions be avoided, but also any intermediate enlargements, the in- 
jurious effects of which are proportionate, as in following Table, for like 
volumes of fluid, under like heads in pipes, having a different. number. of 
enlarged parts. ib 

rl No. No,, , 
_ of Parts, of Parts. 

“TAR elke 3 -569 5 454 
* See D’Aubuisson, page 66. \ +t Humber, page 57. 

Velocity. 
No, No. < os 

of Parts. of Parts. | Velocity. Velocity. | Velocity.” 
' 

° I I 
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Flowing of liquids through pipes or in natural channels is materially af- 
fected by friction, _ ; a 
_ If equal volumes of water were to be discharged through pipes of equal 
diameters and lengths, but of following figures: 

Fig. 2. ; Fig. 3. Fig. x. 

I2— 
Y Uddddddde, Vdd \Z leg J 

. Figs. 1. 2. 3. 

The times would be as...+..+++++ srteg p vida wejd- hi > pay 1.41, and 1.55, 
ANG VElOCtieS AS. Tove wesc reser re ccvecesterceacs I, +72, and 64, 

Discharges from Compound or Divided Reservoirs. 

Velocity in each may be considered as generated by difference of heights 
in contiguous reservoirs; consequently, square root of difference will rep- 
resent, velocities, which, if there are several apertures, must be inversely as 
their respective areas, 
Norr.—When water flows into a vacuum, 32.166 feet must be added to:height of 

it; and when into a rarefied space only, height due to difference of external and 
internal pressure must be added. 

VELOCITY OF WATER OR OF FLUIDS. 

Coefficients of Discharge. 

Coefficient of Discharge or Efflux is product of coefficients of Contraction 
and Velocity. 

It is ascertained in practice that water issuing from a Circular Aperture 
in a thin plate: contracts its section ata distance of .5 its diameter from 
aperture to very nearly .8 diameter of aperture, so as to reduce its area 
from x to about .61.* Velocity at this point is also ascertained to be about 
.974 times theoretical velocity due to, a, body falling from a height equal 
to head of water. Mean velocity in aperture is therefore .974, which, x 
.61 = .594, theoretical discharge; and in this case .594 becomes coefficient of 

_ discharge, which, if expressed generally by ©, will give for discharge itself 

aVz2ghXO=V. arepresenting area of aperture, and V volume discharged per 
second. Or, 4.95 @V~h=V. OF, 3.91 d2./h=V. ‘d representing diameter in feet. 

Hence, for cube feet per second, 4.95 aW/h, or 3.91 d? Vh. 

ILLUSTRATION, Assume head of water 10 feet, diameter of opening 1.127 feet, 
area x sq. foot, and C = .62. 

Then 1-V2 9 10 X .62 = 15.72 cube feet, 4:07 X KX o/10= 15.72 cube feet, and 
3-91 X 1.1277 X 1/10 = 15.7 cube feet. 

For square aperture it is.615, and for rectangular .62r. ‘ 

Volume of water or a fluid discharged in a giyen time from. an aperture 
of a given area depends on head, form of aperture, and nature of approaches. 

v2 

64-333 
Nore. — Head, or height, h, may be measured from surface of water to centre of 

aperture without practical error, for it has been proved by Mr. Neville that for cir- 
cular apertures, having their centre at the depth of their radius below the surface, 
and therefore circumference touching the surface, the error cannot exceed 4 per 
cent. in excess of the true theoretical discharge, and that for depths exceeding three 

64.333 = v2, and =h, hrepresenting height to centre of opening in feet. 

* Bayer, .6r., Observed discharges of water coincide nearer to unit of Bayer than that of all others. 
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times the diameter, the error is practically immaterial. For rectangular apertures 
it\is also'shown that, when their upper side is at surface of the water, as in notches, 
the extreme error cannot exceed 4.17 per cent. in excess; and when the upper is 
three times depth of aperture below the surface, the excess is inappreciable. : 

For notches, weirs, slits, etc., however, it is usual to take full depth for head, when 
.666 only of above equation must be taken to ascertain the discharge. i 

Experiments show that coeffictent.for similar apertures in thin plates, for 
small apertures and low velocities, is greater than for large apertures and 
high velocities, and that for elongated and small apertures it is greater than 
for apertures which have a regular form, and which approximate to the 
circle, 2 — 

When Discharge of a Fluid is under the Surface of another body of a 
like Fluid,—The difference of levels between the two surfaces must be taken 
as the head of the fluid. ; 

Or, Veg (h—l’) =». 

When Outer Side of opening of a discharging Vessel is pressed by a Force. 
—The difference of height of head of fluid and quotient of pressures on two 
sides of vessel, divided by density of fluid, must be taken as heads of fluid. 

Or, wi) 2g (a 222 xX) =v. S representing density of fluid. 

ILLUSTRATION.—Assume head of water in open reservoir is 12 feet above water- 
line in boiler, and pressures of atmosphere and steam are 14.7 and 19.7 Ibs. 

}7 — 14-7 X 144 : ¥ 5 X 144 Then / ( — BIT XA) — / 64.35 ( _ 5X 144) _ 2g(12 Gs ; 4-333 X (12 as 5.56 feet. 

When Water flows into a rarefied Space, as into Condenser of a Steam- 
engine, and ts erther pressed upon or open to Atmosphere.—The height due to 
mean pressure of atmosphere within condenser, added to height of water 
above internal surface of it, must be taken as head of the water. 

Or, Vag (hh) =». 

ILLUSTRATION. —Assume head of water external to condenser of a steam-engine to 
be 3 feet, vacuum gauge to indicate a column of mercury of 26.467 ins. (= 13 Ibs.), 
and a column of water of 13 lbs.= 29.9 feet. 

Then V2 9 (3 +29.9) = V64.333 X 32.9 +/2116.57 = 46 feet. 

Relative Velocity of Discharge of Water through differ= 
ent Apertures and under like Heads. 

Velocity that would result from direct, unretarded action of the column of 
water which produces it, being a constant, 07. .... 22. ceeececcccccccce aek eT ( 
Through a cylindrical aperture in a thin plate..............0..ccceevecs -625 
A tube from 2 to 3 diameters in length, projecting Outward. .....2....... ' 83125 
A tube of the same length, projecting inward....... nretelorate DS Pea ise 6812 
A conical tube of form of contracted vein.. 0. ....... eee ee eee ec eee vee 3074 
Wide opening, bottom of which is on a level with that of reservoir; 

sluice with walls in a line with orifice; or bridge with pointed Diets ees 
Narrow opening, bottom of which is on a level with that of reservoir; 

abrupt projections and square piers of bridges F 
Sluice without sidetwallss BU isa Pee NS. SS coe HatOOSs 637" 

Discharge or Hfflux of Water for various Openings and 
Apertures. ere ere ht 3 

* Rectangular Weir. 

Weirs are designated Perfect when their sill is above surface of natural 
stream, and Jmpenfect, Submerged, or Drowned when it is below that surface, 
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Height measured from Surface of Water to Sill, (Jas. B. Francis.) 
Mean Head. Length of Opening. | Mean Discharge per Second. | Mean Coefficient. 

.62 tox.55 fect, |  xofect. 32.9 cube feet, 623 

Principal causes for variation in coefficients derived from most experi- 
ments giving discharge of water over weirs arises from, 

x. Depth being taken from only one part of surface, for it has been proved, 
that heads on, at, and above a weir should be taken in order to determine 
true discharge. 

2. Nature of the approaches, including ratio of the water-way in channel 
above, to water-way on weir. : 

When a weir extends from side to side of a chamnel, the contraction is 
less than when it forms a notch, or Poncelet weir, and coefficient sometimes 
rises as high as .667. 

When weir or notch extends only one fourth; or a less portion of width, 
coefficient has been found to vary from .584 to .6. 

When wing-boards are added at an angle of about 64°, coefficient is greater 
than even when head is less, 

Computation of Volume of Discharge. 

Mean velocity of a fluid issuing through a rectangular opening in 
side of a vessel is two thirds of that due to velocity at sill or lower 
edge of opening, or it is that due to a point four ninths of whole height 
from surface of fluid, 

Height measured from Surface of Head of Water to Sill of Opening. 

Ruie.—Multiply square root of product of 64.333 and height or whole 
depth of the fluid in feet, by area in feet, and by coefficient for opening, and 
two thirds’ of product will give yolume in'cube fect per second. 

cies Vv Vv 
Sbh hl C=V; =t; and {—==) + =nh. Or, ¢ v2 gr ’ 2ohVagh C } (eats) 2g 

t representing time in seconds and V volume in cube feet. 

ExAmpie.—Sill of a weir is x foot below surface of water, and its breadth is 10 
feet; what volume of water will it discharge in one second? 

C=.623, V64.33%1X yo X 1 = 80.2, and $ 80.2 X .623 = 33.32 cube feet. 

Nore.—Méan coefficient of discharge of weirs, breadth of which js no more than 
third part of breadth of stream, is two thirds of .6=.4; and for weirs which extend 
whole width of Stream it is two thirds of .666 =. 444. 

Or, 214 Vh3 = V in cube feet per minute. When h is in ins., put 5.15 for 214. 

Or, CbhV2gh-==V. C for adepth .x of length = .417, and for 133 of length =.4, 
8 

Or, by formula of Jas. B. Francis: 3.33 (L—.x  H) He =V. 

L vepresenting length of weir and H depth of water in canal, sufficiently far from 
weir to be unaffected by depression caused by the current, both in Jeet, and n number 
of end, contractions. 

Norr.—When contraction exists at each end of weir, m= 2; and when weir is of 
width of canal or conduit, end contraction does not exist, and n =o. 

This formula is applicable only to-rectangular and horizontal weirs in side of a 
dam, vertical on water-side, with sharp edges to current; for if bevelled or rounded 
off in any perceptible degree, a material effect will be produced in the discharge; 
it is essential also that the stream, after passing the edges, should in nowise be 
restricted in its flow and descent. , 

Meow 
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In cases in which depth exceeds one third of length of weir, this formula is not 
applicable. In the observations from which it was deduced, the depth varied from 
7 to nearly 1g ins. : 

With end contraction, a distance from side of canal to weir equal to depth on 
weir is least admissible, in order that formula may apply correctly. 

Depth of water in,canal.should not be less than three times that on weir for ac- 
curate computation of flow. 

IttustraTion.—If an overfull weir has a length of 7.94 feet and a depth of .986 
(as determined by a hook-gauge), what volume will it discharge in 24 hours? 

8 ee 

3:33 (7-94 —-2 X .986) .986” = 3.33 X 7.94 —-1972 X -97907 = 3-33 X 7-7428 X 
979.07 = 25-243 875, Which X 60 X 60 X 24 = 2181 o61 cube feet. 

By Logarithms.—Log. 3.33 = .522444 
7.7428 = .888 898 

38 

.986” =i. 993 877 

3 

2) 1.981 631 

1.990 a15 = 3.990 815 

1.402157 
Log. 24 hours = 86 400 seconds. 4-936 514 

6.338 671 

Log. 6.338 67 =2 181 073 cube feet. C in this case = .6r5. 

Or, 214VH3 and 5.15 Vh3 =V, if stream aboye the sill is not in motion. H 
representing height of surface of water above sill in feet, h in inches; and 

214 VH3+ .035 v2 H3=V, if in motion. wv representing velocity of approach of 
water in feet per second, and V volume in cube feet discharged over each lineal foot 
of sill per minute, 

In gauging, waste-board must have a thin edge. Height measured to level of sur- 
face not affected by the current of overfall. (Molesworth.) é 

To Compute Depth of Flow over a Sill that will Dis- 
charge a given Volume of Water. 

DOA Aa ba ting height due to velocity (v) as it = ic [A 3 a represen ing height due to velocily (v) as vi 

Govern ) 29 . < 
Jiows to the weir. 

Norr.—When back-water is raised considerably, say 2 feet, velocity of water ap- 
proaching weir (J) may be neglected. 

Rectangular Notehes, or Vertical Apertures or Slits. 

A Notch is an opening, either vertical or oblique, in side of a vessel, reser- 
voir, ete., alike to a narrow and deep weir. 

Vertical Apertures or Slits are narrow notches or weirs, running to or 
near to bottom of vessel or reservoir. 

Coefficient for opening, 8 ins. by 5, mean .606 (Poncelet and Lesbros). 

Coefficient increases as depth decreases, or as ratio of length of notch to 
its depth increases. 

When sides and under edge ofa notch increase in thickness, so as to be converted 
into a short open channel, coefficients reduce considerably, and to an extent beyond 
what increased resistance from friction, particularly for small depths, indicates. 

Poncelet and Lesbros found, for apertures 8 x 8 ins., that addition ofa horizontal 
shoot 21 ins. long reduced coefficient from .604 to .6o1, with a head of about 4 feet; 
but for a head of 4.5 ins. coeflicient fell from .572 to .483. 

For Rule and Formulas, see preceding page. 
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Rectangular Openings or Sluices, or Horizontal Slits. 

Height measur ured fiers Su pce o Head of Water to Upper Side and, to Sul 
of Opening. — / 

Opening, I inch by I inch. Head, 7 to 23 feet. Aatent 
Coefficient for 3 3. pS a eo 28 fc -614, 

te 2 feet ie font Pe Doers FOAM. 

Poncelet and Lesbros deduced that coefficient of rake increases with small 
and very oblong apertures as they approach the surface, and decreases with large 
and square apertures under like circumstances. 

Coefficients ranged, in square apertures of 8 by 8 ins., under ahead of 6 ins. to 
rectangular apertures, 8 by 4 ins. ; under a head of xo feet, from .572 to .745. 

In a Thin Plate,C = .616 (Bossut) ; ‘C ='.61 (Michelotti): 

To Compute Discharge. 

Rute.—Multiply square root of 64.333 and breadth of opening in feet, by 
coefficient for opening, and by difference of products of heights of water and 
their square roots, and two thirds of whole product will give discharge in 
cube feet per second. 

Vv ) 
Or, > bV2g (hVh—W VW’) C=V; — z=t; and 

“3 yi BOM 2g Ryh— WhO 
Mean =v. hand’ representing depth to sill and opening in feet, and v velocity 

in feet per second. 

ExampLe. —Sill of a rectangular sluice, 6 feet in width by 5 feet in depth, is 9 feet 
below surface of water; what is discharge in cube feet per second? 

C=.625, 9—5—4. and 5 V29X6X .625X(9V9~4X V4) = 380.95 cube feet. 

Or, VzgdaC=V. a representing depth to centre of opening in feet. 

d=9—25=6.5, 4G=6X% 5 = 30, ahd V64.33 X 6.5 X 30 X .625 = 383.44 cubes. 

Sluice Weirs or Sluices. 

Discharge of water by Sluices occurs under three forms—viz., Unimpeded, 
Impeded, or Partly Unimpeded. 

To Compute Discharge when Unimpeded. 

CdbV2gh=V. d representing depth of opening and h taken from centre of 
opening to surface of water. 

If velocity, %, with which water flows to sluice is considered, 
r Vv : 

zy ¥ Jikan; : id; and Ses 

CoV2gh , cbx/2g(n—<) 

nv representing height to which water is raised by dam above sill, 

ILLUSTRATION.— How high must. the gate of a sluice weir be raised, to discharge 
250 cube feet of water per ‘second, its breadth being 24 feet and height, h’, 5 feet? 

C by experiment =.6. d eae ee itd 

250 250 

6X24 V 64-33 (5—4) 4 X 17-014 

To Compute. Didahahpe when heel a 

RIALS; 
CbV2gh 

h rainhcontiny aireveitee of level between supply and back-water. 

= 1.0204 feet. 

Cdbvagh=V, and 
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Bo: Compute: Discharge’ when partly Impeded. — 

‘CbhV29g (a roy ayn) =V.d representing depth of back-water above 

upper edge of sill. 

ILLUSTRATION.— Dimensions of a sluicé are 18 feet in breadth by .5 in depth; 
height of opening above surface of water .7 feet, and difference between levels of 
sapply and surface water is 2 feet; what is discharge per second? 

.6 X 18 X 8.02 (1/2245 v2) = 86.62 X 856+ .707 = 138.85 cube feet. 

Coefficients of Circular Openings or Sluices. 

Height measured from Surface of Head of Water to Centre of Opening. 

Contraction of section from x to .633; and reduction of velocity to .974; hence 
-633 X.-974 = .617 (Neville). 

In'a Thin Plate, C = .666 (Bossut); .631 (Venturi); .64 (Eytelwein). 

Cylindrical Ajutages, or Additional Tubes, give a greater discharge than ~ 
apertures in a thin side, head and area of opening being the same; but it 
is necessary that the flowing water should entirely fill mouth of ajutage. 

Mean coefficient, as deduced by Castel, Bossuf, and Eytelwein, is 82. 

Short Tubes, Mouth-pieces, and Cylindrical Prolonga- 
tions) or Ajutages. 

Tf an aperture be placed in side of a 
vessel of from 1.5 to 2.5 diameters in 
thickness, it is converted thereby into a 
short tube, and coefficient, instead of being 
reduced by incréas¢d friction, is increased 
from mean yalue up to about .815, when 
opening is’ cylindrical, as in Fig. 4;' and 

when junction is rounded, as in Fig. 5, to form of contracted vein, coefficient 
increases to .958, .959, and .975 for heads of 1, 10, and 15 feet. 

Fig. 5. 

LET, O 

{aT o 

Conically Convergent and Divergent Tubes. 

In conically divergent tube, Fig. 6, coeffi- 
cient of discharge is greater than for same 
tube placed convergent, fluid filling in both 
cases, and the smaller diameters, or those at 
same distance from centres, O O, being used 
in the computations. 

A. tube, angle of convergence, O, of which 
is 5° nearly, with a head of from 1 to 10 

* feet, axial length of which is 3.5 ins., small 
“diameter 1 inch, and large diameter 1.3 ins., 
gives, when placed as at Fig. 6, .g21 for co- 

A efficient ; but when placed as at Fig. 7, co- 
efficient increases up to .948. Coefficient of velocity is, however. larger for 
Fig. 6 than for Fig. 7, and discharging jet has greater amplitude in falling. 
If a prismatic tube project: beyond. sides into a-vessel, coefficient will be re- 
duced to .715 nearly. 

Form of tube which gives greatest discharge is that of a truncated cone, 
lesser base being fitted to reservoir, Fig..7.. Venturi conciuded. from his ex- 
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periments that tube of greatest discharge has a.length 9 times diameter of 
lesser opening base, and a diverging angle of 5° 6—discharge being. 2.5 
greater than that through a thin plate, 1.9 times greater than through a 
short cylindrical’ tube, and 1.46 greater than theoretic discharge. 

4 v - tt \ . ‘ z 

Compound Mouth-pieces and Ajutages. 

Fig. ro. Fig. 8 
YZ é 

Ss a a iS) 

Coefficients for Mouth-pieces, Short Tubes, and Cyl- 
indrical Prolongations. 

Computed and reduced by Mh. Neville, from Venturt’s Experiments. 

C. for C. for Description,of Aperture, Mouth-piece, or: Tube. Diath ad’|Diath! or. 

z. An aperture z.5 ins. diameter, ina thin plate............ 608 622 974 
2. Tube z.5 ins. diameter, and 4.5 ins. long, Fig. 4..... Odes iS £ 823 823 
3. Tube, Fig. 5, haying junction rounded to form of contracted 

VG con cont ila ninth (SCE SU AAAS tes Ae Bn Oe nn CASnHaSnD Deno -611 956 
4. Short conical convergent mouth-piece, Fig. 6 ....+-s 00ers eee -607 +934 
5. Like tube divergent, with smaller diameter at, junction with 

reservoir; length 3.5 ins.,o7—=1 in.,and a@b—1.3 ins....} .56r -948 
6., Double conical tube, a0, S’T,7~b; Fig. 9, when ab = ST =1-5 

ins.,O7 =1.21 ins., @o=.g92 in.,andoS 4.1 ims......... 928 1.428 
7. Like tube: when, as in Fig. 8,d@0 7b=058 Tr, and aoS= f Cj 

1.84 ins. +3| .7:823, =) . 5,266 
8. Like tube when 8 T =r. 46 ins., and o$ .17 ins.. pallies ees 1.266 
9. Like tube'when ST = 3 ins.jand oS 9.5 ins.)....0....4- OIL 1.4 

zo. Like tube when 0S —6.5 ins., andiS T= 1.92 ins..... Paldcaees 1.02 |) 11569 
1x. Like tube when S T= 2.25 ins.,and oS = 12.125 inS......... 1.215 1.855 
rz, A tube, Fig. 10, when os =7rt =- 3 ins., on =sSt=.1.21 ins, ’ 

and tube oST7, as in No.6,ST=1.5 ins., and sS=4.1 ins.| .895 1.377 

Mean of'various experiments with tubes of .5 to 3 ins, in diameter, and 
with a head of fluid of from 3 to 20 feet, gave a coetticient of .813; and as 
mean for circular apertures in a thin plate is. .63, it follows that under 
similar circumstances, .813 < ,63 = 1.29 times as much. fluid flows, through 
a tube as through a like aperture in a thin plate. 

Preceding Table gives coefficients of discharge for figures given, and it 
will be found of great value, as coefficients are calculated for large as well 

as small diameters, and the necessity for taking into consideration form of 
_ junction of a pipe with a reservoir will be understood from. the results. 

Cireular Shiices, etc. 

To Compute Discharge. 

Height measured from Surface of Head of Water to Centre of Opening. 

Ru.e.—Multiply square root of product of 64.333 and depth of centre of 
opening from surface of water, by area of opening in square feet, and this 
product by coefficient for the opening, and whole product will give discharge 
| in cube feet per second. ‘ 

| OrnvV29d,aC= Vv. a representing area in sq. feet, and d depth of surface of 
fluid from centre of opening mn fect. aie 
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‘ Exawpiy.—Diameter of a circular sluice ig x foot, and its centre is 1.5 feet below 
gurface of the water; what isdlischarge in cube feet per second? =~ Taee."4 

* Area of x foot =,7854; C= -64, and V/64.333X 1:5 X +7854 X-64= 4.938 cube feet. 

When Circumference reaches Surface of Water. V2gr,.9604aC=V. 
r representing radius.of circle in feet. Exs 

ILLUSTRATION.—In what time will 800 cube feet of water be discharged through a 
circular opening of .o25 sq. foot, centre of which is 8 feet below surface of water? 

af ; 800 800 - 
€ =-63. —— =e = 
; V2gdX.025X.63 2% X 025 X -63 

Nors.—For circular orifices, the formula V2gdaC=V is sufficiently exact for 
all depths-exceeding 3 times diameter; the finish of openings being of more effect 
than extreme accuracy in coefficient. 

= 2239.58 = 37 min. 19.6 sec. 

+ Semicircular Slwices,. 

When Diameter is either Upward or Downward. V2gdaC=V. d repre- 
senting dépth of centre of gravity of figure from surface. 

When Diameter as above is at Depth d, below Sunface. V2 gd 1.188aC=V.. 

Circular, Semicireular, Triangular, Trapezoidal, Pris- 
matic Wedges, Sluices, Slits, ete. ¢ 

See Neville, London, 1860, pp. 51-63, and Weisbach, vol. i. p: 456. 

For greater number of apertures at any depth below surface of water, 
product of area, and velocity of depth of centre, or centre of gravity, 
if practicable to obtain it, will give discharge with sufficient accuracy. 

Discharge from Vessels not: Receiving any Supply. 

For prismatic vessels the general law applies, that twice as much would 
be discharged from like apertures if the. vessels were kept full during the 
time which is required for emptying them. 

To Compute Time. 

ILLUSTRATION. — A rectangular cistern has.a transverse horizontal section. of 14 
fect, a depth of 4 feet, and a circular opening in its bottom of 2 ins. in diameter; in 
What time will it discharge its volume of Water, when supply to it is cut off and 
cistern allowed to be emptied of its contents? 

h= 4 feet,’ @= 2? X': 7884 +144 =10218, C=. 613, and V2ghxax C =.2143 

cube foot per second. Then SPSS 4s 522.6 seconds. 
43 

To Compute Time and Fall. 

Depression’ or subsidence of surface of water in a vessel, corresponding to, 
a given time of efflux, ish —h'.  h’ representing lesser depth. 

2A x . Ca V29 2. ——__— (Vh—W’) =. tuversely ( pr == t) =h. 
Cavog oi : mY 2A : 

IniustRATION.—In what time will the water in cistern, as given in preceding 
case, subside 2.6 feet, and how much will it subside in that time ? 

ASM, C= 6, a=.0218, Meg 8.02, ,h=4, V=4-1.6=24. 
2X14 Puy, ie 19188 goy 

.6.X .0218 X 8.02 X (v4 1 v tt Ts rare (2 TFBS) Rha Orh $ecomae” 

-6 X .0218 X 8.02 2 —- “ii 1 > 

Ve are X 120.1) =2—.45 = 2.4 feet ; hence, 4 — 2.4 =1.6 feet. 

When Supply is maintained.—Divide result obtained as preceding by Bil 
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ph rect cys“: Form -and Dimensions: carats Chara eat as 
‘ \Hfhux are not» known. [ 

Volume discharged 1 may be estimated by observing heads of the water at 
equal intervals, of time; and at end of half time of discharge, head of water 
will be .25 of whole height from: surface to delivery. 

When t=such interval. For openings in.bottom or side, Catv 2g (tvs) 
\ Siriiy 

— [(Vh h h 
=V, for: depth; Catv2g VRE AVhrt Vhs) _ v sor 2 depts; and 

‘ f 3 
— h h h h Catvap (4 t4vi ou 2t4v! stv) & Vion acaeathe 

Norr.—At end of half time of discharge, head of water will be .25 of whole height 
from surface to delivery. ~ ; 

Weirs or Notches. 

CbtV2g(Vh3+4 Vh3i+ Vh32) =V. bd representing breadth in feet, 

InLusTRaTION.—A prismatic reservoir 9 feet in depth is discharged through a 
notch 2.222 feet wide, surface subsiding é. 75 feet in 935 seconds; what is volume 
discharged? 

=e hr =9— 6.75 =2.25 feet, and ; 6 X 2.222 X 935 X 8.02 (V93 +4 

Co a 3) = 2221.6-X 40.5 = 89 974.8 cube feet. 

‘When there is an In flux and Hic. } 

If a reservoir during an efflux from it has an influx into it, determination 
of time in which surface of water rises or falls a certain height becomes so 
complicated that an approximate determination is here alone essayed, 

A state of em ke or constant height occurs whenever head of water is in- 
I { : 

ereased.ar decreased by: = oy =5 (ea zi) =k... L representing influx in cube feet per second. 

Are 
Time (t) in which variable head (x) increases by volume (v) = [Cuan ae mi 

2 

Axrv 

; Cavz2gu—I 
subsiding surface falls from A to Ax, etc., and head of water from A to hz, when 

Time of efflux, in which and time in which it sinks height, x, ef 

k is represented by aah = Vk, is 
Caveg 

he —h, 4 Ax 2Ae2 4A3 A4 ) 
by 

i OG aveg bres TRO NEE RP Mg ak? Vga 

ILLUSTRATION. —In what time will surface of water in a pond, as in a previous 
example, fall 6 feet, :f there is an influx into it of 3.0444 cube feet per. second? 

3.044 = r = eS aay and a = .8836. 
Wie “racdeg6 WE cesT? 537 3 

20-14 ; < ( 609 000 . 4 26495, 900; 2X 47,200, 4 6925 000 

12 X .537 X -8836 X 8.02 4-472 — 8° 4.301 —.8 4.123 — 8 3-937 —.-8 

265000 \o 
—_-—~ } = —— X 1 480201 = 194 486 seconds = 54 h., x min., 26 sec. 
ae) 4516654 aa ety , 

+ 

__ Prismatic Vessels. 

If eee —e a uniform, transverse section, A. 
eZee Vh— views) |= te 

Then m DiS [va— Vhy en eX hyp. log. CS pee t= time in which 

head of water co Frompb toh >, « 
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‘InLustRation.—A reservoir has a'surface of 50000084. feet, a depth of 20 feet; it 
is fed by a stream affording a supply of3:0444 cube feet per second, and outlet has 
an area of .8836 sq. foot; in what time will it subside 6 feet? 

 /ie, as before, = .8; G@=.537, and Put SOOT fc [v20—ves-+-8x'byP. log. 
Cav2g 

(R=) * 2-303] = 238414 seconds = 66h. 13 min» 34 sec. 
4>- 

To Compute Fall in a given Time. 

This is determining head h; at end of that time, and it should ‘be sub- 
tracted from head h at commencement of discharge. Put into preceding 
equation several values of fz, until one is found to meet the condition, 

ILLustRATION.—Take a prismatic pond having a surface of 38750 sq. feet, a depth 
to centre of opening of sluice of 10.5 feet, a supply of 33.6 cube feet, and a discharge 
of 40 cube feet per second. v 

Vk=.84. 

Putting these numerical values into the equation, and assuming different values, 
for hr, a value which nearly satisfies the equation is 4. Consequently, 10.5 —4=, 
6.5 feet, full. 

Ate hy +Vhyk+k Wah * 
SEE | org oud ok ee ee 2 are (tang. = 3) | =e; ST (PE 8 ge be B ave vhs 

Pererrk =k; are (tang. = y, are tangent of which = y, and I as preceding. 
$C bV2g 

According as k is $ h, and influx of water, I 73 Cl V2gh8, there is a rise or fall 

of fluid surface, the condition of permanency occurring when h; =k, and time cor- 
responding becomes ow. 

InLusTRATION.—In what time will water in a rectangular tank, 12 feet in length 
by 6 feet in breadth, rise from sill ofa weir or notch, 6 inches broad, to 2 feet 
above it, when 5 cube feet of water flow into the tank per second? 

Aes2,. ASE Os en Seoe Sasa apaes 
2 

slg coca She) aera aa 6X 5 X 8 
: X 2.1338 ‘ 2+V 2X 2.13384 2.1338 
Then 22% 2:4338 [* . logarithm —————_>—__ = — arc (tan ss 

aes si (V2 — 2.1338)? ae a 
VAS 6.1096 V6 ee EN Maro X hyp. log. —==_ —'3.46 ae = 2y/2.1338 + 7) | ae eee ep Gane (tans 4. aa} a 

10.2423 X [7.961 — (3.46x X are, tangent of which = .56497, or 29° 28’ = 29. 466, 

length of which = .5143) = 1.781] = 10.2423 — 7.961 — 1.781 = 10.2423 x 6.785 

63.297 seconds. \ , 

Discharge of Water under Variable Pressures. 

To Compute Time, Rise and Fall, and Volume. 

* V2 ge =%. representing variable head, A and a areas of transverse horizon- 

tal section of vessel and discharge, and v theoretical velocity of efflux. 

To Compute Volume. 

- A y= Vv. y representing extent ‘of fall, and V volume of water discharged, as 

ILLUSTRATION. —Assume elements of preceding case. ' 

A=14. y=4feet. Then 56 X 4=224 cube feet. . aia 
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Discharge from Vessels of Communication. 

When Reservoir of Supply is maintained at a uniform Height—Fig. 11. 

as ve ie 
Caveg 

ILLUSTRATION I.—In what time will level of water in a receiving vessel having a 
section of 14 sq. feet attain height of that in supply, through a pipe 2 ins. in diam- 
eter, placed 4 feet below level of supply ? 

2X14 XK V4 56 

-613 X .0218 X 8.02. 1072 

To Compute Time. 

Cx=2673. = 522.3 seconds. 

AL _ Fig. 2) 2.—Assume OC, vessel, Fig. 11, to be a cylinder 18 
= ins. in diameter, head of water in A=4 feet, at A’ 

x foot, and 2 feet below outlet 0; in what time will 
water in vessel run out and over at o through a pipe, 
a, 1.5 ins. diameter? 

h—h’ =4—1—2=1 foot. c=.8. 

A 18\? 
—=(—) =144. anlar? 

X 144 286. 
Then 77 - = -73 — 1 = 32.73 seconds. 8X 8.03 (V3— v1) ghee 73 —1= 32.73 

When Vessel of Supply has no Influx, and is not indefinitely great compared 
with Receiving Vessel. 

2A A’ Wh 

Ca(A+A’)V29 
the two surfaces of water attain same level ; and 

=t. A’ representing section of receiving vessel, t time in which 

AA’ (/h—VJh’ B fn 
Ea all lat E = t, time within 
Ca(A+A’)V2g 

which level falls from h to h’. 

ILLustRATION.—Section of a cistern from which water is to be drawn is ro sq. 
feet, and section of receiving cistern is 4 sq. feet; initial difference of level is 3 feet, 
and diameter of communicating pipe is 1 inch; in what time will surfaces of water 
in both vessels attain like levels? 

2X 10X43 138.56 
= 276 seconds. 

+502 
C=.82, af = . 7854. = 

-82 X .7854 X ea X 8.02 
144 

Discharge from a Notch* in Side of a Vessel. 

When it has no Influx. 3A —— ( pees ) =t. b breadth of notch in feet. 
H Cb x V2 g Vili Vi 

ILLUSTRATION. —If a reservoir of water, rro feet in length by 4o in breadth, has & 
notch in end of 9 ins. in width; in what time will head of water of 15 ins, fall to 6? 

=.6. 9” =.75 foot. Ra aae a= 25, 

3 X 110 X 40 I I 2 eT ON rd 
f a ae = = ; —,894= seconds. 

+6 X .75 X 8.02 (5. aah 3.61 Ss Ane ee ; 
Nore.—Ffor discharge of vessels in motion, see Weisbach, vol. 1, pp. 394-396 

Reservoirs or Cisterns. 

To Compute Time of Willing and of Emptying a Reser- 
voir under Operation of both Supply and Discharge. 

Vv v 
aa | T, and Dos= t. V representing volume of vessel, S supply of water, 

and D discharge of water, both per minute, and in cube feet. T time of filling vessel, 
and t time of discharging it, both in minutes. 

* When the notch extends to the bottom of the reservoir, etc., the time for the water to run out is 
indefinite, as 1’=0. 

Zz 
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Irreeular-Shaped Vessels, as a Pond, Lake, etc. 

To Compute Time and Volume Discharged. 

Operation.—Divide whole mass of water into four or six strata of equal 
depths. 

h—h4 4at,2a2,4a3, a4 ; e, 
Then, for 4 Strata, ——— a ot Sat gett ye =t; h, i, 

etc., representing depths of strata at a, ax, etc., commencing at surface ; a a) 

I2 
etc., being areas of first, second, etc., transverse sections of pond, etc. ; and 

Xxat4at+2a24+4a3-4a4=V. 

ILLUSTRATION. —In what time 
C will depth of water in a lake, 

AbC, Fig. 12, subside 6 feet, sur- 
faces of its strdta having follow- 
ing areas, outline of sluice being 
a semicircle, 18 ins. wide, 9 deep, 
and 60 feet in length? 

a@ at2o feet (h ) depth of water area Of 600 000 Sq. feet. 
cor 8 Bie eS (ex) = 495 000 
a2 ae 17 oe (h2) oe a“ = ce 410 000 ce 

a3 ce 15.5 “ (23) “ “ = “ 325.000 ce 

at ‘ 14 “ (4) ce cc = oc 265 000 ce 

a=area of 183+ 2=.8836 sq. feet ; C=.537- 

Then 20—14 (Sooc08 $495 200 4 CHO ASO 

12 X.537 X -8836 X 8.02 4.472 4-301 4-123 3-937 

spee5cee =e x 156 938 sec h min. 38 sec. — - I st 3 eh Ft ly 35 ae 3 3.742 45.005 194 43 5°93 43%, 35 3 

And discharge = &. X (600 000 + 4 X 495 000-++ 2 X 410 000-+ 4 X 325 000-+ 265 000) 

=.80X We tacsen tute 500 cube feet. 

For 6 Strata, put 2 a4, instead of a4, and 4 a5 and aé additional, and divide by 
18 instead of r2. 

Plow of Water in Beds. 

Flow of water in beds is either Uniform or Variable. It is uniform when 
mean velocity at all transverse sections is the same, and consequently when 
areas of sections are equal; it is variable when mean velocities, and there- 
fore areas of sections, vary. 

; To Compute Fall of Flow. 

10] oe 4 eh. C representing coeflicient of friction, 1 length of flow, p perimeter 
2% 

of sides and bottom of bed, and h fail in feet. 

ILLUSTRATION. —A canal 2600 feet in length has breadths of 3 and 7 feet, a depth 
of 3 feet, with a flow of 4o cube feet per second; what is its fall? 

C =as per table below .007 565;  p=V32-+-22X2+3=10.2; @=15; and 

2600 X 10.2. 2.667 

15 64.33 

To Cémpute Velocity of Flow. Wael SS 2gh=v 
VCxip 

Inuustration.—A canal 5800 fect in length has breadths of 4 and r2 feet, a depth 
of 5, and a fall of 3; what is velocity and yolume of flow? 

P=V52+42?X 2+4=16.8, and a=4o. 

v= 40+15=>2.66. Hence .007 565 X = 1.47 feet. 

Then rs a 64. =v, =a, fen Saree een X 64.33 X 3 = V.0542 X 193 = 3-23 feet. Hence 

volume = 40 X 3.23 = 129.2 cube feet. 
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Coefficients of Friction of HWlow of ‘Water in Beds, as 
in Rivers, Canals, Streams, etc. 

In Feet per Second. 

Velocity. Cc, Velocity. Cc. || Velocity. Cc. Velocity. Cc. 

os -008 15 J +007 73 1.5 :007 59 5 +007 45 
4 -007 97 8 -007 69 2 +007 52 | 8 007 44 
5 -007 85 “9 -007 66 2.5 -007 51 LO) 1) 3007 43 
-6 +007 78 I -007 63 3 +007 49 12 +007 42 

Horms of Transverse Sections of Canals, etc. 

Resistance or friction which bed of a stream, etc., opposes to flow of water, 
in consequence of its adhesion or viscosity, increases with surface of contact 
between bed and water, and therefore with the perimeter of water profile, or 
of that portion of transverse section which comprises the bed. 

Friction of flow of water in a bed is inversely as area of it. 

Of all regular figures, that which has greatest number of sides has for 
same area least perimeter; hence, for enclosed conduits, nearer its trans- 
verse profile approaches to a regular figure, less the coefficient of its friction ; 
consequently, a circle has the profile which presents minimum of friction, 

When a canal is cut in earth or sand and not walled up, the slope of its 
sides should not exceed 45°, 

Variable Motion. 

Variable motion of water in beds of rivers or streams may be reduced to 
rules of uniform motion when resistance of friction for an observed length 
of river can be taken as constant. 

To Compute Volume of Water flowing in a River. 

h 
- vagh — =V. Aand A, representing areas of upper 

I I Up I I and lower transverse sections of 
ch a5 +C 2 as :) Slow. Azre tA Apa ANAZ A 

Intustration.—A stream haying a mean perimeter of water profile of 4o feet for 
a length of 300 feet has a fall of 9.6 ins. ; area of its upper section is 70 sq. feet, and 
of its lower 60; what is volume of its discharge? 

70+ 60 X 96 

To obtain C for velocity due to this case, 92.35 7 ie = 8.59 feet, 

coefficient for which, see Table above, =.007 44. 

VERS GE Ah Ue Fi ge 394.6 cube feet ; 
Ba I 300 X 4o / 1 I V .000 330 89 

least OES 5b Cae ai 
394.6 X 2 and mean velocity = = 6.07 feet, C for which is .007 45. 
70 + 60 

FRICTION IN PIPES AND SEWERS. 

Friction in flow of water through pipes, etc., of a uniform diameter is in- 
dependent of pressure, and increases directly as length, very nearly as square 
of velocity of flow, and inversely as diameter of pipe. 

With wooden pipes friction is 1.75 times greater than in metallic. 

Time occupied in flowing of an equal quantity of water through Pipes or 
Sewers of equal lengths, and with equal heads, is proportionally as follows: 

In a Right Line as go, in a True Curve as 100, and ina Right Angle as 140, 
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To Compute Head necessary to overcome Friction of 

Pipe. (Weisbach.) 

.017 46 1 we v" _ ‘ Pn ERCEELE i 
(or4+ fe 5 ee 3% a =h’. W representing head to overcome friction of 

“flow in pipe, l length of pipe, and v velocity of water per second, both in feet, and d 
internal diameter of pipe in ins. 

InLusTRATION.—Length of a conduit-pipe is 1000 feet, its diameter 3 ins., and the 
required velocity of its discharge 4 feet per second; what is required head of water 
to overcome friction of flow in pipe? 

(or44+ ed a) MX co = .02313 X 333-333 X 2.963 — 22.845 feel. 
. v4 Bue Pee! 

Head here deduced is height necessary to overcome friction of water in 
pipe alone. . i 

Whole or entire head or fall includes, in addition to above, height between 
surface of supply and centre of opening of pipe at its upper end. Conse- 
quently, it is whole height or vertical distance between supply and centre 
of outlet. 

To Compute whole Head, or Height from Surface of 
Supply to Centre of Discharge. 

2 1 v 7 
at ss) Xe 

x.5 is taken as.a mean, and is coefficient of friction for interior orifice, or that of 
upper portion of pipe. 

= 5 F 6 
To obtain C or coefficient. (ora a) =, 

For facilitating computation, following Table of coefficients of resistance 
is introduced, being a reduction of preceding formula: 

Coefficients of Friction of Water. 

In Pipes at Different Velocities. 

Vie Cc. x Cc. Y,; Cc. | Wa Cc. vs Cc 

Ft. Ins, Ft. Ins. Ft. Ins. Ft. Ins. It. Ins 
4 | 0443 ip ehah W Ket- Ls 5 .0221 7 4 | 0208 || 1 +0195 
8 | .0356 3 -0244 54 |eO250 7 8 | .0206 | 12 -O194 

E :O317 3 4 | .©239 Raley -O217 8 +0205 Ta 6) |) ,on93 
cord. 0294 et +0234 6 .O2T5 8 6 | .0204 rey -OIQE 
x 8 .0278 4 +0231 654.) .0278 9 +0202 || 14 .0189 
2 -0266 4 4 | .0227 6 8 | .o2rx || 10 .O19Q | 15 -0188 
2 4.| .0257 || 4 8} so224 || 7 -0209° |} 11 -0196 || 16 0187 

ILLUSTRATION I.—Coeflicient due to a velocity of 4 feet per second is .o231. 

2.—Take elements of preceding case. 

1000 X 12 4? 16 
.0231 X ————_ + 1.5) X —— = 93.9 X —— = 23.35 feet. ( 5 64.35. 028 eee oo 

Norr.—In preceding formula 2 was taken in feet, as the multiplier of r2 for ins, 
was cancelled by taking 5.4 for 2g, but in above formula it is necessary to restore 
this multiplier. 

Radii of Curvatures. 

When Pipes branch off from Mains, or when they are deflected at right 
angles, radius of curvature should be proportionate to their diameter. Thus, 

° 
Ins, s Ins, Ins, Ins. Ins. 

Diameter .........+. AD ee) 3 to4 6 8 10 
. Radius,....... 18 20 30 Zam 60 
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Curves and Bends. 

Resistance or loss of head due to curves and bends, alike to that of friction, 
increases as square of velocity; when, however, curves have a long radius 
and bends are obtuse, the loss is small. 

. * ud 2 

Curved Circular Pipe. (Weisbach). = x [:23« 1.847 ( = ) il sae 
2 

—=h. 
29g 

a representing angle of curve, d diameter of pipe, x radius of curve, and h height 
due to friction or resistance of curve, all in feet. 

: 7 
For facility of computations, following values of .131 + 1.847 (ey are intro- 

27 

duced. 

Coefficients of Resistance. 
In Curved Pipes with Section of a Circle. 

a oe «538 || 225 |) .F45. |) -4> | -206 || .6 44 -75 |. -806 -g | 1.408 
se fae ec: a -158 || .45 | .244 || .65 | .54 8 -977 +95 | 1.674 
e 2 BO Hres5 | -£7o | «5 294 |] .7 «| .66r |] .85 | x77 || 1 1.978 

ILLUSTRAT@ON. —If in a pipe 18 ins. in diameter and x mile in length there is a 
right-angled curve of 5 feet radius, what additional head of flow should be given to 
attain velocity due to a head of 20 feet? 

a@=90°, v for such a pipe and head =4 feet per second; 18=—1.5 and a 
2 

=.15, and .15 by table = .133. 

AR MLE Soto Bib Safa 

Giggen OYE ag ; 
Nore.—If angle is greater than go°, head should be proportionately increased. 

EE Hence, 189% °233 X 

Bent or Angular Circular Pipes. 

Coefficient for angle of bend =.9457 sin.2 x +-2.047 sin.4”, Hence, 

bo] 10? 20° 30° 40° 45° 50? 55° 60° 65° 702 

C. | .046 | «139 |, -364 “74 984 | 1.26 | 1.556 | x1-86x | 2.158, | 2.43% 
2 

and zs xC=h. ax representing half angle of bend. 
2 

gee InnusTraTion. — Assume v= 4 fect, and angle= 90°; #= pets 45° 

2 

Then a X .984 = .2447 foot additional head required. 
4:33 

In Valve Gates or Slide Valves. 

In Rectangular Pipes. 
r I 9 8 | 7 6 “5 4 ‘3 | <2 re 

| C He) 09 39 +95 2.08 4.02 8.12 | 17.8 | 44.5 1193 

r=ratio of cross section. 

| In Cylindrical Pipes. 
| h ° +125 25 375 AG; 625 275 875 

i I -948 -856 +74 -609 466 +315 +159 
Cc :0 07 26 81 2.06 5.52 17 97.8 

h= relative height of opening. 

In a Throttle Valve. In Cylindrical Pipes. 
A | 5° | 109 | 159 | 209 | 25° | 309 | 35° | 40° | 45° | 50° | 60° | 70° 

r |.913} .826|.741] .658| -577] -5 .426| .357| +293] +234] +134] .06 
@ |.24 1.52 |.g Ix-54 la5x | 3.92 16.22 |x0.8 [18.7 [326 [x18 [751 

| A=angle of position. 
Z u* 
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In a Clack or Trap Valve. 

Angle of opening..... 35? 45° 

C 

152) |20% | 25° 60° 

42 

30° 40° 55° 

4.6 

50° 65° iz 

233 62 20 6.6 go 30 + 19-5 

In a Cock. In Cylindrical Pipes. 
A J} s© | 10® | 15° | 209 | 25° | 30° | 35° | 40° | 45° 50° | 55° 60° | 65° 

3-2 EF} 

-19 | -137 | -09% | 7” |.926|-.85 |.772| .692] -613| .535] -458| -385] -315] -25 9 5 5 5} 315 Bees hee 
C j.05. | -29 |/-75 |z-56 [3-2 |5-47 |9-68 |17.3 [32-2 |52.6 

In a Conical Valve. ( 1.645 5 —1 ve =C. aanda’=areas of pipe 

and opening. . 
~2 

In Imperfect Contractions. ( = x) =C. c=a factor, rang- 

ing from .624 for s =.1 tox for “ = 1, being greater the greater the ¥ 

IttusTrRATION.—If a slide valve is set in a cylindrical pipe 3 ins. in diameter and 
500 feet in length, is opened to .375 of diameter of pipe (hence, .625 diameter closed), © 
what volume of water will it discharge under a head of 100 feet, coeflicient of en- 
trance of pipe assumed at .5? 

C, by table, p. 545, pipe being .625 closed = 5,52, ——___*—* V—____—y, 
/ hXn Jlste4e) 

C=firom table, p. 544, for an assumed velocity of 11 feet 6 ins. =.0195. 

V 64.33 X »/100 Le 8.03 X I0 > 83 ose fees 

500 X12\  V(7-02-+39) 6.78 
J (xs + 5-52-0195 a) 

Then 

Hence, area of 3 ins. = 7.07, and 7.07 X 12 X 11.85 = 1005.4 cube feet per second. 

Valves. (Conical, Spherical, or Flap.) 

Conical or Spherical Valve Puppet. 

° aia ; 
Height due to resistance or loss of head of water = 11 arte! representing 

velocity of water in full diameter of pipe or vessel. 

(so — ha Cc. A and A’ representing transverse areas of vessel and of valve 
£ 

opening, and (+645 + — x) = C of contraction in general. 

2 

IntustRATIoN.—If A’ =.5 of vessel, C= (+.645 x = —1I ) <= 2.202 5.24 

Clack cr Trap Valve.—C decreases with diameter of vessel. 

IttusTRATION.—If a single-acting force-pump, 6 ins. in diameter, delivers at each 
stroke 5 cube feet of water in 4 seconds, diameter of valve seat 3.5 ins., and of valve 
4.5; What resistance has water in its passage, and what is loss of mechanical effect ? 

3:5\* . 3 4-5\7 : 
== -090 (2) =.34 ratio of transverse area of opening. 1— ea =.44 ratio 

of annular contraction to transverse area of vessel. 

Hence, 3471-44 = .39 mean ratio, and coefficient of resistance corresponding 
2 

2 

thereto = ee — :) Saige Og = 6.37 velocity per second. re. 
4X .196 
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2 a iy : 

Renato height due to velocity. Consequently, 10.37 X .63 = 6.53 height due to 

resistance of valve, and - X 62.5 X 6.53 =510.15 lbs. mechanical effect lost. 

Discharge of Water in Pipes. 

For any Length and Head, and for Diameters from 
1 Inch to 10 Weet. In Cube Fect per Minute. (Beardmore.) 

Diam. |Tab. No.|| Diam. | Tab. No. |] Diam. | Tab. No. || Diam. | Tab. No. || Diam. | Tab. No. 

Ins. Ft. Ins, Ft, Ins, Ft. Ins. Ft. Ins, 

I 4-71 9} 1247.6}}x xx] -rr983 /3 x] 39329 || 4 9 | 115854 
1.25 8.48 1o| 1493-5 || 2 13328 |13 2] 42040]! 5 131 703 
Ie5 13-02 Iz} 1894.9 ||/2 2x} 14758 113. 3}. 44863 || 5 3} 14870x 

1.75 | 19-15 ||z 2350 ||2 2| 16278 |/3 4] 47794 || 5 6| 267 139 
2 20.69 ||x | 2876.7/|2 3] 17889 |13 5] 50835 || 5 9 | 186786 
2.5 46.67 ||xr 2} 3463.3|/2 4] 19592 |/3 6} 53995 |] 6 207 754 
3 73-5 \|& 3) 4115-9 |)2 “*5,|' 21390" 31° 7/1) 57'265 1] 6 6 | 253782 
a5 108.14 |/r 4| 4836.9 |!2 6] 23282 ||3 8] 60648 || 7 305 437 
4 I5r-02||/r 5] 5628.5|12 7] 25270 |13 9g | 64156 || 7 6 | 362935 
4:5 194.84 ||/r 6] 6493.1 ||2 8] 27358 ||3 10], 67782 || 8 426 48x 

5 263.87 ||r  7| 7433 |12 9] 29547 |13 312] 72526 || 8 6 | 496275 
6 410.54 ||r 8] 8449 |/2 x0} 31834 || 4 75392 || 9 572 508 
7 6x2,32 || 9] 9544 |]2 x12} 34228 114 3 87730 ]):9 6}.655 369 
8 854.99 || x 10| 10722 3 36725 ||4 ©] 101207 || 10 745 038 

This Table is applicable to Sewers and Drains by taking same proportion 
of tabular numbers that area of cross-section of water in sewer or drain 
bears to whole area of sewer or drain. 

Formula upon which the table is constructed is, 2356, Ax x@=V in 

cube feel per minute, and 39.27 #) - x P=V in cube Jeet per second. h represent- 

ing height of fall of water and d diameter of pipe and 1 length, all in feet. 

To Compute Discharge. 

, ash 5 /t V2 J Rue 
(Zytelwein.) += V, and via .538=d. d=diameter of pipe in 

ins., L length of Pipe and h head of water, both in feet. 

)5 

Hawksley.) 2 ca Esra d, and (15 oe =G. G—=number of Imperial ( a) zs 

gallons per hour, and : teh of pipes in sis 

(Weville.) 140 Vrs—iuVrs=v in Jeet per second, r= hydraulic mean depth 
in feet, and s sine of the inclination or total fall divided by y total length. 

v 47-124 d?7=V, and v 293.7286 d? = Imperial gallons per minute, d = diameter 
of pipe in feet. 

To Compute Volume discharged. 

When Length of Pipe, Height or Fall, and Diameter are given. Rue, 
— Divide tabular number, opposite to diameter of tube, by square root of 
rate of inclination, and quotient will give volume required in cube feet per 
minute. 

Exampie.—A pipe has a diameter of 9 ins., and a length of 4750 feet; what is 
its discharge per minute under a head of 17.5 feet? 

Tab. No. 9 ins. = 1147.6, and 5247-02 13 247O¥y 69.67 cube feet. 
Ee 10.47 

17-5 
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To Compute Diameter. 

When Length, Head, and Volume are given. Rvuie.—Multiply discharge 
per minute by square root of ratio of inclination ; take nearest corresponding 
number in Table, and opposite to it is diameter required, 

ExaMPLE.—Take elements of preceding case. 

69:67 X 4 / ae = 1147.61, and opposite to this is 9 ins. 

Or, / ah =din feet. v representing velocity in feet per second and 1 length 
I 

in feet. 

To Compute Head. 

When Length, Discharge, and Diameter are given. RutE.— Divide 
tabular number for diameter by discharge per minute, square quotient, and 
divide length of pipe by it; quotient will give head necessary to force given 
volume of water through pipe in one minute. 

ExampLe.—Take elements of preceding cases. 

1147.61 R 
6a Gi = 16.47; 16.477= 271.3; 4750+ 271.2 =17.5 feet. 

To Compute whole Head necessary to furnish requisite 
Discharge. 

See Formula and Illustration, page 544. 

To Compute Velocity. 

When Volume and Diameter alone are given. Ruie.— Divide volume 
~ when in feet per minute by area in feet, and quotient, divided by 60, will 
give velocity in feet per second. 

Examp_e.—Take elements of preceding case. 

69.67 

*75° X «7854 

When Volume is not given. Rute.— Multiply square root of product of 
height of pipe by diameter in feet, divided by length in feet, by so, and 8 pipe dy OLECe ) & y PY 59; 
product will give velocity in feet per second. (Beardmore.) 

> 60 = 2.63 feet. 

To Compute Inclination of a Bipe. 

e ; V. \2 
When Volume, Diameter, and Length are given. (4) a =e 

ILLusTRATION. —Take elements of preceding case. 

69.67\2 : ( 9 2) X —2s=1:000 874 X 4.214 = .003 68, and re = .003 68, OF 4750 X .003 68 
2350 “75° 

= 17.49 feet head. 

To Compute Hlements of Long Pipes. 

vV aw vir Ns Set. ( 1\ v2 ; Vogh 
wt, ieee eye rhe+C5) =n; —_s—— = 

5 / We 48 
and .4787 (z.505 Xd 61) > = d in ims. 

This latter formula will only give an approximate dimension in consequence of 
V 

unknown element d, and also of ©, as y= —_*—_. 
3.1416 X ad? 

For Illustration, see Miscellaneous Illustration, page 556. 
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To Compute Vertical Height of a Stream projected from 
Pipe ofa HWire-engine or Pump. , 

_Ruve.—Ascertain velocity of stream by computing volume of water run- 
ning or forced through opening in a second; then, by Rule in Gravitation, 
page 488, ascertain height to which stream would be elevated if wholly un- 
obstructed, which multiply by a coeflicient for particular case. 

In great heights and with small apertures, coefficients should be reduced, 
In consequence of the varying elements and conditions of operation of fire- 
engines, it is difficult to assign a coefficient for them. Difference between 
actual discharge and that as computed by capacity and stroke of cylinder, 
as ascertained by Mr. Larned, 1859, was 18 per cent. =a coefficient of .82. 
_A steam fire-engine of the Portland Company, discharging a stream 1.125 ins. in 

diameter, through 100 feet 2.5 inch hose, gave a theoretical head, computed from 
actual discharge, of 225 feet, and stream vertically projected was 200 feet; hence 
coefficient in this case was .88. : 
_Exampie.—If a fire-engine discharges 14 cube feet of water vertically through a 

pipe .75 inch in diameter in one minute, how high will the water be projected? 

14 X 1728=.4417 area of pipe, + x2 ins. in a foot, + 60 seconds = 76.07 feet ve- 
locity; and as coefficient of such a stream = at .85, then 114.1 X .85 = 96.98 fect. 

.0022 H? 
Or, H—— =h. H representing head at nozzle, and d height of jet, both in 

feet, and d diameter of nozzle in ins. (R. F. Hartford.) 
ILLUSTRATION. —Assume head of x10 feet and diameter of nozzle .75 inch. 

.0022 X 110? 
Epes eRe = 110 — 35.5= 74.5 feet. 

Nor. —The logs of head is greater with ring than with smooth nozzles. E. B. 
Weston, Am. Soc. C. E., puts the difference at .oo0 r71 v2. 

_ The loss of head increases with the absolute height of the jet, and is less with an 
increase of its diameter, This loss increases nearly in ratio of square of height of 
Jet, aud varies nearly in inverse ratio to its diameter. 

Cylindrical Ajutage. 

Mean coefficient as determined by Mariotte and Bossut = .003 066 square 
of effective head for cylindrical ajutages ; hence, for conical, alike to that of 
an engine pipe, coefficient ranges from .72 to .9, or a mean of .8r. 
By formula of D’Aubuisson, .003 047 h? =h’. 

Effective head, or h, in preceding example=114.1. Then 114.1 —.003 047 X 
114.17 = 114.1 — 39.67 = 74.43 feet height of jet. 

Hence, for a conical or engine pipe, 74.43 X .81 = 60.29 feel, or a coeflicient of .535. 

To Compute Distance a Jet of Water will be projected 
from a Vessel through an Opening in its Side. 

BO, Fig. 13, is equal to twice square root of Ao X o.B. 
If s is 4 times as deep below A as @ is, s will discharge 

twice volume of water that will flow from @ in same time, 
as 2is1/ of As and x is / of Aa. 

Norr.—Water will spout farthest when o is equidistant 
from A and B; and if vessel is raised above a plane, B must 
be taken upon plane. 

Volumes of water passing through equal apertures in 
same time are as square roots of their depths from surface, 

Ruie.—Multiply square root of product of distance of opening from sur- 
face of water, and its height from plane upon which water flows, in feet by 
2, and product will give distance in feet. 134 

ExAMpie.—A vessel 20 feet deep is raised 5 feet above a plane; how far will a jet 
reach that is 5 feet from bottom of vessel? 

20—5 X 5 +5 =150, and 1/150 X 2 = 24.495 feet. 



{ 5 50 HYDRAULICS. 

Velocity of a jet of water flowing from a cylindrical tube is determined to 
be .974 to .98 of actual to theoretic velocity, or = .82 of that due to height 
of reservoir: Hence volume of discharge through a cylindrical opening 

= 82aV2gh. 

Fig. 14. Jets d’EKau. (Fig. 14.) 

That a jet may ascend to greatest practicable height, 
communication with supply should be perfectly free. 

Short tubes shaped alike to contracted fluid vein, and 
conically convergent pipes, are those which give greatest 
velocities of efflux. Hence, to attain greatest effect, as in 
fire-engines, long and slightly conically convergent tubes 
or pipes should be applied. 

In order to diminish resistance of descending water, a 
jet must be directed with a slight inclination from vertical. 

Effect of combined causes which diminish height of a jet from that due 
to elevation of its supply can only be determined by experiments. Great 
jets rise higher than small ones. 

With cylindrical tubes, velocity being reduced in ratio of 1 to .82, and as 
heights of jets are as squares of these coefficients or ratios, or as 1 to .67, 
height of a jet through a cylindrical tube is two thirds that of head of 
water from which it flows. 

HC=h. H representing head of water, C coefficient, and h height of jet. (Moles- 
worth.) 

When d=H~= 300, C=.96. When d = H~ 1500, C= .8. 
“ce he all Ct £6 “ tlt Se t= fl 450, “f= .93. aa eer DOOOs = a ee 
a | Be 6 4 ‘ “ C t¢ = 2800, $line 6 = =.o: : etic 6 
OPTIC E_ Ie ee R Ga EES Be Cbg iG af UC pe starpeese ORC 
ac [es aC OC ue re “ce Gh 0: mre i ie 5 = ro0o, ‘f= .85. = 4500, 25§ ==1. 257 

FLOW OF WATER IN RIVERS, CANALS, AND STREAMS. 

Running Water.—Water flows either in a natural or artificial bed 
or course. In first case it forms Streams, Brooks, and Rivers; in 
second, Drains, Cuts, and Canals. 

Bed of a water-course is formed of a Bottom and two Banks or Shores. 

Transverse Section is a vertical plane at right angles to course of the 
flowing water; Perimeter is length of this section in its bed. 

Longitudinal Section or Profile is a vertical plane in the course or thread 
of current of flowing water. - 

Slope or Declivity is the mean angle of inclination of surface of the water 
to the horizon. 

Fall is vertical distance of the two extreme points of a defined length of 
the flowing course, measured upon a horizontal plane, and this fall assigns 
angle for defined length of the course. 

Line or Thread of Current is the point where flowing water attains its 
maximum velocity. 

Mid-channel is deepest point of the bed in thread of current. Velocity is 
greatest at surface and in middle of current; and surface of flowing water 
is highest in current, and lowest at banks or shore. 

A River, Canal, etc., is in a state of permanency when an equal quantity 
of water flows through each of its transverse sections in an equal time, or 
when V, product of area of section, and mean velocity through whole eatent 
of the stream, is a constant number. 
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To Compute Mean Depth of Flowing Water. 

Rure.—Set off breadth of the stream, etc., into any convenient number of 
divisions ; ascertain mean depths of these divisions; then divide their sum 
by number of divisions, and quotient is the mean depth. 

To Compute Mean Area of Wlowing Water. 

Rute 1.—Multiply breadth or breadths of the stream, etc., by the mean 
depth or depths, and product is the area. 

2.—Divide the volume flowing in cube feet per second by mean velocity 
in feet per second, and quotient is area in sq. feet. 

To Compute Volume of Flowing Water. 

Ru.ze.—Multiply area of the stream, etc., in sq. feet, by the mean velocity 
of its flow in feet, and product is volume in cube feet. 

To Compute Mean Velocity of Flowing Water. 

Ruie.—Divide surface velocity of flow in feet per second by area of the 
stream, etc., and quotient, multiplied by coefficient of velocity, will give 
mean velocity in feet. 

Mean velocity at half depth of a stream has been ascertained to be as .o15 to x, 
and at bottom of it as .83 to 1, compared with velocity at surface. Again, the ve- 
locity diminishes from line of current. toward banks, and, to obtain mean superficial 
velocity, Ur+V2+03 

mv 

To Compute Mean Velocity in whole Profile of a Navi- 
gable River, étc., 

V+1—2 V/V = velocity at bottom, and V-+.5 —+/V = mean velocity. 

In rivers of low velocities multiply mean velocity by .8. 

Obstruction in Rivers. (Molesworth.) 

=.915 V; hence, 

2 A\ 2 Pe ees : 
aa +.05 x z) —1=>R. v representing velocity in ins. per second previous 

to obstruction, A and a areas of river unobstructed and at obstruction in sq. feet, and 
R vise in feet. 

IntustRation.—Velocity of obstructed flow of a river is 6 feet per second, and 
areas of section before and after obstruction are roo and go sq. feet; what would 
be rise in feet? 

6? 100\? 
2 —) —1=>.664 X .232=. t, eee os x (2) I 4 X 232 = .154 fee 

Flow of Water in Lined Channels. (Bazin.) 

ue =v; =C. D representing mean hydraulic depth in feet, F 
F aly+ Pot fall, or length of channel to fall of 1,2 and 

D y as per table, and C as per table p. 543. 
x y w y 

Plastered.......+.+ 000.004 5 10.16 Rubble Masonry...... 000 06 1.219 
Cut Stone....... + .000013 4.354 ATED ac aaaratel a: « 6 slate +000 35 214 

A 
For Sections of Uniform Area, as Canals, Sewers, etc. ay p? Dew (As 

area of flow in sq. feet, P wet perimeter of section, and D fall of stream per mile 
in feet. 

ILLUSTRATION.—Area of transverse section of a sewer is 50 sq. feet, its wet perim- 
eter 20 feet, and its fall 5 feet per mile, 

} ; A 
A (2 2x 5) =vV25=5 fect. For Sections of Rivers. 12 4/> p=? 

2 

ILLUSTRATION. —Assume area soo sq. feet, wet perimeter 200, and fall 5 feet per mile, 

/ © 500 
—= a t 12 5X eats f/12.5 = 42.4 fee 
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Hydraulic Radius or Mean Depth is obtained by dividing area of trans- 
verse section by wet perimeter, both in feet, 

To Compute Fall per Mile for a required Mean Velocity. 
2 

CS +2r=D. r representing hydraulic radius in ins. 
12 

Upper surface of flowing water is not exactly horizontal, as water at its surface 
flows with different velocities with respect to each other, and consequently exert 
on each other different pressures. 

If v and vy are velocities at line of current and bank of a stream, the difference 
ce 2 

of the two levels is " "= =p, 
2g 

2 ze < 

Inxusrration.—If v = 5 feet, and v: 9 v; then 29% 5_ 4-75 _ .0738 foot. 
2g 64.33 

A velocity of 7 to 8 ins. per second is necessary to preyent deposit of slime and 
growth of grass, and 15 ins. is necessary to prevent deposit of sand. 
Maximum velocity of water in a canal should depend on character of bed of the 

channel, 

Thus, Mean Velocity should not exceed per second over 
Fine Clayriis caccsteos 6 ins. | River sand.......... 1 ft. |} Broken stones...... 4 ft. 
A slimy bed....... 3) SS) i Smalligravel.....0e% eb SLONES. oe a eeetene GAS 
Common clay...... 6 ‘* | Large shingle........ 9 Sh ihoose Tocksts.. vee ae x0! *S 

To Compute Velocity of Flow or Discharge of Water in 
Streams, Pipes, Canals, etc. 

1. When Volume discharged per Minute is given in Cube Feet, and Area of 
Canal, etc,, in Sq. Feet. RuteE.—Divide volume by area, and quotient, di- 
vided by 60, will give velocity in feet per second. ; 

2. When Volume is given in Cube Feet, and Area in Sq. Ins. Rutv.—Di- 
vide volume by area; multiply quotient by 144, and divide product by 60. 

3- When Volume is given in Cube Ins., and Area in Sq. Ins. Rute.—Di- 
vide yolume by area, and again by 12 and by 60. 

To Compute Wlow or Volume of Discharge. 

1. When Area ts given in Sq. Feet. RurE.—Multiply area of flow by its 
velocity in feet per second, and product, multiplied by 60, will give volume 
in cube feet per minute. 

2. When Area is given in Sq. Ins. Rute.—Multiply area by its velocity, 
and again by 60, and divide product by 144. 

Nore 1.—Velocities and discharges here deduced are theoretical, actual results de- 
pending upon coefficient of efflux used. Mean velocity, however, as before given, 
page 529, may be taken at V2 g .673 = 5.4 feet, instead of 8.02 feet. 

2.—As a rule, with large bodies, as vessels, etc., their floating velocity is some- 
what greater than that of flow of water, not only because in floating they descend 
an inclined plane, formed by surface of the water, but because they are but slightly 
affected by the irregular intimate motion of water: the variation for small bodies 
is so slight that it may be neglected. 

To Compute Height of Head of Hlowing Water. 

When Volume and Area of Flow are given in Feet. Rute.—Divide vol- 
ume in feet per second by product of area, and $ coefficient for opening, and 
square of quotient, divided by 64.33, will give height in feet. 
EXaMPLu.—Assume volume 266.48 cube feet, area 4o sq. feet, and C =.623. 

66.48 \2 257.28 
Then (ss) > 64.33 = ——_ == 4 feet. 40 X } -623 4:33 = 4 fe 
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Submerged or Drowned Orifices and Weeirs. 

When wholly submerged (Fig. 15).—Available pressure at any point in depth 
of orifice is equal to difference of pressure on 
each side. 

Whence, CV2gh=v, and CaV2gh—V. 
a representing area of sluice in sq. feet. 

ILLUSTRATION.— Assume opening 3 feet by s, 
h=4 feet, andC=.>5, 

Then, .5 X 3X5 V 64.33 X 4=7.5 x 16,04 == 
120.3 cube feet per second. 

When partly submerged (Fig, 16). hk’ —h=d=submerged depth, and h— 
Fig. x6. h”’ = d’ =remaining portion of depth; whence 
— d’ + d=entire depth, and 

ClV 2g (dVh+ th Vh—h” Vh) =V. 
ILLUSTRATION. — Assume opening as above, h= 

4 feel, h’ =6, hk” =3, and C=.s5. Then @=6— 
4=2 feel. ; 

Then .5 X 5 X 8.02 (2V/4+3 X 4V4—3 V3) 
= 20.05 X 5.869 = 117.67 cube feet per second. 

When drowned (Fig. 17). 

ClV2gh(d+$h =V. 
ILLUSTRATION. — Assume opening as above, 

h=4 feel; }@=2, and C=.52. 

Then, .52 X 5 X V64.33 X 4X (2 +44) =2.6 
X 16.04 X 4.66 = 194.34 cube feet per second. 

CANAL LOCKS. 

Single Locks. 

When a fluid passes from one level or reservoir to another, through an 
aperture covered by the fluid in the latter, effective head on each point of 
aperture, and consequently head due to velocity of efflux at each instant, is 
the difference of levels of the two reservoirs at that instant, 

Hence Ca V2 gh’ =V per second. h’ representing difference of levels. 

To Compute Time of Filling and Discharging a Single 
Lock.—Fig. 18. 

When Sluice in Upper Gate is entirely under Water, and above Lower Level. 

Fig. 18. $ Al’ 

Cavzgh 
h representing height of centre of slwice in upper 

gate from surface of canal or reservoir, and h’ height 
of centre of sluice in upper gate from lower sur- 
Jace, or water in the lock or river, all in fect ; and 

oi is = time of filling the remaining space, 

= time of filling up to centre of sluice. s 

Cav2gh Ps 
where a gradual ea of head of water occurs. 

Consequently, feet Ales =t time of filling a single lock. 
Cav2zgh 

When Aperture or Sluice in Lower Gate is entirely under Water, and above 
2A Vv h + h’ 

Lower Level. = time of emptying or discharging it. a’ representing 
' Ca V2g 
area of lower sluice. 

3A 
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ILLUSTRATION.—Mean dimensions of a lock, Fig. 18, are 200 feet in length by 24 

in breadth; height of centre of aperture of sluice from upper and lower surfaces is 

5 feet; breadth of both upper and lower sluices is 2.5 feet; height of upper is 4 feet, 

and of lower—entirely under water—s feet; required the times of filling and 

charging. 

h—=s, h’=5, A= 200 X 24 = 4800, C= .545, 0= 4X 2.5=10, VW =5 X 25125. 

48eo X's =e 245-59 seconds — time of filling lock up to centre of 
.545X10XV2gh 97:72 

2X 4800 X 5 __ 48 000 
sluice; and = 491.18 seconds=time of filling remain- 

.545X10XV2gh 97:72 
ing space, or lock above centre of sluice, and 245.59-+ 491.18 = 736.77 seconds, whole 
time. 

Or. (5 +2 X 5) X 4800°_ 72000 2X 4800V5+5 
? 

= 736.77 sec.= time of filling. 
s4sX10oXVagh aya +545 X125XV2g 

08 
= zeae = 554-9 seconds = time of discharging. 

When Aperture or Sluice in Upper Gate is entirely under Water and below 
AVh—l’ Lower Level, *—~——— = time of filling lock. 
Cavezg 

When Sluice in the Lower Gate is in part above Surface of Lower Level 
: : 2A (h+h’) ; ; 

and in part below it. = time of dis- 

Coveg (a,/2 zt w—S4a' VaR) 
charging. d and d’ representing distances of part of aperture above and of below 
surface of lower water, b breadth of aperture, and h and h’ as before. 

ILLUsTRATION.—Assume sluice in preceding example to be x foot above lower 
level of water, or that of lower canal; what is time of discharge of lock, distance 
of part of aperture x foot and of that below surface of water 4 feet? 

2 X 4800 (5 + 5) 96 000 eS 

1545 X 25 X 802(tXVs+5—UH2)t4xVsts]  1093X(-082-+ 12.65) 
96 000 7 

171.95 
= 558.3 seconds. 

Double Lock. (J. D. Van Buren, Jr.) 

A double lock is not a duplication of a single lock in its operation, for in 
lower chamber supply of water ; 
is from upper one, having no 3 Ss Fig 29. ? oS 

influx, instead of a uniform sup- & 
ply flowing directly from sur- 
face level of canal or feeder. 

Operation, therefore, of a 
double lock is complex, addition 
to formula for a single lock be- 
ing that of discharging of water 
in upper lock to fill lower, the 
head of water gradually decreas- 
ing in the chamber, which is 
closed from upper reach during discharge into lower. 

To Compute Time required for Water to Hall from 
Upper to Unigorm Water Level. in sink thei LR ; 

Saye (Vf+V2h—vV2 h—2 d)=t. A-representing horizontal area of lock, 

and a area of sluice opening, both in Sq. Feet, C coefficient of discharge = 545 for 
openings wilh square arrises, g acceleration of gravity, f depth of centre of sluice 
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below uniform level, h depth of centre sluice opening below wpper water level, and d 
height of centre of sluice above lower water level, all in feet, and t time for water to 
Fall Sr om upper to uniform water level, in seconds, 

ILLUSTRATION.—A = 2000 sq. feet; C2545; a= 53. f= 63: h=14; iandd= 
2 feet.. (Fig. 19.) d 

2000 2000 ————— a 
Then x — 4.9 = 367.6 seconds. 

Uig4BK 567 SUB 
i PEGE a ee ee as 5660 

2. Ifd=0; Cavg ; = a = 366.34 seconds. 
545% 5X5-67 15-45 

Norr.—/f is never greater than J (lift in feet); it is equal to / when d=o; fo is 
equal to 7 when f; =o, never greater. In each case it is the unbalanced head above 
sluice, however far below the lowest water level the sluice is. 

To Fill Upper Lock or Empty Lower. 

To fill upper lock or empty lower, when the sluice is below the lowest water-line, 
in either case, takes the same time; for the head diminishes at the same rate, one 
from the upper surface, the other from the bottom. 

AvV2f 

3 Cay 

and f = whole lift = 

=t. Here, f being below lowest water level of lock=8 feet, as d=o, 

2000 V2 X 8 8000 

545 5% 5-67 15-45 
= 517.8 seconds. 

To Discharge a like Volume under a Constant Head, 

AVf A aif! t 2000 8 

“Caveg ©4VN 29 ~~ 545K 5V 64.33 
Or, one half the time given by preceding case. 

The times deduced by preceding oa are in the following proportions in 

order, aS 1: /2: V2 ors: 22: — 
Fa" 

If sluice of upper lock, through which it is filled, is above lowest water level, 
then, by combining formulas 3 and 4, the time is thus deduced. 

= 258.9 seconds, 

To fill from Lowest Water Level of said Lock to Level of Centre of Sluice. 
y¢? 

c Att =. f’ representing height of centre of sluice above said lowest water 
Caveg level. 

To jill remaining Portion of Lock above Sluice. 
v. 

6. —— =v’. f” representing depth below upper water level of centre of 
Caveg 

sluice or remaining portion of lift, Hence, ’ + t’” = =G ca r WP 2 i ia= 

To fill Lower Lock under Constant Head from Upper Canal Level. 

- eh Ce ad nara 

Cav2g 
: AVvh 1 

8. If both lifts are the same, k—f=l, and = (2 +5 ie =f, 
Caveg 12 

If lower lock is filled from upper one under a constant head, when latter is drawn 
‘down to lowest level, ee 7 Will apply by making h =f, and 

Tat Se I ), which is identical with 7, forf—jf2 and d=f, the cases Gi ME 7 Vv. vi Th Se as 

being the same. 
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MISCELLANEOUS ILLUSTRATIONS. 

x. If external height of fresh water, at 60° above injection opening in condenser 
of a steam-engine, is 3 feet, and the indicated vacuum at 23 ins., velocity of water 
flowing into condenser is thus determined. (Formula page 532.) 

w=V2g (h+h’). Wh representing height of a column of water equivalent to press- 
ure of atmosphere within condenser. 
Assuming mean pressure of atmosphere = 14.7 [bs. per sq. inch, height of a column 

of fresh water equivalent thereto = 33.95 feet. 
Then, if x inch = .49z2 lbs., 23 ins. = 11.3 lbs.; and if 14.7 lbs. = 33.95 feet, 11.3 

lbs. = 26.1 feet. 

Hence v= V2 9 (3+ 26.1) = 43-27 feet, less retardation due to coefficient of both 
influx and efflux. 

2. What breadth must be given to a rectangular weir, to admit of a flow of 6 cube 
feet of water, under a head of 8 ins.? (Formula page 533.) 

6 
if ————— = 2.21 feet. 

%X.625V2g 66 417 X 6.55 

3. It being required to ascertain volume of water flowing in a stream, a tem- 
porary dam is raised across it, with a notch in it 2 feet in breadth by x in depth, 
which so arrests flow that it raises to a head of 1.75 feet above sill of notch; what - 
is volume of flow per second? (Formula page 533-) 

C=.635. = X.635X2X1-75 V2g9X 7-75 =1-481 X 10.6 = 15.7 cube feet. 
3} 

4. A rectangular sluice 6 feet in breadth by 5 in depth, has a depth of 9 feet of 
water over its sill, and discharges, as per example page 535, 380.95 cube feet per 
second; what is velocity of low? (Formula page 535.) 

380.95 380.95 7 ppt 

0g er em 6 is 
at 23 —./h’3 

If volume was not given: 2 ovagx Yoav au C=.625. 

29 — 7/6 
Then 2 x .605 X 8.02 x VIVE — 5.341 x 3.8 30.7 feet 

5. If ariver has an inclination of 1.5 feet per mile, is 40 feet in breadth with nearly 
vertical banks, and 3 feet depth; what is volume of its discharge? (Formula p. 542.) 

Perimeter 40-2 3= 46 feet; hydraulic mean depth a= 2.61 feet; 
4 

a= 120 feet; C per table, page 543, for assumed velocity of 2.5 feet = .0075- 

120 Re ee hi se eae Gy, =v. B= 2:52 feet ity. Then , /- FREES ak TS V.0659 X 96.5 = 2.52 feet velocity. 

Hence 120 X 2.52 = 302.4 cube feet. 

6. What is head of water necessary to give a discharge of 25 cube feet of water 
per minute, through a pipe 5 ins. in diam. and rso feet in length? (Formula p. 548.) 

Tabular number for diameter 5 ins., page 547, = 263.87. 

Then 263.87 + 25 = 111.3, and rso— 111.3 = 1.35 feet. 

If this pipe had 2 rectangular knees or bends, what then would be head of water 
required? ogee page 545.) 

C, page 545, for = 984, area of 5 ins. = .136 feet, and qo OF 3.06 feet 

2 

velocity. Then ae X .984 X 2 = .2863, which, added to 1.35 = 1.64 feet. 

By formulas foot of page 548, C ==.024, and ¢ .s05 velocity = 3.06 feet; head = 
1.49 feet, and volume 26.38 cube feet. 

7. If a stream of water has a mean velocity of 2.25 feet per second at a breadth 
of 560 feet, and a mean depth of 9 feet, what will be its mean velocity when it has 
a breadth of 320 feet, and a mean depth of 7.5 feet? (Rule page 548.) 

560 X9X2.25 11340 

320X7-5 2400 
= 4.725 feet. 
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8, What volume will a pipe 48 feet in length and 2 ins, in diame 
of 5 feet, deliver per second? (Formula pans 547-) | joan analy 

Tabular number Jor diameter 2 ins., page 547, = 26.69. 
48 26.69 ; 

» f= 31.) Then 
5 3.4 

If this pipe had 5 curves of 90°, with radii “= = -5; what would be its dis- 2r 4 

= 8.61, which + 60=.143 cube feet. 

charge per second? 

EER PEE : pO ee +143 V=-143} @=2+144= 10139; ‘C per table= = +294; at Et as 

go° _ 10.29? 

1809" * 64.33 

height due to resistance of curves. h=5 —1.2 = 3.8. 

Then .294 X = -147 X 1.64 = 241, which X 5 for 5 curves = 1.2 = 

Hence, if V2g 5=.143; V2g 3.8=.125 cube feet. 

" g. Ifa slide stop valve, set in a cylindrical conduit 500 feet in length and 3 ins. in 
diameter, is raised so as to close .625 of conduit; what volume will it discharge 
under a head of 4 feet? (Formula page 546.) 

C for conduit =.s, for friction .o25, and for slide valve . open, tabl 
5.52, d=.25, and d= 7.07 sq. ins. Ji 375 open, table, page's4s, 

2gh 16,06 
Then — 

bed aPidbas 

af («s+ 5.521025 at)
 /(7.02 + 50) 

2.13 X 12 X 7-07 = 180.71 cube ins. 

= 2.13 feet velocity, and 

to. If a single lock chamber is 200 feet in length by 24 in breadth, with a depth 
of xo feet, centre of upper gate, which is 4 fect in depth by 2.5 in breadth, is at 
middle of depth of chamber, lower gate, 5 feet in depth by 2.5 in breadth and wholly 
immersed; what is time required for filling and discharging it?. (Yormula p. 553.) 

Oi .615, oh=5, W=5, A200 % 244800, @=4X25=10, and aos 
XK 2512.5 

(2% 5+ 5) 4800 ae Lae 652.8 seconds time of filling. 
+015 X 104/64.33X 5 110.27 

2X 4800 X V5+5 _ 30538 = 491.4 seconds time of emptying. 

615X125V2g 
xz. In amoderately direct and uniform course ofa river, the depths and velocities 

are as follows; what is the volume of its flow and what its mean velocity? (p. 551.) 

Feet. Feet. Feet, Feet. Feet. 
Distances..... ett 12 20 15 7 Area of profiles=5 x 3 
Depths.a7% «.\ete MORRIS 6 Ir 8 4 12X6+20X11+15 xX 8 
Mean velocity...... 1.9 2.3 2.8 24 21 |7X4=455 Sq. fect. 

15 X 1.9+72 X 2.3-+220 X 28+ 120 X 2.4-+ 28 X 2.1 = 1156.9 cube feet volume, 
6 

and 2"? 2.54 feet velocity. ae 54. fe y 

Miner’s Inch. 

A “Miner’s inch” is a measure for flow of water, and is an opening one 
inch square through a plank two inches in thickness, under a head of six 
inches of water to upper edge of opening. 

It will discharge 11.625 U.8, gallons water in one minute. 

Theoretical Ep under different Heads. 

go |80 
3-61| 4.06 

Io 

325 
3° 20 

10.8|16.2 
15 Heads in feet, |x00 7o  |60 
21.6 Ins: per EP...| 3.25 4.64] 5.42 

Water Inch (Pouce d’eau).—Circular opening of 1 inch in a thin plate is 
equal to a discharge of 19.1953 cube meters per 24 hours. 

3 A* 

50 |40 
6.5| 8.12 

5 3} x 
65|108]325 
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HYDRODYNAMICS. 

Hydrodynamics treats of the force of action of Liquids or Inelastic 
Fluids, and it embraces Hydraulics and Hydrostatics: the former of 
which treats of liquids in motion, as flow of water in pipes, ete., and 
latter of pressure, weight, and equilibrium of liquids in a state of rest. 

Fluids are of two kinds, aeriform and liquid, or elastic and inelastic, 
and they press equally in all directions, and any pressure communicated 
to a fluid at rest is equally transmitted throughout the whole fluid. 

Pressure of a fluid at any depth is as depth or vertical height, and 
pressure upon bottom of a containing vessel is as base and perpendicu- 
lar height, whatever may be the figure of vessel. Pressure, therefore, 
of a fluid, wpon any surface, whether Vertical, Oblique, or Horizontal, is 
equal to weight of a column of the fluid, base of which is equal to sur- 
face pressed, and height equal to distance of centre of gravity of sur- 
face pressed, below surface of the fluid. 

Side of any vessel sustains a pressure equal to its area, multiplied by 
half depth of fluid, and whole pressure upon bottom and against sides 
of a vessel is equal to three times weight of fluid. 

Pressure upon a number of surfaces is ascertained by multiplying 
sum of surfaces into depth of their common centre of gravity, below 
surface of fluid. 

When a body is partly or wholly immersed in a fluid, vertical press- 
ure of the fluid tends to raise the body with a force equal to weight of 
fluid displaced; hence weight of any quantity of a fluid displaced by a 
buoyant body equals weight of that ‘body. 

Centre of Pressure is that point of a surface against which any fluid 
presses, to which, if a foree equal to whole pressure were applied, it 
would keep surface at rest. Hence distance of centre of pressure of 
any given surface from surface of fluid is same as Centre of Percussion. 

Centres of Pressure. 

Parallelogram, Side, Base, Tangent, or Vertex of Figure at Surface of Fiuid, is at 
.66 of line (measuring downward) that joins centres of two horizontal sides. 

Triangle, Base uppermost, is at centre of a line raised vertically from lower apex, 
and joining it with centre of base; and Vertex uppermost, it is at .75 of a line let 
fall perpendicularly from vertex, and joining it with centre of base. 

Right-angled Triangle, Base uppermost, is at intersection of a line extended from 
centre of base to extremity of triangle by a line running horizontally from centre 
of side of triangle, Vertex or Extremity uppermost, is at intersection of a line ex- 
tended from the centre of the base to the vertex, by a line running horizontally from 
.375 of side of triangle, measured from base. 

b+30' 
2b+40’ 

senting breadths of figure, d distance from surface of fluid, and a length of line join- 
ing opposite sides. 

Circle, at 1.25 of its radius, measured from upper edge. 

Trapezoid, either of parallel Sides at Surface, Xa=d. bandd’ repre- 

Semicircle, Diameter at Surface of Fluid, a =d. r representing radius of circle 
; I 

and p=3.1416. Diam. downward, ee = 
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Side, Base, or Tangent of Figure below Surface of 
Fluid. : 

: ‘3 —h3 4. m2 
Rectangle or Parallelog’m. = x ae srw == 0.5 0r, setae Erie and ==d", 

' 3 
hand h’ representing depths of upper and lower surfaces of figure and d depth 

both from surface of fluid, m half depth of figure, 0 depth of centre of gravity of 
Jigure from surface of fluid, d’ distance from upper side of figure, and a’ distance 
Srom centre of gravity. 

P18 07) i2 
ac VA cere a. Base Uppermost, Triangle. — Vertex Uppermost. 

1? +- 18 0? 
Se d. Il vepresenting depth of figure, d distance from surface of fluid upon 

a line from vertex lo centre of base, and d’ distance from centre of gravity of figure. 
2 ; Caetatie re : : 

. Circle. 4 one = d, or —= distance from centre of circle. 
40 40 

2 2 

Semicircle.—Diam. Horizontal and Upward or Downward. Me — — 
4 9 

t—4l 1 hea P 
ae oe ai =F a =a’, and a Na < Piaahe d representing distance from 

9 
surface of fluid, d’ distance of centre of gravity from centre of arc, a” distance of 
centre of granity from diameter when it is uppermost, and ¢ centre of pressure. 

Pressure. 
To Compute Pressure of a Fluid upon Bottom of its 

Containing Vessel. 

Rure.—Multiply area of base by height of fluid in fect, and product by 
weight of a cube foot of fluid. 

To Compute Pressure of a Wluid upon a Vertical, In- 
clined, Curved, or any Surface. 

Rute.—Multiply area of surface by height of centre of gravity of fluid 
in feet, and product by weight of a cube foot of fluid. 
EXAMPLE 1.—What is pressure upon a sloping side of a pond of fresh water ro feet 

square and 8 feet in depth? 
Centre of gravity,8+2—4 fet from surface. Then 10? % 4 X 62.5 = 25 000 lbs, 

2.—What is pressure upon staves of a cylindrical reservoir when filled with fresh 
water, depth being 6 feet, and diameter of base 5 feet? 

5 X 3.1416 = 15.708 feet curved surface of reservoir, which is considered as a plane, 

15.708 X 6 X 6 2= 282.744, which X 62,5 = 17671.5 lbs. 

3.—A rectangular flood-gate in fresh water is 25 feet in length by r2 feet deep; 
what is pressure upon it? 

25 12 X 12+ 2= 1800, which X 62.5 = 112 500 Lbs. 

When water presses against both sides of a plane surface, there arises from 
resultant forces, corresponding to the two sides, a new resultant, which is 
obtained by subtraction of former, as they are opposed to each other, 
ILLUSTRATION.—Depth of water in a canal is 7 feet; in its adjoining lock it is 4 

feet, and breadth of gates is 15 feet; what mean pressure have they to sustain, and 
what is depth of point of its application below surface ? 

7X 15=105, and 4 X 15 =60 sq. feet. (105 X Z —60 X 2) X 62.5 = 1546.875 lbs., 

mean pressure. 

Then 1546.875 + 62.5 = 247.5 =cube feet pressing upon gates upon high side, and 

247.515 X 7=2.35 feet =depth of centre of gravity of mean pressure. 

To Compute Pressure on a Sluice. 

Awd=P,andCP=P’. A representing area of slwice in sq. feet, w weight of 
water per cube foot, d mean depth of sluice below surface, in feet, P pressure on sluice, 
and P’ power required to operate it, both in lbs. 

C=.68 when sluice is of wood, and .3x when of iron. 
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ExamMPLe.— What is pressure on a sluice-gate 3 feet square, its centre of gravity 
being 30 feet below surface of a pond of fresh water? B 

3X 3 X 30270, which X 62.5 = 16 875 lbs. 

To Compute Pressure of a Column of a Fluid per 
Sq. Inch. 

Rure.—Multiply height of column in feet by weight of a cube foot of 
fluid, and divide product by 144; quotient will give weight or pressure per 
sq. inch in Ibs. 
Notrre.—When height is given in ins., omit division by 144. 

PIPES. 

To Compute required Thickness of a Pipe. 

RuLe.—Multiply pressure in lbs. per sq. inch by diameter of pipe in ins., 
and divide product by twice assumed tensile resistance or value of a sq. 
inch of material of which pipe is constructed. 
By experiment, it has been found that a cast-iron pipe x5 ins. in diameter, and 

+75 of an inch thick, will support a head of water of 600 feet; and that one of oak, 
of same diameter, and 2 ins. thick, will support a head of 180 feet? 

EXAMPLE I.—Pressure upon a cast-iron pipe 15 ins. in diameter is 300 lbs. per sq. 
inch; what is required thickness of metal? 

300 X 15 = 4500, Which + 3000 X 2=.75 inch. 

Norr.—Here 3000 is taken as value of tensile strength of cast iron in ordinary 
small water-pipes. This is in consequence of liability of such castings to be im- 
perfect from honey-combs, springing of core, etc. 

2.—Pressure upon a lead pipe x inch in diameter is 150 Ibs. per sq. inch; what is 
required thickness of metal ? 

Here soo is taken as value of tensile strength. 

150 X r= 150, which + 500 X 2=.15 inch. 

Cast-iron Pipes. 

To Compute Thickness, ete., of Flanged Pipes. 

For 75 lbs. Pressure. For 100 lbs. Pressure. 
.025 D+ .25 =a, 073 D+ .3 =T 
.03 D+ .3 = 1% 035 D+ 45 ie 
.o5 D+x115 = 05 + 1.15 =1 
-03 D+ -35 =f o4 D+ .6 =f 

1.05 D+ 4.25d+ 1.25 =0 rr D+s5xXd+15 =0 

trop D+2xXxd+1 =0' ui D+2.5xXd+14 =0’ 
AX pn a 

7D + es} SS = d >: cs 7D+22=7; yes a, an Jat cae 

D representing diam. of pipe, T thickness of metal, t thickness and 1 length of boss 
S thickness of flange, o diam. of flange, 0’ diam. of centres at bolt holes, and d diam’ 
of bolts, all in ins.; A area of pipe and a area of bolt at base of its thread, in sq. ins. 
p pressure in lbs. per sq. inch, and C a coefficient due to diam. of bolt. ; 

Thus, diam. .125 4.032, .25 + .064, .5-+.107, 1-+.16, 1.5214, and 2+-.28s. 
ILLUSTRATION. —What should be dimensions of a flanged pipe, xo ins. in diameter, 

for a pressure of soo lbs. per sq. inch? ! 

-7 X 10+ 2.2=9.2 =10 number of bolts, and diam. ro ins. = 78.54 ins. area = A. 

78.54 X 100-10 _ m 196 35 cs pene amsaranmrresne aris and ETNA eee, hence, .5-+ .107 = 

.607 =.625 lbs. diameter of bolls ; .03 X 10+ .3=.6= thie, Ls 
+ ve = re thickness a rs “ a Ze: == 7.65 eee ee ia 

+.6=1= thickness of flange; 1.1 X 10+ 5 X .625-+ 1.5 = 15.625 = diameter of 

flange ; and 1.x X 10+ 2.5 X .625 + 1.4 = 13.9625 = diameter of bolt holes. 

For Tables of Cast-iron Pipes, see page 132. 
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To Compute Elements of Water-pipes. \ 

_.0001245 Pd+C=—t; or, .cooocs4 Hd + C=1; -4336 H=P; and 
D2—d? X 2.45=W. P representing pressure of water in lbs. per sq. inch, D and ad 
external and internal diameters of pipe, and t thickness of metal, all in ins., C coeffi- 
cient for diameter of pipe, and H head of water in feet. 

C=.37 for pipes less than x2 ins. in diameter, .5 from 12 to 30, and .6 from 30 to 50. 

To Compute Weight of Pipes. 

To Diameter add thickness of metal, multiply sum by ro times thickness, 
and product will give weight in lbs. per foot of length. 

Weight of Faucet end is equal to 8 ins. of length of pipe. 

Hydrostatic Press. 

To Compute Elements of a Hydrostatic Press. 

PIA Wla Wia PAL 
——_ = W; ee are 
Va 5 Pl A; tA EWU 

ure applied, W weight or resistance in lbs.,l and V lengths of lever and fulcrum in 
ins. or feet, and A and a areas of ram and piston in sq. ins. 

ILLUSTRATION.—Areas of a ram and piston are 86.6 and x sq. ins., lengths of lever 
and fulcrum 4 feet and 9 ins., and power applied 20 lbs.; what is weight that may 
be sustained ? 

=a. P representing power or press- 

20% 4 X 12 X 86.6 83 136 
= = 9237-3 lbs. 9Xx 9 9237-3 

To Compute Thickness of Metal to Resist a given 
Pressure. 

Ru.e.—Multiply pressure per sq. inch in lbs. by diameter of cylinder in 
ins., and divide product by twice estimated tensile resistance or value of 
metal in Ibs. per sq. inch; and quotient will give thickness of metal required. 

EXAMPLE. —Pressure required is gooo lbs. per sq. inch, and diameter of cylinder is 
5.3 ins.; what is required thickness of metal of cast iron? 

gooo X 5.3 __ 47.700 Value of metal is taken at 6000, Sees phase = 3-975 ins. 

Values of Different Metals in Tons, (Molesworth.) 
Cast iron...... .41 | Gun metal..... .22 | Wrought iron.. .14 | Steel......... -06 

Hydraulic Ram. 

Useful effect of an Hydraulic Ram, as determined by Eytelwein, varied 
from .g to .18 of power expended. When height to which water is raised 
compared to fall is low, effect is greater than with any other machine; but 
it diminishes as height increases. 

Length of supply pipe should not be less than.75 of height to which 
water is to be raised, or 5 times height of supply; it may be much longer. 

To Compute Mlements,. 
a 

oor 13 Vh= PP; oe aV; n45/V=D;. .75/V=ad; and ex T= 

efficiency. V and v representing volumes expended and raised, in cube feet per 
minute, h and h’ heighis from which water is drawn and elevated in fect, D and d 
diameters of supply and discharging pipes in ins., and EP effective horse-power, 

ILLUSTRATION.—Heights of a fall and of elevation are ro and 26.3 feet, and vol- 
umes expended and raised per minute are 1.71 and .543 cube feet. 

88x Xx. 
a 0898 =1.71 cube feet; 1.45 V/1.71 = 1.89 

+543 X 26.3 5, 1543 X 26.3 tt 
6 x er. = .696 efficiency. 

.002 13 X 1.71 X 10=.0193 BP; 

ins.;  .75 3.721.975 ins.; and 
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Results of Operations of Hydraulic Rams. 

Strokes| y4;, | Eleva- Water |Useful ||Strokes| 5. ‘all, | Eleva- Water Useful 
per M.| “®"* | tion. |Expen’d. (Raised. Effect. per M. * | tion. Expen’d. | Raised.| Effect. 

No, | Feet. | Feet. | C. Ft. | C.Ft. | -No. | Feet. | Feet. | C. Ft. | C. Ft 
66 | 10.06] 26.3] 1.72 | -543 | .9 15 3-22} 38.6} 1.98 | .058 | .35 
50 9-93| 38-6 | 1.93 | -42t | .85 10 1.97| 38-6] 1.58 | .org4 | .18 
36 6.05] 38.6 | 1-43 | -169 | .75 — |22.8 | 196.8 -38 | .029 | .67 
31 5.06| 38.6 | 1.29 | .113 | -67 — 8.5 52.7] 2 -186 | .57 

Notre.— Volume of air yessel= volume of delivery pipe. One seventh of water 
may be raised to about 4 times head of fall, or one fourteenth 8 times, or one twenty- 
cighth 16 times. 

WATER POWER. 

Water acts as a moving power, either by its weight or by its vis viva, and 
in latter case it acts either by Pressure or by Impact. 

Natural Effect or Power of a fall of water is equal to weight of its volume 
and vertical height of its fall. 

If water is made to impinge upon a machine, the velocity with which it 
impinges may be estimated in the effect of the machine. Result or effect, | 
however, is in nowise altered; for in first case P= Vw A, and in latter= 

av w. V representing volume in cube feet, w weight in lbs., and v velocity 

of flow in feet per second. 
62.5 Vh=P,and 3.2% a/h=V. P representing pressure in lbs., a area of open- 

ing in sq. feet, and h height of flow in feet per second. 

To Compute Power of a Hall of Water. 

Ruie.—Multiply volume of flowing water in cube feet per minute by 
62.5, and this product by vertical height of fall in feet. 

Nore.— When Flow is over a Weir or Notch, height is measured from surface of 
tail-race to a point four ninths of height of weir, or to centre of velocity or pressure 
of opening of flow. 

When Flow is through a Sluice or Horizontal Slit, height is measured from sur- 
face of tail-race to centre of pressure of opening. 

EXAMPLE.—What is power of a stream of water when flowing over a weir 5 feet 
in breadth by x in depth, and having a fall of 20 feet from centre of pressure of flow? 

By Rule, page 533, 5 5X1V2g1 X.625 = 16.68 cube feet per second. 

16.68 X 60 X 62.5 X 20==1 251 000 lbs., Which + 33 000 = 37.91 hor'ses’ power. 

Or, .1135 V h= theoretical TP. h representing height from race in feet. 

ILLustRATION.—If flow of a stream is 17.9 cube feet per second, to what height 
and area of flow of x foot in depth should it be dammed to attain a power of ro 
horses. 

33.000 X 10 

60 

4.92 feet height. Hence, 4 6 V2g9X1=3.2, and 17.9 +3.2=5.59 sq. feet. 

= 5500 lbs. per second, and “pa = 88 cube feet per second. 
2739; 

Water sometimes acts by its weight and vis viva simultaneously, by com- 
bining effect of an acquired velocity with fall through which it flows upon 
wheel or instrument. 

2 

In this case ( + =) V X 62.5 = mechanical effect. 

* As determined by 2 ¢, 
3 
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WATER-WHEELS, 

WATER-WHEELS are divided into two classes, Vertical and Horizontal. 
Vertical comprises Overshot, Breast, and Undershot ; and Horizontal, 
Turbine, Impact, or Reaction wheels. 

Vertical wheels are limited by construction to falls of less than 60 feet. 
Turbines are applicable to falls of any height from 1 foot upward. 

Vertical wheels applied to a fall of from 20 to 4o feet give a greater 
effect than a Turbine, and for very low falls Turbines give a greater effect. 

Sluices.—Methods of admitting water to an Overshot or Breast 
Wheel are various, consisting of Overfall, Guide-bucket, and Penstock. 
An Overfall Sluice is a saddle-beam with a curved surface, so as to direct the 

current of water tangentially to buckets; a Guide-bucket is an apron by which 
water is guided in a course tangential to buckets; and a Penstock is sluice-board or 
gate, placed as close to wheel as practicable, and of such thickness at its lower edge 
as to avoid a contraction of current. Bottom surface of penstock is formed with a 
parabolic lip. 

Shrouding of a wheel consists of plates at its periphery, which 
form the sides of the bucket. 

Height of fall of a water-wheel is measured between surfaces of water in penstoci 
and in tazl-race, and, ordinarily, two thirds of height between level of reservoir and 
point at which water strikes a wheel is lost for all effective operation. 

Velocity of a wheel at centre of percussion of fluid should be from .5 to .6 that 
of flow of the water. 

Total effect in a fall of water is expressed by product of its weight 
and height of its fall. 

Ratio of Effective Power of Water Motors. 

Overshot and high) OTR GSIED uc atols Undershot, Poncelet’s, from .6 to.4 tor 
reas uresteptae =e s Undershot. 04.25 4. “27 to.45 tox 

Warbinies's7, <2 tae’ pre “56 to .8 to1|Impact and Reac-). ,, 
1) ee ain ee ae Os £0 16540 x tion. 2 ts 6. sw ole § “BL LOB EOS 
Hydraulic Ram...... i .6 tox | Water-pressure engine ‘ -8 tor 

Overshot-wheel, 

OVERSHOT-WHEEL.—The flow of water acts in some degree by impact, 
but chiefly by its weight. 

Lower the speed of wheel at its circumference, the greater will be mechan- 
ical effect, of the water, in some cases rising to 80 per cent.; with velocities 
of from 3 to 6.5 feet, efficiency ranges from 70 to 75 per cent. Proper ve- 
locity is about 5 feet per second. 

Number of buckets should be as great, and should retain water as long, as 
practicable. Maximum effect is attained when the buckets are so numerous 
and close that water surface in the bucket commencing to be emptied should 
come in contact with the under side of the bucket next above it. Moles- 
worth gives 12 ins, apart. 

Curved buckets give greatest effect, and Radial give but .78 of effect of 
Elbow buckets. Wheel 40 feet in diameter should have 152 buckets. 

Small wheels give a less effect than large, in consequence of their greater 
centrifugal, action, and discharging water from the buckets at an earlier 
period than with larger wheels, or when their velocity is lower. 

When head of water bears to fall or height of wheel a proportion as great 
as 1 to 4 or 5, ratio of effect to power is reduced. ‘The general law there- 
fore is, that ratio of effect to power decreases as proportion of head to total 
head and fall increases. 
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Wheel with shallow Shrouding acts more efficiently than one where it is 

deep, and depth is usually made ro or 12 ins., but in some cases it has been 

increased to 15. ; 
j 

‘ Breadth of a wheel depends upon capacity necessary to give the buckets 
to receive required volume of water. 

Form of Buckets.—Radial buckets—that is, when the bottom is a right line—in- 

yolve so great a loss of mechanical effect as to render their ase incompatible with 

economy; and when a bucket is formed of two pieces, lower or inner piece is 

termed bottom or floor, and outer piece arm or wrist. Former is usually placed in 

a line with radius of wheel. 

Line of a circle passing through elbow, made by junction of floor and arm, is 

termed division circle, or bucket pitch, and it is usual to put this at one half depth 

of shrouding. 
ae. pats We teeg6o2 

When arm of a bucket is included in division angle of buckets, that is, 3% 

representing number of buckets, the cells are not sufficiently covered, except for very 

shallow shrouding; hence it is best to extend arm of a bucket over 1.2 of division 

angle, so as to cover or overlap elbow of bucket next in advance of it. 

Construction of Buckets (Fig. 1).—Capacity of bucket should be 3 times volume 
of water. . 

Fig. 1. Fairbairn gives area of opening of a bucket in a 
eas eax wheel of great diameter, compared to the volume of it, 

as 5 to 24. 

Buckets having a bottom of two planes, that is, with: 
two bottoms, and two division circles or bucket pitches 
and an arm, give a greater effect than with one bottom. 

When an opening is made in base of buckets, so as 
_ to afford an escape of air contained within, without a 

_ loss of water admitted, the buckets are termed ven- 
.. | tilated, and effective power of wheel is much greater 

: than with closed buckets. 

D= distance apart at periphery =d, d depth of 
shrouding, s length of radial start= .33 d, J length of» 
bucket curve = 1.25 @ in large wheels, and x in wheels 
under 25 feet, a angle of radius of curve of bucket, 
with radial line of wheel at points of bucket = 15°. 
(Molesworth. ) 

! 

if 

To Compute Radius and Revolutions of an Overshot- 
wheel, and Height of Fall of Water. 

- h—l’ 
When whole Fall “elacit ) ., are given, ——__ =r, hen whole Fall and Velocity of Flow, etc., are giv 7h cout Tes 

he v2 : 3-1416 27 Apt 5 h 
ay =n oy r.1=-h’, and =c. h representing height of whole 

3° 

Fall, h’ height between the centre of gravity of discharge and half depth of bucket 
upon which water flows, v velocity of flow in Jeet per second, a angle which point of 
entrance of water into a bucket makes with summit of wheel, n number of revolutions 
per minute, ¢ velocity of wheel at its circumference per second, and r its radius. 

Notr.—Height of whole fall is distance between surface of water in flume and 
point at which lower buckets are emptied of water, and as a proportion of velocity 
of flow is lost, it is proper to assume height h’ as above given. 

ItLusTRAtTION.—A fall of water is 30 feet, velocity of its flow is 16 feet per second, 
angle of its impact upon buckets is 12°, and required velocity of wheel is 8 feet per 
patsy: ; What is required radius, number of revolutions, and height of fall upon 
whee 

30— 4.38 25.62 

1+.978 1.978 
v= er Xr.1 = 4.98 feet; Cos. 129.978; = 12.95 feet radius ; 

30X 8 240 z 

3:1416 X 12.95 40.68 
= 5.9, revolutions. 
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Whea Number of Revolutions and Ratio between Velocities of Flow and at 
Circumference of Wheel are given. 

‘i un)? h cos. a)? — : : 3 V 000772 (an)? h(x +. C08. a) 1-+ cos Dif v i hd 3 4AD 0 NY 

000 386 (2 72)? ¢c 30 

ILLusTRATION.—If number of revolutions are 5, x =2, and fall, etc., as in previous 
case; what is radius of wheel, velocity of flow, and height of fall? 

é a - 2_y.978 518 V.000772 (2X 5)® X 30 + (3.978)? —1.978 __-5x Edges Wen 
-000 386 (2 X 5)? +0386 

3.1416 X 5 X 13-41 

3° 

X TSB 374 /eet 

To Compute Width of an Overshot-wheel. 

2 

=7.03 feet. Hence 7.03 XK 2=14.06 velocity of flow, and _ 

4-33 

CV 
wen C representing a coefficient = 3, when buckets are filled to an excess, and 

5 when they aie deficiently filled, V volume of water in cube feet per second, s depth 
of shrouding, w width of buckets, both in feet, and c’ velocity of wheel at centre of 
shrouding, in feet per second. 

ILLUSTRATION.—A wheel is to be 31 feet in diameter, with a depth of shrouding of 
r foot, and is required to make 5 revolutions per minute under a discharge of 10 
cube feet of water per second; what should be width of buckets? 

311 a ae 7.854, ‘Then _4X 10 _ 5.09 feet. 
IX 7-854 

To Compute Number of Buckets. 

Dps 

d 

Assume C = 4, and c! 

s 
7ir+ =) +12=d, and =n. D representing diameter of wheel, d dis- 

t= | 

ance between centres of buckets, in feet, and n number of buckets. 

ILLUSTRATION.—Take elements of preceding case. 

Ef ead 1416 
Then 7 (: ae 4%) fps Cp Pia Cam teen neaNel Se ee = 73-4, Say 72 

602 

buckets ; hence a 5°, angle of subdivision of buckets. 
72 5 

To Compute Effect of an Overshot-wheel. 

Vn wt (2 u (: 3 Vu+ f) 

Vhw 
»” velocity of it discharged at tail of wheel, in feet per second, V volume of flow in 
ube feel, and f friction of wheel in lbs. 

ItusTRATION. — A volume of 12 cube feet per second has a fall of 10 feet, wheel 
ising but 8.5 feet of it, and velocity of water discharged is 9 feet per second; what 
8 effect of fall? 

Friction of wheel is assumed to be 750 lbs. 
2 

8.5 X62.5— (2 12 X 8.5 X 62.5 lees X 12 X 62 5+750) 6a7§-~(4.26.¢ 750-1750. 114680 Jy 

12 X 10 X 62.5 =. 7500 7500 
624 = ratio of effect to power ; and 4680 X 60 seconds + 33 000 = 8.51 EP. 

=P. w representing weight of cube foot of water in lbs., 

To Compute Power of an Overshot-wheel. 

Rute. — Multiply weight of water in lbs. discharged upon wheel in one 
ninute by height or distance in feet from centre of opening in gate to sur- 
ace of tail-race; divide product by 33000, and multiply quotient by as- 
uumed or determined ratio of effect to power. Or, for general purposes, 
livide product by 50000, and quotient is EP. 

Or, 9852 Vh = PB, and ies es 
rR : 

= V per second; or, = V per minute, 

3B 
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Mechanical Effect of water is product of its weight into height from which 
it falls. 

ExamMpLe.—Volume of water discharged upon an overshot-wheel is 640 cube feet 
per minute, and effective height of fall is 22 feet; what is H? 

640 X 62.5 X 22 
= 26.67, which, X .75 = assumed ratio of effect to power= 20 EP. 

33 000 

Useful Effect of an Overshot-wheel. 

With a large wheel running in most advantageous manner, .84 of power 
may be taken for effect. 

Velocity of a wheel bears a constant ratio, for maximum effects, to that 
of the flowing water, and this ratio is at a mean .55. 

Ratio of effect to power with radial-buckets is .78 that of elbow-buckets. 
Ratio of effect decreases as proportion of head to total head and fall increases. 
Thus, a wheel 10 feet in diameter gave, with heads of water above gate, 
ranging from .25 to 3.75 feet, a ratio of effect decreasing from .82 to .67 of 
power. 

Higher an overshot-wheel is, in proportion to whole descent of water, 
greater will be its effect. Effect is as product of volume of water and its 
perpendicular height. 

Weight of arch of loaded buckets in lbs. is ascertained by multiplying 
.444 of their number by number of cube feet in each, and that product by 4o. 

Undershot-wheel. 

UNDERSHOT-WHEEL is usually set in a curb, with as little clearance for 
escape of water as practicable; hence a curb concentric to this wheel is more 
effective than one set straight or tangential to it. 

Computations for an undershot-wheel and rules for construction are near- 
-ly identical with those for a breast-wheel. 

Buckets are usually set radially, but they may be inclined upward, so as 
to be more effectively relieved of water upon their return side, and they are 
usually filled from .5 to .6 of their volume. Depth of shrouding should be 
from rg to 18 ins., in order to prevent overflow of water within the wheel, 
which would retard it. 

Velocity of periphery should equal theoretical velocity due to head of 
water X .57. 

Notr.—When constructed without shrouding, as in a current-wheel, etc., buckets 
become blades. 

Sluice-gate should be set at an inclination to plane of curb, or tangential 
to wheel, in order that its aperture may be as close to wheel as practicable; 
and in order to prevent partial contraction of flow of water, lower edge of 
sluice should be rounded. 

Effect of an undershot-wheel is less than that of a breast-wheel, as the ~ 
fall available as weight is less than with latter, : 

To Compute Power of an Undershot-wheel. 

Proceed as per rule for an overshot-wheel, using 93 750 for 50000, and .4 
for .75. 

Or, V h .c00 66 = FP; or, = se =V. V representing volume of water im cube 

Sect per minute, and h head of water in feet. 
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Poncelet’s Wheel. 

Poncetet’s WHEEL.—Buckets are curved, so that flow of water is in 
course. of their concaye side, pressing upon them without impact; and effect 
is greater than when water impinges at nearly right angles to a plane sur- 
face or blade. : 

This wheel is advantageous for application to falls under 6 feet, as its 
effect is greater than that of other undershot wheels with a curb, and for 
falls from 3 to 6 feet its effect is equal to that of a Turbine. 

For falls of 4 feet and less, efficiency is 65 per cent., for 4.25 to 5 feet, 60 
per cent., and from: 6 to 6.5 feet, 55 to 50 per cent. 

In its arrangement, aperture of sluice should be brought close to face of 
wheel. First part of course should be inclined from 4° to 6°; remainder of 
course, which should cover or embrace at least three buckets, should be car- 
ried concentric to wheel, and at end of it a quick fall of 6 ins. made, to guard 
against effect of back-water. Sluice should not be opened over 1 foot in any 
case, and 6 ins. is a suitable height for falls of 5 and 6 feet. 

Distance between two buckets should not exceed 8 or to ins., and radius 
of wheel should not be less than 4o ins., or more than 8 feet. 

Plane of stream or head of water should meet periphery of wheel at an 
angle of from 24° to 30°. Space between wheel and its curd should not ex- 

- ceed .4 of an inch. 

Depth of shrouding should be at least .25 depth of head of water, or such 
as to prevent water from flowing through it and over the buckets, and width 
of wheel should be equal to that of stream of impinging water. 

Effect of this wheel increases with depth of water flow, and, therefore, 
other elements being equal, as filling of buckets, to obtain maximum effect, 
water should flow to buckets without impact, and velocity of wheel should 
be only a little less than half that of velocity of water flowing upon wheel. 

To Compute Proportions of a Poncelet Wheel, 

Nore.— As it is impracticable to arrive at the results by a direct formuia, they 
must be obtained by gradual approximation. 

ExAampLe.—Height of fall is 4.5 feet; volumo of water 40 cube fect per second; 
radius of wheel=2 h, or g fect; depth of the stream =.75 feet ; and C assumed at .g. 

V representing volume of water in cube feet per second, h height of fall, d depth of 

shrouding =— . oF +d’; d opening of and e width of sluice, r radius of curva- 
Ae 

; c 
ture of buckets = de , and a of wheel, all in feet ; n number of revolutions = oe 

per minute ; ¢ velocity of circumference of wheel and v velocity of water, both in feet 

per second ; C coefficient of resistance of flow of water; x angle between plane of 

flowing water and that of circumference of wheel at point of contact, sin. of == 

V cos. z; z angle made by circumference of wheel with end of buckets = 2 tang. y; 

ad 
and y angle of direction of water from circumference of wheel = a V/. Tint dat 

+. — 

Then v= 9n/. 2g (»—$) =.9 X 16.29 = 14.66 feet .. velocity of wheel, being 
2 
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; 66 —.66 
less than half velocity of water ; C= t= 7 feet ; d=" x 

2 1416 58 BHO: Cs ale. y= BE XT x E58 woes 5 iaale eof ep 
ae 2 32.166 + i 

9 

25, angle corresponding to which = 14° 30°; n= et = 7-43 revolutions ; 
Pot it 3-1416 X 9 

z=2 tang. y=2 X .25862 = .517 24 ”. Z= 279 20°; = a = BS 

1.58 _. 158 

~ COS. 27° 20’ —-.88835 

= Sin. of 70° 34” “. = 141° 8’. Effect is a maximum when c=.5 v cos. y. 

=1.78 fee; x—=sin. = = Vc08. 2 = V/008. 27° 20’ = .043 

Construction of Buckets (Fig. 2). (Molesworth.) 
From point of bucket, a, draw a line, a b, at an angle of 26° 

with radial line, point b, where this line cuts an imaginary cir- 
cle, drawn at a distance of s X 1.17 from periphery of wheel, is 
centre from which bucket is struck with radius, b a. Radius of 
wheel should not be less than 7, or more than x6 feet. . 

_ _ Curb should fit wheel accurately for 18 or 20 ins., measured 
back from perpendicular line which passes through axis of 
wheel, the breast should then incline x in 10, or x in r5 towards 
sluice. 

After passing axis of wheel in tail-race, curb should make a 
sudden dip of 6 ins. 

To Compute Power of a Poncelet Wheel. 

88 
Vh.oor13=BHP, and hos =V. V= velocity of theoretical periphery =.55.* 

Number of buckets 1.6 D+ 1.6, D = diameter of wheel in feet. Shrouding .33 to 
+5 depth of head of water, and D = 2h, and not less than 7 or more than 16 feet. 

Breast-wheel. 

BREAST-WHEEL is designed for falls of water varying from 5 to 15 feet, 
and for flows of from 5 to 80 cube feet per second. “It is constructed with 
either ordinary buckets or with blades confined by a Curb. 

Enclosure within which water flows toa breast-wheel as it leaves the sluice 
is termed a Curd or Mantle. 
When blades are enclosed in a curd, they are not required to hold water; 

hence they may be set radial, and they should be numerous, as the loss of 
water escaping between the wheel and the curb is less the greater their num- 
ber; and that they may not lift or carry up water with them from tail-race, 
it is proper to give them such a plane that it may leave the water as nearly 
vertical as may be practicable. 

Distance between two buckets or blades should be from 1.3 to 1.5 times 
head over gate for low velocity of wheel and more for a high velocity, or 
equal to depth of shrouding, or at from ro to 15 ins, 

It is essential that there should be air-holes in floor of buckets, to prevent 
air from impeding flow of water into them, as the water admitted is nearly 
as deep as the interval between them ; and velocity of wheel should be such 
that buckets should be filled to .5 or .625 of their yolume. 
When wheels are constructed of iron, and are accurately set in masonry, 

a clearance of .5 of an inch is sufficient. 
Rae 

* \/2 gh in feet per second. 
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High Breast-wheel is used when level of water in tail-race and penstock 
or forebay are subject to variation of heights, as wheel revolves in direction 
in which water flows from blades, and back-water is therefore less disad- 
vantageous, added to which, penstocks can be so constructed as to admit of 
an adjustable point of opening for the water to flow upon the wheel. 

Effect of this wheel is equal to that of the overshot, and in some instances, 
from the advantageous mamner in which water is admitted to it, it is greater 
when both wheels have same general proportions. 

Under circumstances of a variable supply of water, Breast-wheel is better 
designed for effective duty than Overshot, as it can be made of a greater 
diameter; whereby it affords an increased facility for reception of water 
into its buckets, also for its discharge at bottom; and further, its buckets 
more easily overcome retardation of back-water, enabling it to be worked 
for a longer period in back-water consequent upon a flood. 

In a well-constructed wheel an efficiency of 93 per cent. was observed by M. 
Morin, and Sir Wm. Fairbairn gives, at a velocity of circumference of wheel of 
5 feet, an efficiency of 75 per cent. Velocity usually adopted by him was from 4 
to 6 feet per second, both for high and low falls; a minimum of 3.5 feet for a fall of 
4o and a maximum of 7 feet for a fall of 5 to 6 feet. 

When water flows at from 10° to 12° above horizontal centre of wheel, Fairbairn 
gives area of opening of buckets, compared with their volume, as 8 to 24. 

The capacity between two buckets or blades should be very nearly double that of 
volume of water expended. 

To Compute Proportions and Effect of a Breast-wheel. 

ILLustRATION.—Flow of water is 15 cube feet per second; height of fall, measured 
from centre of pressure of opening to tail-race, is 8.5 feet; velocity of circumference 
of wheel 5 feet per second; and depth of buckets or blades x foot, filled to .5 of their 
volume. 

Ve : , 
Width of wheel = aa? d representing depth, and v velocity of buckets ; : X54 a 

and as buckets are but .5 filled, 3.5 = 6 feet. Assume water is to flow with double 
velocity of circumference of wheel; v=5 X 2=x0 feet; and fall required to gen- 

100 
Kut LIL see, 

64,33 
Deducting this height from total fall, there remains for height of curb or shroud- 

ing, or fall during which weight of water alone acts, 4 —1’ = 8.5 —1.71 = 6.79 feet. 

Making radius of wheel x2 fect, and radius of bucket circle 11 feet, whole mechan- 
ical effect of flow of water = 15 X 62.5 X 8.5 == 7968.75 /bs., from which is to be de- 
ducted from ro to 15 per cent. for loss of water by escape. 

Theoretical effect, as determined by M. Morin, velocity of circumference about 
.5 of that of water, and within velocities of 1.66 to 6 feet. 

(esto +’) V 62.5. a@ representing angle of direction of velocity with 
g Annie : 

which water flows to wheel at centre of thread of flow and direction of velocity of 
wheel at this line, and h’’ h—h’ in feet. 

a is here assumed at 20°. See Weisbach, London, 1848, vol. ii. page 197, and for 
the necessarily small value of a, its cosine may be taken at 1, Cos. 20°=.94. 

erate this velocity = "- x 1.1 =’ = 
2g 

Then (PASE 5) 5 a 6.79) X 15 X 62.5 =7.474 X 15 X 62.5 = 7006.9 lbs., which 
+1 

is to be reduced by a coefficient of .77 for a penstock sluice, and .8 for an overfall 
sluice. 

Theor ical effect, as determined by Weisbach, 7273 /bs., from which are 
to be deducted losses, which he computes as follows: 

Loss by escape of water between wheel and Curb.......+.++++ = 916 
Loss by escape at sides of wheel and curb...........+..0005 = 180 
Friction and resistance of water = 2.5 per cent.........+ RUdtie ee atele: 

1256 lbs. 

aie 
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Friction of wheel as per formula, page 571, =W~7 nC .0086; a—.048 Jz= 

16500 _ Bh a 5 X 60 at) F} ft 
048 sf. at nics 36 ins. ; and n Fisk su sae revolutions. | C=.08. 

r= 4.36-- 22.18. Then 16500 X 2.18 X 4 X .08 X .c086 = 98.99 Lbs. 

Whenee, 7006.9 — 1256-+-9.9 

» 1908-75 
puted by Weisbach. 

=.72 efficiency, upon assumption of losses as com- 

To Compute Power of a Breast-wheel. 

Rure.—Proceed as per rule for an overshot-wheel, using 55000 and .65 
with a high breast, and 62 500 and .6 for a low breast. 

Or, High breast, .o612 Vk = HP, and sak =V; and Low breast .0546 Vh= 

BE, and nD =V. 

15 X 62.5 X 8.5 X 60 

33 000 
ILLUSTRATION.—Assume elements of preceding case. Then 

= 14.49, Which X .7 = 10.14 horses, 

= 7006.9 — 1256 -+ 102.6 X 60 

4 33 000 
(@) = 10.27 horses. 

Openings of Buckets or Blades.—High Breast, .33 sq. foot, and Low Breast, .2 sq. 
foot for each cube foot of their volume, or generally 6 to 8 in opening in a high 
breast and 9 to r2 in a low breast. 

Forms of Buckets. —Two Part. d=D, s=.5 d, l 1.25 d in large wheels, and =@ 
in wheels less than 25 fect in diameter. 

Three Part Buckets.—d divided into 3 equal parts; l=.25 d,d=D,s=.33d,l= 
d@ in large wheels, and .75 @ in wheels less than 25 feet in diameter. 

Ventilating Buckets (Fairbairn’s). Spaces are about x inch in width. 

Norns.—A Committee of the Franklin Institute ascertained that, with a high 
breast-wheel 20 feet in diameter, water admitted under a head of g ins., and at 17 
feet above bottom of wheel, elbow-buckets gave a ratio of effect to power of .731 at 
a maximum, and radial-blades .653. With water admitted at a height of 33 feet 
8 ins., elbow-buckets gave .658, and radial blades .628. 

At 10.96 feet. above bottom of wheel, with a head of 4.29 feet, elbow-buckets gave 
544, and blades . 329. 

At 7 feet above bottom of wheel, and a head of 2 feet, a Jow breast gave for 
elbow-buckets .62, and for blades .531. ‘ 

At 3 feet 8 ins. above bottom of wheel, and a head of x foot, elbow-buckets gave 
+555, and blades .533. 

Current-wheel. 

CuRRENT-WHEEL,—D. K. Clark assigns the most suitable ratio of veloc- 
ity of blades to that of current as 40 per cent. 

Depth of blades should be from .25 to .2 of radius; it should not be less 
than 12 or rq ins. Diameter is usually from rg to 16.5 feet, with r2 blades; 
but it is thought that there might be an advantage in applying 18 or ever 
24. ‘The blades should be completely submerged at lower side, but not more 
than 2 ins. under water, and not less than 2 at one time. 

= (v—s)?= PP. a representing area of vertical section of immersed blades in 

sq. feet, s velocity of wheel at circumference, and v of stream, both in feet per second, 

Or, .38 re V 62.5 =useful effect. Hence, efficiency —.38. 
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FE lutter-wheel. 

Flutter or Saw-mill Wheel—Is a small, low breast-wheel operating under 
a high head of water; the design of its construction, water being plenty, is 
the attainment of a simple application to high-speed connections, as a gang 
or circular saw. In effect it is from .6 to .7 that of an overshot-wheel of 
like head of fall. 

Vv 
eek (v—s) =P. v ands as preceding. 

Friction of Journals or Gudgeons. 

A very considerable portion of mechanical effect of a wheel is lost in ef- 
fect absorbed by friction of its gudgeons. 

To Cornpute Friction of Journals or Gudgeons of a 
W ater-wheel. 

WrnC .0086=f. W representing weight of wheel in lbs., r radius of gudgeon in 
ins., and n number of revolutions of wheel per minute. 

For well-turned surfaces and good bearings, C =.075 with oil or tallow; when 
best of oil is well supplied =.054; and, as in ordinary circumstances, when a black- 
lead unguent is alone applied =.x1. 

ILLtsTRATION.—A wheel weighing 25 ooo Ibs. has gudgeons 6 ins. in diameter, and 
makes 6 revolutions per minute; what is loss of effect ? 

Assume C=.08. Then 25000 X E X 6X .08 X .0086 = 309.6 Lbs. 
2 

Weeights.—Ilvon wheels of 18 to 20 feet in diameter will weigh from 800 to 
roco Ibs. per EP. 

Wood wheels of 30 feet in diameter, 2000 to 2500 Ibs. per EP. 

To Compute Diameter and Journals of a Shaft, Stress 
laid uniformly along its Length. 

5 ee 

Cast Iron, ue =d. Wood, 6.12 3 E =d. W representing weight or lad in 
9; 4 ‘ 

Ibs., U length of shaft between journals in feet, and d diameter of shaft in its body 
in ins. 

Journals or Gudgeons.—Cast Iron, .048 Jas d. 

When Shaft has to resist both Lateral and Torsionai Stress.—Ascertain 
the diameter for each stress, and cube root of sum of their cubes will give 
diameter. 

To Compute TDimensions of Arms. 

Cast Tron, ye =w. d representing diameter of shaft, and w width of arm, both 

in ins., n number of arms, ey t, and t thickness of arm. 
5 

When Arm is of Oak, w should be 1.4 times that of iron, and thickness .7 that 
of width. 

Memoranda. 

A volume of water of 17.5 cube feet per second, with a fall of 25 feet, applied to an 
undershot-wheel, will drive a hammer of 1500 lbs. in weight from roo to 120 blows 
per minute, with a lift of from x to 1.5 feet.* 

_ A volume of water of 21.5 cube feet per second, with a fall of r2.5 fect, applied to 
a wheel having a great height of water above its summit, being 7.75 feet in diame- 
ter, will drive a hammer of 500 lbs. in weight 100 blows per minute, with a lift of 2 
feet 10 ins. Wstimate of power 31.5 horses. 

* Volume of water required for a hammer increases in a much greater ratio than velocity to be given 
to it, it Leing nearly as cube of velocity, 
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A Stream and Overshot Wheel of following dimensions—viz., height of head to 
centre of opening, 24.875 ins.; opening, 1.75 by 80 ins. ; wheel, 22 feet in diameter 
by 8 feet face; 52 buckets, each x foot in depth, making 3.5 revolutions per minute 
—drove 3 run of 4.5 feet stones 130 revolutions per minute, with all attendant ma- 
chinery, and ground and dressed 25 bushels of wheat per hour. 

4.5 bushels Southern and 5 bushels Northern wheat are required to make x bar- 
rel of flour. 

A Breast-wheel and Stream of following dimensions—viz., head, 20 feet; height 
of water upon wheel, 16 feet; opening, 18 feet by 2 ins.; diameter of wheel, 26 feet 
4 ins.; face of wheel, 20 feet 9 ins.; depth of buckets, 15.75 ins. ; number of buck- 
ets, 70; revolutions, 4.5 per minute —drove 6144 self-acting mule spindles; 160 
looms, weaving printing-cloths 27 ins. wide of No. 33 yarn (33 hanks to a lb.), and 
producing 24000 hanks in a day of rz hours. 

Horizontal Wheels. 

In horizontal water - wheels, waxer produces its effect either by Impact, 
Pressure, or Reaction, but never directly by its weight. 

These wheels are therefore classed as Impact, Pressure, and Reaction, but 
are now designated by the generic term of Turbine. 

Turbines. 

TurBInes, being operated at a higher number of revolutions than Ver- 
tical Wheels, are more generally applicable to mechanical purposes ; but 
in operations requiring low velocities, Vertical Wheel is preferred. 

For variable resistances, as rolling-mills, ete., Vertical Wheel is far 
preferable, as its mass serves to regulate motion better than a small 
wheel. 

In economy of construction there is no essential difference between 
a Vertical Wheel and a Turbine. When, however, fall of water and 
volume of it are great, the Turbine is least expensive. Variations in 
supply of water affect vertical wheels less than Turbines. 

Durability of a Turbine is less than that of a Vertical Wheel; and it is 
indispensable to its operation that the water should be free from sand, silt, 
branches, leaves, ete. 

With Overshot and Breast Wheels, when only a small quantity of water is 
available, or when it is required or becomes necessary to produce only a por- 
tion of the power of the fall, their efficiency is relatively increased, from the 
blades being but proportionately filled; but with Turbines the effect is con- 
trary, as when the sluice is lowered or supply decreased water enters the 
wheel under circumstances involving greater loss of effect. To produce 
maximum effect of a stream of water upon a wheel, it must flow without im- 
pact upon it, and leave it without velocity; and distance between point at 
which the water flows upon a wheel and level of water in reservoir should 
be as short as practicable, 

Small wheels give less effect than large, in consequence of their making a 
greater number of revolutions and having a smaller water are. 

In High-pressure Turbines reservoir (of wheel) is enclosed at top, and water 
is admitted through a pipe at its side. In Low-pressure, water flows into res- 
ervoir, which is open. 

In Turbines working under water, height is measured from surface of 
water in supply to surface of discharged water or race; and when they work 
in air, height is measured from surface in supply to centre of wheel. 

In order to obtain maximum effect from water, velocity of it, when leay- 
ing a Turbine, should be the Jeast practicable. : 
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Efficiency is greater when sluice or supply is wide open, and it is less af- 
fected by head than by variations in supply of water. It varies but little 
with velocity, as it was ascertained by experiment that when 35 revolutions 
gave an effect of .64, 55 gave but .66. 

When Turbines operate under water, the flow is always full through them ; 
hence they become Reaction-wheels, which are the most efficient. 

Experiments of Morin gave efficiency of Turbines as high as «75 of power. 

Angle of plane of water entering a Turbine, with inner periphery of it, 
should be greater than go°, and angle which plane of water leaving reservoir 
makes with inner circumference of Turbine should be less than go°. 

When Turbines are constructed without a guide curve*, angle of plane of 
flowing water and inner circumference of wheel = go°. 

Great curvature inyolves greater resistance to efflux of water; and hence 
it is advisable to make angle of plane of entering water rather obtuse than 
acute, say 100°; angle of plane of water leaying, then, should be 50°, if in- 
ternal pressure is to balance the external; and if wheel operates free of 
water, it may be reduced to 25° and 30°. 

If blades are given increased length, and formed to such a hollow curve 
that the water leaves wheel in nearly a horizontal direction, water then both 
impinges on blades and exerts a pressure upon them; therefore effect is 
greater than with an impact-wheel alone. 

Turbines are of three descriptions: Outward, Downward, and Inward flow. 

Outward-flow Turbines. 

FouRNEYRON TurRBINE, as recently constructed, may be considered as one 
of the most perfect of horizontal wheels; it operates both in and out of 
back-water, is applicable to high or low falls, and is either a high or low 
pressure turbine, 

Jn high-pressure, the reservoir is closed at top and the water is led to it 
through a pipe. In low-pressure, the water flows directly into an open res- 

_ ervoir. Pressure upon the step is confined to weight of wheel alone. 

Fourneyron makes angle of plane of water entering =go0°, and angle of 
plane of water leaving = 30°. 

Efficiency is reduced in proportion as sluice is lowered, for action of water 
on wheel is less favorably exerted. M. Morin tested a Fourneyron turbine 
6.56 feet in diameter, and he found that efficiency varied from a minimum 
of 24, to 79 per cent., when supply of water was reduced to .25 of full supply. 
In practice, radial length of blades of wheel is .25 of radius, for falls not ex- 
ceeding 6.5 feet, .3 for falls of from 6.5 to 19 feet, and .66 for higher falls. 

To Compute Mlements and Results. 

High Pressure, 6.6 /h=v; be Ge ate Dts; 12:6, = =) Vand. 
v v 

.079 Vh=P. h representing head of water, v velocity of turbine at periphery per 
minute, and D internal diameter of turbine, all in feet, V volume of water in cube Jeet 
per second, A sum of area of orifices in sq. feet, and EP effective horse-power. 

1.2 D =external diameter of turbine in feet, when it is more than 6 feet, and 1.4 
when it is less than 6 feet. Number of guides — number of blades } when less than 
24, and number 3 when greater than 24. Area of section of supply-pipe =.4 V. 

For construction of blades and guides, see Molesworth, London, 1882, page 540. 

* Guide curves are plates upon centre body of a Turbine, which give direction to flowing water, 
or to blades of wheel which surround them, . 
+ In extreme cases of very high falls diameter given by this formula may be increased. 
} Fourneyron’s rule for the number of blades is constant number 36, irrespective of size of turbine. 
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Operation of High-Pressure Turbines. é 

h|30 |40.|50 |60 |70 |80 |g0 | x00 | 120 140 |160 |180 |200 

V | 42| 32) 25| 22| 1-8] 1-6] 24) 1-27 | 1.05 +9 8 7 -63 

»|36 |42° 147 |5x 155 |59° 163 | 66 | 73 78 | 84 | 89 | 94 

h=head of water in feet, V volume of water in cube feet required Jor each 10 B, 

and v velocity of periphery of turbine in feet per second. 

Boypen TurBine. — Mr. Boyden, of Massachusetts, designed an 

outward-flow turbine of 75 EP, which realized an efficiency of 88 per cent. 

Peculiar features, as compared with a Fourneyron turbine, are, 1st, and most 

important, the conduction of the water to turbine through a vertical trun- 

cated cone, concentric with the shaft. The water, as it descends, acquires a 

gradually increasing velocity, together with a spiral moyement in direction 

of motion of wheel. The spiral moyement is, in fact, a continuation of the 

motion of the water as it enters cone.—2d. Guide-plates at base are inclined, 

so as to mect tangentially the approaching water.—3d. A “diffuser,” or annu- 

lar chamber surrounding wheel, into which water from wheel is discharged. 

This chamber expands outwardly, and, thus escaping velocity of water, is 

eased off and reduced to a fourth when outside of diffuser is reached. Effect 
of diffuser is to accelerate velocity of water through machine; and gain of- 
efficiency is 3 per cent. Diffuser must be entirely submerged. (D. K. Clark.) 

PoncELeT TurBINE.—This wheel is alike to one of his undershot-wheels 

set horizontally, and it is the most simple of all horizontal wheels. 

To Compute Elements of General Proportion and 

Results. ° (Lt. F. A. Mahan, U.S, A.) 

Pr 
0425 D2? h/h= PP; 4.85, /—~=D; .5 D?Vhk=V; .1 D=H; 4.49 fh=?; 

hh 
D 4D sD a d = 

3 (D+ 1) =Nj FHV; aaatake D wo4 Ss Nto.7g5N=n; rt 

and C coefficient for V’ in terms of v=". D and d representing exterior and in- 

terior diameters of wheel, H and h heights of orifices of discharge at outer cireum- 
ference and of fall acting on wheel, w and w’ shortest. distances between two adjacent 
blades and two adjacent guides, all in feet, V, V’, and v velocities due to fall of water 
passing through narrowest section of wheel, and of interior circumference of wheel, 

all in feet per second, N and n numbers of blades and guides, and EP actual horse- 
power. 

Yor falls of from s feet to 40, and diameters not less than 2 feet, m w should be 
equal to diameter of wheel. H equal to.r D, n w’ =d, and 4 w=width of crown. 
For falls exceeding this, H should be smaller, in proportion to diameter of wheel. 

Downward-flow Turbines. 

In turbines with downward flow, wheel is placed below an annular series 
of guide-blades, by which water is conducted to wheel. The water strikes 
curved blades, and falls vertically, or nearly so, into tail-race; consequently, 
centrifugal action is avoided, and downward flow is more compact. 

Fontatnn. Turse yields an efficiency of 7o per cent., when fully 
charged. When supply of water is shut off to .75, by sluice, efficiency is 
57 per cent. Best velocity at mean circumference of wheel is equal to 55 
per cent. of that due to height of fall. It may vary .25 of this either way, 
without materially affecting efficiency. 

In operation the water in race is in immediate contact with wheel, and its 
efficiency is greatest when sluice is fully opened. _ Its efficiency, also, is less 
affected by variations of head of flow than in volume of water supplied; 
hence they are adapted for Tide-mills. 
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JONVAL Tursixe.—This wheel is essentially alike in its principal propor- 
tions to Fontaine’s, and in principle of operation it is the same. Water in 
race must be at a certain depth below wheel. » 

For convenience, it is placed at some height above level of tail-race, within 
an. air-tight cylinder, or ‘‘ draft-tube,” so that a partial vacuum or reduction 
of pressure is induced under wheel, and effect of wheel is by so much in- 
creased, Resulting efficiency is same as if wheel was placed at level of tail- 
race; and thus, while it may be placed at any level, advantage is taken of 
whole height of fall, and its efficiency decreases as volume of water is di- 
minished or as sluice is contracted. 

To Compute Hlements and Results. 

Low Pressure.—For falls of 30 feet and less. 

IP - 
6Vhav; taro Vi 3 12.7>-=V; and .o79 Vk =P. 

h representing head of water, v velocity of turbine at periphery per minute, and D 
internal diameter of turbine, all in feet, V volume of water in cube feet per second, 
A sum of area of orifices in sq. fect, and EP effective horse-power. 

r.2 D= external diameter of turbine in feet, when it is more than 6 feet, and 1.4 
when it is less than 6 feet. Number of guides= number of bladest when less than 
24, and number + 3 when greater than 24. Area of section of supply-pipe=.4 V. 

For construction of blades and guides, see Molesworth, London, 1882, page 540. 

Low-Pressure Turbines. (Molesworth.) 

5 iP 10 }P 15 20 }P 30 IP 40 FP || so P 
v Ve" RoWew R Vv R Vv R Vv R v\R Vie 

| 
| 

3 
$ 

is) 

2.5) 948/25 | 34|/50 | 24]|75 | 20/100 | 17]) — | — |] — 
5 |13-38|12.5|] 82} 25 57 || 38 47 ||. 50 | 4r]/75 33 || 100] 281/126] 26 

7 -5|136|l27 | 97||25 | 79]| 33 | 68|[5z | s56]] 68) 48) 85) 43 
to |18.96| 6.3|180})12.6|128|/19 | 105|} 25 | go) 38 75||' 50} 64] 63] 58 
Is | 23.22] .4.2|319)| 8.4 | 226||12.6|185|| 17 | 160]/25 | 13x]! 33] 113]|' 42] 100 
20 
25 

26.82 rire ott 6.3} 329|| 9-3 | 273 || 12-6] 232|/18.9| 194]] 25 | 164]| 3x} 148 
30 —}—]| — |} — |} 7-5] 358]| 10 | 320]/25 | 253]| 20] 220]| 25 | 196 

30. | 32.88] —|— |} — | — || — | — |] 8-4) 380]}12.6| 3z0]] 17 | 268|| 21] 240 

.» representing velocity of centre of blades in feet and V volume of water, in cube 
Jeet, both per second, R revolutions per minute, and EP effective horse-power. 

Vertical Shaft. Re hora = diameter of shaft in ins. 

Inward-flow Turbine. 

Inwarp-Firow Tursine. — Inward-flow or vortex wheel is made with 
radiating blades, and is surrounded by an annular case, closed externally, 
and open internally to wheel, having its inner circumference fitted with four 
curved guide-passages. The water is admitted by one or more pipes to the 
case, and it issues centripetally through the guide-passages upon circum- 
ference of wheel. The water acting against the curved blades, wheel is 
driven at a velocity dependent on height of fall, and water having expended 
its force, passes out at centre. This wheel has realized an efficiency as high 
as 77.5 per cent. It was originally designed by Prof. James ‘Thomson. 

Swain TurBrxe.—Combines an inward and a downward discharge. Re- 
ceiving edges of buckets of wheel are vertical opposite guide-blades, and 
lower portions of the edges are bent into form of a quadrant. Each bucket 
thus forms, with the surface of adjoining bucket, an outlet which combines 
an inward and a downward discharge. One, 72 ins. in diameter, was tested 

* In extreme cases of very high falls diameter given by this formula may be increased. 

+ Fourneyron’s rule for the number of blades is constant number 36, irrespective of size of turbine. 
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by Mr. J. B. Francis, for several heights of gate or sluice, from 2 to 13.08 
ins., and circumferential velocities of wheel ranging from 60 to 80 per cent. 
of respective velocities due to heads acting on wheel, 

For a velocity of 60 per cent., and for heights of gate varying within limits al- 
ready stated, efficiency ranged from 47.5 to 76.5 per cent., and for a velocity of 80 
per cent. it ranged from 37.5 to 83 percent. Maximum efficiency attained was 84 
per cent., with a 12-inch gate and a velocity-ratio of 76 per cent.; but from 9-inch 
to x3-inch gate, or from .66 gate to full gate, maximum efficiency varied within 
very narrow limits—from 83 to 84 per cent.,—velocity-ratios being 72 per cent. for 
g-inch gate, and 76.5 per cent. for full gate. At half-gate, maximum efficiency was 
78 per cent., when velocity-ratio was 68 per cent. At quarter-gate, maximum effi- 
ciency was 6x per cent., and velocity-ratio 66 per cent. 

Tremont TurBINe, as observed by Mr. Francis, in his experiments at 
Lowell, Mass., gave a ratio of effect to power as .793 to 1. 

Vicror TurRBINE is alleged to have given an effect of .88 per cent. under 
a head of 18.34 feet, with 2 discharge of 977 cuhe feet of water per minute, 
and with 343.5 revolutions. 

Tangential Wheel. 

Wheels to which water is applied at a portion only of the cireumference 
are termed tangential. They are suited for very high falls, where diameter 
and high tangential velocity may be combined with moderate revolutions. 
The Girard turbine belongs to this class. It is employed at Goeschenen 
station for St. Gothard tunnel, it operates under a head of 279 feet. The 
wheels are 7 feet ro.5 ins. in diam., having 80 blades, and their speed is 160 
revolutions per minute, with a maximum charge of water of 67 gallons per 
second. An efficiency of 87 per cent. is claimed for them at the Paris 
water-works ; ordinarily it is from 75 to 80 per cent. (D. K. Clark.) 

Impact and Reaction Wheel. 
Imract-wnHEEL.—Impact Turbine is most simple but least efficient form 

of impact-wheel. It consists of a series of rectangular buckets or blades, 
set upon a wheel at an angle of 50° to 70° to horizon; the water flows to 
blades through a pyramidal trough set at an angle of 20° to 40°, so that 
the water impinges nearly at right angles to blades. Effect is . 5 entire me- 
chanical effect, which is increased by enclosing blades in a border or frame. 

If buckets are given increased length, and formed to such a hollow curve 
that the water leaves wheel in nearly a horizontal direction, the water then 
impinges on buckets and exerts a pressure upon them; effect therefore is 
greater than with the force of impact alone. 
By deductions of Weisbach it appears that effect of impact is only. half 

available effect under most favorable circumstances. 

REACTION-WHEEL.—Reaction of water issuing from an orifice of less 
capacity than section of vessel of supply, is equal to weight of a column of 
water, basis of which is area of orifice or of stream, and height of which is 
twice height due to velocity of water discharged. 

rite v? 
Hence, the expression is 2. =F aw—R. w representing weight of a cube foot of 

water in lbs., and a area of opening in sq. feet. 

WHITELAW’s is a modification of Barker’s; the arms taper from centre 
towards circumference and are curved in such a manner as to enable the 
water to pass from central openings to orifices in a line nearly right and 
radial, when instrument is operating at a proper velocity ; in order that very 
little centrifugal force may be imparted to the water by the revolution of 
the arms, and consequently a minimum of frictional resistance is opposed 
to course of the water. 
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» A Turbine 9.55 feet in diameter, with orifices 4.944 ins. in diameter, oper- 
ated by a fall of 25 feet, gave an efficiency of 75 per cent., including friction 
of gearing of an inclined plane.’ 

- When a reaction wheel is loaded, so that height due to velocity, corresponding to. 

velocity of rotation %, is equal to fall, or 7 =h, or v= V2 gh, there is a loss of 7) 

‘ y . : 2 . 

per cent. of available effect; and when in 2h, there is a loss of but xo per cent. ; 

we 

and when Shs h, there is a loss of but 6 per cent. Consequently, for moderate 

falls, and when a velocity of rotation exceeding velocity due to height of fall may 
be adopted, this wheel works very effectively. 

Efficiency of wheel is but one half that of an undershot-wheel. 

When sluice is lowered, so that only a portion of wheel is opened, efficiency 
of a Reaction-wheel is less than that of a Pressure Turbine. 

Ratio of Effect to Power of several Turbines is as follows : 
Poncelotemere ee keen Ge UOT. COr x |POOMV AL arse sist alates fesse) s/ciesle tere -6to.7 tor 
POUPNOVT OM acliasoie vue 0) 10.75 10 x | HONAING..... 0. cscivncereess -6to.7 tor 

Barker’s Miiyu.—Effect of this mill is considerably greater than that 
which same quantity of water would produce if applied to an undershot- 
wheel, but less than that which it would produce if properly applied to an 
overshot-wheel. 

For a description of it, see Grier’s Mechanics’ Calculator, page 234; and for its 
formulas, see London Artisan, 1845, page 229. 

IMPULSE AND RESISTANCE OF FLUIDS. 

Impulse and Resistance of Water.—Water or any other fluid, * 
when flowing against a body, imparts a force to it by which its condition of 
motion is altered, Resistance which a fluid opposes to motion of a body 
does not essentially differ from Impulse. 

Impulse of one and same mass of fluid under otherwise similar circum- 
stances is proportional to relative velocities ¢ = v of fluid. 

For an equal transverse section of a stream, the impulse against a surface 
at rest increases as square of velocity of water. 

Impulse against Plane Surfaces.—The impulse of a stream of water de- 
pends principally upon angle under which, after impulse, it leaves the water ; 
it is nothing if the angle is o, and a maximum if it is deflected back in a 

line parallel to that of its flow, or 180°, 2 ra V.wi==.P*; 

When Surface of Resistance is a Plane, and = 90°, then a Vw=P,and 

for a surface at rest, 2ahw=P. arepresenting areca of opening in sq. feet. 
P=2Ahw; cand v representing velocities of water and of surface upon which it 

impinges in feet per second, w weight of fluid ner cube foot in lbs., A transverse section 
of stream in sq. ins., and c= v relative motions of water and surface. 

Normal impulse of water against a plane surface is equivalent to weight 
of a column which has for its base transyerse section of stream, and for 

2 

altitude twice height due to its velocity, 22 = 2 a 

Resistance of a fluid to a body in motion is same as impulse of a fluid 
moving with same velocity against a body at rest. 

* Weisbach, New York, 1870, vol. i. page 1008. 

3C 
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Maximum Effect of Tmpulse.— Effect of impulse depends principally on 
velocity v of impinged surface. It is, for example, o, both when vc and 
v=o; hence there is a velocity for which effect of impulse is a maximum 

=(c— v) v; that is, o= < , and maximum effect of impulse of water is ob- 

tained when surface impinged mioves from it with half velocity of water. 

ILLUSTRATION. —A stream of water having a transverse section of 40 sq. ins., dis- 
charges 5 cube feet per second against a plane surface, and flows off with a velocity 

of 12 feet per second; effect of its impulse, then, is © 2 "Vu= P3c= 5X 18; 
4 

18 —12 
G=3 32.16; w=62.5; ee X 5 X 62.5 = 58.28 Tbs. 

Hence mechanical effect upon surface = P v = 58.28 X 12 = 699.36 Ibs. 
‘ 2 

Maximum effect would be v= iene x SN ty fort and ~ Xx Ea X 5X 62.5 
2 2 40 2 2g 

= = X 5-036 X 312.5 = 786.87 lbs. ; and hydraulic pressure ‘heed = 87.44 lbs. 
. 9 

When Surface is a Plane and at an Angle, then (1 — cos. a) at 2c 

ILLUSTRATION.—A stream of water, having a transverse section of 64 sq. ins., dis- 
charges 17.778 cube feet per second against a fixed cone, haying an angle of con- 
vergence from flow of stream of 50°, hydraulic pressure in direction of stream; 

17-778 40 
h eee —) > . o—, « —, —- => = then ¢ sk 40; COS. 50) 64279 (x 642 79) ae X 17-778 X 62.5 = 

-357 21 X 1382.2 = 494.26 Ibs. 

When Surface of Resistance is a Plane at 90°, and has Borders added to 
ats Perimeter, effect will be greater, depending upon height of border and 
ratio of transverse section between stream and part confined. 

Oblique Impulse.—In oblique impulse against a plane, the stream may flow 
in one, two, or in all directions over plane. 

When Stream ts confined at Thice Sides, (x cos. a) Vw=P. 

When Stream is confined at Two Sides, aii sin. a? Vw=P. 

Normal impulse of a stream increases as sine of angle of incidence; par- 
allel impulse as square of sine of angle; and lateral impulse as double the 
angle. 

When an Inclined Surface is not Bordered, then stream can spread over 
it in all directions, and impulse is greater, because of all the angles by 
which the water is deflected, a@ is least; hence each particle that does not 
move in normal plane exerts a greater pressure than particle in that plane, 
ad 2 sin. a? ak eee 

ane yah a op ERE 

Impulse and Resistance against Surfaces. 

Coefficient of resistance, C, or number with which height due to velocity is to be 
multiplied, to obtain height of a column of water measuring this hydraulic press- 
ure, varies for bodies of different figures, and only for surfaces which are at right 
angles to direction of motion is it nearly a definite quantity. 

According to experiments of Du Buat and Thibault, C=1.85 for impulse of air 
or water against a plane surface at rest, and for resistance of air or water against a 
surface in motion, C=1.4. In each case about .66 of effect is expended upon front 
surface, and .34 upon rear. brags 
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Comparison between Turbines and other Water-wheels. 

Turbines are applicable to falls of water at any height, from 1 to 500 feet. 

Their efficiency for very high falls is less than for smaller, in consequence 
of the hydraulic resistances involved, and which increase as the square of 
the velocity of the water. They can only be operated in clear water. 

With Fourneyron’s, the stress and pressure on the step is that of the wheel 
in motion; with Fontaine’s, the whole weight of the water is added to that 
of the wheel; they are well adapted, however, for tide-mills. Experiments 
on Jouval’s gave equal results with Fontaine’s. 

Vertical Water-wheels are limited in their application to falls under 60 
feet in height. 

For falls of from 40 to 20 feet they give a greater effect than any turbine; 
for falls of from 20 to 10 feet, they are equal to them; and for very low 
falls, they have much less efficiency: 

Variations in the supply of water effect them less than turbines. 

Water-pressure HKngine, 

By experiments of M. Jordan, he ascertained that a mean useful effect of 
.84 was attainable. 

Weisbach, London, 1848, vol. ii. page 340. 

PERCUSSION OF FLUIDS. 

When a stream strikes a plane perpendicular to its action, force with 
which it strikes is estimated by product of area of plane, density of fluid, 
and square of its velocity. 

Or, Adv?=P. A representing area in sq. feet, d weight of fluid in lbs., and v 
velocity 'y in feet per seeond. 

If plane is itself in motion, then force becomes Ad (v—v’)? =P.  v’ representing 
velocity of plane. 

If C represent a coefficient to be determined by experiment, and h height 
due to velocity v, then v? = 2 gh, and expression for. force becomes 
AC2gh=P. 

CENTRIFUGAL PUMPS. (D. K. Clark.) 

Appold Pump, made with curved receding blades, is the form of 
centrifugal pump most widely known and accepted. M. Morin tested three 
kinds of centrifugal or revolving pumps: 

ist, on model of Appold pump; 2d, one having straight receding blades 
inclined at an angle of 45° with the radius, and 3d, one having radial blades. 
‘They were 12 ins. in diameter and 3.125 ins. in length, and had central open- 
ings of 6 ins. ‘Their efficiencies were as follows: 

x. Curved blades... 48 to 68 per cent. | 2. Inclined blades.. 40 to 43 per cent. 
3. Radial blades........ 24 per cent, 

Height to which water ascends in a pipe, by action of a coe a pump, 
would, , if there were no other SB be that due to velocity’of circum- 

ference of revolying wheel, or to . Results of experiments made by the 

author on two pumps, in 1862, Fielded following data, showing height to 
which water was raised, without any discharge: 

Gwynnr’s Pump iAproxnp <Pume 
(blades partly radial 

curved at ends). ; (blades, curyed). 

Diameter of pump-wheel............... 4 fect. 4 feet 7 ins, 
Revolutions per minute................ 177 95:4 
Velocity of circumference per second... 37.05 feet. 22.9 feet. 
Head due to the velocity............... Pact hae 8.194 ‘* 
PNGEMANMOAC eta cciticiaecen Faftaiels ate sisiela ¢ Lover BRB aate 

Do. do, in parts of head d due tovelocity, 85 per cent. 71.2 per cent. 
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Mr. David Thomson made similar experiments with Appola pumps of from 1.25 
to x.71 feet in diameter, the results of which showed that the actual head was about 
go per cent. of the head due to the velocity. ’ , 

_ M. Tresca, in 1861, tested two centrifugal pumps, 18 ins. in diameter, with a cen- 
tral opening of 9 ins. at each side. The blades were six in number, of which three 
sprung from centre, where they were .5 inch thick; the alternate three only sprung 
-at_a distance equal to radius of opening from centre. They were radial, except at 
ends, where they were curved backward, to a radius of about 2.25 ins.; and they 
joined the circumference nearly at a tangent. Width of blades was taper, and they 
were 5.75 ins. wide at nave, and only 2.625 ins. at ends: so designed that section of 
outflowing water should be nearly constant. 

M. Tresca deduced from his experiments that, in making from 630 to 700 revolu- 
tions per minute, efficiency of the pump, or actual duty in raising water, through a 
height of 31.16 feet, amounted to from 34 to 54 per cent. of work applied to shaft; 
or that, in the conditions of the experiment, the pump could raise upward of 16 2co 
cube feet of water per hour, through a height of 33 feet, with about 30 applied 
to shaft, and an efficiency of 45 per cent. 

According to Mr. Thomson, maximum duty of a centrifugal pump worked by a 
steam-engine varies from 55 per cent. for smaller pumps to 70 per cent. for larger 
“pumps. They may be most effectively used for low or for moderately high lifts, of 
from 15 to 20 feet; and, in such conditions, they are as efficient as any pumps that 
can be made. For lifts of 4 or 5 feet they are even more efficient than others. 4 

At same time, larger the pump higher lift it may work against. Thus. an 18-inch 
pump works well at 20-feet, lift, and a 3-feet pump at 30-feet lift. A 21-inch wheel 
at 4o-feet lift has not given good results: high lifts demand very high velocities, 

Efficiency is influenced by form of casing of pump. Hon. R.C. Parsons made exper- 
iments with two 14-inch wheels on Appold’s and on Rankine’s forms, In Rankine’s 
wheel blades are curved backwards, like those of Appold’s, for half their length; 
and curved forwards, reversely, for outer half of their length. Deducing results, of 
performance arrived at, following are the several amounts of work done per lb, of 
water evaporated from Loiler : ; 

‘ Work done per Ib. of 
water evaporated, 

: Foot-lbs, Ratio. 
Appold wheel, in concentric circular casing......... +. 17.385 1.06 

we se AW EPIPAL COSTE ss x wm vive o's = witaiy nlererics 15.996 1.5 
Rankine wheel, in concentric circular casing.......... 10 748 I 

Be ae EAC RP PRL ORS LER rete rer ert ale en ine a err 12954 1.2 

These data proye:—xst, that spiral casing was better than concentric casing; 2d. 
that Appold’s wheel was more efficient than Rankine’s wheel. . 

IMPACT OR COLLISION. 

Impact is Direct or Oblique. Bodies are Elastic or Inelastic. The 
division of them into hard and elastic is wholly at variance with these 
properties ; as, for instance, glass and steel, which are among hardest 
of bodies, are most elastic of all. 

Product of mass and velocity of a body is the Momentum of the body. 

Principle upon which motions of bodies from percussion or collision are 
determined belongs both to elastic and inelastic bodies; thus there exists in 
bodies the same momentum or quantity of motion, estimated in any one and 
same direction, both before collision and after it. : 

Action and reaction are always equal and contrary. Tf a body impinge 
obliquely upon a plane, force of blow is as the sine of angle of incidence. 

When a body impinges upon a plane surface, it rebounds at an angle equal 
to that at which it impinged the plane, that is, angle of reflection is equal to 
that of incidence, Re 

Effect of a blow of an elastic body upon a plane is double that of an in- 
elastic one, velocity and mass being equal in each; for the force of blow 
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from inelastic body is as its mass and velocity, which is only destroyed by 
resistance of the plane; but in an elastic body that force is not only destroyed, 
being sustained by plane, but another, also equal to it, is sustained by plane, 
in consequence of the restoring force, and by which the body is repelled with 
an equal velocity ; hence intensity of the blow is doubled. 

If two perfectly elastic bodies impinge on one another, their relative ve- 
locities will be same, both before and after impact; that is, they will recede 
from each other with same velocity with which they approached and met. 

If two bodies are imperfectly elastic, sum of their moments will be same, 
both before and after collision, but velocities after will be less than in case 
of perfect elasticity, in ratio of imperfection. 

Effect of collision of two bodies, as B and 8, velocities of which are differ- 
ent, as v and v’, is given in following formulas, in which B is assumed to 
have greatest momentum before impact. 

If bodies move in same direction before and after impact, sum of their 
moments before impact will be equal to their sum after. 

If bodies move in same direction before, and in opposite direction after 
impact, sum of their moments before impact will be equal to difference of their 
sums after. 

If bodies move in opposite directions before, and in same direction after 
impact, difference of their moments before impact will be equal to their 
sum after. 

Tf bodies move in opposite directions before, and in opposite directions 
after impact, difference of their moments before impact will be equal to their 
diference after. 

To Compute Velocities of Inelastic Bodies after Impact. 

; dil ra BV+6v 
When Impelled in Same Direction. ra 

weights of the two bodies, V and v their velocities before impact, and r velocity of bodies 
after impact, all in feel. 

=7, B and b representing 

V-—v 4 V—v i , 
Consequently, BLO x b= velocity lost by B, and BLS x B=velocity gained by b. 

Nors,—In these formulas it is assumed that V>v. If V<v the result will be 
negative, but may be read as positive if lost and gained ure reversed in places. 

IutustRaTION.—An inelastic body, b, weighing 30 lbs., having a velocity of 3 feet, 
is struck by another body, B, of 50 lbs., haying a velocity of 7 feet; the velocity of 
b after impact will be if eco: . 

BOE Tia SOS 3 = ASO 5 fect, 
50+ 30 80 i Se 

‘ ° e 3 . BV—b 
When Inpelled in Opposite. Directions. ae =P 

ILLusTRATION.—Assume elements of preceding case. 

50X7 —30 3 260 
=== 3, t. 

50+ 30 fae 25 fee 

When One Body is at Rest... =r. hen On Y i i a da 

ILLUSTRATION. ~Assume elements as preceding. 

50X7 35° 
4 ==—=4, eel, % Str ER aa te 

When Bodies are inelastic, their es after impact will be alike, 
; 3.0." 
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To Compute Velocities of Elastic Bodies after Impact: 

B—bV+2bv 2BV—B—bv __ 
; Bo = R, and BHO ca 2 

| ILLUSTRATION.—Assume elements as preceding. 

When Impelled in One Direction. 

50—30X7+2 X 30X3_ 320 
50+ 30 aC re 

2X 50X7—50—30X3__ 640 
50+ 30 & Boy 

2b ——_— 3 2B —— d 
Or, Lees of n, and Rs a —v=velocity of r. 

When Impelled in Opposite Directions. 

B—bVw2ba» aha pee (ae 

Sy Rage bee B+o 
ILLUSTRATION. —Assume elements as preceding. 

4 feet, and 8 feet. 

50—30X7%2X30X3 140% 180 2X 50X7+50—30X3 : = =—.5 and = 50+ 30 80 5 feet, 50+ 30 
2b(V-bey vs! t 2X 30X7+3__ 600 
SRE MRD ENG BAB Seager 

700 + 60 

80 

When One Body is at Rest. 

=9,5 yee, OF, 

VB—b 2BV 

ARDS rae a Bee as 
ILLUSTRATION. —Assume elements as preceding. 

7 X 50-30 140 2X50X7__ 700 = SS 1 eet, and ——~-—“—4 _— 8. cet. 
50+ 30 Sora 75 feet, 50-++ 30 80 75 f 

To Compute Velocities of Imperfect Elastic Bodies after 
Impact. 

Effect of’ Collision is increased over that of perfectly inelastic bodies, but 
not doubled, as in case of perfectly elastic bodies; it must be multiplied by 

n m+n n fe Mo on 
Ta OF amet when > 1epresents degree of elasticity relative to both per- 

fect inelasticity and elasticity. 

oye 3 : m+n B 2 p m+n 
Moving in same Direction, V— abs Bo (V—v)=R; and o-+—— 

B . 7 ree 
D4 Bb (V—v)==7r. mand n representing ratio of perfect to imperfect elasticity. 

ILLUSTRATION. —Assume elements as preceding. mand n= 2 and x. 

2+1 30 _—— 30 We Se a } 
Te ogo TT ES Ng, 6 42 eo eee 

a+rx 50 ss 
<3 —3= oF eel, sais cae 78 3+3-75=6.75 fi 

When Moving in Opposite Directions. 
m+n b(V+v) m+n ; 

v— ak B+ =R, and = Sag Mia) hese 

v(3—"0) BY(r+2) 
When One Body is at Rest. -———_“—R, and _ 

B+b Blmb weir 6 
ILLUSTRATION. —Assume elements of preceding case, : 

I 
Tax (s0— + x 30) — 

2 7X 50-15 
= = 3.06 eet. and ———____*_“‘ — 50+ 30 80 Bites ch 50+ 30 

wats = 6.5625 feet. 
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LIGHT. 

Lieur-h is similar to Heat in many of its qualities, being emitted in 
form of rays, and subject to sanie laws of reflection. 

It is of two kinds, Natural and Artificial ; one proceeding from Sun 
and Stars, the other from heated bodies, 

Solids shine in dark only at a temperature from 600° to ee and in 
daylight at 1o00°. 

a: Intensity of Light is inversely as square of distance from luminous 
ody. 

Velocity of Light of Sun is 185 000 miles per second. 

Standard of Intensity or of comparison of light between different methods 
of Illumination is a Sperm Candle “ short 6,” burning 120 grains per hour, 

Candles. 

A Spermaceti candle .85 of a inch in diameter consumes an inch in length 
in x hour, 

Decomposition of Light. 

Maximum Contrasts. Combinations, : 
Corons. Ray. Primary. || Second’y.| Tertiary. | Primary. | Secondary. | Tertiary. 

Violet....| Chemical, _— — — Blue... — 
Indigo... oe — — Brown. | Yellow. \ Green.. \ Dark. 
Blues... "| Electrical. Blue. — — Blue... i Purple. Green, 
og — Green. | Green. | Red.... Orange. Gia 
Yellow... Light, Yellow. Green... y 
Orange... _— —_ Orange. | Broken.| Yellow. \ Purple. Benya 
Lf ES Heat, Red. Purple. | Green. | Red.... § | Orange. : 

All colors of spectrum, when combined, are white. 

Consumption and Comparative Intensity of Light 
of Candles. 

No. i ti Light y 
CANDLE. Tae * | Diameter. Length. eee zit eel 

Inch, Ins. Grains. 
3 I 12 F 

3 875 | 15 738 ee 
3 44 15 
4 8 135 156 09 
6 84 8.5 
3 I 12.5 

3 9 15 204 #07 
4 8 13-75 

Compared with 1000 Cube Feet of Gas. 

C Con- Con Gens 
‘on- 7 ‘ sumption 

Canpux. |Gas=x.| sump- | Light. for uel CANDLE. Gas=1.| sump- | Light. |p, equal 
tion. Light. } tion, Light. 

Lbs. Lbs. Lbs. Lbs, 
eet .098 | 3:5 | 35:5 zo3 || Adamantine.| .108 | 5.1 | 47.2 137 
Sperm...] .095 | 3.9 | 41-1 120 || Tallow....... 1074 | 5.x 53.8 155 

In combustion of oil in an ordinary lamp, a, straight or herizqnteyy, cut wick 
gives great economy over one irregularly cut. 
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Relative Intensity, Consumption, Illumination, and 
Cost of various Modes of Illumination. 

Oil at 11 cents, Tallow at 14 cents, Wax at 52 cents, and Stearine at 32 cents per 
Ib. 100 cube feet coal gas. at 14 cents, and 100 cube feet of oil gas at 52 cents. 

Ilumi- i Tilumi- 
nation. ee See 4 nation. fn peter 

ILLUMINATOR. Carcel ah abel ILLUMINATOR. Carcel Polinmuce: 
Le our.| sity. | per our. | _ sity. 

; Cents. Per Hr, | Cents. |PerH’r. 
Carcel Lamp..... 100 .87 -87 || Stearine Candle 5tolb.! 66.6 | .59 | 4.13 
Lamp with in- 8 8 | Tallow Sus gee 54 +25 | 2.34 
verted resery’r. { | 57° “9 | 99 \/Sperm =“ 6“ |} 67.5 | 89 | 5.7 
Astral Lamp...... 48:7 | «56 | x.7' | (Oar hh oes Se eee | —, | 1.22 |./.96) 
Wax Candle6tolb.| 61.6 | .92 | 6.31 || Oil Gas.............. |}. — | 2.25] .98 

1000 Cube feet of 13-candle coal gas is equal to 7.5 gallons sperm oil, 52.9 Ibs. mold, 
and 44.6 lbs. sperm candles. 

Candles, Lamps, Fluids, and Gas. 

Comparison of several Varieties of Candles, Lamps, and Fluids, with Coal* @ as, de- 
duced from Reports of Com. of Franklin Institute, and of A. Frye, M.D., etc. 

> mates [es z| | = ./43 Ls 
32/234 |sts3 e =| 234 [#28 

CANDLE. SSE | B52 |S a CANDLE. }§ces|=g3 loc 20 

BH WIR eS 1Sb58 |e j|>sOleaeag a = 3) = = s Oz 
S| | a 

Diaphane........... 7 5 15.1 || Tallow, short 6’s, | | 
Spermaceti, short 6’s.| .8 -54 | 16.2 |} double wick.. 7 ch: 
Tallow, short 6’s, <3 ge Wax, short 6’s....| .8 | .6x | 14.4 

single wick... f °*| °° ae il Patna Gil. cmc. 7 A dey (> Ke 

* City of Philadelphia. + Compared with a fish-tail jet of Edinburgh gas, containing 12 per cent. 
of condensable matter and consuming x cube foot per hour. 

Inten- | Light |Time of Light |Time of Abas | Inten- e : Tn Bs | 4 < B Lamp anv Fivip. uty of Equal Pint | Lamp anv Frurp, sitio Sanat Pine. 
Bt | Cost. | of Oil. | ngnt | Cust. | of Oil. 

Carcel, Hours. | Hours. 
Sperm oil, maz’ ; : Bea HOLES tate ricia\ aivtara misieceise _ 
eae: keadh ius a oe \ Semi. soir: Sperm oil! pit hey 6.75 

ee min’m| .69 | 1.2 14.6 | Solar, Sperm oil..... 1.76 | 1.55 | 8.42 
Tard Ol. cation lias ‘ It. Camphene.......... I. 08 23 77 97 etd p 75: 9:3 

Loss of Light by Use of Glass Globes. 
Clear Glass, 12 per cent. | Half ground, 35 per cent.. |. Full ground, 4o per cent. 

‘ 
Refraction. : 

Relative Index of Refraction—Is, Ratio of sine of angle of incidence to sine of 
angle of refraction, when a ray of light passes from one medium into another, 

Absolute Index or Index of Refraction—Is, When a ray passes from a vacuum into 
any medium, the ratio is greater than unity. 3 ; j 

Relative index of refraction from any medium, as A, into another, as B, is always 
equal to absolute index of B, divided by absolute index of A, 

Absolute index of air is so small, that it may be neglected when compared with 
liquids or solids; strictly, however, relative index for a ray passing from air into a 
given substance must be multiplied by absolute index for air, in order to obtain 
like index of refraction for the substance. 

Mean Indices of Refraction. 
ANY Bb poe here he fe 1.58 | Humors of eye.... x. Alcohol. ese scas, 1.37 | 288s, ald... 2. } 1.64 | Salt, rock......, ieee 
Canada balsam...... 1/54 1.53 | Water, fresh...... 1.34 
Crystalline lens...., 1.34 : crown.......| Te WO) seals. a np 
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, rs Gas. 

Retort.—A retort produces about 600 cube feet of gas in 5 hours with a 
charge of about 1.5 ewt. of coal, or 2800 cube feet in 24 hours. 

In estimating number of retorts Beane, one fourth should be added for 
being under repairs,ete. =|... . 

« Pressure with which gas is forced throuali pipes should Eeldom oxedkdh 2.5 
ins. of water at the Works, or leakage will exceed phe to be obtained 
from increased pressure. 

The average mean pressure in street: mains is equal to that.of x inch of 
water. 

When pipes are laid at an inclination either above or below horizon, a cor+ 
rection will have. to be made in estimating supply, by adding or deducting 
.o1 inch from initial pressure for every foot ‘of rise or fall in the | length of pipe. 

It is customary to locate a governor at each change of level of go feet. 

Illuminating power of coal-gas varies from 1.6 to 4.4 times that of a tallow 
candle 6 to a Ib.; consumption being from 1.5 to 2.3 cube feet per hour, and 
specific gravity from’ -42 to .58, 

Higher the flame from a burner greater the intensity of the light, the 
most effective height being 5 ins. 

Standard of gas burning is a 15-hole Argand lamp, internal diameter .44 
inch, chimney 7 ins. in height, and consumption 5 cube feet per hour, giving 
a light from ordinary coal-gas of from xo to 12 candles, with Cannel coal 
from 20 to 24 candles, and with rich coals of Virginia and Pennsylvania of 
from 14 to 16 candles, 

In Philadelphia, with a fish-tail burner, consuming 4.26 cube feet per hour, 
illuminating power was equal to 17.9 candles, and with an Argand burner, 
consuming 5.28 cube feet per hour, illuminating power was 20.4 candles. 

Gas, which at level of sea would have a Value of 100, would have but 60 
in city of Mexico. 

Internal lights require 4 cube feet, and external lights about’5 per hohe 
When large or Argand burners are used, from 6 to 10 are required, 

An ordinary single-jet house burner consumes 5 to 6 cube feet per hour. 
Street-lamps in city of New York consume g cube feet per hour, In some 

cities 4 and 5 cube feet are consumed. Fish-tail burners for ordinary coal 
gas consume from 4 to 5 cube feet of gas per hour. 

A cube foot of good gas, from a jet .o33 inch in diameter and height of 
flame of 4 ins., will burn for 65 minutes, 

Resin Gas.—Jet .033, flame 5 ins., 1.25 cube feet per hour. 

Purifiers.—Wet purifiers require 1 bushel of lime mixed with 48 bushels 
of water for 10 000 cube feet of gas. 
Dry purifiers require 1 bushel of lime to 10000 cube feet of gas, and 1 

superticial foot for every 400 cube feet of gas. 

Intensity of Light with Equal Volumes of Gas from 
different Burners. 

Equal to Spermaceti Candle burning 120 Grains per Hour. 

Expenditure in Cube Expenditure in Cube 
BURNERS. feet per Hour, BURNERS, ‘eet per Hour, 

Bp] s Zable Seal Dey 2 alee 3 aera 

Single-jet, x foot..... 2.6 | — | — | — || Argand, 16 holes....} .32 | 1.9] 3.3 | 3.8 
Fish-tail No. 3.....-/ 3-5 | 4 | 4-2 | — || Argand, 24 holes..../ .33 | 2.2 | 3.4 53 
Bat’s-Wing......+.-- 3 | 4.x] 4.3°] 4.5 || Argand, 28 holes....| .34 | 2.3 | 3.5 | 5. 
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Volume of Gas obtained from a Ton of Coal, Resin, etc. 

be Cube 
Material. - an Material. ere | Material. : Ket, 

Boghead Cannel...| 13 334 || Cumberland........ | g 800 |} Pittsburgh ....... | 9520 
Wigan Cannel..... 15 426 || English, mean...,.. 11 000 |} Resin........ a <2| 15 600 

8 g60 || x 9 500 | 10 300 Camel ii aieccinle gone Newcastle........ { 1000 | SCOteh...... 2. eee 

Cape Breton, Oil and Grease ..... 23000 || Virginia.......... 8 960 
‘‘Cow Bay,’’? ..| 9 500|| Pictou and Sidney..| 8000 Be West’n..| 9500 
CLCiae eats see Pine wood .......<<'. 11 800 |} Walls-end........ 12.000 

1 Chaldron Newcastle coal, 3136 lbs., will furnish 8600 cube feet of gas at 
a specific gravity of .4, 1454 lbs. coke, 14.1 gallons tar, and 15 gallons am- 
moniacal liquor. 

Australian coal is superior to Welsh in producing of gas. 

Wigan Cannel, x ton, has produced coke, 1326 lbs.; gas, 338 lbs.; tar, 
250 lbs.; loss, 326 lbs. 

Peat, 1 \b. will produce gas for a light of one hour. 

Fuel, required for a retort 18 Ibs. per 100 Ibs, of coal. 

In distilling 56 Ibs. of coal, volume of gas produced in cube feet when * 
distillation was effected in 3 hours was 41.3, in 7, 37.5, in 20, 33-5, and in 
25, 31.7: 

Flow of Gas in Pipes. 

Flow of Gas is determined by same rules as govern that of flow of water. 
Pressure applied is indicated and estimated in inches of water, usually from 
-5 to x inch, t 

- Volumes of gases of like specific gravities discharged in equal times by a 
horizontal pipe, under same pressure and for different lengths, are inversely 
as square roots of lengths, : 

Velocity of gases of different specific gravities, under like pressure, are in- 
versely as square roots of their gravities. : 

By experiment, 30000 cube fect of gas, specific gravity of .42, were dis- 
charged in an hour through a main 6 ins. in diameter and 22.5 feet in length. 

Loss of volume of discharge by friction, in a pipe 6 ins. in diameter and x 
mile in length, is estimated at 95 per cent. 

Diameter and Length of Gas-pipes to transmit given 
Volumes of,Gas to, Branch-pipes. (Dr. Ure.) 

Bae Diameter.| Longth. ee Diameter.| Length, er Ue Diameter.) Length. 

Cube Feet. Ins. Feet. Cube Feet. Ins. Feet. Cube Feet. Ins. Feet. 
50 +4 100 1000 3.16 1000 2000 7 6000 

250 I 200 1500 3.87 000 6000 77S 1000 
500 1.97. 600 2000 5.32 2000 6000 9-21 2000 
700 2.05 1000 2000 6.33 4000 8000 8.95 1000 

Regulation of Diameter and Extreme Length of Tub- 
ing, and Number of Burners permitted. ¥ 

Ubapicker Copacity Diameter Capacity 
0: he ° B b of h. of b 

Tubing. Tens Meters. | Tubing. Cites Meters. Eoraes 

Ina, Feet, Light. No. Tne. Feet. Light. No. 
+25 6 3 9 “75 50 30 go 

+375 20 5 15 I 72 45 135° 
my 30 10 30 1.25 100 60 180 
625 40 Pip Be 60 Tels = BeBe too 300 
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Temperature of Gases.—Combustion of a cube foot of common gas will 
heat 650 lbs. of water 1°. 

Services for Lamps. 

Length Diameter Length Diameter Length Diameter 
Lamps. | from Main.| of Pipe, || 4®™PS-| from Main.| of Pipe.. || 8™P8-! from Main.| of Pipe. 

No, Feet. Ins, No, | Feet. Ins. No, Feet. Ins. 
2 40° +375 10 100 +75, 25 180 1.5 
4 40 +5 15 130 I 30 200 1.75 
6 50 625 20 150 £25 

Volumes of Gas Discharged per Hour under a Pressure 
of Half an Inch of Water. 

Specific Gravity .42. 

Diam. of Diam. of Diam. of Diam, of 
Orenion: Volume. Opening. Volume. Opening. Volume. Opehing: Volume, 

Ins. Cube Feet, Ins. Cube Feet. Ins. Cube Feet, Ins. Cube Feet, 
+25 80 75 723 1.125 1625 15 2885 
“5 321 I 1287 1.25 2010 5 46150 

To Compute Volume of Gas Discharged through a Pipe. 

adih V2Gl - F . 
1000 . / =V, and .0635 + =d. d representing diameter of pipe, and 

% height of water in ins., denoting pressure upon gas, | length of pipe in yards, G 
pecific gravity of gas, and V volume in cube feet per hour. 

G may be assumed for ordinary computation at .42, and h.s to x inch. 

ILLUSTRATION.—Assume diameter of pipe x inch, pressure 1.68 ins., and length 
of pipe x yard. 

1000 X of ae = 1X a2 = 2000 be feet 
42X11 +42 

‘4.000 000 X .42 X 1 168000000. i 
5 =5 = 4 fl . and .063 X </ 68 é/ 68 1.05 Us. 

Norr.—For tables deduced by above formulas see Molesworth, 1878, page 226. 

Dimensions of Mains, with Weight of One Length, 

Diameter in ins..... 4 6 8 9 10 14 18 20 
Length in feet...... 9 9 9 9 9 9 9 9 
Thickness in ins. ... 375 3375 +5 “5 5 -625 75 75 
Weight in lbs....... 288 224 400 |454 |489 | 868 1316 1484 

GAS ENGINES, 

In the Lenoir engine, the best proportions of air and gas are, for common 
gas, 8 volumes of air to x of gas, and for cannel gas, 11 of air to x of gas, 

The time of explosion is about the 27th part of a second. 

An engine, having a cylinder 4.625 ins. in diameter and 8.75 ins. stroke o 
piston, making 185 revolutions per minute, develops a half horse-power, 

Distribution of Heat Generated in the Cylinder. (M. Tresca.) 
Per cent. Per cent. 

Dissipated by the water and prod- WIGSROS's thea aisisieid >a peitieiataein Smeieibia en ee, 
ucts of combustion. .............. 69 100. 

Converted into work:...../........ 4 
Hence efficiency as determined by the brake = 4 per cent. 

Atmospheric Gas Engine. 

A single-acting cylinder 6 ins. in diameter, making 8x strokes per minute, devel- 
oped .456 EP, and the gas consumed per minute for cylinder 20 cube feet and for in- 
flaming 2 cube feet. (MM. Tresca.) 
| 
| 
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LIMES, CEMENTS, MORTARS, AND CONCRETES. 

Essentially from a Treatise by Brig.-Gen'l Q. A. Gillmore, US.A* — 

Lime. 

_ Calcination of marble or any pure limestone produces lime (quick- 

lime): Pure-limestones burn white, and give richest limes. 
Finest calcareous minerals are rhombohedral prisms of calcareous 

spar, the transparent double-reflecting Iceland spar, and white or statu- 

ary marble. 
Property of hardening under water, or when excluded from air, con- 

ferred upon a paste of lime, is effected by presence of foreign sub- 
stances—as silicum, alumina, iron, etc.—when their aggregate presence 
amounts to .1 of whole. 

Limes are classed: 1. Common or Fat limes, which do not set in water. 
2. Poor or Meagre, mixed with sand, which does not alter its condition. 
3. Hydraulic Lime, containing 8 to 12 per cent. of silica, alumina, iron, 
etc., set slowly in water. 4. Hydraulic, containing 12 to 20 per cent. of 
similar ingredients, sets in water in 6 or 8days. 5. Eminently Hydraulic, 
containing 20 to 30 per cent. of similar ingredients, sets in water in 2 to 4 
days. 6. Hydraulic Cement, containing go to 50 per cent. of argil, sets in a 
few minutes, and attains the hardness of stone in a few months. 7. Natural 
Pozzuolanasg, including pozzuolana properly so called, Trass or Terras, Arenes, 
Ochreous earths, Basaltic sands, and a variety of similar substances, 

* Indications of Limestones. They dissolve wholly or partly in weak acids 
with brisk effervescence, and are nearly insoluble in water. 

Rich Limes are fully dissolved in water frequently renewed, and they 
remain a long time without hardening; they also increase greatly in vol- 
ume, from 2 to 3.5 times their original bulks, and will not harden without 
the action of air. They are rendered Hydraulic by admixture of pozzuolana 
or trass. 

Rich, fat, or common Limes usually contain less than ro per cent. of im- 
purities. : i 

Hydraulic Limestones are those which contain iron and clay, so as to en-' 
able them to produce cements which become solid when under water. 

Poor Limes haye all the defects of rich limes, and increase but. slightly in 
bulk, the poorer limes are invariably basis of the most rapidly - setting 
and most durable cements. and mortars, and they are also the only limes 
which have the property, when in combination with silica, etc., of indurating 
under water, and are therefore applicable for admixture of hydraulic cements 
or mortars. Alike to rich limes, they will not harden if in a state of paste 
under water or.in wet soil, or if excluded from contact. with the atmosphere 
or carbonic acid gas. They should be employed for mortar only when it is 
impracticable to procure common or hydraulic lime or cement, in which case 
it is recommended to reduce them to powder by grinding. 

Hydraulic Limes are those which readily harden under water. The most 
valuable or eminently hydraulic set from the 2d to the 4th day after immer- 
sion; at end of a month they become hard and insoluble, and at end of six 
months they are capable of being worked like the hard, natural limestones. 
They absorb less water than pure limes, and only increase in bulk from 1.75 
to 2.5 times their original yolume. j 

as 

* See also his Treatises on Limes, Hydraulic Cements, and Mortars, in Papers on Practical Engineer- 
ing, Engineer Department, U.S. A. Tae j 
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“Inferior grades, or moderately hydraulic, require a period of from 15 
to 20 days’ immersion, and continue to harden fora period of 6 months. 

- Resistance of hydraulic limes increase if sand is mixed in proportion 
of 50 to 180 per cent. of the part in volume; ' from thence it decreases: ’' 

M. Vicat declares that lime is rendered hydraulic by admixture with it of from 
33 to 40 per cent. of clay and silica, and that a lime is obtained which does not 
slake, and which quickly sets under water. ; 

| Artificial Hydraulic Limes do not attain, even under favorable circum- 
stances, the same degree of hardness and power of resistance to compression 
as nafural limes of same class. : 

Close-grained and densest limestones furnish best limes, 

Hydraulic limes lose or depreciate in value by exposure to the air. 

Pastes of fat limes shrink, in hardening, to such a degree that they can- 
not be used as mortar without a large proportion of sand. 

Areénes is a species of ochreous sand. Jt is found in France. On account 
of the large proportion of clay it contains, sometimes as great as .7,it can be 
made into a paste with water without any addition of lime; hence it is some- 
times used in that state for walls constructed em pisé,.as well as for mortar. 
Mixed with rich lime it gives excellent mortar, which attains great hardness 
under water, and possesses great hydraulic energy. : 

Pozzuolana is of yoleanic origin. It comprises Trass or Terras, the Arénes, 
some of the ochreous earths, and the sand of certain graywackes, granites, 
schists, and basalts; their principal elements are silica and alumina, the 
former preponderating. ‘None contain more than ro per cent. of lime. 
When finely pulverized, without previous calcination, and combined with paste 

of fat lime in proportions suitable to supply its deficiency in that element, it pos- 
sesses hydraulic energy to a valuable degree. It is used in.combination with rich 
lime, and may be made by slightly calcining clay and driving off the water of com- 
bination at a temperature of 1200°. 

Brick or Tile Dust combined with rich lime possesses hydraulic energy. 
Trass or Terras.is a blue-black trap, and is also of volcanic origin. It 

requires to be pulverized and combined with rich lime to render it fit for 
use, and to develop any of its hydraulic properties. 

General Gillmore designates the varieties of hydraulic limes as follows: If, after 
being slaked, they harden under water in periods varying from 15 to 20 days after 
immersion, slightly hydraulic; if from 6 to 8 days, hydraulic; and if from x to 4 
days, eminently hydraulic. 

Pulverized silica burned with rich lime produces hydraulic lime of ex- 
cellent quality. Hydraulic limes are injured by air-slaking in a ratio vary- 
ing directly with their hydraulicity, and they deteriorate by age. 

For foundations in a damp soil or exposure, hydraulic limes must be ex- 
clusively employed. 

_ Hydraulic Lime of Teil is a silicious hydraulic lime; it is slow in setting, 
requiring a period of from 18 to 24 hours, 

Cements. 

Hydraulic Cements contain a larger proportion of silica, alumina, magnesia, 
etc., than any of preceding varieties of lime; they do not slake after caloina- 
tion, and are superior to the very best of hydraulic limes, as some of them: 
set under water at a moderate temperature (65°) in from 3 to 4 minutes; 
others require as many hours.’ They do not shrink in hardening, and make 
an excellent mortar without any admixture of sand. 

Zz) 
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When exposed to air, they absorb moisture and carbonic acid gas, and are 

rapidly deteriorated thereby. 

Roman Cement is made from a lime of a peculiar character, found in Eng- 

land and France, derived from argillo-caleareous kidney-shaped stones termed 

Septaria. 
: 

It is about .33 strength of Portland, and is not adapted for use with sand. 

Rosendale Cement is from Rosendale, New York. i 

Portland Cement is made in England and France. It requires less water 

(cement 1, water .2g) than Roman cement, sets slowly, and can be remixed 

with additional water after an interval of 12 or even 24 hours from its Jirst 

mixture. 

Property of setting slow may be an obstacle to use of some designations of this 

cement, as the Boulogne, when required for localities having to contend against 

immediate causes of destruction, as in sea constructions, having to be executed un- 

der water and between tides, , On the other hand, a quick-setting cement is always 

difficult of use ; it requires special workmen and an active supervision. A slow- 

setting cement, however, like natural Portland, possesses the advantage of being 

managed by ordinary workmen, and it can also be remixed with additional water 
after an interval of 12 or even 24 hours from its first mizing. 

Conclusions derived from Mr. Grant’s Experiments. 

x. Portland cement improves by age, if kept from moisture. 

2. Longer it is in setting, stronger it will be. 

3. At end of a year, 1 of cement to 1 sand is about .75 strength of next cement; 

1 to 2,.5 strength; x to 3, .33; 1 tO 4, .25; 1 to 5, .16. 
4. Cleaner and sharper the sand, greater the strength. 
5. Strong cement is heavy; blue gray, slow-setting. Quick-setting has generally 

too much clay in its composition—is brownish and weak. 
6. Less water used in mixing cement the better. 
7. Bricks, stones, etc., used with cement should be well wetted before use. 
8. Cement setting under still water will be stronger than if kept dry. 

g. Bricks of neat Portland cement in a few months are equal to Blue bricks, 
Bramley-Fall stone, or Yorkshire landings. 

ro. Bricks of x cement to 4 or 5 of sand are equal to picked stock bricks. 

1x. When concrete is being used, a current of water will wash away the cement. 

Antificial Cement is made by a combination of slaked lime with unburned 

clay in suitable proportions, 

Artificial Pozzuolana is made by subjecting clay to a slight calcination, 

Salt water has a tendency to decompose cements of all kinds, and their 
strength is considerably impaired by their mixture with it. 

Mortar. 

Lime or Cement paste is the cementing substance in mortar, and its pro- 
portion should be determined by the rule that Volume of cementing substance 
should be somewhat in excess of volume of voids or spaces in sand or coarse 
material to be united, the excess being added to meet imperfect manipulation 
of the mass. 

Hydraulic Mortar, if re-pulverized and formed into a paste after having 
once set, immediately loses a great portion of its hydraulicity, and descends 
to the level of moderate hydraulic limes. r i 

The retarding influence of sea-water upon initial hydraulic induration is 
not very great, if the cement is mixed with fresh water. The strength of: 
mortars, however, is considerably impaired by being mixed with sea-water. 

Pointing Mortar is composed of a paste of finely-ground cement and clean 
sharp siliceous sand, in such proportions that the volume of cement paste is 
slightly in excess of the volume of voids or spaces inthe sand, The volume 
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of sand varies from 2.5 to 2.75 that of the cement paste, or by weight, 1 of 
cement powder to 3 to 3.33 of sand. The mixture should be made under 
shelter, and in small quantities. : 

_ All mortars are much improved by being worked or manipulated; and as rich 
limes gain somewhat by exposure to the air, it is advisable to work mortar in 
large quantities, and then render it fit for use by a second manipulation. 

White lime will take a larger proportion of sand than brown lime. 

Use of salt-water in the composition of mortar injures adhesion of it. 

When a small quantity of water is mixed with slaked lime, a stiff paste 
is made, which, upon becoming dry or hard, has but very little tenacity, but, 
by being mixed with sand or like substance, it acquires the properties of a 
cement or mortar. 

Proportion of sand that can be incorporated with mortar depends partly 
upon the degree of fineness of the sand itself, and partly upon character of 
the lime. For rich limes, the resistance is increased if the sand is in pro- 
portions varying from 50 to 240 per cent. of the paste in volume; beyond 
this proportion the resistance decreases. 

Lime, 1, clean sharp sand, 2.5. An excess of water in slaking the lime 
swells the mortar, which remains light and porous, or shrinks in drying; an 
excess of sand destroys the cohesive properties of the mass. 

It is indispensable that the sand should be sharp and clean, 

Stone Mortar.—8 parts cement, 3 parts lime, and 31 parts of sand; or 1 
cask cement, 325 lbs., .5 cask of lime, 120 lbs., and 14.7 cube feet of sand= 
18.5 cube feet of mortar, 

Brick Mortar.—8 parts cement, 3 parts lime, and 27 parts of sand; or 1 
cask cement, 325 lbs,, .5 cask of lime, 120 lbs., and 12 cube feet of sand= 
16 cube feet of mortar. 

Brown Mortar.—Lime 1 part, sand 2 parts, and a small quantity of hair. 
Lime and sand, and cement and sand, lessen about .33 in volume when mixed 

together. 

Calcareous Mortar, being composed of one or more of the varieties of lime 
or cement, natural or artificial, mixed with sand, will vary in its properties 
with quality of the lime or cement used, the natwre and quality of sand, and 
method of manipulation, 

Turkish Plaster, or Hydraulic Cement. 

100 lbs. fresh lime reduced to powder, 10 quarts linseed-oil, and x to 2 
ounces cotton, Manipulate the lime, gradually mixing the oil and cotton, in 
a wooden vessel, until mixture becomes of the consistency of bread-dough, 

Dry, and when required for use, mix with linseed-oil to the consistency of paste. 
and then lay on in coats. Water-pipes of clay or metal, joined or coated with it, 
resist the effect of humidity for very long periods. . 

Stucco. 

Stucco or Exterior Plaster is term given to a certain mortar designed for 
exterior plastering ; it is sometimes manipulated to resemble variegated 
marble, and consists of 1 volume of cement powder to 2 volumes of dry sand. 

In India, to water for mixing the plaster is added 1 Ib. of sugar or molas- 
ses to 8 Imperial gallons of water, for the first coat; and for second or finish- 
ing, 1 1b. sugar to 2 gallons of water. 

Powdered slaked lime and Smith’s forge scales, mixed with blood in suit- 
able proportions, make a moderate hydraulic mortar, which adheres well to 
masonry previously coated with boiled oil. 
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Plaster should be applied in two coats laid on in one operation, first coat being 

thinner than second. | Second coat is applied upon first while latter is yet soft. 

The two coats should form one of about 1.5 inches in thickness, and when fin- 
ished it should be kept moist for several days. . . 

When the cement is of too dark a color for desired shade, it may be mixed with 
white sand in whole or in part, or lime paste may be added until its volume equals 
that of the cement paste. tol 

Ihorassar, or Turkish Mortar, 

Used for the construction of ‘buildings. requiring: great solidity, .33 pow- 
dered brick and tiles,.66 fine sifted lime. Mix with water to required con- 
sistency, and lay between the courses of brick or stones, 

Mortars. 

Mortars used for inside plastering are termed Coarse, Fine, Gauge or hard 
finish, and Stucco. 

Plastering.—x bushel, or ri25 cube feet of cement, mortar, etc., will cover 1.5 
square yards .75 inch thick. 75 volumes are required upon brick work for 7o upon 
laths. 
When full time for hardening cannot be allowed, substitute from 15 to 20 per 

cent. of the lime by an equal proportion of hydraulic cement. : 
For the second or brown coat the proportion of hair may be slightly diminished, 

Coarse Stuff. —Common lime mortar, as made for brick masonry, 
with a small quantity, of hair; or by volumes, lime paste (30 lbs. lime) 1 
part, sand 2 to 2.25 parts, hair .16 part. 

Fine Stuff (lime putty).—Lump lime slaked to a paste with a mod- 
erate volume of water, and afterwards diluted to consistency of cream, and 
then to harden by evaporation to required consistency for working. 

In this state it is used for a slipped coat, and when mixed with sand or plaster of 
Paris, it is used for jinishing coat. 

Gauge, or Hard Finish, is composed of from 3 to 4 volumes fine 
stuff and x volume plaster of Paris, in proportions regulated by rapidity re- 
quired in hardening; for cornices, etc., proportions are equal volumes of 
each, fine stuff and plaster. 

Scratch Coat.—Virst of three coats when laid upon laths, and is from .25 to 
375 of an inch-in thickness, 

One-coat Work.—Plastering in one coat without finish, either on masonry 
or laths—that is, rendered or laid. 

Two-coat Work.—Plastering in two coats is done either in a laid coat 
and set, or in a screed coat and set. 

Screed coat is also termed a Floated coat. Laid first coat in two-coat 
work is resorted to in common work instead of screeding, when finished sur- 
face is not required to be exact to a straight-edge. It ‘is laid in a coat of 
about .5 inch in thickness. 

Laid coat, except for very common work, should be hand-floated. 
Firmness and tenacity of plastering is very much increased by hand-floating. 

Screeds are strips of mortar 6 to 8 inches in width, and of required thick- 
ness of first coat, applied to the angles of a room, or edge of a wall and paral- 
lelly, at intervals of 3 to 5 feet over surface to be covered: When these have 
become sufticiently hard to withstand pressure of a straight-edge, the, inter- 
spaces between the screeds are filled out flush with them. .. E . 

Slipped Coat is the smoothing off of a brown coat with a ‘small quantity 
-of lime putty, mixed with 3 per cent. of white sand, so as to: make-a compar- 
atively even surface. ; , 

This finish answers when the surface is to be finished in distemper, or paper. ©! 
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Concrete or Beton 

Is a mixture of mortar (generally hydraulic) with coarse materials, as 
gravel, pebbles, stones, shells, broken bricks, ete. Two or more of these 
materials, or all of them, may, be used together. As lime or cement paste is 
the cementing substance in mortar, so is mortar the cementing substance in 
concrete or beton. The original distinction between cement and beton was, 
that latter possessed hydraulic energy, while former did not. 

Hydraulic. — 1.5 parts unslaked hydraulic lime, 1.5 parts sand, 1 part 
gravel, and 2 parts of a hard broken limestone. 

This mass contracts one fifth in volume. Fat lime may be mixed with concrete, 
without serious prejudice to its hydraulic energy. 

Various Compositions of Concrete. 

Hydraulic.—3o8 lbs. cement = 3.65 to 3.7 cube feet of stiff paste. 12 cube 
feet of loose sand =g.75 cube feet of dense. 

- For Superstructure.—11.75 cube feet of mortar as above, and 16 cube feet 
of stone fragments. 

Sea Wall.—Boston Harbor.— Hydraulic.—308 lbs. cement, 8 cube feet of 
sand, and go cube feet of gravel. Whole producing 32.3 cube feet. 

Superstructure.— 308 lbs. cement, 80 lbs. lime, and 14.6 cube feet dense 
sands. Whole producing 12.825 cube fect. 

Pisé is made ofclay or earth rammed in layers of from 3 to 4 ins. in depth. In 
moist climates, it is necessary to protect the external surface of a wall constructe 
in this manner with a coat of mortar. 

Asphalt Composition. 

1. Mineral pitch r part, bitumen 11, powdered stone, or wood ashes, 7 parts, 

2. Ashes 2 parts, clay 3 parts, and sand x part, mixed with a little oil, makes a 
very fine and durable cement, suitable for external use. 

Flooring.—8 \bs. of composition will cover x sup. foot, .75 inch thick. 

Asphaltum 55 lbs. and gravel 28.7 lbs. will cover an area of 10.75 sq. feet. 

Mastic. —Pulverized burnt clay 93 parts, litharge, ground very fine, 7 parts, 
mixed with a sufficient quantity of pure linseed oil. 

3. Siliceous sand x14, pulverized calcareous stone 14, litharge 2, and linseed oil 4 
parts by weight. 

The powders to be well dried in an.oven, and the surface upon which it is to be 
ipplied must be saturated with oil. 

4. For Roads.—Bitumen 16.875 parts, asphaltum 225 parts, oil of resin 6.25 parts, 
and sand 135 parts. Thickness, from 1.25 to 1.375 ins. 

Artificial Mastic. —Composition of 1 square yard .g inch thick; 

Mineral tar, 250... 206 205 cube ins. WAPAVOU, o ste oa teibuis ions 275 cube ins. 
Pitchad} opp axs deed oops im +! Slaked lime......... 95 Pore 

CEG Be Sa eneee tae BAG ia yc 1249 cube ins. 

Mural Kfforescence.—White alkaline efflorescence upon the surface 
of brick walls laid in mortar, of which natural hydraulic lime or cement is the basis. 

Mortar mixed with animal fat in the proportion of ozs of its weight will prevent 
its formation. 

Crystallization of these salts within the pores of bricks, into which they haye 
been absorbed from the mortar, causes disintegration. 

Distemper is term for all coloring mixed with water and size. 

Grouting.—Mortar composed of lime and fine sand, in a semi-fluid state, 
poured into the upper beds and internal joints of masonry. 

Laitance is the pulpy and gelatinous fluid, of a milky hue, that is washed 
from cement upon its being deposited in water, It is produced more abun- 
dantly in sea water than in fresh; it sets very imperfectly, and has a ten- 
dency to lessen the strength of the notices 

3 * 
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Slaking. 

Slaked Lime is a hydrate of lime, and it absorbs a mean of 2.5 times its 
volume, and 2.25 times its weight of water. 

Lime (quicklime) must be slaked before it can be used as a matrix for 
mortar. 

Ordinary method of slaking is by submitting the lime-to its full propor- 
tion of water (previously known or attained by trial) in order to reduce it to 
the consistency of a thick pulp. The volume of water required for this pur- 
pose will vary with different limes, and will range from 2.5 to 3 volumes 
that of the lime, and it is imperative that it should all be poured upon it so 
nearly at one time as to be in advance of the elevation of the temperature 
consequent upon its reduction, 

This process, when the water used is in an excessive quantity, is termed 
“drowning,” and when the yolume of lime has increased by the absorption 
of water it is termed its “ growth.” 

If too much water is used, the binding qualities of the lime is injured by 
its semi-fluidity ; and if too little, it is injurious to add after the reduction of 
the lime has commenced, as it reduces its temperature and renders it granu- 
lar and lumpy. 

While lime is in progress of slaking it should be covered with a tarpaulin: 
or canvas (a layer of sand will suffice), in order to concentrate its evolved 
heat. 

The essential point in slaking is to attain the complete reduction of the 
lime, and the greater the hydraulic energy of a lime, the more difficult it be- 
comes to effect it. 

Whitewash or Grouting —When lime is required for a whitewash or for 
grouting, it should be thoroughly “ drowned,” and then run off into tight ves- 
sels and closed. 

Slaking by Immersion is the method of suspending lime in a suitable ves- 
sel in water for a very brief period, and withdrawing it before reduction 
commences. The lime is then transferred to casks or like suitable receptacles, 
and tightly enclosed, until it is reduced to a fine powder, in which condition, 
if secured from absorption of air, it may be preserved for several months 
without essential deterioration. 

Spontaneous or Air Slaking.—When lime is not wholly secured from ex- 
posure to the air, it absorbs moisture therefrom, slakes, and falls into a powder. 

Limes and Cements.—A Cask of Lime = 240 lbs., will make from 7.8 to 
8.15 cube feet of stiff paste. 

A Cask of Cement = 300 * lbs., will make from 3.7 to 3.75 cube feet of 
stiff paste. 

A Cask of Portland Cement = 4 bushels or 5 cube feet = 420 lbs, 
A Cask of Roman Cement = 3 bushels or 3.75 cube feet = 364 lbs. 

; -5 inch. +75 inch. inch. 
A Bushel of cement will cover....... 2.25 yards 16 yards 114 yards, 

From experiments of General Totten, it appeared that 
r volume of lime slaked with . 33 its volume of water gave 2.27 Volumes-of powder. 

“ce ce 3 66 “e “ce sc 2 I ce I. smc 7 I ' “ ir Pee: « “ 

One cube foot of dry cement, mixed with .33 cube foot of water, will make ,63 to 635 cube foot of stiff paste. ; ; es 
Lime should be slaked at least one day before it is incorporated with the 

sand, and when they are thoroughly mixed, the mortar should be heaped into 
one volume or mass, for use as required. tik 

* 300 Ibs, net is standard ; it usually overruns 8 lbs. 
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Mortar, Cement, &c. (Molesworth.) 

Mortar.—z of lime to 2 to 3 of sharp river sand. 
Or, 1 of lime to 2 sand and 1 blacksmith’s ashes, or coarsely ground coke. 

Course Mortar.—t of lime to 4 of coarse gravelly sand. 

Concrete.—1 of lime to 4 of gravel and 2 of sand. 

Hydraulic Mortar.—z of blue lias lime to 2.5 of burnt clay, ground to- 
gether, 

Or, 1 of blue lias lime to 6 of sharp sand, : 1 of pozzuolana and 1 of calcined 
ironstone. 

Beton.—t1 of hydraulic mortar to 1.5 of angular stones. 

Cement.—x of sand to x of cement.—If great tenacity is required, the ce- 
ment should be used without sand. 

Portland Cement 

Is composed of clayey mud and chalk ground together, and afterwards cal- 
cined at a high temperature—after calcining it is ground to a fine powder, 

Streneth of Mortars, Cements, and Concretes, 

Deduced from Experiments of Vicat, Paisley, Treussart, and Voisin. 

Tensile 

Weight or Power required to Tear asunder One Sq. Inch. 

Cement Mortar. (42 days old.) 

Proportion of Sand to 1 of Cement. 

° 1 2 3 4 5 6 7 8 9 Io 

142 | 128 | 116 | 106 | 99 | 92 
79 I 67420 Sp] 42s} 3569) 25 

199 | 166 
113 | 92 

284 95 lbs. 
142 A yiee 

Brick, Stone, and Granite Masonry. (320 days old.} 

Experiments of General Gillmore, U. S. A. 

Cement on Bricks. Cement on Granite. 
Lbs. Lbs. Lbs. 

Pure, average...... oi 1GO28il| BOLO KBD ee ose Cole afe 27.5 | Sand x 3 
Cement 4f ‘7°7°°"" 7-9 

Sand x Sand r Waterr | 
Coseney} Cacevccce 15-7 cements Ceevesee 20.8 Cement 2f 7°7°°"" 20.5 

Sand x Sand xr Water .42) R 
Contenbat siete vivie aie. 12.3 secpsiat stSanticgs 12.6 Cementxf 07°" 37-25 

Sand x Sand 1 Water .33 
Sanentat oO eeeneces 6.8 eonentis| dale aisle swe 9:2] Gementi for" 29.15 

Delafield and Baxter. _ Lbs. James River. Lbs. Lbs. 
Pure cement...... 7. 68 Pure cement. 37st... 87 | Newark and Rosendale. 
Cement 4 68 Cement 4) 62 Cement 1 
Sand x eee e eee Sand re OHO S ae Sand 3 wees tees 7 

Cement 8 3 Newark Lime and Cement Pure, without 
Siftings!/2 $022 10789 72 Co. mortar, mean f ‘**** 45 
Cement 1 , Pure cement........ 93 
Siftings uf SS oly 821 Cement. f 5 Mortar. 
Cement 1 Sando evferc? sts 4° | Lime paste x, sand 2.5, 6 
Siftings i hse TEN" ao 74) Newark and Rosendale. ps bed Alas 3 i | A 

Lawrence Cement Oo. Pure cement........ 75 * SoG bid geet 6 
Pure cement sovdeve O77} ') Coment.r ae ei Nababe incl dep a! 3 

OT ee Senn wuSé Sand r Seer cement paste 5...... 12 
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Pure Cement. 
Lbs. 

Boulogne 100, water 50.........-4+ Portland, in sea-water, 45 days..... 266 
Portland, natural, x year Ga English, 6 months....... + 424 

oe artificial, Eng., 1 year... 462 | Roman ‘‘Septaria,”’ x year........ + Ig 
Ls English, 320 days....... 1152 ‘¢ masonry, 5 months......... 77 
ub ag 1 month ji... 393 | Rosendale, 9 months............... 700 

Newark and Rosendale ........... 339 | Lawrence Cement Co.......... ee 044X220 

Transverse. 

Reduced to a uniform Measure of One Inch Square and One Foot in Length. 
Supported ut Both Ends. FE 

Eixperiments of General Gillmore. 

Formed in molds under a pressure of 32 lbs. per sq. inch, applied until mortar 
had set. Exposed to moisture for 24 hours, aud then immersed in sea-water. 

Prisms 2 by 2 by 8 ins. between supports. 

e WW a 
Reduced by Formula 2 At ee =C. Ccoefficient of rupture, and a weight of 

3 
portion of prism l. 

Cement, Mortar. 
| 5 5 

- é esleg 
Materia, & a MareRIAL, & 3 ey 

2s oc 
CH | On 

Days.| Lbs. | Days.| Lbs. | Lbs. 
James River. Portland, Eng., stiff paste} 320 |13. [10 

THICK Cream eave vc enele 59 | 3-9 || Roman, ES as ts 20 | 25) — 
‘Thin: paste: .« [ch (he ste 320 | 5.8 # BK ge roo | 6 = 
Shu Paster: 2. eels. anaes 59 | 6.9 || Cumberland, Md......... 320 {12.8 | 7.8 

Rosendale ‘‘ Hoffman.’? PROBE INDY saree cidhals aes 320 | 8.8 | 84 
Phinipagteys.,. de. (ees eee 320 | 9 James River, Va. ...3..>. 320 | 8.6 | 88 
Stil paste sse access vee 320 | 89 || Pulverized and re- 6 

‘Delafield and Baxter.”’ mixed after set.... 3 | 3 ah 
MIM PAstes. aryecis seni ac 320 | &5 BTeshy sisnai cts age noe ee 320 | 9 _ 
MCIRDASLO’ « acttecawtnclatsseres 320 |12 Kingston and Rosendale. 320 | 7.6 | 6.6 

English. || High Falls, UL) 
Portland, pure.......... 320 |16 Stereo NAV! f PSE OS fee | 32 
MOU ASO sn siy/s.0/\ Weta 378 320 |13 Fresh water to a stiff 

Cumberland, Md., pure ....| 320 |13.2 PBStC. eine chine ee 990h Toh ees: 
High Falls, Ul- 8 Sea-water toa stiff paste 95 | — | 2.6 

ster’ Co. ANoveh cs et 95 | °:4 || Lawrence Cement Co. 
Complete calcination....| 95 |. 4.2 Hresh. Sah C8 cwepiencd 320 |ro.2 | — 

Crushing. 

Cements, Stones, ete. (Crystal Palace, London.) 

Reduced to a uniform Measure of One Sq. Inch. 
Destructive | i “hea ue ‘Beecsutes Matenrrat. Desimenre 

n Lbs. Lbs. 

Portl’d cem’t, area x, height x. 1680 . | Portland cement 1 
“cement a “ sand 4 f°°"* oe 1244 
Pos spands stg euegue 1 Bio, ahs “cement x : 
5) STON Rene waics ceaoa $F 1144 me sand 7 \ BOOS 692 

Roman cement, pure........ 342 

General Deductions. 

x. Particles of unground cement exceeding .o125 of an inch in diameter may be allowed in cement paste without sand, to extent of so per cent. of Whole, without detriment to its properties, while a corresponding proportion of sand injures the 
strength of mortar about 4o per cent. 1 
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2. When these unground particles exist in cement paste to extent of 66 per cent. 
of whole, adhesive strength is diminished about 28 per cent. For a corresponding 
proportion of sand the diminution is 68 per cent. 

aN Addition of siftings exercises a less injurious effect upon the cohesive than upon 
the adhesive property of cement. The converse is true when sand, instead of sift- 
ings, is used. 

4. In all mixtures with siftings, even when the latter amounted to 66 per cent. of 
whole, cohesive strength of mortars exceeded their adhesion to bricks. Same re- 
sults appear to exist when siftings are replaced by sand, until volume of the latter 
exceeds 20 per cent. of whole, after which adhesion exceeds cohesion. 

5. At age of 320 days (and perhaps considerably within. that period) cohesive 
strength of pure cement mortar exceeds that ofCroton front bricks. ‘The converse 
is true when the mortar contains so per cent. or more of sand. 

6. When cement is to be used without sand, as may be the case when grouting is 
resorted to, or when old walls are to be repaired by injections of thin paste, there is 
no advantage in having it ground to an impalpable powder. 

7. For economy it is customary to add lime to cement mortars, and this may be 
done to a considerable extent when in positions where hydraulic activity and 
strength are not required in an eminent degree, 

8. Ramming of concrete under water is held to be injurious. 

. Mortars of common lime, when suitably made, set in a very few days, and with 
such rapidity that there is no need of awaiting its hardening in'the prosecution of 
work, 

Hire Clay.—the fusibility of clay arises from the presence of impurities, 
such as lime, iron, and manganese.’ These may be removed by steeping the clay in 
hot muriatic acid, then washing it with water. Crucibles from common clay may 
be made in this manner. 

Noles by General Gillmore, U. S. A.—Recent experiments have developed that 
most American cements will sustain, without any great loss of strength, a dose of 
lime paste equal to that of the cement paste; while a dose equal to .5 to .75 the vol- 
ume of cement paste may be safely added to any Rosendale cement without pro- 
ducing any essential deterioration of the quality of the mortar. Neither is the 
hydraulic activity of the mortars so far impaired by this limited addition of lime 
paste as to render them unsuited: for concrete under water, or other submarine 
masonry. By the use of lime is secured the double advantages of slow setting and 
economy. 

Notes by General Totten, U. S: A.—z4o lbs. lime =1 cask, will make from 7.8 to 
8.15 cube feet of stiff paste. 

1 cube foot of dry cement powder, measured when loose, will measure .78 to .8 
cube foot when packed, as at a manufactory. 

For composition of Concretes, at Toulon, Marseilles, Cherbourg, Dover, Alderney, 
otc., see Treatise of General Gillmore, pp. 253-256, 

MASONRY. 

Brickwork. 

Bond is an arrangement of bricks or stones, laid aside of and above 
each other, so that the vertical joint between any two bricks or stones 
does not coincide with that between any other two. 

This is termed ‘‘ breaking joints.’? 

Teader is a brick or stone laid with an end to face of wall. 

Stretcher isa brick or stone laid parallel to face of wall. 

Header Course or Bond is a course or courses of headers alone. 

Stretcher Course or Bond is a course or courses of stretchers alone. 

Closers are pieces of bricks inserted in alternate courses, in order to obtain 
a bond by preventing two headers from being exactly over a stretcher. 

English Bond is laying of headers and stretchers:in alternates, courses. 
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Flemish Bond is laying of headers and stretchers alternately in each course. 
Gauged Work.—Bricks cut and rubbed to exact shape required. 

String Course is a horizontal and projecting course around a building. 

Corbelling is projection of some courses of a wall beyond its face, in order 
to support wall-plates or floor-beams, ete. 

Wood Bricks, Pallets, Plugs, or Slips are pieces of wood laid in a wall in 
order the better to secure any woodwork that it may be necessary to fasten 
to it. 

Reveals are portions of sides of an opening in a wall in front of the recesses 
for a door or window frame. 

Brick Ashlar.—Walls with ashlar-facing backed with brick. 

Grouting is pouring liquid mortar over last course for the purpose of filling 
all vacuities, 

Larrying is filling in of interior of thick walls or piers, after exterior faces 
are laid, with a bed of soft mortar and floating bricks or spawls in it. 

Rendering (Eng.) is application of first coat on masonry, Laying if one 
or two coats on laths, and * Pricking up” if three-coat work on laths. 

Bricks should be well wetted before use. Sea sand should not be used in the 
composition of mortar, as it contains salt and its grains are round, being worn by 
attrition, and consequently having less tenacity than sharp-edged grains. 

A common burned brick will absorb x pint or about one sixth of its weight of 
water to saturate it, The volume of water a brick will absorb is inversely a test of 
its quality. 

A good brick should not absorb to exceed .067 of its weight of water. 
The courses of brick walls should be of same height in front and rear, whether 

front is laid with stretchers and thin joints or not, 
In ashlar-facing the scones should have a width or deptia of bed at least equal to 

height of stone. 
Hard bricks set in cement and 3 months set will sustain a pressure of 4o tons 

per sq. foot. 

The compression to which a stone should be subjected should not exceed .x of its 
crushing resistance, 

The extreme stress upon any part of the masonry of St. Peter’s at Rome is com- 
puted at x5.5 tons per sq. foot ; of St. Paul’s, London, 14 tons ; and of piers of New 
York and Brooklyn Bridge, 5.5 tons, 

The absorption of water in 24 hours by granites, sandstones, and limestones of a 
durable description is 1, 8, and 12 per cent. of volume of the stone. 

Color of Bricks depends upon composition of the clay, the molding sand, tem- 
perature of burning, and volume of air admitted to kiln. 

Pure clay free of iron will burn white, and mixing of chalk with the clay will 
produce a like effect. ; 

Presence of iron produces a tint ranging from red and orange to light yellow, 
according to proportion of iron. 

A large proportion of oxide of iron, mixed with a pure clay, will produce a bright 
ved, and when there is from 8 to ro'per cent., and the brick is exposed to an intense 
heat, the oxide fuses and produces a dark blue or purple, and with a small volume 
of manganese and an increased proportion of the oxide the color is darkened, even 
to a black, 

Small volume of lime and iron produces a cream color, an increase of iron pro- 
duces ved, and an increase of lime brown. 

Magnesia in presence of iron produces yellow. 
Clay containing alkalies and burned at a high temperature produces a bluish green. 
For other notes on materials of masonry, their manipulation, etc., see ‘‘ Limes, 

Cements, Mortars, and Concretes,”’ pp. 588-597. 

Pointing.—Before pointing, the joints should be reamed, and in close ma- 
Sonry they must be open to .2 of an inch, then thoroughly saturated with water, 
and maintained in a condition that they will neither absorb water from the mortar 
or impart any to it. Masonry should not be allowed to dry rapidly after pointing, 
but it should be well driven in by the aid of a calking iron and hammer. : 

In pointing of rubble masonry the same general directions are to be observed. 
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‘Sand is Argillaceous, Siliceous, or Calcareous, according to its composition. 
Its use is to prevent excessive shrinking, and to save cost of lime or cement. Or- 
dinarily it is not acted upon by lime, its presence in mortar being mechanical, and 
with hydraulic limes and cements it weakens the mortar. Rich lime adheres better 
to the surface of sand than to its own particles; hence the sand strengthens the 
mortar. 

It is imperative that sand should be perfectly clean, freed from all impurities, 
and of a sharp or angular structure. Within moderate limits size of grain docs 
not affect the strength of mortar; preference, however, should be given to coarse. 

Calcareous sand is preferable to siliceous. 
Sea and River sand are suitable for plastering, but are deficient in the sharpness 

required for mortar, from the attrition they are exposed to. 
Clean sand will not soil the hands when rubbed upon them, and the presence of 

salt can be detected by its taste. 
Scoriz, Slag, Clinker, and Cinder, when properly crushed and used, make good 

substitutes for sand. 

Concrete.—In the mixing of concrete, slake lime first, mix with cement, and then 
with the chips, etc., deposit in layers of 6 ins,, and hammer down. 

Bricks. 

Variations in dimensions by various manufacturers, and different degrees 
of intensity of their burning, render a table of exact dimensions of different 
manufactures and classes of bricks altogether impracticable. 

As an exponent, however, of the ranges of their dimensions, following 
averages are given: 

Description. | Ins. | DESCRIPTION. Ins. 

Baltimore front! MaIper: vcs. pave 75 Xi9.375 X<-2395 
Philadelphia ‘ 8.25 X 4.125 X 2.375 I Milwaukee...... 85 X 4.125 X 2.375 
Wilmington ‘ || North River..... 8 X92. Bir Pe 2125 
Croton & 85 X4 X 2.25 5 7:75 X 3.625 X 2.25 
Colabaugh.......| 8.25 X 3.625 X 2.375 ee Seas FPA 8 X 4.125-X 2.5 
Eng. ordinary...) 9 X45 2.5 |/Stourbridge \ io 
«Lond. stock] 8.75 X 4.25 X25 ! fire-brick. ... 9.125 X 4.625 X 2.375 

Dutch Clinker...| 6.253 1.5 ||Amer.do.,N.Y..] 8.875% 4.5 X 2.625 

In consequence of the variations in dimensions of bricks, and thickness of 
the layer of mortar or cement in which they may be laid, it is also impracti- 
cable to give any rule of general application for volume of laid brick-work. 
It becomes necessary, therefore, when it is required to ascertain the volume 
of bricks in masonry, to proceed as follows : 

To Compute Volume of Bricks, and Number in a Cube 
Hoot of Masonry. 

Rvuiv.—To face dimensions of particular bricks used, add one half thick- 
ness of the mortar or cement in which they are laid, and compute the area ; 
divide width of wall by number of bricks of which it is composed ; multiply 
this area by quotient thus obtained, and product will give volume of the 
mass of a brick and its mortar in ins. 

Divide 1728 by this volume, and quotient will give number of bricks in a 
cube foot. 
EXxamPLe.—Width of a wall is to be 12.75 ins., and front of it laid with Philadel- 

phia bricks in courses .25, of,an inch in depth; how many bricks will there be in 
face and backing in a cube foot? 

Philadelphia front brick, 8.25 X 2.375 ins. face. 

8.25 +.25X2+2=8.25 +.25=8.5 =length of brick and joint ; 

2.375 + .25 X 2 2=2.375-+.25= 2.625 = width of brick and joint. 
Then 8.5 X 3.625 = 22.3125 ins. = area of face; 12.753 (number of bricks in 

width of wall) = 4.25 ins. 

Hence 22.3125 X 4.25 = 94.83 cube ins. ; and 1728 + 94.83 = 18.22 bricks. 
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One rod of brick masonry (Eng.)—=x11.33 cube yards and weighs 15 tons, or 272 
superficial feet by 13.5 thick, averaging 4300 bricks, requiring 3 cube yards mortar 
and 220 gallons water. 

, 

Bricklayers’ hod will contain 16 bricks or .7 cube feet mortar. 

FWire-bricks. 

Fire-clay contains Silica, Alumina, Oxide of Iron, and a small proportion 
of Lime, Magnesia, Potash, and Soda. Its fire-resisting properties depend- 
ing upon the relative proportions of these constituents and character of its 
grain. 
A good. clay should. bejof a uniform structure, a coarse open grain, greasy 

to the hand, and free from any alkaline earths. 

The Stourbridge clay is black and is composed as follows: 

Silica....., 63.3 | Alumina,.... 23.3] Lime...... 73 | Protoxide of iron.... 1.8 
Water and organic matter........ 10.3 

Newcastle clay is very similar. 

Stone Masonry. 

Masonry is classed as Ashlar or Rubble. 

Ashlar is composed of blocks of stone dressed square and laid with 
close joints. 

Coursed Ashlar consists of blocks of same height throughout each course, 

Fig. 2. 

Fig. 1.—Cowrsed, with chamfered and Fig. 2.—Regular Coursed. 
rusticated quoins and plinth, 

Fig. 3. Fig. 4. 

Fig. 3.—Irregular Coursed. Fig. 4.—Random Coursed. 

Fig. 5. Fig. 6. (7 

Fig. 5.—Ranged Random, level, and Fig. 6.—Random, level, and broken. 
broken courses. 
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Rubble Ashlar 

Is ashlar faced stone with rubble backing. 

Rubble Masonry 

Is composed of small stones irregular in form, and rough. 

Fig. 8. 

Tas mh 

Fig. 7. Block Coursed.—Large blocks Fig. 8.—Coursed and Ranged Random. 
in courses (regular or irregular), Beds t 
and Joints roughly dressed. 

Fig. 9. 

Ws Mo ay Caz 

Fig. 9.. Ranged Random.—Squared . Fig. 10. Coursed Random.—Stones laid 
rubble laid in level and broken in courses at intervals of from 12 to 18 
courses. ins. in height. 

Dry Rubble . 

Is a wall laid without cement or 
mortar. 

Fig. 12. 

Fig. 11. Uncoursed or Random. — 
Beds and Joints undressed, projections 
knocked off, and laid at random. In- 
terstices filled with spalls and mortar. Fig. 12. Dry Rubble.—Without mortar 

or cement, 

Fig. 14. 

Fig. 13. Laced Coursed. — Horizontal Fig. 14. Rustic or Rag. —Stones of 
bands of stone or bricks, interposed to _ irregular form, and dressed to make 
give stability. _ close joints. 

Nors,—Rustic or Rag work is frequently laid in mortar. 
35 
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“Terra Cotta. 

Terra Cotta in blocks should not exceed 4 cube feet in volume. When 

properly burned, it is unaffected by the atmosphere or by fumes of any acid. 

Arches and Walls. 

Springing.—Point s, Fig. 15, on each side, 
from which arch springs, 

Crown.— Highest point of arch. 
Haunches.—Sides of arch, from springing 

half-way up to crown. 
Spandrel.—Space between extrados,a hor- 

izontal line drawn through crown and a ver- 
tical line through upper end of skewback. 

Skewback is upper surface of an abut- 
ment or pier from which an arch springs, 
and its face is on a line radiating from centre of arch. 

Abutment is outer body that supports arch and from which it springs. 
Pier is the intermediate support for two or more arches. 
Jambs are sides of abutments or piers. 
Voussoir’s are the blocks forming an arch. 
Key-stone is centre youssoir at crown. 
Span is horizontal distance from springing to springing of arch. 
Rise,—Height from springing line to under side of arch at key-stone. 
Length is that of springing line or span. 
Ring-course of a wall or arch is parallel to face of it, and in direction of 

its span. 
String and Collar courses are projecting ashlar dressed broad stones at 

right angles to face of a wall or arch, and in direction of its length. 
Cumber is a slight rise of an arch as .125 to .25 of an inch per foot of 

span. 
Quoin is the external angle or course of a wall. 
Plinth is a projecting base to a wall. 
Footing is projecting course at bottom of a wall, in order to distribute its 

weight over an increased area. Its width should be double that of base of 
wall, diminishing in regular offsets .5 width of their height. 

Blocking Course.—A course placed on top of a cornice. 
Parapet is a low wall, over edge of a roof or terrace, 
Extrados.—Back or wpper and outer surface of an arch. 
Intrados or Soffit is underside of lower surface of arch or an opening. 
Groined is when arches intersect one another. 

: Meavertemihn inverted arch, an arch with its intrados below axis or spring- 
ing line. 

Ashlar masonry requires .125 of its volume of mortar. Rubble, 1.2 cube 
yards stone and .25 cube yard mortar for cach cube yard. 

Rubble masonry in cement, 160 feet in height, will stand and bear 20000 
\bs. per sq. inch. 

Stones should be laid with their strata horizontal. 

When “through” or “thorough bonds” are not introduzed, headers should 
cyerlap one another from opposite sides, known as dogs’ tooth bond. 

Ageregate surface of ends of bond stones should be from .125 to .25 of 
area of each face of wall. 

Weak stones, as sandstone and granular limestone, should not have a 
length over 3 times their depth, Strong or hard stones may have a length 
from 4 to 5 times their depth. i 
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Gallets are small and sharp pieces of ‘stone stuck into mortar joints, in 
which case the work is termed galleted. 

Snapped work is when stones are split and roughly squared. 

Quarry ov Rock-faced.—Quarried stones with their faces undressed. 

_ Piteh-faced.—Stones on which the arris or angles of their face, with their 
sides and ends, is detined by a chisel, in order to show a right-lined edge. 

Drafted or Drafted Margin is a narrow border chiselled around edges of 
faces of a block of rough stone. 

Diamond-fuced is when planes are either sunk or raised from each edge 
and meet in the centre. 

Squared Stones.—Stones roughly squared and dressed. 

Rubble.—Unsquared stones, as taken from a quarry or elsewhere, in their 
natural form, or their extreme projections removed. 

Cut Stones.—Stones squared and with dressed sides and ends. 

Dressed Stones. 

The following are the modes of dressing the faces of ashlar in engineering: 

Rough Pointed.—Rough dressing with a pick or heavy point. 

Fine Pointed.—Rough dressing, followed by dressing with a fine point. 

Crandalled.—Fine pointing in right lines with a hammer, the face of 
which is close serried with sharp edges. 

Cross Crandalled.—When the operation of crandalling is right angled. 

Hammered.—The surface of stone may be finished or smooth dressed by 
being Azed or Bushed ; the former is a finish by a heavy hammer alike to a 
crandall, the latter is a final finish by a heavy hammer with a face serried 
with sharp points at right angles. 

Thickness of Brick Walls for Warehouses. (Molesworth.) 

Length. Height. |Thickness.|| Length. | Height, |Thickness.|| Length. | Height, |Thickness, 

Feet. Feet, Ins, Feet. Feet. Ins. Feet. Feet. Ins. 

Unlimited. 25 13 Unlimit’d,| Too 34 45 30 13 
do. 30 17.5 60 40 17.5 30 40 13 
do. 40 2165 70 50 21.5 40 50 17.5 
do. 50 26 50 60 21.5 35 60 17.8 
do. 60 26 45 7O 21.5 30 70 17.5 
do. 70 26 60 80 26 45 80 21.5 
do. 80 30 70 go 30 60 go 26 
do, go 34 7° 100 30 55 100 26 

For drawings and a description of stone-dressing tools, see a paper by J. R. Cross, 
W. E. Merrill, and E. B. Van Winkle, ‘‘A.S. Civil Engineer Transactions,” Noy. 1877. 

Walls not exceeding 30 feet in height, upper story walls may be 8.5 ins. thick. 

From 16 feet below top of wall to base of it, it should not be less than the space 
defined by two right lines drawn from each side of wall at its base to 16 feet from 
top. 

Thickness not to be less in any case than one fourteenth of height of story. 

Laths. 

Laths are 1.25 to 1.5 ins. by 4 feet in length, are usually set .25 of an inch 
apart, and a bundle contains 100, 
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Plastering. 

Volumes required for Various Thickness. 

Square Yards. ; : Square Yards. 
MaTeRIAL, 5 75 z | Materran. 5 75 Pe 

c Cube Feet. Ins. Ins. Ins. Cube Feet. ) Ins. bg Ins. fi Ins. 
OMEN Hh atleslew ae Ba ell Ae Seiad gk Fervor, 75 yards, sup’! ren- 
at hy sand. Bei) 1g 3 2.25 || pair AP fe ae? j dered and set on 
ement 1, sand 2...| 6.75 | 4-5 | 3-33 brick or7o on lath. 

Estimate of Materials and Labor for10O0 Sq. Yards of 
Luath and Plaster. 

Materials Three Coats | Two Coats Materials Three Coats | Two Coats 
and Labor. Hard Finish. Slipped. and Labor. Hard Finish. Slipped. 

DEIEOS, clersinlaecisie 4 casks, 3.5 casks. || White sand....| 2.5 bushels. 

Pie eee i MANS cand 13 Ibs 13 Ibs 
a Masons ....... 4 days 3.5 days. 

2000. 2000. | fF 2 7 
4 bushels, | 3 bushels.|} Laborer....... (pe - 
7 loads. 6 loads. || Cartage....... bas A 

Rough Cast is washed gravel mixed with hot hydraulic lime and” 
water and applied in a semi-fluid condition. 

Arches and Abutments. 

To Compute Depth a Iseystone of Circular or Elliptic 
Arch. 

VR+s+2 

4 

This is for a rise of about .25 of span; when it is reduced, as to .125, add.5 instead 
of.25. 

InLustration.—Arch of Washington aqueduct at ‘‘Cabin John” has a span of 220 
feet, a rise of 57.25, and a radius of 134.25; What should be depth of its keystone? 

V 134.25 + 220+2 

4 

Viaducts of several arches increase results as determined Shave eB add- 
ing .125 to .15 to depth. 

For arches of 2d class niaterials and work, and for spans exceeding ro 
feet, add .125 to depth of keystone, and for good rubble or brick-work 
add .25. 

Norr.—It is customary to make the keystones of elliptic arches of greater depth 
than that obtained by aboye formula. Trautwine, however, who is high authority 
in this case, declares it is unnecessary. 

+.25=d, R representing radius, s span, and d depth, all in feet, 

6 
+.25= es) .25 = 4.16 feet. Deve is Sie yes 

4 

To Compute Radius of an Arch, Cireular or Ellipse. 

s\2 t 
(5) +r?+27r=R. 1 representing rise. ‘ 

Railway Arches. 

For Spans between 25 and 7o feet. Rise .2 of span. Depth of arch .o55 of span. 
Thickness of abutments .2 to .25 of span, and of pier .14 to. 16 of span. 

enh. 

When height does not exceed x.5 times base. +5-+.17-+2= thickness at spring 
of arch in feet. (Trautwine.) , 

Batter.—From .5 to x.5 ins. per fi foot of height of wall. \ ) Pas 
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To Compute Depth of Arch. (Hurst. 

¢ /R=D. c=Stone (block) .3. Brick=.4. Rubble=.4s, 

When there are a series of arches, put .3=.35, .4=.45, and .45==.5. 

Minimum Thickness of Abutments for Bridge and 
similar Arches of 120°. (Hurst.) 

When depth of crown does not exceed 3 fect. Computed from formula, 
R\2 R 

6R+ a) _— a =T. H representing height of abutment to springing in feet. 

Radius! Height of Abutment to Springing. Radius Height of Abutment to Springing. 
of Arch, 5 05 ro 20 jo |jofArch.) 5 75 Bo) 20 30 

Feet. | Feet. | Feet Feet. | Feet. | Feet. Feet. | Feet. | Feet. Feet Feet. | Feet. 

4 3:7 | 42 | 43 | 46 | 47 12 | 5.6 | 64] 69] 7.6] 7.9 
45 | 39 | 44 | 46 | 49°] 5 Bee lente 7 75 | 8&4] 88 
5 4:2 4.6 4.8 5.1 5.2 20 6.5 y By 8.4 9-6 | 10 
6 4.5 4“ 5-2 5.6 5-7 25 6.9 8.2 g-1 | 10.5 | rx. 
7 47 5.2 5-5 6 6.2 30 7-2 8.7 9:7 | 11.4 | 12) 
8 4.9 5.5 5.8 6.4 6.5 35 7-4 g-1 | 10.2 | 11.8 | 12.9 
9 BEE 5.8 6.1 6.7 6.9 40 7-6 9-4 | 10.6 | 12.8 |'13.6 

10 5-3 6 6.4 GOB yas 45 7.8 Cpe fel see 13:4 | 14.3 
II 5-5 6.2 6.6 73, Hg 50 7-9 10 11.4 | 14 15 

Nors.—Abutments in Table are assumed to be without counterforts or wing- 
walls. A sufficient margin of safety must be allowed beyond dimensions here 
given. 

Culverts for a road haying double tracks are not necessarily twice the 
length for a single track. 

For other and full notes, tables, etc., see Trautwine’s Pocket Book, pp. 341-356. 

MECHANICAL CENTRES. 

There are four Mechanical centres of force in bodies, namely, Centre 
of Gravity, Centre of Gyration, Centre of Oscillation, and Centre of 
Percussion. : 

Centre of Gravity. 

Centre or Gravity of a body, or any system of bodies rigidly con- 
nected together, is point about which, if suspended, all parts will be in 
equilibrium. 

A body or system of bodies, suspended at a point out of centre of gravity, 
will rest with its centre of gravity vertical under point of suspension. 

A body or system of bodies, suspended at a point out of centre of gravity, 
and successively suspended at two or more such points, the vertical lines 
through these points of suspension will intersect each other at centre of 
gravity of body or bodies, 

Centre of gravity of a body is not always within the body itself, 

If centres of gravity of two bodies, as B C, be connected by a line, dis 
tances of B and C from their common centre of gravity, c,?s as the weights 
of the bodies. Thus, B:C 3: Ce:c B. 

To Ascertain Crntre of Gravity of any Plane Figure Mechanically. 

Suspend the figure by any point near its edge, and mark on it direction 
of a plumb-line hung from that point; then suspend it from some other 
point, and again mark direction of plumb-line. Then centre of gravity of 
surface will be at point of intersection of the two marks of plumb-line, 

gE. 
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Centre of gravity of parallel-sided objects may readily be found in this 
way. For instance, to ascertain centre of gravity of an arch of a bridge, 
draw elevation upon paper to a scale, cut out figure, and proceed with it as 
above directed, in order to find position of centre of gravity in elevation of 
the model. In actual arch, centre of gravity will have same relative position 
as in paper model. 

In regular figures or solids, centre of gravity is same as their geometrical 
centres, 

} Luine.: 

Circular Are. - = distance from centre, r representing radius, c chord, and 1 

length of are. 
Surfaces. 

Square, Rectangle, Rhombus, Rhomboid, Gnomon, Cube, Regular Polygon, 
Circle, Sphere, Spheroid or Ellipsoid, Spheroidal Zone, Cylinder, Circular 
Ring, Cylindrical Ring, Link, Helix, Plain Spiral, Spindle, all Regular Fig- 
ures, and Middle Frusta of all Spheroids, Spindles, etc. 

The centre of gravity of the surfaces of these figures is in their geometri- 
cal centre. 

Triangle.—On a line drawn from any angle to the middle of opposite side, 
at two thirds of the distance from angle. 

Trapezium.—Draw two diagonals, and ascertain centres of gravity of each 
of four triangles thus formed; join each opposite pair of these centres, and it 
is at intersection of the lines. 

Trapezoid. ea ) x s == distance from B on a line joining middle of two 
ee) 

parallel sides B b, m representing middle line. 

Circular Are. a= distance from centre of circle. 

Sector of a Cirele. .4244 ? = distance from centre of circle. 

Semicircle. .4244 7 = distance from centre. 

Semi-semicircle. .4244 = distance from both base and height and at their inter- 
section. 

$ e3 ; ; 
Segment of a Circle. er distance from centre, a representing area of segment, 

: é 4 _sin..5 Z 73—1r’3 : 
to Circular Ring. = - Sector of a Ct ing. “ x and 2. x ate distance from centre of 

arcs,r and 1” representing the radii. 

IutusTRation.—Radii of surfaces of a dome are 5 and 3.5 feet, and angle (<) at 
centre = 130°. 

di 

4 sin, 65° 125 — 42.875 4 wv, -9063 82.125 

3 * are 130° “25 — 12.25 3 © 2.2689 “* 6.8067 X gesei wie 

cate esl Spherical Segment, and Spherical Zone, At centre of their 
eights, 

Circular Zone.—Ascertain centres of gravity of trapezoid and segments 
comprising zone; draw a line (equally dividing zone) perpendicular to 
chords; connect centres of segments by a line cutting perpendicular to 
chords. it 

Then centre of gravity of figure will be on perpendicular, toward lesser 
chord, at such proportionate distance of difference between centres of gravity 
of trapezoid and line connecting centres of segments, as area of “segments 
bear's to area of trapezoid. de 
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Prism and Wedge.—When end is a Parallelogram, in their geometrical 
centres ; when the end is a Triangle, 'l'rapezium, ete., it is in middle of its 
length, at same distance from base, as that of triangle or trapezoid of which 
it is a section. ‘ % , 

Parabola in its axis = 6 distance from vertex. 
Prismoid.—At same distance from its base as that of the trapezoid or 

trapezium, which is a section of it. ‘ 

Lune.—On a line connecting centres of gravity of arcs at a proportionate 
pownt to respective areas of ares. , 

< a i 

Co-ordinates. (r+ vy — a) Le 2, 
i rr) 3 

and ( i +) z =) 
Ue a a 

< [eR 5 
Solids. 

Cube, Parallelopipedon, Hexahedron, Octahedron, Dodecahedron, Icosahe- 
dron, Cylinder, Sphere, Right Spherical Zone, Spheroid or Ellipsoid, Cylin- 
drical Ring, Link, Spindle, all Regular Bodies, and Middle Frusta of all 
Spheroids and Spindles, ete. Centre of gravity of these figures is im their 
geometrical centre. ; ns 

Tetrahedron.—in common centre of centres of gravity of the triangles made by a 
section through centie of each side of the figures. 

Cone and Pyramid. .25 of line joining vertex and centre of gravity of base = dis- 
tance from base, 

(rrye+er? 
Otr)2—r a 

of lesser end, r and 1’, in a cone representing radii, and in a pyramid sides, and h 
height. 

Cone, Frustum of a Cone, Pyramid, Frustum of a Pyramid, and Ungula.— 
At same distance from base as in that of triangle, parallelogram, or semicir- 
cle, which is a right section of them. 

Hemisphere... .375 r= distance from centre. 

Frustum of a Cone or Pyramid. = n= distance Srom centre 

Spherical Segment. 3.1416 vs? (" _— aye v=distance from centre, vs repre- 
2 

8r—3h 
ST h= dist " eet h istance from senting versed sine, and v volume of segment. ( 

vertex. 

Spherical Sector, .75 (r—.5 h)=dislance from centre. 
I 

at tie = distance 

Srom vertex. 

Spirals.—Plane, in its geometrical centre, Conical, at a distance from the 
base, .25 of line joining verter and centre of gravity of base, 

32 a? 

Frustum of a Circular Spindle. aipaae ji : a = distance from centre of spindle, 
2(t— Vv. 

h representing distance between two bases, D distance of centre of spindle from centre 
of circle, and z generating are, expressed in units of radius. 

yp 

2 (kh — D.z) 

Semi-spheroids.—Prolate. .375 @.—Oblate. .375 a = distance from centre. 

Semi-spheroid or Ellipsoid and its Segyment.—See Haswell’s Mensuration, pages 
28: and 282. 

Frusta of Spheroids or Ellipsoids. Prolate. .75 

Segment of a Circular Spindle. = distance from centre of spindle, 

h (2a? —h?) 

342 —h? 

centre of spheroid, a representing semi-transverse diameter in a prolate frustum, and 
semi-conjugate in an oblate frustum. 

= distance from 
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7 ot 08 25 we Sa 75 paren ee 75 rer 2 

From centre of spheroid, d and d’ representing distances of base of segments from 
centre of spheroid. 

Segments of Spheroids. —Prolate. = distance 

Ui ; a’ 2 2 

5 @ Tes T ae ) = distance from centre of sple- 

roid, d and d’ representing distances of base and end of segments from centre of the 
spheroid. 

Segment of an Elliptic Spindle at two thirds of height from vertex. 

Paraboloid of Revolution, at two thirds of height from vertex. 

Segment of a Hyperbolic Spindle, at 75 of height from vertex. 

2m -+r hk 
ea ~ 3 = distance from base, r and 

Any Frustum. .7 

Frustum of Paraboloid of Revolution. 

r’ representing radii of base and vertex. 

Segment of Paraboloid of Revolution, at two thirds of height from verter. 

Segments of a Circular and a Parabolic Spindle.—See Haswell’s Mensuration, 
pages r92 and 199. 

Parabola. .4 of height = distance from base. 

4b4+3h Hyperboloid of Revolution. cal X h= distance from vertex, b representing 

diameter of base. 

(d+ q@’) (2 a? —d’?+ da?) 

3 a2?—d’*4d’d+ a? 
from centre of base, a representing semi-transverse axis, or distance from centre of 
curve to vertex of figure ; d and d! distances from centre of curve to centre of lesser 
and greater diameter of frustum. 

Frustum of Hyperboloid of Revolution. .75 = distance 

: b h ; 
Segment of Hyperboloid of Revolution. te X h= distance from verter. 

a 
Of Two Bodies. vit = distance from V or volume or area of larger body, d rep- 

resenting distance between centres of gravity of bodies, and v volume or area of less 
body. 

Cycloid. — 833 of radius of generating circle = distance from centre of 
chord of curve. 

Any Plane Figure.—Divide it into triangles, and ascertain centre of gray- 
ity of each ; connect two centres together, and ascertain their common cen- 
tre; then connect this common centre and centre of a third, and ascertain 
the common centre, and so on, connecting the last-ascertained common centre 
to another centre till whole are included, and last common centre will give 
centre required, 

Of an Irregular Body of Rotation. 

Divide figure into four or six equidistant divisions; ascertain volume of 
each, their moments with reference to first horizontal plane or base, and 
then connect them thus: 

h 
(A+ 4 Ar+2 Ao+4 A3+ Aq Sats V, A Ay, ete., representing volume of divis- 

tons, and h height of body from base ; , 

ang CAF1X4Ar+2X2A243X4As+4 Ay). h 
Ack a Aachawbas ate dode x "i = distance of centre of 

gravity from base. 
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Centre of Gyration. 

_ Ceryrre or Gyration is that point in any revolving body or system 
of bodies in which, if the whole quantity of matter were collected, the 
Angular velocity would be the same ; that is, the Momentum of the body 
or system of bodies is centred at this point, and the position of it is a 
mean proportional between the centres of Oscillation and Gravity. 

If a straight bar of uniform dimensions was struck at this point, the 
stroke would communicate the same angular velocity to the bar as if the 
whole bar was collected at that point. 

The Angular velocity of a body or system of bodies is the motion of a line 
connecting any point and the centre or axis of motion: it is the same in all 
parts of the same revolving body. 

In different unconnected bodies, each oscillating about a common centre, 
their angular velocity is as the velocity directly, and as the distance from 
the centre inversely. Hence, if their velocities are as their radii, or distances 
from the axis of motion, their angular velocities will be equal, 

When a body revolves on an axis, and a force is impressed upon it sufti- 
cient to cause it to revolye on another, it will revolve on neither, but on a 
line in the plane of the axes, dividing the angle which they con tain; ; so that 
the sine of each part will be in the inverse ratio of the angular velocities 
with which the bodies would have revolved about these axes separately. 

Weight of revolving body, multiplied into height due to the velocity with 
which centre of gyration moves in its circle, is energy of body, or mechani- 
cal power, which must be communicated to it to give it that motion, 

Distance of centre of gyration from axis of motion is termed the Radius 
of gyration; and the moment of inertia is equal to product of square of 
radius of gyration and mass or weight of body. 

The moment of inertia of 4 revolving body is ascertained exactly by as- 
certaining the moments of inertia of every particle separately, and adding 
them together; or, approximately, by adding together the moments of the 
small parts arrived at by a subdivision of the body. 

To Compute Moment of Inertia of a Revolving Body. 

Ruxx.—Divide body into small parts of regular figure. Multiply mass 
or weight of each part by square of distance of its centre of gravity from 
axis of revolution, The sum of products is moment of inertia of body. 
Norg.—The value of moment of inertia obtained by this process will be more 

exact, the smaller and more numcrous the parts into which body is divided. 

To Compute Radius of Gyration of a Revolving bast 
about its Axis of Revolution. 

RuLe.—Diyide moment of inertia of body by its mass, or its weleht and 
square root of quotient is length of radius of gyration. 
Notr.—When the parts into which body is divided are equal, radius of gyration 

may be determined by taking mean of all squares of distances of parts from axis 
of revolution, and taking square root of their sum. 

Or, VR? 7r?+2=G. Rand r repr esenting radit. 
EXAMPLe.—A straight rod of uniform diameter and 4 feet in length, weighs q lbs. ; 

what is its inertia, and where is its radius or centre of gyration? 

Each foot of length weighs x lb., and if divided into 4 parts, centre of gyration of 
each is respectively .5, 1.5, 2.5, and 3.5 fect. Hence, 

ES Xd Se aie AOE 
IX 1.57= 2.25 | 21 = inertia, which ~ 4=5.25, and v5 25 = 2. 291 
TOC 2.54 == 10.25 he radius. 
2 X3,5o St 225 
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Following are distances of centres of gyration from centre of motion in 
various revolving bodies : 

' Straight, uniform Rod or Cylinder or thin Rectangular Plate revolving about one 
end; length X .5773, and revolving about their centre; length x . 2886. 

The general expression is, when revolving at any point of its length, 
3 73% 

af (“7 a mH) . Land representing length of the two points. 
3 

Circular Plane, revolving on its centre; radius of circle X .7071; Circle Plane, as 
a@ Wheel or Disc of uniform Thickness, revolving about one of its diameters as an 
axis; radius X .5. 

Solid Cylinder, revolving about its axis; radius X .7071. 

Solid Sphere, revolving about its diameter as an axis; radius x .6325. 

Thin, hollow Sphere, revolving about one of its diameters as an axis; radius 
X 8164. Surface of sphere .8615 7. 

Sphere and Solid Cylinder (vertical), at a distance from axis of revolution = 
Vi+.472 for sphere, and V/l?+.5 7? for cylinder, 1 representing length of connec- 
tion to centre of sphere and cylinder. 

Cone, revolving about its axis; radius of base X .5447; revolving about its ver-~ 

tex = V12 h?+3 72+ 20, h representing height, and r radius of base; revolving 

about its base = V2 h?+ 3 72+ 20. 

Circular Ring, as Rim of a Fly-wheel or Hollow Cylinder, revolving about its 

diameter = V R24 r?+ 2, R representing radius of periphery, and r of inner circle 
of ring. 

6 W (R2-++ v2) + w (4 72-412) -wheel = Fly-wheel 7 OE 

rim and of arms and hub, and 1 length of arms from axis of wheel. 

, W and w representing weights of 

12 2 

Section of Rim. a a +7r?+rd. d representing depth and c periphery 

of rim, 

‘ i ‘ F 4 (27+ b? 
Parallelopiped, revolving about one end, distance from end=, /+— —, b rep- 

¥ 12 

resenting breadth. 

ILLUSTRATION.—In a solid sphere revolving about its diameter, diameter being 
2 feet, distance of centre of gyration is 12 X .6325=7.59 ins. 

To Compute Hlements of Gyration. 

GOWie lin Prtg__¢. GW rn yi gs ee ro, 

rig? NWiunhat ae Pig”? Goi: Prg” 
Pytgy 
Gw” G representing distance of centre of gyration from axis of rotation, 
x 

W weight of body, t time power acts in seconds, v velocity in feet per second acquired 
by revolving body in that time, and r distance of point of application of power from 
axis of body, as length of crank, ete. 

ILLUSTRATION 1. —What is distance of centre of gyration in a fly-wheel, power 
224 Ibs., length of crank 7 feet, time of rotation ro seconds, weight of wheel 5600 
Ibs., and velocity of it 8 feet per second? te 

224 X 7 X 10 X 32-166 504373 3 

5600 X 8 ~ 42800 Rar TE 

_2.—What should be weight of a fly-wheel making 12 revolutions per minute, its 
diameter 8 feet, power applied at 2 feet from its axis 84 Ibs., time of rotation 6 sec- 
onds, and distance of centre of gyration of wheel 3.5 feet? 

8 X 3.1416 X 12 84 X 2X 6 X 32.166 
= 5.0265 feet = velocity. Then 65 5.0265 ft y Sa oes = 1843.2 lbs. 
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When the Body is a Compound one. RuL¥.—Multiply weight of several 
particles or bodies by squares of their distances in feet from centre of mo- 
tion or rotation, and divide sum of their products by weight of entire mass ; 
the square root of quotient will give distance of centre of gyration from 
centre of motion or rotation. 
ExamPLe. —If two weights, of 3 and 4 Ibs. respectively, be laid upon a lever (which 

is here assumed to be without weight) at the respective distances of 1 and 2 feet 
what is distance of centre of gyration from centre of motion (the fulcrum) ? : 

1605 
a 2 = A = 2.71, and 1/2.71 = 1.64 feet. 

That is, a single weight of 7 Ibs., placed at 1.64 feet from centre of motion, and re- 
volving in same time, would have same momentum as the two weights in their 
respective places. 

3X17=3; 4X 2?=16; 

When Centre of Gravity is given. Ruie.—Multiply distance of centre of 
oscillation from centre or point of suspension, by distance of centre of gray- 
ity from same point, and square root of product will give distance of centre 
of gyration. 

ExamPie.—Centre of oscillation of a body is g feet, and that of its gravity 4 feet 
from centre of rotation or point of suspension; at what distance from this point is 
centre of gyration ? 

9 X 4=36, and 1/36 = 6 feet. 

To Compute Centre of Gyration of a Water-wheel. 

Ruie.—Multiply severally twice weight of rim, as composed of buckets, 
shrouding, etc., and twice that of arms and that of water in the buckets 
(when wheel is in operation) by square of radius of wheel in feet; divide 
sum by twice sum of these several weights, and square root of quotient will 
give distance in feet. 

ExampLe. —In a wheel 20 feet in diameter, weight of rim is 3 tons, weight of 
arms 2 tons, and weight of water in buckets 1 ton; what is distance of centre of 
gyration from centre of wheel? 

Rim =3 tons X 102? X 2= 600 3t+2+1X 2=12 sum of weights. 
Buckets= 2 tons X 102 X 2= 400 

evs. 2 aa 
PAS, ig FOR, Mae med Usste Hence Je = /91.67 = 9.57 feet. 

1100 12 

GENERAL FormuLas.—P representing power, H horses’ power, F force applied to 
rotate body in lbs., M mass of revolving body in lbs., r radius upon which F acts in 
feet, d distance from axis of motion to centre of gyration in feet, t time Jorce is ap- 
plied in seconds, n number of revolutions in time t, Ranguar. velocity, or number of 

32.1 2 
revolutions per minute at end of time t, and G = —hqz 

eA 2 DIL Ly MA ay OT 5 508 DD tee 
GMa n KA GOT nt ea BN 7 ERE GL AE ave? MG ae 

AAO D 5 ada eZ 2 al / | ee Md 5. a?Md? 
Ma, "3 e2d% —\.? 244 t 4 134 100 t 

ILLUSTRATION.—Rim of a fly-wheel weighing 7000 lbs. has radii of 6.5 and 5.75 
feet; what is its centre of gyration, and what force must be applied to it 2 feet 
from axis of motion to give it an angular velocity of 130 revolutions per minute in 
4o seconds? how many revolutions will it make in 40 seconds? and what is its 
power? 

1307 X 7000 X 6.147 _4 459 862 680 __ 829.7 horses. 

134 100,X 40 5 364 000 

; Pau ehah/O Se atm) 57.57 Ie ; __ 130 X 7000 X 6.14? 
Centre of gyration = ix ese =6.14 feet. Then Fk = Tee wane 

f 2 

34 306 636 2793-7 lbs., and ESE EES IIIS 86.67 revolutions. 
12 280 7000 X 6.147 
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Centres of Oscillation and Percussion. 

CENTRE oF OSCILLATION of a body, or a system of bodies, is that point 
in axis of vibration of a vibrating body in which, if, as an equivalent 
condition, the whole matter of vibrating body was concentrated, it would 
continue to vibrate in same time. It is resultant point of whole vibrat- 
ing energy, or of action of gravity in producing oscillation. 

As particles of a body further from centre of its suspension haye greater 
velocity of vibration than those nearer to if, it is apparent that centre of 
oscillation is further from its centre than centre of gravity is from axis of 
suspension, but it is situated in centre of a line drawn from axis of a body 
through its centre of gravity. It further differs from centre of gyration 
in this, that while motion of oscillation is produced by gravity of a body, 
that of gyration is caused by some other force acting at one place only. 

Radius of oscillation, or distance of centre of oscillation from axis of sus- 
pension, is a third proportional, to distance of centre of gravity from axis 
of suspension and radius of gyration. 

Centre oF Percussion of a body, or a system of bodies, revolving 
about a point or axis, is that point at which, if resisted by an immov-* 
able obstacle, all the motion of the body, or system of bodies, would be 
destroyed, and without impulse on the point of suspension. It is also 
that point which would strike any obstacle with greatest effect, and 
from this property it has been termed percussion. 

Centres of Oscillation and Percussion are in same point.—If a blow is’ 
struck by a body oscillating or revolving about a fixed centre, percussive 
action is same as if its entire mass was concentrated at centre of oscillation. 
That is, centre of percussion is identical with centre of oscillation, and its 
position is ascertained by same rules as for centre of oscillation. If an ex- 
ternal body is struck so that the mean line of its resistance passes through 
centre of percussion, then entire force of percussion is transmitted directly 
to the external body ; on the contrary, if a revolving body is struck at its 
centre of percussion, its motion will be absolutely destroyed, so that the body 
will not incline either way. 

As in bodies at rest, the entire weight may be considered as collected in 
centre of gravity; so in bodies in vibration, the entire force may be consid- 
ered as concentrated in centre of oscillation; and in bodies in motion, the 
whole force may be considered as concentrated in centre of percussion. 

If centre of oscillation is made point of suspension, point of suspension” 
will become centre of oscillation. 

Angle of Oscillation or Percussion is determined by angle delineated by 
yertical plane of body in vibration, in plane of motion of body. 

Velocity of a Body in Oscillation or Percussion through its vertical plane 
is equal to that acquired by a body freely falling through a vertical line 
equal in height to versed sine of the are. 

‘Lo Compute Centre of Oscillation or Percussion of a 
Body of Uniform Density and Figure. 

Ruve.—Multiply weight of body by distance of its centre of gravity from 
point of suspension; multiply also weight of body by square of its length, 
and divide product by 3. 

_ Divide this last quotient by product of weight of body and distance of 
its centre of gravity, and quotient is distance of centres from point of sus- 
pension. 
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, Wi. Pens 2 hi ee © Or, —— = wx I= distance from axis. Or, square radius of gyration of body 

and divide by distance of centre of gravity from axis of suspension. 

ExamPLe:—Where is centre of oscillation in'a rod 9 feet in length from its point 
of suspension, and weighing 9 lbs. ? : ? 

= 243 = quo- 9X 2 = 40. 5 = product of weight and its centre of gravity ; Nabi 
3 

tient of product of weight of body and square of its length + 3; sees 6 feet. 
40.5 

_When Point of Suspension is not at End of Rod. Ruir,—To eube of 
distance of point of suspension from top of rod or bar, add cube of its dis- 
tance from lower end, and multiply sum by 2. 

Divide product by three times difference of squares of these distances, and 
quotient is distance of point of oscillation from point of suspension. 

ExamPLe.—A homogeneous rod of uniform dimensions, 6 feet in length, is sus- 
pended 1.5 feet from its upper end; what is distance of point of oscillation from 
that of suspension ? 

2(4.59-++ 1.53) 189 
= += 3:5 feet. 

3(4-57°-2-57) 54 i 
Oats Sis 5 

Centres of Oscillation and Percussion in Bodies of 
, Various Wigures. 

When Axis of Motion is in Vertex of Figure, and when Oscillation or Motion 
is Facewise. 

Right Line, or any figure of uniform shape and density = .66 1. 
Isosceles Triangle = .75 h. Circle = 1.25 7. 
Parabola = .714h. Cone = .8 h. 

When Axis of Motion is.in Centre of Body. Wheel =.75 radius. 

When Oscillation or Motion is Sidewise. Right Line, or any figure of unt- 
form shape and density = .661. Rectangle, suspended’ at one angle = .66 of di- 
agonal. 

Parabola, if suspended by its vertex = .714 of axis+-.33 parameter; if suspended 
by middle of its base =.57 of axis+-.5 parameter. ; 

3 arer 
Sector of a Circle= , crepresenting chord of arc, and r radius of base. 

=.75 CO =- axis i nea) Circle ‘ d. one rah 

2 

Sphere = ame +r+e, c representing length of cord by which it is suspended. 

To Ascertain Centres of Oscillation, and Percussion 
experimentally. 

Suspend body very freely from a fixed point, and make it vibrate. in small arcs, 
noting number of vibrations it makes in a, minute, and let number made in a min- 
ute be represented by n; then will distance of centre of oscillation from point of 

gadecinie 140850, 
i 

suspension be = —_~— = ms. 

For length of a, pendulum. vibrating seconds, or 60 times in a minute, being 
39.125 ins., and lengths of pendulums being reciprocally as the squares of number 

60? K 39.125 140850 
2 

of vibrations made in same time, therefore n?: 60? :: 39.125: = 

being length of pendulum which vibrates n times in a minute, or distance of centre 
of oscillation below amis of motion. f ; 

our 
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To Compute Centres of Oscillation or Percussion of a 
System of Particles or Bodies. 

RuLE.—Multiply weight of each particle or body by square of its distance 
from point of suspension, and divide sum of their products by sum of weights, 
multiplied by distance of centre of gravity from point of suspension, and 
quotient will give centre required, measured from point of suspension. 

W d?4+W’ d2 
WotW gy 

EXAMPLE I.—Length of a suspended rod being 20 feet, and weight ofa foot in length 
of it equal roo oz., has a ball attached at under end weighing 100 0z. ; at what point 
of rod from point of suspension is centre of percussion ? 

Or, = distance of centre. 

100 X 20 = 2000 = weight of rod ; 2000 X = = 20000 == momentum of rod, or prod- 

uct of its weight, and distance of its centre of gravity ; “gre = 266 666.66 = 

force of rod ; 1000 X 207 = 400 000 = force of ball. 

Thien coset ACO SD, eves ae ifeet. 
20 000 -+ 20 000 

2,—Assume a rod x2 feet in length, and weighing 2 lbs. for each foot of its length, 
with 2 balls of 3 lbs. each—one fixed 6 feet from the point of suspension, and the * 
other at the end of the rod; what is the distance between the points of suspension 
and percussion? 

12 X 2X 42—=144 = momentum of rod. 24 X12? | 3456-01 
3x6 at = toe i" of 1st ball. 3 ae See ore 
BO Te Sle ff of2dball. 3X 67=3X36=108= “ of 1st ball, 

198 sum of moments. 3X127= 3 X144-=—432= “ of 2d ball. 

Then 1692 + 198 = 8.545 feet. 1692 sum of forces. 

MECHANICS. 

Mecuanics is the science which treats of and investigates effects of 
forces, motion and resistance of material bodies, and of equilibrium: 
it is divided into two parts—Sratics and Dynamics. 

Sratics treats of equilibrium of forces or bodies at rest. Dynamics 
of forces that produce motion, or bodies in motion. 

These bodies are further divided into Mechanics of Solid, Fluid, and Aeri- 
Sorm bodies ; hence the following combinations: 

1. Statics of Solid Bodies, or Geostatics. 
2. Dynamics of Solid Bodies, or Geodynamics. 
3. Statics of Fluids, or Hydrostatics. 
4. Dynamics of Fluids, or Hydrodynamics. 
5. Statics of Aeriform Bodies, or Aerostatics. 
6. Dynamics of Aeriform Bodies, Pneumatics or Aerodynamics. 

Forces are various, and are divided into moving forces or resistances; as 
Gravity, Heat or Calorie, Inertia, 
Muscular, Magnetism, Cohesion, 
Elasticity and Contractility, Percussion, Adhesion, 
Central, Expansion, and Explosion. 

Couple.—Two forces of equal magnitude applied to or operating upon 
same body in parallel and opposite directions, but not in same line of action, 
constitute a couple, and its force is sum or magnitude of the two equal forces, 

Moment.—Quantity of motion in a moving body, which is always equal, 
to product of quantity of matter and its velocity. aban: 
When velocities of two moving bodies are inversely as their quantities of 

matter, their momenta are equal. : aya 
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STATICS. 

Composition and Resolution of Horces. 

When two forces act upon a body in same or in an opposite direc- 
tion, effect is same as if only one force acted upon it, being sum or 
difference of the forces. Hence, when a body is drawn or projected in 
directions immediately opposite, by two or more unequal forces, it is affected 
as if it were drawn or projected by a single force equal to difference between 
the two or more forces, and acting in direction of greater force. 

This single force, derived from the combined action of two or more forces, 
is their Resultant. 

The process by which the resultant of two or more forces, or a single 
force equidistant in its effect to two or more forces, is determined, is termed 
the Composition of Forces, and the inverse operation; or, when combined 
effects of two or more forces are equivalent to that of a single given force, 
the process by which they are determined is termed the Decomposition or 
Resolution of Forces. ‘lwo or more forces which are equivalent to a single 
force are termed Components. 

When two Cn act on same point their intensities are represented by sides 
of a parallelogram, and their combined effect will be equivalent to that of a 
single force acting on point in direction of diagonal of parallelogram, the 
intensity of which is proportional to diagonal. 
ILLUSTRATION.—Attach three cords to a fixed point, c, Fig. 1; let ca and cb pass 

over fixed rollers, and suspend weights A and B therefrom. 
Point ¢ will be drawn by the forces A and B in directions ae¢ 

and 6c, Now, in order to ascertain which single force, P, would 
produce the same effect upon it, set off the distances cm and 
cn on the cords in the same proportion of length as weights 
of A and B; that is, so thatem: en:: A: B; then draw par- 
allelogram c mo n and diagonal o c, and it will represent a sin- 
gle force, P, acting in its direction, and having same ratio to 
weights A or B as it has to sides ¢ m or cm of parallelogram. 
Consequently, it will produce same effect on point ¢ as com- 
bined actions of A and B. 

A parallelogram, constructed from lateral forces, and diagonal of which is 
Fig.2 @ mean force, is termed a Paralleloyram of Forces, 

ILLUSTRATION. — Assume a weight, W, Tig. 2, to be 
suspended from a; then, if any distance, a 0, is set 
off in numerical value upon the vertical line, a W, 

Re and the parallelogram, o 7a .s, is completed, a s and 
A a, measured upon the scale, a oa, will represent 

¢ strain upon ac and ae in same proportion that ao 
WwW bears to weight W. 

If several forces act upon same point, and their intensities taken in order 
are represented by sides of a polygon, except one, a single force proportioned 
to and acting in direction of that one side will be their resultant. 

To Resolve a Single Force into a Pair of Forces.—Vigs. 3 and 4, 
The ends of a cord, Fig. 3, are led over two points, a and 6, and in centre of 

cord at ca weight of 4 lbs. is suspended, If distances ac, 0 ¢, are each x foot, dis- 
Fig. 3. tance @ 6 should be 18 ins. 

Qp-----------—=4) When cord is in this posi- ¢ 
tion, weight at c draws upon 
ca and cb with a force of 
3 Ibs.; hence ¢ of 4 Ibs. is 
equal to two forces of 3 lbs. 
each in direction of a c and bc. c 

Apply ends of cord to ef, Fig. 4, distance being 22 ins., then the strain on ce, ¢ 7; 
are each 5 lbs.; hence one force of 4 lbs. is equal to two of 5 lbs. each. 
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Equilibrium of Forces. 

Two bodies which act directly against eachother in same line are in equi- 
librium when their quantities of motion are equal; that is, when product of 
mass of one, into velocity with which it moves or tends to move, 1s equal to 
product of mass of other, into its actual or virtual * velocity. 
When the velocities with which bodies are moved are same, their forces 

are proportional to their masses or quantities of matter. Hence, when equal 
masses are in motion, their forces are proportional to their velocities. 

Relative magnitudes and directions of any two forces may be represented 
by two right lines, which shall bear to each other the relations of the forces, 

‘ and which shall be inclined to each other in’ an angie 
Rigii4e b pt equal to that made by direction of the forces. A 

or ILLUSTRATION. — Assume a body, W, to weigh 150 lbs., and 
. resting upon a smooth surface, to be drawn by two forces, a 

and b, Fig. 5, = 24 and 30 Ibs., which make with each other 
an angle; a W b= 1059, in which direction and with what 
acceleration will motion occur? 

Cos. a W b = 105°, and cos. 180° — 105° = cos. 75°, mean 
Sorce. 

P=V 302-242 — 2 X 30 X 24 COS. 75° = V 900 + 576 — 1440 COS. 75° 

=V 1476 —(1440 X .258 82) = V 1103.3 = 33-21 Lbs. 

Pp : . 166 
The acceleration is hae SB eee 

W 150 

y P 

= 7.1215 feet. 

Angle of Repose is greatest inclination of a plane to horizon at which a 
body will remain in equilibrium upon it. 

Hence greatest angle of obliquity of pressure between two planes, consist- 
ent with stability, is che angle tangent of which is equal to coefficient of 
friction of the two planes. 

Inertia is resistance which a body at rest offers to an external power to 
be put in motion or to change its velocity or direction when in motion. 

To Compute Inertia of a Revolving Body. 

Divide it into small parts of a regular figure, multiply weight of each part 
by square of its distance of its centre of gravity from axis of revolution, 
and sum of products will give moment of inertia of body. 

DYNAMICS, 

Dynamics is the investigation of the laws of Motion of Solid Bodies, 
or of Matter, Force, Velocity, Space, and Time. 

Mass of a body is the quantity of matter of which it is composed. 

Force is divided into Motive, Accelerative, or Retardative. ’ 
Motive Force, or Momentum, of a body, is the product of its mass and 

its velocity, and is its quantity of motion. This force can, therefore, be 
ascertained and compared in any number of bodies when these two 
quantities are known.+ 

Accelerative or Retardative Force is that which respects velocity of 
motion only, accelerating or retarding it; and it is denoted by quotient — 
of motive force, divided by mass or weight of body. . Thus, if a body 

* Virtual velocity is the velocity which a body in equilibrium would acquire were the equilibrium to be disturbed. — 
+ It is compared, because it is not referable to any standard, as a ton, pound, etc. Thus, suppose 

@ cannon-ball weighing 15 Ibs., projected with a vélocity of rs00 feet per sécond, strike a resisting 
body, its momentum, according to the above rule, would be 15 X 1500 = 22 500 5 not pounds, for weight 
isa pressure with which it cannot be compared. : 
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of 5 lbs. is impelled by a force of 4o Ibs., accelerating force is 8 Ibs. ; 
but if a force of 4o lbs, act upon a body of ro Ibs., accelerating force 
is only 4 lbs., or half former, and will produce only half velocity. 
- With equal masses, velocities are proportional to their forces. 

With equal forces, velocities are inversely as the masses. 
With equal velocities, forces are proportional to the masses. 

Work is product of force, velocity, and time. 

Motion.—The succession of positions which a body in its motion pro- 
gressively occupies forms a line which is termed the trajectory, or path 
of the moving body. 

A motion is Uniform when equal spaces are described by it in equal 
times, and Variable when this equality does not oceur. When spaces 
described in equal times increase continuously with the time, a variable 
motion is termed accelerated, when spaces decrease, retarded, and when 
equal spaces are described within certain intervals only, the motion is 
termed periodic, and intervals periods. Uniform motion is illustrated 
in progressive motion of hands of a watch; variable in progressive ve- 
locity of falling and upwardly projected bodies; and periodic by oseil- 
lation of a pendulum or strokes of a piston of a steam-engine. 

Uniform Motion. 

s W Be ay H 550 $ 
FormuLas. f2, £4, H 550, and 4 =P? A asa and ot ey i a 

PO Hsso Waa te: Rito ey. H ssot ; 8 f.18  W 
re Og ee: and EP 2 t ii ? pe and ie ae j Pp? ; , fv’ 

Lispdecc t—wW: AO ce) Del PTL and ii Soar? fs, Hssot, Pt; and fot=W; 50% s5clieeene an 

WwW 
=H. P representing power in effect, body, or momentum, f force in lbs., v and 

5506 ‘ 

$ velocity and space in feet per second, t time in seconds, H. horse-power, and W work 
in fool-lbs. 

Tf two or more bodies, etc., are compared, two or more corresponding letters, 
as P,p,p', V, 2, v, etc., are employed. 

ILLUSTRATION I.—Two bodies, one of 20, the other of ro lbs., are impelled by same 
momentum, say 6o. They move uniformly, first for 8 seconds, second for 6; what 
are the spaces described by both? 

60+ 20=3=V, and 60+ 10 =6=2. 

Then TV= 3X 8=24=S, and tu=6 X 6=36=5, spaces respectively. 

2.—If a power of 12800 effects has a velocity of xo feet per second, what is its 

force? 12 800 + 10 = 1280 lbs. 

Uniform Variable Motion. 

Space described by a body having uniform variable motion is represented 
by sum or difference of velocity, and product of acceleration and time, ac- 
cording as the motion is accelerated or retarded, 

ILLUSTRATION I.—A sphere rolling down an inclined plane with an initial velocity 
of 25 feet, acquires in its course an additional velocity at each second of time of 5 

feet; what will be its velocity after 3 seconds? : 

25+5 xX 3=40 feet. 

2.—A locomotive having an initial velocity of 30 feet per second is so retarded 
that in each second it loses 4 feet; what is its velocity after 6 seconds? 

30— 4 X 6 =6 feet. 

58e 
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Uniform Motion Accelerated. 

In this motion, velocity acquired at end of any time whatever is equal to prod- 
uct of accelerating force into time, and space described is equal to product of half 
accelerating force into square of time, or half product of velocity and time of ac- 
quiring the velocity. : 

Spaces described in successive seconds of time are as the odd numbers, 1, 3, 5, 7, 
9, ete. 

Gravity is a constant force, and its effect upon a body falling freely in a vertical 
line is represented by g, and the motion of such body is uniformly accelerated. 

The following theorems are applicable to all cases of motion uniformly acceler- 
ated by any constant force, F: 

Stv=.3gFhi?= oa Se a= Jest 2gF Both, 5g 
2s v 2s 972 
rr —4 r= = | —v, SS = a= =F. egg gel Sok get v, 94. oi. os 

When gravity acts alone, as when a body falls in a vertical line, F is omit- 
ted. Thus, 

v2 v 2s » . 
5 02 == 5 t=/2gs=v. — —-7 4 eS SS Sls So. bg gt=V29g 3 7 Z g 
t representing time tn seconds, and s velocity in feet per second. 

If, instead of a heavy body falling freely, it be projected vertically upward 
or downward with a given yelocity, v, then s=tv=.5 gt; an expression 
in which — must be taken when the projection is upward, and + when it is 
downward. 

ILLUSTRATION I. —If a body in ro seconds has acquired a velocity by uniformly 
accelerated motion of 26 feet, what is accelerating force, and what space described, 
in that time? 

26> 10 = 2.6 = accelerating force ; 28 X 107= 130 feet = space described. 

2.—A body moving with an acceleration of 15-625 feet describes in 1.5 seconds a 6 —S) 2 
space = w5.025 (1-5) = 17.578 feet. 

3.— A body propelled with an initial velocity of 3 feet, and with an acceleration 
2 of 5 feet, describes in 7 seconds a space = 3X7+5x cee 143.5 feel. = 

2 

4.—A body which in 180 seconds changes its velocity from 2.5 to 7-5 feet, tray- 
erses in that time a distance of a X 180 = goo Jeet. 

5.—A body which rolls up an inclined plane with an initial velocity of 40 feet per 
second, by which it suffers a retardation of 8 feet, ascends only e =5 seconds, and 
407 2 X 8 = roo feet in height, then rolls back, and returns, after ro seconds, with a velocity of 40 feet, to its initial point; and after r2 seconds arrives at a distance 
of 40 X 12—4 X 127 = 06 feet below point, assuming plane to be extended buckward. 

Circular Motion. 

20 R S20 alee 5500 PW ay Srn_ feoprn . 
60 Uy woke TM aprn 9%? 5500 550 X 60 ike 

Steaprn Soprn’ sacar sien W. 7 representing radius in feet, n number of revolutions 
of circle per minute, n’ total revolutions, f force in lbs., t time in seconds, and FP hor'se-power, 

: 
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Motion on an Inclined Plane. 
_ To Ascertain Conditions of Motion by Gravity. 

Fig. 6. ‘Satay Assume A B, Fig. 6, an inclined plane, BC its base, 
sat AC its height, and 6 a body descending the plane; from 

OX dot, centre of gravity of body, draw 6 @ perpendicular 
to BG, representing pressure of b by gravity; draw bo 
parallel and 6 7 perpendicular to A B, and complete 

B - c parallelogram; then force 0. is equal to both:b 0, b 7, 
. 7 : of which 6 7 is sustained by reaction of plane, and 
force b o is wholly effective in accelerating motion of body. 

Let this force be represented by f, and b a, by g or force of gravity, then by similar 

triangle, f: gi:b0:ba: AC: AB.. Hence, pot 

Put AB=/, AC=hand Z A B C=a, then force which produces motion on the 

r 

h : 
plane on f becomes g T and g sin. a 

Therefore, accelerating force on an inclined plane is constant, and equations!of 
motion will be obtained by substituting its value of / for g in equations 1,2, and 
3) page 618. ; 

Lv? } 2 
has y. .5tv, .5 9 t? sin. a, and u 
2l.’. 2gh? 2gsia 

= = i: gtsin.a, andV2gssin.a=v. 

2s IL» 2ls v 28 ; 
= " It le mage fon yaaa ho | Fae t. a representing Z ABC 

When a Body is projected down or up an Inclined Plane, with a given Ve- 
locity. — The distance which it will be from point of projection in a given 
time will be 2 

tv a 

ILLUSTRATION 1, —Length of an inclined plane is roo feet, and its angle of inclina- 
tion 60°; what is time of a body rolling down it, and velocity acquired? 

sin. 60° = .866. H 

ie rear = 4/7.18 = 2.68 seconds, and 32.16 X 2.68 X .866= 74.64 feet. 

2.—If a body is projected up an inclined plane, which rises x in 6, with a velocity 
of 50 feet per second, what will be its place and velocity at end of 6 seconds? 

6 X50 gene 203,52 feet from bottom, and 50 — (2:16 x6x 3) — 
2 

50 — 32.16 = 17.84 feet. 

To effect an ascent up an inclined plane in least time, its length, to.its height, 
must be as twice weight to power. 

, and “elotgh)=s 
2 

Worl Accumulated in Moving Bodies. 

Quantity of work stored in a body in motion is same as that which would 
be accumulated in it by gravity if it fell from the height due to the velocity. 
Aceumulated work expressed in foot-lbs. is equal to product’ of height so 
found in feet, and weight of body in lbs. Height due to velocity is equal 
to square of velocity divided by 64.4, and work and velocity may be de- 
duced directly from each other by following rules : 

To Compute Accumulated Work. 

RuLe.—Multiply weight in Ibs. by square of velocity in feet per second, 
and divide by 64.4, and quotient is accumulated work in foot-lbs. 

Or, Wi — ba or, =w xh. W representing work, w weight in Ibs., and 
4-4 

h height due to velocity in fect per second. 
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Work by Percussive Force.~ 

If a wedge is driven by strokes of a hammer or other heavy mass, effect 
of percussive force is measured by quantity of work accumulated in stricken 
body. This work is computed by preceding rules, from weight of body 
and velocity with which a stroke is delivered, or directly from height of 
fall, if gravity be percussive power. 

Useful work done through a wedge is equal to work expended upon it, 
assuming that there is no elastic or vibrating reaction from the stroke, as if 
the work had been exerted by a constant pressure equal to weight of strik- 
ing body, exerted through a space equal to height of fall, or height due to 
its. final velocity. 

If elastic action intervenes, a portion of work exerted is absorbed in an 
elastic stress to resisting body ; and the elastic action may be, in some cases, 
so great'as to absorb the work expended, 

The principle of action of a blow on a wedge is alike applicable to action 
of the stroke of a monkey of a pile-driver upon a pile. 

If there be no elastic action, the work expended being product of weight 
of monkey by height of its fall, is equal to work performed in driving the 
pile: that is, to product of resistance to its descent by depth through which 
it is driven by each blow of monkey. : 

ILLUSTRATION.—If a horse draws 200 Ibs. out of a mine, at a speed of 2 miles per 
hour, how many units of work does he perform in a minute, coeflicient of friction .o5? ‘ oe . <= ° == 176 feet per minute. Hence, 176 X 200-+ .05 X 200 = 25.256 uhels, 0 

Decomposition of Horce. 

By parallelogram of force it is il- 
lustrated how a vessel is enabled to 
be sailed with a free wind and against 
one. 

Assume wind to be free or in direction 
of arrows, Fig. 7, and- perpendicular to 
line A B, the course of vessel. 

Let line mo represent direction and 
force of wind, and 7s plane of sail; from: 
o draw o wu perpendicular to 7 s, and 
from m perpendicular, mv on 7 s, and 
mu On OU. 

By principle of parallelogram of forces, 
force mo may be decomposed into ov 

and ow, since they are the sides of parallelogram of which m 0, representing force 
of wind, is diagonal. Force of wind, therefore, is measured by ou, both in magni- 
tude and direction, and represents actual pressure on sail. 
Draw wn and ux paralle] to o A and om, thus forming parallelogram unoz. 

Hence force o u is equal to the two, on 
py and og. Force on acts in a direction 

f el perpendicular to vessel’s course and that Fig. 8. 
of o@ is to drive vessel onward. 

It can thus be shown that when di- 
rection of sail bisects angle mo B, the 
effect of o x is greater than when sail is 
in any other position. ; 
Assume wind to be ahead as in direc- 

tion of arrows, Fig. 8. Let om repre- 
sent direction and force of wind, and 7's 
direction of sail; from o draw ow, and 
proceed as before, and o w represents the 
effective force that acts upon the sail, 
on that which drives her to leeward, and 
ox that which drives her on her course. 

For full treatises on this subject, see John C, Trautwine’s Enginger’s Pocket-book, 1872; Bull’s Ex- erimental Mechanics, London, 1871; and Dynamies, Construction of Machinery, ete., by G, Finden arr, London, 1851. ‘ 
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2S 

an vale ‘MOMENTS OF STRESS,” 
"To Desoribe ae Compute Moments of Stress in Girders 

or Beams. 

Beam, Supported at Both Ends. 
Fig. x. ¢ Loaded in Middle, Fig. r.— Assume 

W } y AB beam. At middle erect Wc= 
wl. 
- Connect Ac and ¢B, and ver- 

tital distances between them and A B 
AC F718 Will give moment required. 

We 
Thus, == M at any point. W rep- 

resenting “weight or load, l length of 
span, x horizontal distance from nearest support at which M is required, and M mo- 
ment of stress. 

ILLUSTRATION.—Assume /= 10 feet, W = 10 lbs., and x= 3 feet. 

Then, Wc= ba = 25 lbs. at centre of span ; 50008) — 15 lbs. at @. 

Fig. 2. cipernegi Loaded at Any Point, Fig 2.— 
Proceed as for previous figure. 

SiS or W c= maximum load. 
y B 

Ww : 
Ze = M between A and W.” 

4“ WwW t 

a representing least distance of W to support, WV *%% _. yf yetween W and B. 
and b greatest distance. L 

ILLUSTRATION.—Take elements as before with a = 3 feet, and #=1.5 and 3.5 feet. 

Then, Wc= BEEN 6 21 lbs. at point of stress ; ze mnsnl XT = 10, 5 lbs. at » 
Io 

between A and W, and ee rs, 5 lbs. at x between W and B. 
5 ; 10 

Norr.—z must be taken from the pier which is on the same side of W as = is, 

Loaded with Two Equal Weights at Equal Distances from Ends, alike to a Trans- 
verse Girder as for a Single Line of Railway. —Fig. zr 

Fig. 3. e a At point of stress of weights 
erect We and Wd, each=W a. 
Connect A cd and B, and vertical 
distances between A 'B, as defined 

ue by ed, will give moments. 
SS 

SS 

S Wil—o) =Wa=Wd=M at 
ape BOP heed 2 us any potas between weights. 

Loaded with Four Equal Weights, symmetrically bearing from Centre, alike to a 
Transverse Girder as for a Double Line of Railway.—Vig. 4. 

Fig. 4. At W and w’ erect We and 
a ¢ 4 f wi =o W (oy and at w and w’ 

erect wd, w’ e, each = W (24-+-a’), 

Connect A cd et and B, and or- 
dinates to A B will give mo- 

B ments. 

W (2 ata’) =M at wand w’; 
2Wa=M at Wand wv”. 

InLusTRATION.—Assume W each 
xo lbs, 2 feet apart, and J ro feet, 

Then, 10 (2X2-+ 2) = 60 at w or w’, and 2X 10X2= 40 at W or w”, 
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Fig. 5. _m Loaded at Different Points.—Fig. 5. 
amet se Locate three weights, W, w, and 

GEN Pay w,asatab, a,br, azba 
7 meg EQS Draw AcB, AdB, and AeB, for 

three separate cases, as by formula, 
Wad 

T , Fig. 2. 

Produce Wc until Wo— Wr, Ws, 
= andWe; Wd until WU=WN, WH 

and wa, and w’e to w’m in like 
manner. 

Connect Aoum and B, and an or- 
R dinate therefrom, to A-B-will give 

SePainetts =a moment or stress at the point taken. 

h Tako ek p= 4,42 = 6, 6— 8; O76, O24 a — a 
w, and w’ each xo Ibs. yandl=10° feet. 

Then + (Waz+wa,2+w’ bez) = Matz. 

8 
Take x=2., Then ~ (10X2X2+10X4X2+10X 8X 2)=~— = 28 Ibs, 

Ley by Then 7 (10 X 2X2-+10X 4X 2+ 10X 8X 4) = = 4g ls. 

Take e=5. Then — (10 X 2X 5+ 10X4XS5S+10X4X5) =" SS = 50 Ibs. 

Fig. 6. ' Loaded with a oe Weight.— 
Fig. 6 

Define parabola A cB as deter- 
Wl 

mined by —— = the ordinate at c, 
I~ -=-----}9 

B and vertical distances between A B 
SS will give moments. 

W 2 (l—2) 

L 

Loaded Uniformly its Entire Length.—Define parabola as at Fig. 6, ordinate of. 

= M at any point. 

a ‘ 4 
which at c= = . Lrepresenting stationary or dead load per unit of length. 

Lz 2 
ae (L—2) = M at any point, and waa M at centre. 

Loaded with Two Connected Weights, moving in either Dir ection, alike to a Locomo- 
tive or Car on a Railway.—Fig. 7. 

Fig. 7. Define parabola Ac B as deter- 

mined by Oe = 
4 

At A and B erect Ae, Bi=wd, 
connect Az and Be, and vertical 
distances between A 0 Band AcB 
will give moments. 

; ~ (w+) @—2)—walom 
at any point. 

wd 1 
Position of W at greatest moment, when x = = se 2 (Ww) p10)" Or if W and w are 

equal, when «= di +—. 
2-4 

ILLusTRATION.—Assume # = 3, d= 4, and Ww each xo lbs. , and J xo feet. 

Then 3 (ro-F 20 x 1o—3—10X 4)=Mat any point, as at Wr, wr. 



MECHANICS.—MOMENTS OF STRESS ON GIRDERS, ETC. 623 

‘Shearing Stress. 

To Determine Shearing Stress at any Part of a Girder 
or Beam and under any Distribution of Toad. 

Fig. 8. : Required to determine stress of a 
beam at any point as ¢, Fig. 8. 
Assume W = load between A and 

c, and w that between B and c. 
Then Sz at c= P—W, or P’—w, 

c = 

The greater of the two values to be taken. 

S a representing shearing stress at any point x, P and P’ the reaction on supports 
due to total load on beam between supports, W and w loads or stress concentrated at 
any point. ‘ 

To Describe and Ascertain Shearing Stress in a 
Girder or Beam. 

Supported or Fixed at Both Ends. 
Fig. 9. é Loaded Uniformly. Fig. 9. 

At A and B, erect Ac, Be, each 

equal to es Connect ¢ and e at 
2 

middle of span as at m, and vertical 
distances between A.B and ene will 
give shearing stresses as determined 
by the ordinates to cne. 

L — x) =S. Sign of result to 
2 

be disregarded. L representing distributed load per unit of length. 

ILLUSTRATION,—Assume W = 10 lbs. per foot, 1 = 10, and # = 2.5 feet. 

Then 10 (2 ey, 5) ae Ihe, 

Notr.—The moment of rupture at any point, produced by several loads acting 
simultaneously on a beam, is equal to the sum of the moments produced by the 
several loads acting separately. 

For other Formulas and Diagrams see Strains in Girders, by William Humber, 
A.L.C,E, London, 1872. 

Operation deduced by Graphic Delineation of Greatest Stress, with a 
Uniformly Distributed Load of 4000 Lbs,—Fig. to. 

Fig. ro. Determine moment of weights by 
fe 1 Wmn wrs na 2a” 

z formulas ——, | , an 

ee \\ Assume W = 7000 lbs., w= 4000, 
y and w’ = 3000, m= 7 feet, n = 13, 

7 = 13, S=7, 0= 3, V=-17, and l=20. 

7000 X13 X7 

20 
c aw Then W= = 31850, 

pee] = 7650, and let fall perpendio- = 18 200, and w’ = 300K 3X07 
20 0 

ulars thereto, as 3d, 2c, and x b. 
Connect d, ¢, and b with A B, and sum of distances of intersections of these lines 

upon, perpendiculars, from 3, 2, and x respectively, will give stress upon A B at 
these points. ‘ : 

To determine Greatest Stress at Greatest Load, 

Stress at 3d = 31 850 Stress at 1b = 17: 7650: 351350 
6 SLED C= 13 « 18 200% 7 —=* 0 860 543.000, 

43,000 ++ PAT CALS Bic = 52 100 /bs., concentrated load at W, and proportion 
2 , 

of uniformly distributed load of 4000 lbs. 
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MECHANICAL POWERS. 

“Mrcuantcan Power is a compound of Weight, or Force and Velocity: 
it cannot be increased by mechanical means. :. 

The Powers are three in number—viz., Lever, INctrnEpD Puang, and 
Poise 

Nors.—A Wheel and Axle is a continuous or revolving lever, a Wedge a double in- 
clined plane, and a Screw a revolving inclined plane. , os . 

LEVER. 

Iuevers are straight, bent, curved, single, or compound. 

To Compute Length of a Lever. 

When Weight and Power are given, Rute.—Divide weight by power, 
and quotient is leverage, or distance from fulcrum at which power supports 
weight. 

Or, Mi =p. W representing weight, P power, and p distance of power from fulcrum. 

EXAMPLE.—A weight of 1600 Ibs. is to be raised by a. power or force of 80; re- 
quired length of longest arm of lever, shortest, beingz foot. 

1600 + 80 = 20-feet, 

To Compute Weight that can be raised by a Lever. 

When its Length, Power, and Position of its Fulcrum are given. RUuLE— 
Multiply power by its distance from fulerum, and divide product by dis- 
tance of weight from fulcrum. 

Or, 3S =W. w representing distance of weight from fulcrum. 

ExamPLy.—What weight can be raised by 375 Ibs. suspended from end of a lever 8 feet from fulcrum, distance of weight from fulcrum being 2 feet? 
375 X 8-+2—=1500 lbs. 

No, Compute Position of Mulerum. 

When Weight and Power and Length of Lever are given, and when Ful- 
crum is between Weight and Power.’ RULE.—Divide weight by power, add 
1 tu quotient, and divide length by sum thus obtained, 

Or, L+ (F -- 1) =w. L representing entire length of lever. 

Exampie,—A weight of 2460 Ibs. is to be raised with a lever 7 feet long and a 
power of 300; at what part of lever must fulcrum be placed ? 

2460 300 = 8.2, and 8.2+1=9.2, Then (7 X x2) 84+ 9.2=9.13 ins. 

When Weight is between Fulcrum and Power. Rutx,—Divide length 
by quotient of weight, divided by power. 

aif 
Or, L+ >=. 

To Compute Length of Arm’ of Lever to which . 
Weight is attached. eked : 

When Weight, Power, and Length of Arm of Lever to which Power is ap- plied are given, ‘Rute. — Multiply power by length of arm to which it is 
applied, and divide product by weight, 
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EXAMPLE.—A weight of 1600 Ibs., suspended from a lever, is supported by a power 
of 80, applied at other end of arm, 2o feet in length; what is length of arm? 

— yey , | 80.X% 20+ 1600:= 1 Foot. 
 Norr.—These rules apply equally When fulcrum (or support) of lever ts between 

weight and power ;* when fulcrum is at one extremity of lever, and power, or wetght, 
at the other st and when arms of lever are equally or unequally bent or curved. 

To Compute Power Required to Raise a given Weight. 

When Length of Lever and Position of Fulcrum are given. Rvute.—Mul- 
tiply weight to be raised by its distance from fulcrum, and divide product 
by distance of power from fulcrum. 

Or, pee =P 
P 

Exampie.—Length of a lever is ro feet, weight to be raised is 3coo Ibs., and its 
distance from fulcrum is 2 feet; what is power required? 

S000 067! =—— = 750 lbs. 
102 8 

To Compute Length of Arm of Lever to which Power 
is applied. 

When Weight, Power, and Distance of Fulcrum are given. RuiE.—Maul- 
tiply weight by its distance from fulcrum, and divide product by power. 

Ww 
Or, “pp =e: 

Exampire.—A weight of 400 lbs., suspended 15 ins. from fulcrum, is supported by 
a power of so, applied at other; what is length of the arm? : ; 

400 X 15 + 50== 120 ins. 

When Arms of a Lever are bent or curved, 
Distances taken from perpendiculars, drawn 
from lines of direction of weight and power, 
must be measured on a line running horizon- 

¢ tally through fulcrum, as a6 c, Figs. 1 and 2, 

When Arms of a Lever are-at Right Angles, 
and Power and Weight are applied at a Right 

J Angle to euch other, Fig. 3. 
Fig. 3, The moments : 

are computed directly as wb to bc. 
Thrust, or press- 
ure on fulerum, 
is in this case less 
than sum of pow- 

¢ er and: weight ; 
+ and it may be 

determined by 
drawing a paral- 
lelogram upon 
the two, arms of 
lever,arms repre- 

(hy senting inverse- 
ly their respec- ; 

tive forces. That is, ab represents magnitude and direction of weight W, 
and bc of power P. Diagonal od of parallelogram represents magnitude 
and direction of third force, or thrust upon fulerum. | ‘ a 

i 

W 

Fig, 2: 

Pr 

» * Pressure upon fulcrum is equal to. sum of weight and power. 
+ Pressure upon fulcrum is equal to difference of weight and power. 

3G 
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When same Lever is borne into an Obligu 
Position, Power continuing to et Horieontallg, 
Fig. 4, Draw vertical av through end o of 
lever, and produce the power line pc to meet 
it at-a. Complete parallelogram avbr; then 
sides 75 and 6» are perpendiculars to direc- 
tions to power and weight, on which moments 
are computed. 

Consequently, moment P x r b= moment 
W xav, and a diagonal, b a, is resultant thrust 
at fulcrum. 

When Power does not act Horizon- 
tally, Fig. 5, but in some other direc- 
tion, a p, produce the power-line pa 
and draw 6 ¢ perpendicular to it; draw 
60, then moments are computed on 
perpendiculars bc, bo, and P xX cb= 
Wx bo. 

If several weights or powers act 
upon one or both ends of a lever, con- 
dition of equilibrium is j 
Pp} Pp’ -- Pp, ete. = Wea = 

¥ W’ w’, ete. 

In a system of levers, either of similar, compound, or mixed. 
kinds, condition is P pp’ p’” , 

Senne a We WwW ww’ w 

Iutustration.—Let P=x Ib., p and p’ each ro feet, p’” x foot; and if w and w’ 
be each x foot, and w” x inch, then 

IX 120X120X12 172 800 

12 X%2X 2 144 

of the lengths above given. 

= 1200; that is, x Ib. will support 1200, with levers 

Norr.—Weights of levers in above formulas are not considered, centre of gravity 
being assumed to-be over fulcrums, 

Genrrat Rute, therefore, for. ascertaining relation of Powrr to 
Weraur in a lever, whether straight or curved, is. Power multiplied by its 
distance from fulcrum is equal to weight multiplied by its distance Srom 
Sulcrum. Or, P: Wi: w:p, orPp—W w; and 

P Wii» atk WV. # Ww zP 

WHEEL AND AXLE. 

A Wheel and Axle isa revolving lever. 

Power, multiplied by radius of wheel, is equal to weight, multiplied by 
radius of axle. 

As radius of wheel is to radius of axle, so is effect to power. 

Or, PR=Wr.” Or, PVs Wie On Beir ga 4B. Or: PL =W; Rear; 

=R. Rand r representing radii, and V and v velocities of wheel and acle. Wr 
is 
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_ When a series of wheels and axles act upon each other, either by belts or 
teeth, weight or velocity will be to power or unity as product of radii, or 
circumferences of wheels, to product of radii, or circumferences of axles, 

_ It.usrRation.—If radii of a series of wheels are 9, 6, 9, 10, and x2, and their pin- 
ions have each a radius of 6 ins., and power applied is xo Ibs., what, weight will 
they raise? 

10oX9X6X9xX10X 12 583 200 

6X6X6X6X6 7776 
Or, if rst wheel make ro revolutions, last will make 75 in same time. 

=75 lbs, 

To Compute Power of a Combination of Wheels and an 
Axle or Axles, as in Cranes, etc. 

Rute.—Divide product of driven teeth by product of drivers, and quo- 
tient is their relative velocity ; which, multiplied by length of lever or arm 
and power applied to it in pounds, and divided by radius of barrel, will give 
weight that can be raised. if 

wolP Ww 
Or, as == WinoOr WW tao EPs Or, -} =P. 1 representing length of lever or 

arm, r radius of barrel, P power, v velocity, and W weight. 

EXAMPLE 1.—A power of 18 lbs. is applied to lever or winch of a crane, length of 
it being 8 ins., pinion having 6 teeth, driving-wheel 72, and barrel 6 ins. diameter, 

re = 12, and r2 X 8 X 18 =1728, which, + 3, radius of barrel, = 576 lbs. 

2.—A weight of 94 tons is to be raised 360 feet in 15 minutes, by a power, velocity 
of which is 220 feet per minute; what is power required? 

24 X 94 
220 

360 +15 = 24 feet per minule. Hence = 10.2545) tons. 

Compound Axle, or Chinese Windlass. 

Axle or drum of windlass consists of two parts, diameter of one 
being less than that of the other. 

The operation is thus: At a revolution of axle or drum, a portion of sus- 
taining rope or chain equal to circumference of larger axle is wound up, and 
at same time a portion equal to circumference of lesser axle is unwound, 
Effect, therefore, is to wind up or shorten rope or chain, by which a weight 
or stress is borne, by a length equal to difference between circumferences of 
the two axles. Consequently, half that portion of the rope or chain will be 
shortened by half difference Pelton circumferences, 

To Compute Elements of a Wheel and Compound 
Axle, or Chinese Windlass.—Wig. 6. 

Rute.—Multiply power by radius of wheel, arm, or Fig. 6. ” 
bar to which it is applied, and. divide product by half Ey 
difference of radii of axle, and quotient is weight that @ 
can be sustained. 

PR 

igs .5 (7—7") 
radii of axle at its greatest and least diameters. 

Exampie.—What weight can be raised by a capstan, radius of its bar, a, 
5 feet, power applied so lbs., and radii, 77’, of axle or drum 6 and 5 ins. ? 

Pe 

=W. R representing radius of wheel, etc., and r and 1” 

50X5X12 3900 i 
oS == — = 6000 lbs. 

+5 (6—5) ‘5 Ww 
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Wheel and Pinion Combinations, or Complex 
yn I é. W heel-work. ~ 

Power, multiplied by product of radii or circumferences, or number of 
teeth of wheels, is equal to weight, multiplied by product of radii or cireum- 
ferences, or number of teeth or leaves of pinions. ; 

Or, PRR’ R”, etc., = W rr’ 7”, etc. 

Notr.—Cogs on face of wheel are termed teeth, and those on surface of axle are 
termed leaves ; the axle itself in this case is termed a pinion. 

Rack and Pinion. 

To Compute Power of a Rack and Pinion, [ 

Ruitre.—Multiply weight to be sustained by quotient of radius of pinion, 
divided by radius of crank, and product is power required, 

s 
Or, ws R =P: 

When Pinion on Crank Azle communicates with a Wheel and Pinion. 
Rute.—Multiply weight to be sustained by quotient of product of radii of 
pinions, divided by radii of crank and wheel. and product is power required, 

na . 

BxamPiy.—If radii of pinions of a jack-screw are each one inch; of crank and 
wheel ro and 5 ins.; what power will sustain a weight of 750 lbs. ? 

es = 2°56 lbs. 
0X5 50 

75° X 

INCLINED PLANE, 

To Compute Length of Base, Height, or Length. 

When any Two of them are given, and when Line of Direction of Power 
or Traction is Parallel to Face of Plane.—Proceed as in Mensuration or 
Trigonometry to determine side of a right-angled triangle, any two of three 
being given. F 

To Compute Power necessary to Support a Weight on 
an Inclined Plane. 

When Height.and Length are given, .Rute.—Multiply weight by height 
of plane, and divide product by length. 

Wi 
Or, a =P. handl representing height and length of plane, 

Exampre.—What is power necessary to support rooo Ibs. on an inclined plane 
4 feet in height and 6 feet in length? 

1000 X 4+ 6 = 666.67 lbs. 

To Compute Weight that may be Sustained by a given 
Power on an Inclined Plane. 

When Herght and Length of Plane are given. Rute.—Multiply - 
by length of plane, and divide product by height. cana 

P 
Or, Flow, 

ExampLy.—What is weight that can be sustained on an inclined plane « fee on 
height and 7 feet in length by a power of 700 lbs. ? 2 esis 

700 X 7+ 5 = 080 lbs. 

Notr.—In estimating power required to overcome resistance of a body being 
drawn up or supported upon an inclined plane, and contrariwise, if body is de- 
scending; weight of body, in proportion of power of plane (i. é., as its length to its 
height), must be added to resistance, if being drawn up or supported, or to the mo- 
ment if descending. ’ 
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‘To Compute Height or Length of an Inclined Plane. 

When Weight and Power and one of required Elements are given, and 
when Height ts required. RuLE.—Multiply power by length, and divide 
product by weight. 

When Length is required. RuLe.—Multiply weight by height, and divide 
product by power. 

Wh 
Or, +t = h, and ape" 

To Compute Pressure on an Inclined Plane. 

Ruie.—Multiply weight by length of base of plane, and divide product 
by length of face. 

Ww 
Or, es =pressure. b representing length of base of plane. 

ExampLe.—Weight on an inclined plane is zoo lbs., base of plane is 4 feet, and 
length of it 5; required pressure on plane. 

: 100 X 4-5 == 80 lbs. 

When Two Bodies on Two Inclined Planes sustain each other, as by Connection 
of a Cord over a Pulley, their Weights are directly as Lengths of Planes. 
InLusTRATION.—If a weight of 50 lbs. upon an inclined plane, of 10 feet rise in 100 

of an inclination, is sustained by a weight on another plane of ro feet rise in go, 
what is the weight of the latter’? 

Too : 90.11 50: 45 = weight that on shortest plane would sustain that on largest. 

When a Body is Supported ly Two Planes, as Fig. 7, pressure upon them 

Fig. 7. will be reciprocally as sines of inclinations of planes, 
Thus, weight is as sin. A B D. 

Pressure on A Bas sin. D Bi 
Pressure on B Dassin. ABA. 

Assume angle A BD to be 90°, and D Bi, 60°; then angle 
A Bh will be 30°; and as sines of go°, 60°, and 30° are respec- 
tively .1, .866, and .5, if weight == 100 lbs,, then pressures on 

A B and B D will be 86.6 and 50 lbs., centre of gravily of weight assumed to be in its 
centre. 

When Line of Direction of Power is parallel to Base of Plane, power is 
to weight as height of plane to length of its base. 

Or, Ps Wiel wo. 

Wh Ppt, Pb Wh 
Hence, P = ren W a? Ww? b Pp 

When Line of Direction of Power is neither parallel to Face of Plane nor 
to its Base, but in some other Direction, as P’, Vig. 8, power is to weight as 
sine of angle of plane’s elevation to cosine of angle which line of power or 
traction describes with face of plane. 
Fig. 8. s\ Thus, P’: W :: sim. A: cos, P’ ec. 

\ Pp’ Sin. A: cos: P’ec:: P’: W. 
Cos, P’ ec: sin Ac; Wo: P% 

ILLUSTRATION. —A weight of 500 Ibs. is required to be 
sustained on -a plane, angle of elevation of which, 

é c AB, is 109; line of direction of power or traction, 
A nB P’ec, is 5°; what is sustaining power required? 

Cos, P’e ¢ (5°) =.996 19: Sin, A (10°) = 17365 3: 500: 87.16 lbs. 

Or, draw a line,'B s, perpendicular to direction of power’s action from end 
of base line (at back of plane), and. intersection of this line on length, A ¢, 
will determine length and height (7 7) of the plane, a 

3 G* 
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In.usrration.—By Trigonometry (page 385), AB, assumed to be 1, Ar and mr are 
= 985 and .171. eae 

Hence a = 86.8 lbs. = product of weight x height of plane = length of tt. 

Nors.—When line of direction of power is parallel to plane, power is least. - 

Wedge. 

A WenGE is a double inclined plane. 

To Compute Power. 

1. When One Body is to be Forced or Sustained. Rute.—Multiply weight 
or resistance to be sustained by depth of back of wedge, and divide product 
by length of its base. 

ExamPiy. — What power, applied to the back of a wedge 6 ins. deep, will raise a 
weight of 15 000 Ibs., the wedge being 100 ins. long.on its base? 

15000 X 6 _ go000 

260, a aro 

2. When Two Bodies or Two Parts of a Body are Forced or Sustained ina 
Direction Parallel to Back of Wedge. RuLe.—Multiply weight or resist- 
ance to be sustained by half depth of back of wedge, and divide product by 
length of wedge. ' 

Wd=2 

RG eal se 
Nore.—The length of a single wedge is measured on its base, and of a double 

wedge, from centre of its head to its point. 

ExampLe.—The depth of the back of a double-faced wedge is 6 ins., and the 
length of it through the middle 10; what power applied to it is necessary to sus- 
tain or overcome a resistance of r50 lbs. ? 

= goo lbs. 

=P. a representing depth of back, and 1 length. 

150X6+2 450 

76 a a 
To Compute Elements of a Wedge. 

Wa Pl Pt wd 
—p=h wut z=. += 

Rit Wd~2 Pi - Wd a= oa Pp et Wwomdr2 oe F. 

Norr.—As power of wedge in practice depends upon split or rift in wood to be 
cleft, or in rise of body to be raised, the above rules as regards length of wedge are 
only theoretical when a rift or rise exists. 

SCREW. 

A Screw is a ‘revolving inclined plane. 

To Compute Length and Height of Plane of a Screw. 
As a screw is an inclined plane wound around a cylinder, length of plane 

is ascertained by adding square of cireumference of screw to square of dis- 
tance between threads, and taking square root of sum. 

The Pitch or height of a screw is distance between its consecutive threads. 
To Compute Power. 

RuLe.—Multiply weight or resistance, to be sustained by pitch of threads, 
and divide product by cireumference described by power. és 

Ww pe fe. ; Or, =f SIO W7) representing pitch, and c ctreumference. 

_ Examrny.—What is power requisite to raise a wei ght of 8000 lbs. by a screw of r2 Ins. circumference and x inch pitch? 8000 KX 1 + 12 = 666.66 Ibs. | 
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To Compute Weight. 

RvuLE.—Multiply power by circumference described by it, and divide 
product by pitch of threads, 

D gy Be w. 
Pp 

To Compute Pitch. 

Rue.—Multiply power by circumference described by it, and divide 
product by weight. 

Pe 
Or, Ww 2: 

To Compute Circumference. 

Ruiz.—Multiply weight by pitch, and divide product by power, 
WwW Ww 

Or, cated: Or, oar. Pp 7 representing radius. 

When Power is applied by a Lever or Wheel, substitute radius of power 
for circumference. 

InLusTRaTIon.—If a lever 30 ins. in length was added ‘to circumference of screw 
in preceding example, 

Then, 12 <- 3.416 = 3.819, and Bata 30 = 31.9095 = radius of power. ) 4 3-019, > 999. 

oO 
Hence —— 

r X 6.28 

Compound Screw. 

Fig. 9. Dd When a Lever and Endless Screw or a Series of 
alalk Wheels are applied to a Screw, as Fig.9. Rup, 

—Ascertain result of each application, and take 
their continued product. 

Norr.— If there is more than one thread to a screw, 
pitch must be increased as many times as there are 
threads. 

ILLUSTRATION. — What weight can be raised with a power of 
ro lbs.; applied to a crank, c, Fig. 9,32 ins, long, turning an end- 
less screw, b, of 3.5 ins. diameter and x inch pitch, applied to a 
wheel, d, of 20 ins. diameter, upon an axle, a, of 5 ins. ? 

to X 32 X 6.28 

I 

circumference described by it, and pitch, and 

power applied to wheel, divided by tts axle. 

When a Series of Wheels and Axles are in Connection with each other, 
Weight is to power, as. continued product of radii of wheels is to continued 
product of radii of axles. 

= 39.92 lbs. 

Ww = 2009.6 = quotient of product of power and 

case alae table 8038.4 lbs. = quotient of 

Wi Pi Rwirn. 

Or,rm: Rn: P: W.. n representing continued product of number of wheels ox 
axles. 

ILLUSTRATION,—If a power of r50 Ibs, is applied to a crank of 20 ins. radius, turn- 
ing an endless screw with a pitch of half an inch, geared to a wheel, pinion of 
which is geared to another wheel, and pinion of second wheel is geared toa third 
wheel, to axle or barrel of which is suspended a weight; it is required to know 
what weight can be sustained in that position, diameter of wheels being 18, and 
pinions and axle 2 ins. j ; 

150 X 20 X 2 X 3.1416 

ti 5 
Diameters of wheels and pinions being 18 and 2, thetr radii are 9 and 1. 

Hence, 1 X 1 X1:9X9XQ i237 699-2 : 27 482 716.8 lbs. 

= 37 699.2 lbs. = power applied to face of first wheel. 
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Differential Screw. 

When a hollow screw revolves upon one of less diameter and pitch (as 
designed by Mr. Hunter), effect is same as that of a single screw, in which 
the distance between threads is equal to difference of distances between 
threads of the two screws. 

Therefore power, to effect or weight sustained, is as difference between 
distances of threads of the two screws to circumference described by power. 
ILLUSTRATION. — If external screw has 20 threads, and internal one 21 threads in 

pitch of 1 inch, and power applied describes a circumference of 35 ins., the result or 
I 35 - I 

power is as — @ 
21 00 238 

or .002 38. Hence = 14706. 20. 420’ 

PULLEY. 

PuLteys are designated as Fixed and Movable, according as cord is passed 
over a fixed or a movable pulley. A movable pulley is when cord passes 
through a second pulley or block in suspension; a single movable pulley is 
termed a runner; and a combination of pulleys is termed a system of pulleys. 
A Whip is a single cord over a fixed pulley. 

To Compute Power Required to Raise a given Weight. 

When Number of Parts of Cord supporting Lower Block are given, and 
when only one Cord or Rope is used. Rute.—Divide weight to be raised by 
number of parts of cord supporting lower or movable block. 

Or, W=-n=P. Or,nP=W.-n representing number of parts of cord sustain- ing lower block. 
ExaMPLe.—What power is required to raise 600 Ibs. when lower block contains six sheaves? 

When Cord is attached to Upper or Fixed Block. 
600 
Aare a lbs. = weight — number of parts of rope sustaining lower block. 

When Cord is attached to Lower or Movable Block. 
oe = 46.15 lbs, = weight + number of parts of rope sustaining lower block. 

To Compute Weight a given Power will Raise. 

When Number of Parts of Cord supporting Lower Block are given. Ruy, —Multiply power by number of parts of cord supporting lower block. 
Or, Px = W. 

To Compute Number of Cords necessary to Sustain 
Lower Bloel. 

When Weight and Power are given. Ruie.—Divide weight by power. 
Or, W+P=n. 

Figi zo. When more than one Cord is used, Fig. 11. 
In a Spanish Burton, Fig. to, where ends of === 

one cord, a P, are fastened to support and power, 
and ends of the other, ¢ 0, to lower and upper 
blocks, weight is to power as 4 to 1. 

In another, Fig. rr, where there are two cords, 
a and o, two movable pulleys, and one fixed 2 
pulley, with ends of one rope fastened to sup- 
port and upper movable pulley, and ends of 
other fastened to lower block and power, weight > WwW 
is to power as 5 to 1, yt 



1) MEOHANTOS—PULLEY, 000) 633 
Compound or Fast’ and Loose Pulleys. 

When Cord is attached to Fixed Block, Fig. 12. Rute.— 
Multiply power by the power of 2, of which the index is 

- number of moyable pulleys... 

Or, P 2® =. 
Or, Multiply power successively by 2 for each pulley. 

EXAMPLE I.—What weight will one pound support in a system 
of three movable pulleys, the cords being connected to a ‘fixed 
block on Fig. 12. ee Silbe. 

EXAMPLE 2.—What would a like power support, fixed block be- 
ing made movable and cord attached thereto? 

1X 24+—1=15 lbs. 

Tf fixed pulleys were substituted for hooks a be, Fig. 12, power 
would be increased threefold; hence x x 33 = 27, 

In a System of Pulleys, Figs. 13 and 14, with any Number of Cords, 00, ee, 
Ends being fastened to Support, 

W--2"— Ps 24 <P = Ww; - =2%, nrep- 

resenting number of distinct cords. 

ILLusTRATION. — What weight will a power 
of lb. sustain in a system of two movable pul- 
leys and two cords ? 

rX2XK2=4 lbs. 

When fired Pulleys, ee, are used in Place 
of Hooks, to Attach Ends of Rope to Sup- 
port—Fig. 14. 

Wiese atest x be We We me 37; 

ILLUSTRATION. —What weight will a power of 5 Jbs. sustain with two movable and 
three fixed pulleys, and two cords ? 5X%3%3—=45 lbs. 

When Ends: of Cord or Fixed Pulleys are fastened to Weight, as by an Inver- 
sion of the last Figures, putting Supports for Weights, and contrariwise.— 
Figs. 13 and 14, 

\ W 
Fig. 13. (C= um (2%—1) P=W; = (2"—x). 

plats 
HY W . palate . —_— , Fig. 14. Grays B"r- 7) FP. = 03 = (3% —1). 

ILLUSTRATION. What weight will a power of 1 Ib. sustain in a Stall of two mov- 
able pulleys and two cords, and one of two movable and two fixed pulleys and two 

cords? 1X2X%2—1=53 lbs. 1X3X3—1=8 bbs. 

When Cords sustaining Pulleys are not in a Vertical Direction.—Fig. 15. 
Figs 15. eo, Fig. 15, is vertical line through which weight bears, and 

- from o draw or,os parallel to De and Ae. 

Forces acting at e are represented by lines es, e7', and e0; 
and as tension of every part of cord is same, and equal to 
power P, sides 0 s and or of parallelogram must be equal, and 
therefore diagonal eo divides the angle 7 0s into two equal 
portions. Hence the weight will always fall into the position 
in which the two parts of cord A’e and'eD will be equally 
inclined to vertical line, and it, pees bear to power same ratio 
ascotoes. 

Therefore W: P;:2cos..5¢@: 1. e representing angle AeD. 

-..Or, 2PXcos..5¢=W. That is, twice power, multiplied by cosine of half angle 
of cord, at point of suspension of weight, is equal to weight. 

j 
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ILLUSTRATION.—What weight will be sustained by a power of 5 Ibs., with an ob 
lique movable pulley, Fig. x5, having an angle, Ae D, of 30°? bh - 

5 X 2 X .965 93 = 9.6593 lbs. = twice power X cos, 15°. 7 

When Direction of Cord is Irregular, Weight not resting in Centre of it. 

P sin.@ | Psin. (a+b) s W sin. a 

W sin. (a+6)’ sina ”~  ’ sin. (a+6) 
greater and lesser angles of cord at e. 

=P. a and b representing 

METALS. 

ALLOYS AND COMPOSITIONS. 

Alloy is the proportion of a baser metal mixed with a finer or purer, 
as copper is mixed with gold, etc. 

Amalgam is a compound of Mercury and a metal—a soft alloy. 

Compositions of copper contract in admixture, and all Amalgams ex- 
pand. ; 

In manufacture of Alloys and Compositions, the less fusible metals 
should be melted first. 

In Compositions of Brass, as proportion of Zine is increased, so is 
malleability decreased. 

Tenacity of Brass is impaired by addition of Lead or Tin. 

Steel alloyed with one five-hundredth part of Platinum, or Silver, is 
rendered harder, more malleable, and better adapted for cutting instru- 
ments. 

Specific gravity of alloys* does not follow the ratios of those of their 
components ; it is sometimes greater and sometimes less than the mean. 

Composition for Welding Cast Steel. 

Borax, 91 parts; Sal-ammoniac, g parts. Grind or pound them roughly together; 
fuse them in a metal-pot over a clear fire, continuing heat until all spume has dis- 
appeared from surface. When liquid is clear, pour composition out to cool and con- 
crete, and grind to a fine powder; then it is ready for use. 

To use this composition, the steel to be welded should be raised to a bright yellow 
heat; then dip it in the welding powder, and again raise it to a like heat as before; 
it is then ready to be submitted to the hammer, 

EFusible Compounds, 

ComPounps, Zinc. Tin. | Lead. | Bismuth.| Cadmium. 

Rose’s, fusing at 2009 ...........- - 25 25 50 pits 
Fusing at less than 2009.......... 33-3 —. } 33-3 33:4 — 
Newton’s, fusing at less than 2129.) =— 19 31 50 JE, 
Fusing at 150° to 1609 ......... a — 12 25 50 Pee 

Solders. Ae 

Solder is an alloy used to make joints between metals, and it mu! 
more fusible than the metals it is designed to unite, and it is distingui 
as hard and soft, according to the temperature of its fusing. 

The addition of a small portion of Bismuth increases its fusibility. P 

* For a table of Alloys, having densities different from a mean of their components, see D. K. ( 
Manual, London, 1877, page 2or. 
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Alloys and Compositions. 

Copper.| Zine. | Tin. | Nickel.| Lend. | AnM | BIR [adm 

AN ZO MERIT in <ia/eisiate's e(elsjeisie 55 24 — 21 — — — vas, 
Aluminum, brown...... 95. ak us _ — — — pes 5 
Babbitt’s metal*....... 3-7 _ 89 _ — 7g 4) ee = 
Brass, common.... 84.3 eZ 20.5 — = — = LS 

of (SG Groresogd 75 25 — — = 22 3 — 
o us hard.....] 79.3 6.4 | 14.3 _— — a ta) zit 
«instruments 92.2 = 7.8 a = > — a 
*¢  locomot, bearings.| 90 I 9 — — — = aby 
(o> Rinthbeck ua... + 80 20 = — — _ — 39 
‘ered Tombac...... 88.8 | 11.2 — — 
BS LONCUmetimcaaistsies T4ae 2233 3.4 = — —. — ea) 
Ooo) Putten ar cn eentin 50 31 — 19 —s — — pers 
‘every tenacious...) 88.9 2.8 8.3 _ _— — = = 
‘« wheels, valves....|. go — 10 — — — — — 

white 10 80 10 cao = = ts | = 
“cc “cc 3 90 L_ dees wel 7 me) wie 

“ec oe 7 zs = at, 46 47 ait coe. 

“wire 67 33 — eo = mw ee, oe 
it vyellow, fines ..)... 66 34 — _— — = = — 

Britannia metal......... — = 25 ae —) 25 a pat 
When fused add.,.... =. — — — — 25 25 a 

Bronze) Ved>... coe ccna 87 13 — _ — _— — — 
we EPCS SOURCE ee 86 11.1 2.9 — — — — — 
se YOHOW ioe vider 67:25) 33.2 1.6 — — — — 4 
We Gun metal, large} go — 10 — — aaa — 2 
‘s oe small} 93 — 7 — — —_ — 5 
ve “ce soft. 95 1e4 5 = pa 4 ane s 

a Cymbals ....... 80 — 20 — _ 2 ss 
we Medals... .cccee 93 — 7 a = = 2 is] 
a Statuary ....... QI.4 5.5 1.4 L7 — a _ 

Chinese sjlver....... ons 58m) 17.2 — 11.6 — — 2 IN.1 
os white copper...} 40.4 | 25.4 2.6 6 — — — a 

Ohureh bells. coy + cee. 80 5.6 | 10.7 4-3 —_ ad a 
- HS osaatieeebtade 69 _ 31 — —_— _— -—— 2 

Clocks, Musical bells....| 87.5 — 12.5 _ — _ _ _ 
ClO Dells. f.ni<o.c0.s 0.010 72 _— 26.5 — — _— — 1.5 
German silver.......... Behe Weer! _ 33:3 _ _ _— 

ee Si Pkelataipisteres pre 40.4 | 2594 — 31.6 — — —_ 2.6 
ay fo PLO aaes 49:5 | 24 — 24 — _— — 2.5 

GOT LAs -oiayera) js ainio| bah to: lcr6 81.6 — 18.4 —_ — — _ — 
House bels.....sccos.. 77 _ 23 — — _ as _ 
Lathe bushes........... 80 — 20 — ~ = =~ 
Machinery bearings..... 87.5 _— 12.5 — — — | = 
“7 E tt hard.| 77.4 7 15.6 — _ = ry = 

etal that expands in 
cooling..... ¥ eS ac ante wont oe Pe eltntie 16:79)" BiB Ries 

Muntz metal, 10 07. lead.| 60 40 _ _ — es = 
Pewter, Dest... +--+ — — 86 — — 14 2 

ee cheer tin sen GOmer: — a 80 _ 20 cae a! < 
Sheathing metal........ 56 45 _ — a a ae 
Spee aaa eee ewces 66 = 22 _ _ a4 12 

is Hdl atereteiesa cic 50 21 29 — _— — _ _ 
Telescopic mirrors...... 66.6 = 33-4 — _— a ae m2 
TCIM CLT sweat yeloigiele lel 33-4 |2 — 66.6 —_ = = =a ae 
Type metal and stereo- — “t + a 75 25 — - 

type plates,..... Bois \ _ —_ a0 qs 87.5 | 12.5 —_— - 
White metal..... RRP cediey Vay Thi| 2804 — — } 568) — _ 

Sb sthard wajcannat 69.8) )n2598 4:4 _— ovr = = a 
F Magnesia...... 4.4 Cream of tartar .6.5 

Qreide 6s sss sins eeerer es 73 72:3 fone .2.5 Quicklime......x.3 

* See page 636 for directions, + For adding small quantities of coppor. 
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Solders. 
emmetes| neh fas Bis- | ¢ Cad- | Anti- 

Copper.| Tin. | Lead. | Zine. |Silver.| ruth, | Gold. | minm. | mony. 

ET ccna cholo o16serJoicintbis _— 25 75 — = ae —_— _— — 

Bees ipaiarsimors iembu — 58 16 _ — 16 _— — 10 

“ coarse, melts droge et | Al Rasp eran she pores ae ae 
‘“ ordi’y, melts t. eh ai — fy! ag 

at 360°. ~ } ey oT. 33 
Spelter, soft....... 50 _— = 50 = — = = a 

ee ardi:, tea 65 —- 4 Ue os — — = = 

NEGO yarateeie/«)= (ale wale — 33 67 — — _ a = = 

COOL Wie laia.s, ats lot creie 13 _— — 5 82 — == nate pate 

Brass or Copper...| 50 _ = 50 _ — = ms = 

Fine brass........ 47 a — 476 ae «(6 = — = — 
Pewterers’ or Soft.| — 33 45 _ — 22 a — —_ 

Col 50 25 — _ 25 a = = 
Plumbers’ _pot- é. sin 

metal. ot ot ES eae AR a as - 
“coarse = 25 75 — — — — = = 
oY Ener _ 67 33 _— _ _ = — = 

«fusible _— 50 50 a os aa = ee EKe 

ef verya cs - 25 25_| — _ 50 = = a 

4 —, = = 7 _ 89 — _— 

66 — — 34 —_ _ pare —a a 

= 66 34 — — — = — sk 
20 _ _ _ 80 — — = = 

12 —_ — |; — |. 67 = — 21 = 
= 40 20 _ _ 40 eas — ——. 

66 _ — 33 _ = _ _ I 

s3--| 47-14 — | —- — |limak— bo b= 

A Plastic Metallic Alloy.—See Journal of Franklin Institute, vol. xxxix., page 55, 
for its composition and manufacture. 

Soldering Fluid for use with Soft Solder. : 

To 2 fluid oz. of Muriatic acid add small pieces of Zine until bubbles cease to rise. 
Add .5 a teaspoonful of Sal-ammoniac and two fluid oz. of Water. 

By the application of this to Iron or Steel, they may be soldered without their sur- 
faces being previously tinned. 

ATOM smc teisi ait ete ictelelniclats a's Borax. DANOT capers mea cele Chloride of zinc. 
Tinned PON. wawisie wie: Resin. Leads, taenniectckache Tallow or resin, 
Copper and Brass....... Sal-ammoniac. | Lead and tin.....: Resin and sweet oil, 

Babbitt’s Anti-attrition Metal. 

Melt 4 lbs. Copper; add by degrees r2 Ibs. best Banca tin, 8 Ibs. Regulus of anti- 
mony, and 12 lbs. more of Tin. After 4 or 5 Ibs. Tin have been added, reduce heat. 
to a dull red, then add remainder of metal as above. , 

This composition is termed hardening ; for lining, take x Jb. of this hardening, 
melt. with it 2 lbs. Banca tin, which produces the lining metal for use. Hence, the: 
proportions for lining metal are 4 lbs. of copper, 8 of regulus of antimony, and 96 
of tin. ¥ 

Brass. f 

Brass is an alloy of copper and zine, in proportions varying with purpose 
of metal required, its color depending upon the proportions, 

It is rendered brittle by continued impacts, more malleable than copper 
when cold, but is impracticable of being forged, as its zine melts at a low 
temperature. PMR Re 3. 

Its fusibility is governed by its proportion of zine; a small quantity of 
phosphorus gives it fluidity. 
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. oh & ; Bronze. - i wh 

. Bronze is an: alloy of copper and tin; it is harder, more fusible, and 
stronger than copper. It is. usually known as Gun-metal. | 

Aluminum’ Bronze contains go to 95 per cent. of copper, and 5 to ro per 
cent. aluminum. 

* Phosphor Bronze contains copper and tin and a small proportion of phos- 
phorus. It wears better than bronze. ' 

IRON. 

Foreign substances which iron contains modify its essential proper- 
ties. Carbon adds to its hardness, but destroys some of its qualities, 
and produces Cast Iron or Steel, according to proportion it contains. 
Thus, .25 per cent, renders it malleable, .5 steel, 1.75 is limit of, weld; 
ing steel, and 2 is lowest limit of cast iron. Sulphur renders it fusible, 
difficult to weld, and brittle when heated, or “hot short.” | Phosphorus 
renders it “cold short,’ but may be present in proportion of .002' to 
.003, Without:affecting injuriously its tenacity, Antimony, Arsenic, and 
Copper have same eftect as sulphur, the last in a greater degree, | Stli- 
con renders it hard and brittle. J/anganese,.in proportion of .02, ren: 
ders it “cold short,” and Vanadium adds to its ductility. 

2 Cast Iron. 

_ Process of making Cast Iron depends much upon description of fuel used; 
whether charcoal, coke, bituminous, or anthracite coals. A larger yield from 
same furnace, and a great economy in fuel, are effected by use of a hot blast. 
The greater heat thus produced causes the iron to combine with a larger 
percentage of foreign substances. 

Cast Iron for purposes, requiring great strength should be smelted with 
4 cold blast. Pig-iron, according to proportion of carbon which it contains, 
is divided into Moundry Iron and Forge Iron, latter adapted only to conyer- 
sion into malleable iron; while former, containing largest proportion of car- 
bon, can be used either for castings or bars, 

High temperature in melting injurcs gun-metal. ; 

' There are many varieties of Cast Iron, differing by almost. insensible 
shades; the two principal divisions are gray and white, so termed from 
color, of their fracture. heir properties are very different. 

Gray Tron: is softer and. less brittle than white; it'is in a slight degreé 
malleable and flexible, and is insonorous; it can easily be drilled or turned, 
and does not. resist the-file, It has a, brilliant fracture, of a gray, or some- 
times,a, bluish-gray, color; color is lighter as grain becomes: closer, and its 
hardness. increases, . It melts at, a lower heat than white, and preserves its 
fluidity longer. Color of.the fluid metal is red, and deeper in proportion as 
the heat is. lower; it does not adhere to the ladle; it fills molds well, con- 
tracts less, and. contains, fewer cavities than, white; edges of its castings 
are sharp, and surfaces smooth and convex. It is used for machinery and: 
ordnance where the pieces are to be bored or fitted. Its tenacity and specific 
gravity are diminished by annealing, 

White Iron is, very. brittle and sonorous; it resists: file and chisel, and is 
susceptible of high polish; surface of its castings is concave; fracture pre- 
sents a- silyery PRD eRT AES generally fine grained and compact, sometimes 
radiating or lamellar, "When melted it is white, throws off a great number’ 
of sparks, and its qualities are the reverse of those of gray iron ; it is there- 
fore unsuitable for machinery purposes, Its tenacity is increased, and its 
specific gravity diminished, by peels: 

> i : My & PR SOE Ee 3H 
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Mottled Iron is a mixture of white and gray; it has a spotted appear- 
ance; flows well, and with few sparks; its castings have a plane surface, 
with edges slightly rounded. It is suitable for shot, shells, ete. A fine mot- 
tled is only kind suitable for castings which require great strength. _The 
kind of mottle will depend much upon volume of the casting. A medium- 
sized grain, bright gray color, fracture sharp to touch, and a close, compact 
texture, indicate a good quality of iron. A grain either very large or yery 
small, a dull, earthy aspect, loose texture, dissimilar crystals mixed together, 
indicate an inferior quality. 

Besides these general divisions, the different varieties of pig-iron are more 
particularly distinguished by numbers, according to their relative hardness, 

No. 1.—Fracture dark gray, crystals large and highly lustrous, alike to 
new surface of lead. It is the softest iron, possessing in highest degree the 
qualities belonging to gray iron; it has not much strength, but on account 
of its fluidity when melted, and of its mixing advantageously with scrap 
iron and with the harder kinds of cast iron, it is of great use to a foundry. 

No. 2 is harder, closer grained, and stronger than No.1; it has a gray 
color and considerable lustre. It is most suitable for shot and shells. 

No. 3 is harder than No. 2. Fracture white, crystals larger and brighter 
at centre than at the sides; color gray, but inclining to white; has consid- 
erable strength, but is principally used for mixing with other kinds of iron 
and for large castings. 

No. 4 or Bright.—Fracture light gray, with small crystals and little lustre, 
and not being sufficiently fusible for castings it is used for conyersion to 
wrought iron. 

No. 5. Mottled. — Fracture dull white, with gray specks, and a line of 
white around edge or sides of fracture. 

No, 6, White.—Fracture white, with little lustre, granulated with radiat- 
ing crystalline surface. It is hardest and most brittle of all descriptions, 
and is unfit for use unless mixed with other grades, or for being converted 
to an inferior wrought iron. 

Qualities of these descriptions depend upon proportion of carbon, and upon 
state in which it exists in the metal; in darker kinds of iron, where propor- 
tion is sometimes 7 per cent., it exists partly in state of graphite or plumbago, 
which makes the iron soft. In white iron the carbon is thoroughly eom- 
bined with the metal, as in steel. 

Cast iron frequently retains a portion of foreign ingredients from the ore, 
such as earths or oxides of other metals, and sometimes sulphur and phos- 
phorus, which are all injurious to its quality. : 

Foreign substances, and also a portion of the carbon, are separated by 
melting iron in contact with air, and soft iron is thus rendered harder and 
stronger. Iffect of remelting varies with nature of the iron and character 
of ore from which it has been extracted; that from hard ores, such as mag- 
netic oxides, undergoes less alteration than that from hematites, the latter 
being sometimes changed from No. x to white by a single remelting in an 
air furnace, : 

Color and texture of cast iron depend greatly upon volume of casting and 
rapidity of its cooling ; a small casting, which cools quickly, is almost always 
white, and surface of large castings partakes more of the qualities of white 
metal than the interior. 
_ Allcast iron expands at moment of becoming liquid, and contracts in cool- 
ing; gray iron expands more and contracts less than other iron. 

Remelting iron improves its tenacity ; thus, a mean of 14 cases for two. fusions gave, for rst fusion, a tenacity of 29 284 Ibs.; for 2d fusion, 33 790 
Ibs. For two cases—for first fusion, 15 129 lbs.; for 2d fusion, 35 786 Ibs. 
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Malleable Castings. 

Malleable cast iron is made by subjecting a casting to a process of anneal- 
ing, by enclosing it in a box with hematite iron ore or black oxide of iron, 
and maintaining it in an equable heat for a period depending upon form and 
volume of casting. ; 

Wrought Iron. 

Wrought iron is made from pig-iron in a Bloomery Fire or in a Puddling 
Furnace—generally in latter. Process consists in melting and keeping it 
exposed to a great heat, constantly stirring the mass, bringing every part of 
it under action of the flame until it loses its remaining carbon, when it be- 
comes malleable iron. When, however, it is desired to obtain iron of best 
quality, pig-iron should be refined, 

Refining.—This operation deprives iron of a considerable portion of its 
carbon ; it is effected in a Blast Furnace, where iron is melted by means of 
charcoal or coke, and exposed for some time to action of a great heat; the 
metal is then run into a cast-iron mold, by which it is formed into a large 
broad plate. As soon as surface of plate is chilled, cold water is poured on 
to render it brittle, 

A Bloomery resembles a large forge fire, where charcoal and a strong blast 
are used; and the refined metal or pig-iron, after being broken into pieces of 
proper size, is placed before the blast, directly in contact with charcoal; as 
the metal fuses, it falls into a cavity left for that purpose below the blast, 
where the “ bloomer” works it into the shape of a ball, which he places again 
before the blast, with fresh charcoal; this operation is generally again re- 
peated, when ball is ready for the “ shingler.” 

Shingling is performed in a strong sgueezer or under a trip-hammer. Its 
object is to press out as perfectly as practicable the liquid cinder which a 
ball contains; it also forms a ball into shape for the puddle rolls. A heavy 
hammer, weighing from 6 to 7 tons, effects this object most thoroughly, but 
not so cheaply as the squeezer. A ball receives from 15 to 20 blows of a 
hammer, being turned from time to time as required: it is now termed a 
Bloom, and is ready to be rolled or hammered; or a ball is passed once 
through the squeezer, and is still hot enough to be passed through the paddle 
rolls. a 

A Puddling Furnace is a reverberatory furnace, where flame of bituminous 
coal is brought to act directly upon the melted metal. The “ puddler” then_ 
stirs it, exposing each portion in turn to action of flame, and continues this 
as long as he is able to work it. When it has lost its fluidity, he forms it into 
balls, weighing from 80 to 100 lbs., which are then passed to the “shingler,” 

Puddle Rolls. — By passing through different grooves in these rolls, a 
bloom is reduced to.a rough bar from 3 to 4 feet in length, its term convey- 
ing an idea of its condition, which is rough and imperfect. 

Piling.—To prepare rough bars for this operation, they are cut, by a pair 
of shears, into such lengths as are best adapted to the volume of finished bar 
required; the sheared bars are then piled one over the other, according to 
volume required, when pile is ready for balling. Ti 

Balling.—This operation is performed in balling furnace, which is similar 
to puddling furnace, except that its bottom or hearth is made up, from time 
to time, with sand; it is used to give a welding heat to piles to prepare 
them for rolling. 

Finishing Rolls,—The bails are passed successively between rollers of va- 
rious forms and dimensions, according to shape of finished bar required. 

Quality of iron depends upon description of pig-iron used, skill of the 
“ puddler,” and absence of deleterious substances in the furnace, 
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, Strongest cast irons do not produce strongest. malleable i iron. 

“Por many purposes, such as sheets for tinning, best boiler-plates, and Kars 
for converting into steel, charcoal iron is used exclusively; and, generally, 
this kind of iron is to be relied upon, for strength and toughness, with greater 
confidence than any other, though iron of a superior quality is made from 
pigs made with other fuel, and ‘with a hot blast. Iron for gun-barrels has 
been-lately made from anthracite hot-blast pigs, 

Iron is improved in quality by judicious working, reheating, hammering, 
or rolling: other things being equal, best iron is that which has been Wrought 
the most. 

‘2 

Best quality of iron has greatest elasticity. 
Tests.—It will not blacken if exposed to nitric acid. Long silky fibres in 

a fracture denote a soft and strong metal; short black fibres denote a badly 
refined metal, and a fine grain denotes ‘hardness and condition known as 
“gold short,” Coarse grain with bright and crystallized fracture, with dis+ 
colored spots, also denotes “cold short” and britile metal, working easily and 
welding well. Cracks upon edges of a.bar, ete., indicate “hot short.” Good 
iron heats readily, is worked easily, and throws off but few sparks. 

A/high breaking strain may not be conclusive as to quality, as it may be 
due to a hard, elastic metal, or a low one may be due to great softness. ' 

When iron is fractured suddenly, a crystalline surface is produced, and 
when gradually, a fibrous one. Breaking strain of iron is increased by heat- 
ing it and suddenly cooling it in water. “Tron exposed to a welding or white 
heat and not reduced by hammeri ing or rolling is weakened. 

Specific gravity of iron is a good indication of its quality, as it indicates 
very correctly its relative degree of strength. 

LEAD. 

Sheet Lead is either Cast or Milled, the former in sheets 16 to 18 feet in 
length and 6 feet in width; the latter is rolled, is thinner than the former, 
is more uniform in its thickness, and is made into sheets 25 to 35 feet i in 
length, and from 6 to 7.5 feet in width. 

Soft or Rain Water, when aerated, Silt of rivers, Vegetable matter, Acids, 
Mortar, and Vitiated "Air will oxidize lead. The waters which act with 
greatest effect on it are the purest and most highly oxygenated, also nitrites, 
nitrates, and chlorides, and those which act with least “effect are such as con- 
tain carbonate and phosphate of lime, 

Coating of Pipes, except with substances insoluble in water, as Bitutied 
_and Sulphide of lead, is objectionable. 

Lead-encased chp inner pipe of tin is encased in one of lead. 

STEEL. 

Steel is.a compound of Iron and Carbon, in which proportion of latter 
is from 1 to 5 per cent., and even less in some descriptions. It is dis- 
tinguished from iron by its fine grain, and by action of diluted nitri¢ 
acid, which leaves a black spot upon it. 

There are many varieties of steel, principal of which ‘are: | 

Natural Steel, obtained by reducing rich and pure descriptions of. iron 
ore with charcoal, and refining cast iron, so as to deprive it of a sufficient 
portion of carbon to bring it “to a malleable state. It is used for files and 
other tools. 

Indian Steel, termed Wootz, is said to be a natural steel, containing a ae 
portion of other metals. 
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_ Blistered Steel, or Steel of Cementation, is prepared by direct combination of 
iron and carbon, For this purpose, iron in bars is put in layers, alternating 
with powdered charcoal, in a close furnace, and exposed for 7 or 8 days to 
a high temperature, and then put to cool for a like period. ‘he bars, on 
being taken out, are covered with blisters, have acquired a brittle quality, 
and exhibit in fracture a uniform crystalline appearance. The degree of 
carbonization is varied according to purposes for which the steel is intended, 
and the very best qualities of iron are used for the finest kinds of steel. 

Tilted Steel is made from blistered steel moderately heated, and subjected 
to action of a tilt hammer, by which means its tenacity and density are in- 
creased, 

Shear Steel is made from blistered or natural steel, refined by piling thin 
bars into fagots, which are brought to a welding heat in a reverberatory 
furnace, and hammered or rolled again into bars; this operation is repeated 
several times to produce finest kinds of shear steel, which are distinguished 
by the terms of Half shear, Single shear, and Double shear, ox steel of 1, 2, or 
3 marks, cte., according to number of times it has been piled. 

Spring Steel is blister steel heated to an orange red color and rolled or 
hammered. 

Cast or Crucible Steel is made by breaking blistered steel into small pieces 
and melting it in close crucibles, from which it is poured into iron molds; 
ingot is then reduced to a bar by hammering or rolling. Cast steel is best 
kind of steel, and best adapted for most purposes; it is known by a very 
fine, even, and close grain, and a silvery, homogeneous fracture; it is very 
brittle, and acquires extreme hardness, but is difficult to weld without use 
of a flux. Other kinds of steel have a similar appearance to cast steel, but 
grain is coarser and less homogeneous; they are softer and less brittle, and 
weld more readily. A fibrous or lamellar appearance in fracture indicates 
an imperfect steel. A material of great toughness and elasticity, as well as 
hardness, is made by forging together steel and iron, forming the celebrated 
Damasked Steel, which is used for sword-blades, springs, etc.; damask ap- 
pearance of which is produced by a diluted acid, which gives a black tint to 
the steel, while the iron remains white. 

_ With cast steel, breaking strength is greater across fibres of rolling than 
with them. 

Heath’s Process is an improvement on this method; and consists in adding to 
molten metal a small quantity of carburet of manganese. 

Heaton’s Process consists in adding nitrate of soda to molten pig-iron, in order to 
remove carbon and silica. 

Mushet’s Process.—Malleable iron is melted in crucibles with oxide of manganese 
and charcoal. 

Puddled Steel is produced by arresting the puddling in the manufacture 
of the wrought iron before all the carbon has been removed, the small 
amount of carbon remaining, .3 to 1 per cent., being suflicient to make an 
inferior steel. 
Mild Steel contains from: .2 to .5 per cent. of carbon; when more is pres- 

ent it is termed Hard Steel. 

Bessemer Steel is made direct from pig-iron. The carbon is first removed, 
in order to obtain pure wrought iron, and to this is added the exact quantity 
of carbon required for the steel. The pig should be free from sulphur and 
phosphorus. It is melted in a blast or cupola, and run into a converter (a 
pear-shaped iron vessel suspended on hollow trunnions and lined with fire- 
brick or clay), where it' is subjected to an air blast for a period of 20 min- 
utes, in order to dispel the carbon, after which from 5 to ro per cent, of spie- 
geleisen is added, : 

3 H* 
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The blast is then resumed for a short period, to incorporate the two metals, 
when the steel is run off into molds. ‘The moment at which all the carbon 
has been removed is indicated by color of the flame at mouth of converter. 
The ingots, when thus produced, contain air holes, and it becomes necessary 
to heat them and render them solid under a hammer. 

Siemen's Process.—Pig-iron is fused upon open hearth of a regenerative 
furnace, and when raised to a steel-melting temperature, rich and pure ore 
and limestone are added gradually, whereby a reaction is established between 
the oxygen of the ferrous oxide and the carbon and silicon in the metal. The 
silicon is thus converted into silicic acid, which with the lime forms a fusible 
slag, and the carbon, combining with oxygen, escapes as carbonic acid, and 
induces a powerful ebullition. see 

Modification of this process.—The ore is treated in a separate rotatory furnace 
with carbonaceous material, and converted into balls of malleable iron, which are 
transferred from the rotatory to the bath of the steel-melting furnace. : 

~ This process is adapted to the production of steel of a very high quality, because 
the sulphur and phosphorus of the ore are separated from the metal in the rotatory 
furnace. 

Siemen’s- Martin Process—Scrap-iron or steel is gradually added in a 
highly heated condition to a bath of about .25 its weight, of highly heated ~ 
pig, and melted. Samples are occasionally taken from the bath, in order to 
ascertain the percentage of carbon remaining in the metal, and ore is added 
in small quantities, in order to reduce the carbon to about .1 per cent. 

At this stage of the process, siliceous iron, spiegeleisen, or ferro-manganese 
is added in such proportions as are necessary to produce steel of the required 
degree of hardness. The metal is then tapped into a ladle. : 

Landore-Siemen’s Steel is a variety of steel made by the Modification of 
Siemen’s Process. Its great value is due to its extreme ductility, and its 
having nearly like strength in both directions of its plates. ‘: 

Whitworth’s Compressed Steel is molten steel subjected to a pressure of 
about 6 tons per square inch, by which all its cavities are dispelled, and it is 
compressed to about .875 of its original volume, its density and strength be- - 
ing proportionately increased. 

Chrome and Tungsten Steel are made by adding a small percentage of 
Chromium or Tungsten to crucible steel, the result producing a steel of 
great hardness and tenacity, suitable for tools, such as drills, ete. 

y Homogeneous Steel is a variety of cast steel containing .25 per cent. of 
carbon. : 

Remarks on Manufacture of Steel, and Mode of Working it. 
(D. Chernoff, 1868). : 

Steel, when cast and allowed to cool quietly, assumes a crystalline structure. 
Higher temperature to which it is heated, softer it becomes, and greater is liberty. 
its particles possess to group themselves into crystals. : 

Steel, however hard it may be, will not harden if heated to a temperature lower 
than what may be distinguished as dark cherry-red, a, however quickly it is cooled; 
on contrary, it will become sensibly softer, and more easily worked with a file, ; 

Steel, heated to a temperature lower than red, but not sparkling, b, does not 
change its structure whether cooled quickly or slowly. When temperature has 
reached b, substance of steel quickly passes from granular or crystalline condition 
to amorphous, or wax-like structure, which it retains up to its melting-point, ce. - 

Points a, b, and c have no permanent place in scale of temperature, but their posi- 
tions vary with quality of steel; in pure steel, they depend directly on quantity of 
constituent carbon. Harder the steel, lower the temperatures. Tints above speci- 
fied have reference only to hard and medium qualities of steel; in very soft kinds 
of steel, nearly approaching to wrought iron, points a and b range very high, and in 
wrought iron point 0 rises to a white heat, 2 
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Assumption of the crystalline structure takes place entirely in cooling, between 
temperatures c and b; when temperature sinks below 0 there is no change of struc- 
ture. For successful forging, therefore, heated ingot, after it is taken out of furnace, , 
must be forged as quickly as practicable, so as not to leaye any spot untouched by 
hammer, where the steel might crystallize quietly, as formation of crystals should! 
be hindered, and the steel should be kept in an amorphous condition until tem- 
perature sinks below point b. 

Below this temperature, if piece is cooled in quiet, mass will no longer be disposed 
to crystallize, but will possess great tenacity and homogeneousness of structure. 
When steel is forged at temperatures lower than }, its crystals or grains, being 

driven against each other, change their shapes, becoming elongated in one direction, 
and contracted in another; while density and tensile strength are considerably in- 
creased. But available hammer-power is only sufficient for treatment of stall steel 
forgings; and object of preventing coarse crystalline structure in large forgings 
is more easily and more certainly effected, if, after having given, forging desired 
shape, its structure be altered to an homogeneous amorphous condition by heating 
it to a temperature somewhat higher than b, and the condition be fixed by rapid 
cooling to a temperature lower than 6, the piece should then be allowed to finish 
cooling gradually, so as to prevent, as far as practicable, internal strains due to 
sudden and unequal contraction. : 

Alloys of steel with Silver, Platinum, Rhodium, and Aluminum have been 
made with a view to imitating Damascus steel, Wootz, etc., and improving 
fabrication of some finer kinds of surgical and other instruments, 

Properties of Steel.—After being tempered it is not easily broken; it welds 
readily ; does not crack or split; bears a very high heat, and preserves’ the 
capability of hardening after repeated working. 

Hardening and Tempering.— Upon these operations the quality of manu- 
factured steel in a great measure depends. 

Hardening is effected by heating steel to a cherry-red, or until scales of 
oxide are loosened on surface, and plunging it into a cooling liquid; degree 
of hardness depends upon heat and rapidity of cooling. Steel is thus ren- 
dered so hard as to resist files, and it becomes at same time extremely 
brittle. Degree of heat, and temperature and nature of cooling medium, ’ 
must be chosen with reference to quality of steel and purpose for which it 
is intended. Cold water gives a greater hardness than oils or like sub- 
stances, sand, wet-iron scales, or cinders, but an inferior degree of hardness 
to that given by acids. Oil, tallow, etc., prevent cracks caused by too rapid 
cooling. Lower the heat at which steel becomes hard, the better. 

_ Tempening.—Steel in its hardest state being too brittle for most purposes, 
the requisite strength and elasticity are obtained by tempering—or “letting 
down the temper” —which is performed by heating hardened steel to a certain 
degree and cooling it quickly. Requisite heat is usually ascertained by color 
which surface of the steel assumes from film of oxide thus formed. Degrees 
of heat to which these several colors correspond are as follows: 
At 430°, very faint yellow.. {Suitable for hard instruments; as hammer - faces, 
At 450°, pale straw color.... drills, lancets, razors, etc. uf sel) 
At 470° full yellow........ For instruments requiring hard edges without clastici- 
At 490°, brown color....... ty; as shears, scissors, turning tools, penknives, ete, 

Wied Se Pe pan Daren’ { For tools for cutting wood and soft metals; such as aja AS nob dCCADUEs He HnCHE ee as 
At 598°, purple ,.........04 ( plane-irons, saws, knives, e 

At 550°, dark bluc.,,....,. {For tools requiring strong edges without extreme 
At 560°, full blue........... hardness; as cold-chijsels, axes, cutlery, ete. : 
At 600°, grayish blue, verg- {For spring-temper, which will bend before breaking; 

ing on black..... fa IALIR as saws, swond-blades, etc. 

If steel is heated to a higher temperature than this, effect of the hardening 
process is destroyed. : Ae 

A high breaking strain may not be conclusive as to quality, as it may be 
due to a hard, elastic metal, or a low one may be due to great softness, 
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Case-hardening. 

This operation consists in converting surface of wrought iron into steel, 
by cementation, for purpose of adapting it to receive a polish or to bear frie- 
tion, etc. ; it is effected by heating iron to a cherry-red, in a close vessel, in 
contact with carbonaceous materials, and then plunging it into cold water. 
Bones, leather, hoofs, and horns of animals are generally used for this pur- 
pose, after having been burned or roasted so that they can be pulverized. 
Soot is also frequently used. 

The operation reduces strength of the iron, 

TIN, 

Tin is more readily fused than any other metal, and oxidizes yery slowly. 
Its purity is tested by its extreme brittleness at high temperature, 
Tin plate is iron plate coated with tin. 

Block Tin is tin plate with an additional coating of tin. 

ZINC. 

Zin, if pure, is malleable at 220°; at higher temperatures, such as 400°, 
it becomes brittle. It is readily acted upon by moist air, and when a film 
of oxide is formed, it protects thé surface from further action. When, how- 
ever, the air is acid, as from the sea or large towns, it is readily oxidized to 
destruction. ; 

Iron, Copper, Lead, and Soot are very destructive of it, in consequence of 
the voltaic action generated, and it should not be in contact with caleareous 
water or acid woods. 

The best quality, as that known as “ Vielle Montagne,” is composed of zine 
-995, iron .004, and lead .oor. Its expansion and contraction by differences 
of temperature is in excess of that of any other metal, 

STRENGTH OF MODELS. 

“The forces to which Models are subjected are, 
1. To draw them asunder by tensile stress. 2. To break them by trans- 

verse stress. 3. To crush them by compression. 
The stress upon side of a model is to corresponding side of a structure as 

cube of its corresponding magnitude. Thus, if a structure is six times greater 
than its model, the stress upon it is as 63 to r= 216 to 1: but resistance of 
rupture increases only as squares of the corresponding magnitudes, or as 
6? to 1= 36 tox. A structure, therefore, will bear as much less resistance 
than its model as its side is greater, 

To Compute Dimensions of a Beam, ete., which a 
Structure can bear. 

RvuLE.—Divide greatest weight which the beam, ete. (including its weight), 
in the model can bear, by the greatest weight which the structure is required 
to bear (including its weight), and quotient, multiplied by length of beam, 
etc., in model, will give length of beam, ete., in structure. 
EXAMPLE,—A beam in a model 7 inches in length is capable of bearing a weight 

of 26 lbs., but it is required to sustain only a weight or stress of 4 lbs. ; what is the. 
greatest length that a corresponding beam can be made in the structure? : 

26 4=6.5, and 6.5 X 7=45.5 ins. 
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whisgloy af SY TOKi ; Rasp be wat F Ninh e's tte att 
Resistance in a model to crushing increases directly as its dimensions; 
but as stress increases as cubes of dimensions, a model is stronger than the 
Structure, inversely as the squares of their comparative magnitudes, 

Hence, greatest magnitude of a structure is ascertained by taking square 
root of quotient, as obtained by preceding rule, instead of quotient itself. 

EXxAMPLE.—If greatest weight which a column in a model can sustain is 26 Ibs., 
and it is required to bear only 4 lbs.; height of column being 18 ins., what should 
‘be height of it in structure? ; Fen 

/€) = //6.5=2.55, and 2.55 X 18= 45.9 ins., height of column in structure. . 

Tf, when length or height and breadth are retained, and it is required to 
give to the beam, etc., such a thickness or depth that it will not break in con- 
sequence of its increased dimensions, i 

Then af (@) = 16.5 2.55, which, x square of relative size of model = thick- 

ness required. 

To Compute Resistance of a Bridge from a Model. 

2 i 

n? W— [= (n—1) | = load bridge will bear in its centre. 
2 

ExamMPLe.—If length of the platform of a model between centres of its repose 
upon the piers is r2 feet, its weight 30 lbs., and the weight it will just sustain at its 
centre 350 Ibs., the comparative magnitudes of model and bridge as 20, and actual 
length of bridge 240 feet; what weight will bridge sustain ? 

207 X 350 — [Sx (20—1) X 20| = 140000 — 3800 X 30 = 26 000 Lbs. 

MOTION OF BODIES IN FLUIDS. 

Tf a body move through a fluid at rest, or fluid move against body at 
rest, resistance of fluid against body is as square of velocity and density 
of fluid; that is, R=dv”. . For resistance is as quantity of matter or 
particles struck, and velocity with which they are struck. But quan- 
tity or number of particles struck in any time are as velocity and density 
of fluid; therefore, resistance ofa fluid is as density and square, of 
velocity. 

nae h, and ie =R. h representing height duc to velocity, d density of fluid, 
2g 2 

and R resistance or motive force. 

Resistance to a plane is as plane is greater or less, and therefore resistance 
toa plane is as its area, density of medium, and square of velocity; that is, 
R= adver 

Motion is not perpendicular, but oblique, to plane or to face of body in any 
angle, sine of which is s to radius 1; then resistance to plane, or force of 
fluid against plane, in direction of motion, will be diminished in triplicate 
ratio of radius to sine of angle of inclination, or in ratio of 1 to s°, 

2 3 2 53 . 
Hence, (ADE =R, and £0 ee Bs w representing weight of body, and F 

2g 
retarding force. 

Progression of a solid floating body, as a boat in a channel of still water, 
gives rise to a displacement of water surface, which advances with an un- 
dulation in direction of body, and this undulation is termed Wave of Dis- 
placement, 
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_ Resistance of a fluid to progression of a floating body increases as velocity 
of body attains velocity of wave of displacement, and it is greatest when the 
two velocities are equal. ; 

In the motion of elastic fluids, it appears from experiments that oblique 
action produces nearly same effect as in motion of water, in the passage of 
curvatures, apertures, etc, 

Resistance to an Area of One Sq. Foot moving through 
Water, or Contrariwise. 

Angle of [Angle of | 
Surface | Pressure per Sq. Foot for following Ve- || Surface | Pressure per Sq. Foot for following Ve- 
with locitres per Foot per Minute. with | locities per Foot per Minute, 

Plane of |’ Plane of | 
Current. |, 120 240 480 900 ‘Current. 120 6| | 240 | 480 909 

° Lbs. Lbs. Lbs. Lbs. o. |} Lbs. | Lbs. | Lbs. Lbs. 

6 +09 +359 | 3-435 | 5-046]! 45 | 2.66 | 10.639 | 42.557 | 149.614 
8 +133 +53 2.122 7-459 50 2-995 | 11.982 | 47.923 | 168.48 

9 +156 | .624 | 2.496 | 8.775|/ 55 | 3-249 | 12.995 | 51-979'| 182.739 
10 +179 -718 2.87 10.091 60 3-455 | 13-822 | 55.286 | 194.366 
15 +355 | 1-42 5.678 | . 19.963 65 3.607 | 14-43 | 57-72 | 202.922 
20 -608 | 2.434 9:734 | 34-222 7° 3-728 | 14.914 | 59.654 | 209.722 
25 04 3-76 15.038 | 52.869 75 3-81 | -15:241 | 60.965 | 214.329 . 
30 1.353 | 5-413 | 21-653 | 76.123 80 3.857 15.428 | 61.714 | 216.926 
35 1.798 | 7-192 | 28.766 | ror.132 85 3-892 | 15.569 | 62.275 | 218.936 
40 2.258 | 9,032 | 36.13 | 127.018 fore) 3-9 15.6 62.4 219.375 

Resistance to a plane, from a fluid acting in a direction perpendicular to 
its face, is equal to weight of a column of fluid, base of which is plane and 
altitude equal to that which is due to velocity of the motion, or through 
which a heavy body must fall to acquire that velocity. 

Resistance to a planc running through a fluid is same as force of fluid in 
motion with same velocity on plane at rest. But force of fluid in motion is 
equal to weight or pressure which generates that motion, and this is equal to 
weight or pressure of a column of fluid, base of which is area of the plane, 
and its altitude that which is due to velocity. 

ILLUSTRATION.—If a plane x foot square be moved through water at rate of 32.166 
2 

feet per second, then S256 as = 16.083, space a body would require to fall to acquire 

a velocity of 32.166 feet per second; therefore x X 62.5 (weight of a cube foot of 
32.166? 4 

water) X = 1005 lbs. = resistance of plane. 
64.333 

Resistance of different Figures at different Velocities in 
Air. 

Veloci- ‘ Hemi- || Veloci- Hemi- ee Cone. Sphere, eae aula Cone, Sphere. | Cylin- | 5 Rena 

Second. | Vertex.) Base. * |Round.||Second. | Vertex.| Base. PRs und. 

Feet, Oz. Oz. Oz. Oz, Oz. Feet, Oz. Oz. Oz. Oz. Oz. 
3 | .028 | .064 | .027 | .05 +02 12 -376| .85 +37 -826 | 347 
4 | 048 | 109 | 1047 | -09 +039 14 512 | 1.166 | .505 | r.145 | 1478 
§ |} .071 | 162 |) .068)} .143 | .063 15 +589] 1-346} .58r | 1.327] .552 
8 | -268 | .382 | .162,| .36 |..16,) |, 16 -673.| 1.546 | .663 | 1.526 | .634 
9 -21r | .478,],.205.| .456 | .199 18 +858 | 2.002 | .848 | 1.986] .818. 

ro | .26 | .587 | .255 | -565 | .242 20 | 1.069 | 2.54 | 1.057 |'2.528 | 1.033 

Diameter of all the figures was 6.375 ins., and altitude of the cone 6.625 ins. 
Angle of side of cone and its axis is, consequently, 25° 42’ nearly, 

From the above, several practical inferences may be drawn. 
x. That resistance is nearly as surface, increasing but a very little above 

that proportion in greater surfaces. i ah 
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~ 2, Resistance to same surface is nearly as square of velocity, but gradu- 
ally increasing more and more above that proportion as velocity increases. 

3. When after parts of bodies are of different forms, resistances are differ- 
ent, though fore parts be alike. 

4. The resistance on base* of a cone is to that on vertex nearly as 2.3 to 
x. And in same ratio is radius to sine of angle of inclination of side of cone 
to its path or axis.. So that, in this instance, resistance is directly. as sine 
of angle of incidence, transverse section being same, instead of square of sine. 

Resistance on base of a hemisphere is to that on convex side nearly as 
2.4 to 1, instead of 2 to 1, as theory assigns the proportion, 

Sphere.—Resistance to a sphere moving through a fluid is but half re- 
sistance to its great circle, or to end of a cylinder of same diameter, moving 
with an equal velocity, being half of that of a cylinder of same diameter, 

N 

29X ed x = ae d representing diameter of sphere,and N and n spe- 
3 

cific gravities of sphere and resisting fluid. 

a ie SS, representing space through which a sphere passes while acquir- 
3 ; 

ing its maximum velocity, in falling through a resisting fluid. 

InLusTRATION.—If a ball of lead x inch in diameter, specific gravity 11.33, be set 
free in water, specific gravity 1, what is greatest velocity it will attain in descend- 
ing, and what space will it describe in attaining this velocity? : 

g = 32.166, i= foot, . N=11.33, and n=1 
I 

Then /2 X 32.166 X = of = x = = 7.148 X 10.33 = 8.593 feet per sec. 

2 
22:33 4 of % — 1.05 giae = relardive force = —— Hence, Te eatiotc ra 1359 feet. SgNd7 > iwe fore: aaa 

Nn av? nav? 
= Rand — =f. arepresenting area or p1r?, and 

t 2gw 
Cylinder. 

w weight of body. 

ILLUSTRATION.—Assume @ = 32 sq. feet, v = ro feet per second, and n = .co12, 

Then eos a Kiger = .06 of a cube foot of water = .06 of 62.5 = 3.75 lbs. 
64.33 gif ily poke 

nN v2 83 np d? vs npd2v?s 
i ———= —_—_—_+— = R, and —_—_ Conical Surface. Foe R, also cv F Bg 

=f. s representing sine of inclination, and a convex surface of cone. nae 
pn» 

Curved Endas aSphere or Hemispherical End. aa 

=R, and Circle .5 of spherical end. 

In general, when n is to water as a standard, result is in cube feet of water, if 
@ is in sq, feet; and in cube ins. of water, if @ is in sq. ins., v in IDS., and g in ins. 

If is given in Ibs. in a cube foot, a is in sq. feet, v and g are in feet, result is in Ibs. 

To Compute Altitude of a Column of Air, Pressure of 
which shall be equal to Resistance of a Body moving 
through it, with any Velocity. 

; 6 i 
2 x a x= altitude in feet. a %=volume of column in Jeet, and - a % = weight 

a 
in ounces. a representing area of section of body, similar to any in table, perpen- 
dicular to direction of motion, r resistance to velocity in table, and x altitude sought 
of a column of air, base of which is a, and pressure r. 

* This is a refutation of the popular assertion that a taper spar can be towed in water easiest when 
the base is foremost. — 
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When a= ofa foot, as in all figures in table, az becomes . r when 1 =re- 

sistance in table to similar body. 4g 

~ In,ustRatron.— Assume convex face of hemisphere resistance = .634 0z. at a ve- 

locity of 16 feet per second. 
: 

Then 7 = .634, and z= ao es 3775 feet = altitude of column of air, pressure of 

which = resistance to a spherical surface at a velocity of 16 feet. 

To Compute when Pressure of Air in rear of a Projectile 

is Inferior to Pressure due to its Velocity. 

Assume height of barometer=2.5 feet, and weight of atmosphere = 14.7 Ibs. = 

Weight of cube inch of mercury = ~_ = .49 Ibs., and weight of cube inch of air 

= .000.043 57 Ibs.; hence, .49 + .000043 57 = 11 246, Which X 2.5 feet—28xr15 feet. 
32.16 X 4/28 115 

16 

To Compute Velocity with which a Plane Surface must 
be projected to generate a Resistance just equal to 
Pressure of Atmosphere upon it. 

By table, resistance on a circle with an area of .222 sq. foot (2+ 9) =.o51 0z., ata ‘ 
velocity of 3 feet per second. Hence 3? : 17 :: .o51 : .o056 02. at a velocity of x foot, 

and rX144X 14.7 X16 X 2+9= 7526.4 02. Hence, v/.0056 : +/7526.4 1 1 : 1160 feet. 

To Compute Velocity lost by a Projectile. 

If a body is projected with any velocity in a medium of same density with itself, 
and it describes a space = 3 of its diameters, 

Then 1/16.08 : »/28 115 3: 32.16 : #, andz= = 1341.6 feet. 

b Sa beri ki ties SS nk 3 d, and b aNdv ad 

Ok tare We RAG) : Sa SN Ps 
Hence, b 2 = - , and Fiona: ee = velocity lost nearly .66 of projectile velocity. 

c—base of Nap. system of log. ;- hence ec? = number corresponding to Nap. log. 
ba. Hence, if b x X .4343, result=com. log, of cb 2, 

ba =2 = 1.125, which X .4343 =.488 587 5, and number to this com. log.= 3.0803. _° 

; 0803 — k 
Hence, velocity lost = 20°93 = * — aot 

3.0803 3-08 

ILLuSTRATION.—If an iron ball 2 ins. diam. were projected with a velocity of r20c0 
feet per second, what would be velocity lost after moving through’soo feet of space 

aera ; 
eS 6» 7 =50, N 74, and 2=.oo12. 

3nx 3X12 X 500X 3X6 8r 1200 : te oe 

Honoo') © 5 teats 118 Kigu Maodod Taq0l ee Seles Pacer 

second, haying lost 202 feet, or nearly = of its initial velocity. 

12 3 6 22 Tay 
= .oor2, and — = — and — inverted, because N and n are in denomi cna Ne 5 3 6 , oniinator. 

To Compute Time and Velocity. 

= b, and id, E(2—2)<time, 3 
OD Nore ay Saes8N a cba 

Intustration. —If an iron ball 2 ins. in diameter were projected in air with a ve- 
locity of 1200 feet per second, in what time would it pass over rs0o feet, and what 
its velocity at end of that time? 

12% 3.%.6, I 1500 Fic. 270 ° 
b= = and ba =; By pe ec % 

8X 22 X 10000 2716’ ‘ 2716" spelt Nn sceid Aw sean d : 

1-2L¢b a. a 9972 I ee u = S 
==— = => ae sepa = a = 
1) a 1200 +690 neaiplah a willtO9 OG. tae 2 736 (es a aah OD ae 
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_ NAVAL ARCHITECTURE. | | 
Results of Experiments upon Form of Vessels. 

(Wm. Bland.) 

Cubical Models. Head Resistance.—Increases directly with area 
of its surface. Weight Resistance.—Increases directly as weight. 

Vessels? Models. Lateral Resistance.— About one twelfth of 
length of body immersed, varying with speed. 

Order of Superiority of Amidship Section—Rectangle, Semicircular, 
Ellipse, and Triangle. 

Centre of lateral resistance moves forward as model progresses. 

Centre of gravity has no influence upon centre of lateral resistance. 

Relative Speeds. 

Length.—Increased length gives increased speed or less resistance. 

Depth of Flotation.—Less depth of immersion of a vessel, less the resistance. 

Amidship Section.—Curved sections give higher speed than angled, 

Sides.—Slight horizontal curves present less resistance than right lines. 
Curved sides with one fourth more beam give equal speeds with straight 
sides of ‘less beam. Keel.—Length of keel has greater effect than depth. 
Stern.—Pavrallel-sided after bodies give greater speed than taper-sided, 

Form or Bow. Order of Speed. 

Isosceles. triangie, sides slightly CONVEX.........cseccevcvecececrecs I 
le Ly MIME TIEN HBOS a tate dat. en's Pasa ite wie atOhe Watt se era 2 
st sf ‘* slightly concave at entrance and eee 

out ConvexX......... IE via P FES 8 idigaelaia\a}3 ois Sie’ a felololaye: dle» hbidelo. 8G os 

Spherical equilateral triangle compared to Equilateral triangle, speed is 
as 11 to 12. Lquilateral triangle, with its isosceles sides bevelled off at an 
angle of 45°, compared to bow with vertical sides, is as 5 to 4. 

When bow has an angle of 14° with plane of keel, compared with one of 
7°, its speed is greater. 

Bodies Inclined Upwards from Amidship Section. 

1. Model with bow inclined from &, has less resistance than model with- 
out any inclination, 

2. Model with stern inclined from {&, has less resistance than model with- 
out any inclination. 

Model 1 had less resistance than model 2. Model with both bow and 
stern inclined from {%j, has less resistance than either 1 or 2. 

Stability. 

Results of Experiments upon Stability of Rectangular 
Blocks of Wood of Uniform Tength and Depth, but 

of Different Breadths. (Wm. Bland.) 
Length 15, Depth 2, and Depression x inch, 

Ratio of Stability. 

With “| Welsh “| asomerved. | Watnies | arenath,” |” Brendih. 
Ins, Oz, ’ 
3 24 I I I I 

4:5 35 2.5 2.4 2.25 3-375 
6 45 7 37 4 8 
7 55 II 4.8 6.25 15.625 
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Hence it appears that rectangular and homogeneous bodies of a uniform 
length, depth, weight, and immersion in a fluid, but of different breadths, have 
stability for uniform depressions at their sides (heeling) nearly as squares 
of their breadth; and that, when weights are directly as their breadths, 
their stability under like circumstances is nearly as cubes of their breadth. 

With equal lengths, ratio of stability is at its limit of rapid increase when 
width is one third of length, being nearly in cube ratio; afterwards it ap- 
proaches to arithmetic ratio. 

Results of Experiments upon Stability and Speed of 
Models having Amidship Sections of different Forms, 
but Uniform Length, Breadth, and Weights. (W. Bland.) 

Immersion different, depending upon Form of Section. 

. Stability. Speed. Form or IMMERSED Section. 

Half-depth triangle, other half rectangle............ EE Rte 12 4 
Rectangle. . 00... 00. sae ccececcecscrccrccsecrcsccsnceccecas 14 3 
Right-angled triangle *.. 7 3 
Semicircle..... mferofs, da satare'grere tele &: rhe ares oy oie Pibveikenitehe dace te « 9 2 

* Draught of water or immersion double that of rectangle. 

' Statical Stability is moment of force which a body in flotation exerts to 
attain its’ normal position or that of equilibrium, it having been deflected 
from it, and it is equal to product of weight of fluid displaced and horizontal 
distances between the two centres of gravity of body and of displacement, or 
it is product of weight of displacement, height of Meta-centre, and Sine of 
angle of inclination. 

Dynamical Stadility is amount of mechanical work necessary to deflect a 
body in flotation from its. normal position or that of equilibrium, and it is 
equal to product of sum of vertical distances. through which centre of gray- 
ity of body ascends and centre of buoyancy descends, in moving from yer- 
tical to inclined position by weight of body or displacement. 

To Determine Measure of Stability of Hull of a Vessel. 
or Floating Body.—Wig. 1. 

Measure of stability of a floating body depends essentially upon horizontal dis. 
tance, Gs, of meta-centre of body from centre 
of gravity of body; and it is product of force 
of the water, or resistance: to displacement of 
it, acting upward, and distance of G s, or P x 
Gs. If distance, ¢ M, represented by 7, and 
angle of rolling, ¢ M7, by M°, measure of sta- 
bility, or S is determined by P 7, sin. Mo—§; 
and this is therefore greater, the greater the 
weight of body, the greater distance of meta- 
centre from centre of gravity of body, and the 
greater the angle of inclination of this or of 
eM” 

Assumé figure to represent transverse section of bull of a vessel, G centre of 
gravity of hull,.w 7 water-line; and c,ceutre of buoyancy or of displacement of im- 
mersed hull in position of equilibrium. Conceive vessel to be heeled or inclined 
over, so that ef becomes water-line, and s centre of buoyancy; produce s M, and 
point M is meta-centre of hull of vessel. 

Transverse meta-centre depends upon position of centre of buoyancy, for it is that point where a 
vertical line drawn from centxe intersects a line passing through centre of gravity of hull of vesse} 
perpendicular to plane of keel. 

Point of meta-centre may be the same, or it may differ slightty for different angles of heeling. Angle 
of direction adopted to ascertain position of meta-centre should be greatest which, under ordinary cir- 
cumstances, is of probable occurrence ; in different vessels this angle ranges from 20° to 60°. _ 

If meta-centre is above centre of gravity, equilibrium is Stable; if it coincides with it, equilibrium is 
Indifferent ; and if it is below it, equilibrium is Unstable. ’ 
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Comparative Stability of different hulls of vessels is proportionate to the distance 
of G M for same angles of heeling, or of distance Gs. Oscillations of hull of a ves- 
sel may be resolved into a rolling about its longitudinal axis, pitching about its 
transverse axis, and vertical pitching, consisting in rising and sinking below and 
above position of equilibrium. 

If transverse section of hull of a vessel is such that, when yessel heels, level of 
centre of gravity is not altered, then its rolling will be about, a permanent. longi- 
tudinal axis traversing its centre of gravity, and it will not be accompanied by any 
vertical oscillations or pitchings, and moment of its inertia will be constant while 
it rolls. But if, when hull heels, level of its centre of gravity is altered, then axis 
about which it rolls becomes an instantaneous one, and moment of its inertia will 
vary as it rolls; and rolling must then necessarily be accompanied by vertical os- 
cillations, 

Such oscillations tend'to strain a yessel and her spars, and it is desirable, therefore, 
that transverse section of hull should be such that centre of its gravity should not 
alter as it rolls, a condition which is always secured if all water-lines, as w/ and ef, 
are tangents to a common sphere described about G; or, in other words, if point of 
their intersections, 0, with vertical plane of keel, is always equidistant from centre 
of gravity of hull. 

To Compute Statical Stability. 

DeMsin. M=S. D representing displacement, M angle of inclination, and § 
stability. : 

ILLUSTRATION I.—Assume a ship weighing 6000 tons is heeled to an angle of 99, 
distance c M = 3 feet, 

Sin. 9° =.1564. Then 6000 X 3 X .1564 = 2815.2 foot-tons. 

2.—Weight of a floating body is 5515 lbs., distance between its centre of gravity 
and meta-centre is 11.32 feet, and angle M = 20°. 

Sin. M=.34202. Hence 5515 & 11.32 X .342.02 = 21 352.24 foot-lbs. 

Statical Surface Stability. 

Moment of Statical surface stability at any angle is ez D. Assuming 
centre of gravity of vessel coincided with c; coefticient of a yessel’s stability 
at any angle of heel is expressed when the displacement is multiplied by 
vertical height of the meta-centre for given angle of heel above centre of 
gravity, or Dc M. 

Approximately. Rutr,—Divide moment of inertia of plane of flotation 
for upright position, relatively to middle line by volume of displacement ; 
and quotient multiplied by sine of angle of heel will give result. 

Per Foot of Length of Vessel, — (B? sin. M).  B representing half breadth. - 

Dynamical Surface Stability. 

Moment of Dynamical surface stability is expressed by product of weight 
of vessel or displacement and depression of centre of buoyancy during the 
inclination, that is, for angle M. 

To Compute Dynamical Stability of a Vessel. 

Approximately. Rute.—Multiply displacement by height of meta-centi'e 
above centre of gravity, and product by, versed sine of angle of heel. 

Or multiply statical stability for given angle by tangent of .5 angle of hecl. 

To Compute HMlements of Stability of a Wloating Body. 
, ( 8 ; : . i Sah Biren sinc and sin. Mr=c. A representing area of 

immersed section ; A’ section immersed by careening of body, as fol; s horizontal 
distance, cr, between centres of buoyancy ; a horizontal distance between centres of 
gravity, tt, of areas immersed and emerged by careening; g distance, ¢ M, between 
centre of buoyancy or of water displaced and meta-centre ; r distance, G M, between 
centre of gravity and meta-centre ; ¢ horizontal distance, G s, between centre of grav- 
ity and of line of displacement of it when careened ; e vertical distance between centres 
of gravity and buoyancy, all in feet ; and M angle of careening. 
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Notx.—When centre of gravity, G, is below that of displacement, c, then e is +; 
when it is above c it is —; and when it coincides with ¢ it is 0; or e is — when 

P <s; and a body will roll over when e sin. M = or >s. 

Assumed elements of figure illustrated are A= 86, A’ = 21.5,b= 21.5, and e=.s, 

The deduced arc s=3.7, ¢=3.87, g=10.82, a= 14.9, and r—11.32. Bb repre- 
senting breadth at water-line or beam in feet, and P weigat or displacement in lbs. 
or tons, : 

21.5 3-87 3-7 
= = 3. — = . t. =—r— = —— Then s= 36 X'14.9'= 3:7 feet, 7 mid 11.32 feel, e=r—g, g ae 

= 10.82 feet, ¢C=.34202 X 11.32 = 3.87 feet. 

b3 / Of Hull of a Vessel. (se a e) P,sin.M=S; deos. .s Mad, 
b3 I Ss ba | ——— 

10.7 to 13 (ir.93)A sin. M ( —s) fae i (a + esin. M) =S; and 

P(stesin. M)=S. d representing depth of centre of gravity of displacement un- 
der water in equilibrium, and d’ depth when out of equilibrium, both in Jeet. 

ILLUSTRATION 1.—Displacement of a vessel is 10.000 000 Ibs. ; breadth of beam, 50 
feet; area of immersed section, 800 sq. feet; vertical distance from centre of grav-* 
ity of hull up to centre of buoyancy or displacement, 1.9 feet, and horizontal dis- 
tance a between centres of gravity of areas immersed and emerged, when careened 
to an angle of 9° 10’ = 33.4 feet, immersed area being so sq. feet. - 

Sin. 9° 10’ =.1593. Then s= =~ X 33-4 = 2.0875 feet, 800 X 2.0875 = 50 X 33.4, 

2.39 508 ( 503 ) = = t, = — > = 13- by: 2 Sasi i ‘. 1593 15 Jee 9 11.93 X 800 13-x Sett, 11.93 X 800, +19 x 
Ir [23.905 396 ; 10.000 000 X .1593 = 23905 396 lbs., and dams (3205358 — 2.0875) = 1.9 feet. 

2.—Assume'a ship having a displacement of 5000 tons, and a height of meta-centre 
of 3.25 feet, to be careened to 6° 12’. What is her statical stability ? 

Sin. 6° r2’=.1079. Then 5000 X 3.25 X .1079 = 1753-37 foot-tons, 

3.-—Assume a weight, W, of 50 tons to be placed upon her spar deck, having a common centre of gravity of x5 feet above her load-line, 

Then 5000 X 3.255015 X 1079 = 1745.29 foot-tons. 
4, — Assume zoo tons of water ballast to be admitted to her tanks at a common 

centre of gravity of 15 feet below her load-line, 

Then 5000 X 3.25 + 100 X 15 X +1079 = 1915.22 foot-tons. 
5.—Assume her masts, weighing 6 tons, to be cut down 20 feet, 
Then 10 X 20 

= = foot = fall of centre of gravity, and 5000 X ( 25+ =) X «1079 
50 

= 1774.95 tons. 

To Compute Hlements of Power, ete., required to 
Careen a Body or Vessel, 

a ee gee 3 Sin. M (b}nein Ml) wsee M—s —1, b 3/ nas = 
10.7 t013* A V/ 64.125 LA 

Wilr=Pec, and W1=S. W representin g weight or power exerted and 1 distance at which weight or power acts to carecn body, taken from centre of gravity of displace- ment perpendicular to careening force, h vertical height from centre of gravity of dis- placement to centre of weight or power to careen body when it is in equilibrium, n horizontal distance from centre of vessel to centre of weight or power, L length of vessel, m meta-centre, and S as in preceding case, all in feet, acvas 4 

* Unit for section of a parallelogram is 10.7} of a semicircle 12, and of a triangle 12.8, 
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_ILLusTRATION.—A weight is placed upon deck of a vessél at a mean height of 3.87 
feet from centre line of hull; height at which it is placed is 11.32, and other ele- 
ments as in first case given. ; 

Sec. 209.342, Then h=r1r.32, n= 3.87, and 1=.342 (1x.3 — 3.87 X .342) + 

3.87 X 1.0642 — 3.7 =.342 X 10-++ 4.12 — 3.7 = 3,84 feet. 

Assume W = 5515. Then 5515 X 3.84 = 21 187.6 foot-lbs. 
Or P (w cos. M-++hA sin. M)=8. w representing distance of weight fro 

vessel, and h height of w above water-line, both in feet. ne a wpe 

InLustRATION.—If a weight of 30 tons placed at 20 feet from centre of hull or 
deck, 10 feet above water-line, careens it to an angle of 2° 9’, What is its stability ? 

COS, 2° 9’ =.9993; Sin. 2° 9’ =.0375. 
30 (20 X -9993 + 10 X .0375) = 30 X 20.361 = 610.83 foot-tons. 

Bottom and Immersed Surface of Hull of Vessels, 
To Compute Bottom and Side Surface of Hull. 

Bottom and Side. RvuLe.—Multiply length of curve of amidship section, 
taken from top of tonnage or main deck beams upon one side to same point 
upon other (omitting width of keel), by mean of lengths of kcel and be- 
tween perpendiculars in feet, muitiply product by .85 or .9 (according to the 
capacity of vessel), and product will give surface required in sq. feet. 

ExaMPLE.—Lengths of a steamer are as follows: keel 201 feet, and between per- 
pendiculars 210 feet, curved surface of amidship section 76 feet; what is surface? 

Coefficient .87. 210+ 201 + 2 = 205.5, and 76 X 205.5 X .87'= 13 587 sq. feet. 

Norr.—Exact surface as measured was 13 650 sq. feet. 

Bottom Surface. Ruie.—Multiply length of hull at load-line by its 
breadth, and this product by depth of immersion (omitting the depth of 
keel) in feet; and this product multiplied by from .o7 to .o8 (according to 
capacity of vessel) will give surface required in sq. feet. 
Exampie.—Length upon load-line of a vessel is 310 feet, beam 4o feet, depth o 

keel x foot, and draught of water 20 feet; what is bottom or wet surface? ; 

Coeffigient assumed .073. 310 X 40 X 20—1 X .073 = 17 199 sq. feet. 

To Compute Resistance to Wet Surface of Hull. 

Cav2=R. C representing a coefficient of resistance, a area of wet surface in sq, 
feet, and » velocity of hull in feet per second. 

.0o7, clean copper. .014, tron plate. 
vauesval ¢, even smooth paint. {010} iron plate, moderately foul. 

Power required to propel one sq. foot of immersed amidship section at &% is .073 
that of smooth wet surface. 

To Compute Mlements ofa Vessel. 

Displacement and its Centre of Gravity. 

Displacement of a vessel is volume of her body below waterline, 

Centre of Gravity, or Centre of Buoyancy 0° Displacement, is centre of 
gravity of water displaced by hull of vessel. 

For Displacement. Rute.—Diyide vessel, or half breadth plan, into a 
number of equidistant sections, as one, two, or more frames, commencing 
at &% and running each side of it. Add together lengths of these lines in 
both fore and aft bodies, except first and last, by Simpson’s rule for areas 
(see page 344); multiply sum of products by one third distance between 
sections, and product will give area of water-line between fore and aft sections, 
Then compute areas contained in sections forward and aft of sections taken, in- 

cluding stern and rudder-post, rudder and stem, and add sum to area of body-sec- 
tions already ascertained. * . 
M— 

* To Compute Area of a Water-line, see Mensuration of Surfaces, page 344. 

owls 
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Compute area of remaining water-lines in like manner, Tabulate results, and 
multiply them by Simpson’s rule in like manner as for a water-line, and again by 
consecutive number of water-lines, and sum of products between water-line and 
product will give volume between load and lower water-line. 

Add area of lower water-line to area of upper surface of keel; multiply half sum 
by distance between them, and product will give volume; then compute areas con- 
tained in sections forward and aft of sections taken as before directed. 

If keel is not parallel to lower water-line, take average of distance between them. 

Compute volume of keel, rndder-post and rudder below water-line; add to volume 
already ascertained; multiply product by two, for full breadth, and product will 
give volume required in cube feet, all dimensions being taken in feet. 
Fig. 2. EXAMPLE.—Assume 

a vessel roo feet in 
length by 20 feet in 
extreme breadth, on 

= load-line of 8 feet g 
inches immersion. 
Figs. 2 and 3. 

Distance between 
sections, for purpose 
of simplifying this 
example, is taken. 
at ro feet; usually 

f frames are 18 to 30 
ins, apart, and two or more included in a section. Water-lines 2 feet apart. 

rst Water-line. 2d Water-line. 3d Water-line, 
4 5 =k 4 aq SSN) aA 1.5 =) 2.5 
Bp FT A 5028 Nas 6.9 X +4 ie 27.6) ge alae 2 9.55 HF 19 2 Oe KS a ae rer GO SX Cae ee ee 
BN gg Xl gee 996 | or os KX) 4 = 3B r 87 X 4 = 348 O's TON) laine N'20 ° 6.6°X rau b= hag.2ita &o"X Sa = lee 
A xO eas ee BR A OTe 4 36 A RK? 4) SS gna) 
B VIO Oe kta sy eS a, bi eo a. B Tink, (Seen 
Cc 6.8 X 4 = 97.2) C Eye a te. 2D Cc S| te Oe ne 
D 4 — oa D 2 — fa D 2 ere 

‘ 199.6 176.9 , 144.9 
OSS 1o=-3 = 34 TO 3. S934 

665.3 580. “483, 
Abaft section 4, rud- Abaft section 4, rud- a4 Abaft section 4, rud- a 

. der and post ..... 25 der and post..... 13.2 der and post ..... G3 
Forward section D Forward section D Forward section D 

and stem ........ 20.7 and stem ........ 9.1 and stern........ 5.45 

7x ‘612 495-4 
4th Water-line. 

yh 7 = 47 Keel. 
3 2 Mite eens Half breadth =.25 x length of 08 feet — 
2 Voc > Gee ee) Rudder-post and saa mes sige - Sqn ves we 
I Css 4. = 20 at 
° O:8) XE a os Pad 
A 5 ae end Sos) (20 
B 36X 2 = 7.2 Results. 
: 9 X 4 = 3-6] rst water-line 711 711 

3 = Weeon hed, ps 612 X 4= 2448 X 1 = 2448 
8. | 3d 495-4 X 2= 990.8 X 2 = 1981.6 

10+3 = 3h 4th 207-3 X 4 = 1189.2 X 3 = 3567.6 
ae Keel 24.8 24.8X4= 99.2 

Abaft section 4, rud- 5363.8 8096.4 
. der and post..... 3:2 z Forward section D 3)10 727.6 
and stem..... Pee aby ime sus if ola Displacement, 3575.9 X 2 = 7151.8 cubejt, 
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To Compute Centre of Gravity of Displacement. 

Rutn.—Divide sum of products obtained as above, by consecutive water- 
lines, by au of products obtained in column of products by Simpson’s mul- 
tipliers, and quotient, multiplied by distance between water-lines, will give 
depth of centre below load water-line. 

ILLUSTRATION I. 8096.4, from above, + 5363.8 —=1.5, which X 2=3 feet. 

n 

“to @) 
keel, a area of immersed surface of hull in sq. feet, and D displacement in cube feet. 

Or, =d. n representing draught of water exclusive of any drag af 

2.—Assume draught of water 8 feet, displacement 7152 cube feet, and area of im, 
mersed surface of hull rroo sq. feet. 

8 
Then = 

7152 2 oR ioy 
2 (2————— 

1100 X 8 

= 3.37 feel. 

To Compute Displacement Approximately. 

Coefficient of Displacement of a vessel is ratio that volume of displacement 
bears to parallelopipedon circumscribing immersed body. 

Vv 

LBD 
mersed water-line, B extreme breadth, and D draught in depth of immersion, both 
in feet. 

Coefficient of Area of Amidship Section in Plane of a Water-line is ratic 
which their areas bear to that of circumscribing rectangle. 
L representing length of water-line, and D distance between water-lines, both in feet. 

=C. V representing volume of displacement in cube feet, L length at im- 

Coefficients. (By S. M. Pook, Constructor U. 8S. Navy.) 

Ruve.—Multiply length of vessel at load-line by breadth, and product by 
depth (from load-line to under side of garboard-strake) in feet, and this 
product by coefficient for vessel as follows: divide by 35 for salt water, 36 
for fresh water, and quotient will give displacement in tons. 

Amidship sections range from .7 to .9 of their circumscribing square, and mean 
of horizontal lines from .55 to .75 of their respective parallelograms. Hence, ranges 
for vessels of least capacity to greatest are .7 K .55=.385, and .g X .75 =.675. 

Merchant ship, very full...... .6 to.7 | Merchant steamer, medium... .52 to.54 
“ medium. 3h. i MW Ga LCra02 MOM PPON i tre, sei) sles 'v.s 6: vie/0.0 oe: eleale +5 to.54 

River steamer, stern-wheel... .6 to.65 | Schooner, medium........... -48 tO .52 
Shipofthe Hine. oc. siseess . .5 to.6 | River steamer, tug-boat, sharp .45 to.5 
Naval steamer, first class..... +5 0.6 ne ee medium...... +45 tO.5 

5 1A wink ee ne RSs .52 to .58 ee Ws SHatps . 7 sense .42 t0.45 
Merchant steamer, sharp..... .54 to.58 | Schooner, sharp............+. .46 to. 
HO CHD DOr. sieges \eicy oie sora eke ws2itor.56 |) Yachts, sharp. ... 2.065 dees. -4 to.4s 
Brigs, Darks: ett...0.o 6. eeu oe .52 to .56 (Go AVCEY2 SAUD i ctece, tu cietorale +3 t0.4 
River steamer, tug-boat, med’m .52 to .56 | River steamers, very sharp... .36 to .42 

In steam launch Miranda, when making 16.2 knots per hour, with a displace- 
ment of 58 tons, her coefficient was 3. 

To Cornpute Change of Trim. 

ve x 2 =d’. D representing displacement at line of draught in tons, L length 

at same line in feet, and m longitudinal meta-centre. 

InzusTration.—‘‘ Warrior,” at draught of 25.5 feet, has L = 380 feet, m = 475 feet, 
and D= 8625 tons. If, then, a weight of 20 tons was shifted fore and aft 100 feet, 

20 X 100. 380 5 
——— XK —=.1856 feet = 2.22 ins. 

8625 “475 oe 
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NAVAL ARCHITECTURE. 657 

‘To ih i toe tase Centre of Grayity or Buoyancy Approxi=- 
mately. 

a to 2 2 of mean irapeise of hull, using larger coefficient for full-bodied vessels. 

To Delineate Curve of Displacement. 

This curye is for purpose of ascertaining volume of water or tons weight, 
displaced by immersed hull of a vessel at any given or required draught ; or 
weight required to depress a hull to any given or required draught. From 
results of computation for displacement of vessel, proceed as follows, Fig. 4: 

On a yertical scale of feet and ins., 
as A B, set off depths of keel and water- 
lines, draw ordinates thereto represent- 
ing displacement of keel, and at each 
water-line, in tons. 

Through points 1, 2, 3, 4, and 5 de 
lineate curve A 5, which will represent 
displacement at any given or required 
draught. 

a Draw a horizontal scale correspond- 
re ri ‘ & f 5 ing to weight due to displacement at 

load-line, as A C, and subdivide it into tons and decimals thereof, and a ver- 
tical line let fall from any point, as z, at a given draught, will indicate 
weight of displacement at depth, on scale A C, and, contrariwise, a line raised 
from any point, as z, on AC will give draught at that weight. 
ILLUSTRATION.—Displacement of hull (page 654) at load-line = 7151.8 cube feet, 

which — 35 for salt water = 204.3 tons, hence AC represents tons, and is to be sub- 
divided ‘accordingly. 

Assume launching draught to have been 4 feet, then a vertical let fall from 4 will 
indicate weight of hull in tons on AC, 

Coefficients. (By C. Mackrow, M. I. N. A.) 
Coefficient. 

DEscrIPTION OF VESSEL, Length, | Breadth. Rin b aiaplaces ponasite Me 

n- 225 45 15 “715 +932 +755 Tron-Clads............+. | ee 50 Be fe “bd ‘3 re 

; i 350 35 21 687 85 84 
Mail Steamers..........- 385 42 22 -659 88 8 

( 368.27 | 42.5 18.71 +510 812 +635 
; 220 27 8 +702 +Qi2 +742 Merchant, small......... { 90 i: 4 637 -or4 ‘704 

125 23 +53 87 61 
(GUMBO 7 oie:5. 0 #10 102 0,01¢ { a 3213 es 466 “745 603 

j 350 49.12 | 23-5 +47 674 “7 POOP ASHI DBs ace, «/<:s1010 ¥6:0.0 { 340.5 40.13 | 15.75 fl 68 582 

Swift Naval Steamers | Baca a) Ser2o. | Sav7> |. xAPS en et 
a ey 270 42 19 +497 +792 -628 

Fast Steamers, R. N........ 300 40.27 | 14 +414 JIL +711 

Curve of Weight. 

To Compute Number of Tons required to Depress a 
Vessel One Inch at any Draught of Water Parallel 
to a Water-line. 

Ruir.—Divide area of plane by 12, and again by 35 or 36, as may be 
required for salt or fresh water. 
Exampie.—Area of load water-line of a vessel is 1422 sq. feet; what is its ca- 

pacity per inch in salt water? 

1422 > 12 = 118.5, which + 35 = 3.38 tons, 



658 NAVAL ARCHITECTURE. 

To Compute Common Centre of Gravity of Hull, Are 
mament, Engine, Boilers, etc., of a Vessel. 

RuLEe.—Compute moments of the several weights, relatively to assigned 
horizontal and vertical planes, by multiplying weight of each part by its 
horizontal and vertical distance from these planes. 

Add together these moments, according to their position forward or aft, or 
above or below these planes, and difference between these sums will give po- 
sition forward or aft, above or below, according to which are greatest. 

Divide results thus ascertained by total weight of vessel, and product will 
give horizontal and vertical distances of centre of gravity from these planes, 

It is customary to assume yertical plane at {&, and horizontal plane at 
load-line. 

Norr.—In following illustration, in order to simplify computation in table, com- 
mon centre of gravity of hull, machinery, etc., is taken, instead of centres of indi- 
vidual parts, as engine, boiler, propeller, etc. 

ILLUsTRATION.—Assume half-girths as in following table, and distance between 
sections ro fect. 

FORWARD. ABAPT. a 

Sec- | Half- | Multi-| Prod- | Multi- | Mo- Sec- | Half- | Multi- | Prod- | Maki-| Mo- 
tion. |Girths.| pliers. | uct. | pliers. | ments. |} tion. | Girths.| pliers. | uct. | pliers, | ments. 

No. | Feet. No Feet. 
Re es I 25 _ a 4 23 4 92 I 92 
Aust 23 4 92 I 92 |} 2 20 2 4° 2 80 
1340 2I 2 42 2 84 || 3 18 4 72 3 216 
Ce 19 4 76 3 228 || 4 16 2 32 4 | 128 
ere 17 2 34 4 136 || 5 14 I 14 5 7o 
E.. 15 I 15 5 75 ae a 

534 | 586 
615 

Moments forward, 615 — moments abaft, 586 = 29 + sum of product 534 =.054, 
which X 10 feet =.54 feet forward of &. 

Centre of Iateral Resistance. 

Centre of Lateral Resistance is centre of resistance of water, and as its po- 
sition is changed with velocity of vessel, it is variable. It is generally taken 
at centre of immersed vertical and longitudinal plane of vessel when upon 
an even keel. 

If vessel is constructed with a drag to her keel, the centre will be moved 
proportionately abaft of longitudinal centre. 

Yacht America had a drag to her keel of 2 feet, and centre of lateral re- 
sistance of her hull was 8.08 feet abaft of centre of her length on Joad-line, 

Centre of Effort. 

Centre of Effort is centre of pressure of wind upon sails of a vessel in a 
vertical and longitudinal plane. Its position varies with area and location 
of sails that may be spread, and it is usually taken and determined by the 
ordinary standing sails, such as can be carried with propriety in a moderately 
fresh breeze. om 

In computing this position, the yards are assumed to be braced directly fore 
and aft and the sails flat. 

Norr.—Centre of effort of sails, to produce greatest. propelling effect, must accord 
with capacity of vessel at her load-line, compared with fullness of her immersed 
body at its extremities. Thus, a vessel with a full load-line and sharp extremities 
below, will sustain a higher centre of effort than one of dissimilar capacity and con. 
struction. 
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To Compute Location of Centre of Effort. 

RuLe.—Multiply area of each sail in square feet by height of its centre of 
gravity above centre of lateral resistance in feet, divide sum of these prod- 
ucts (moments) by total area of sails in square feet, and quotient will give 
height of centre in feet. : 

2. Multiply area of each sail in square feet, centre of which is forward of 
a vertical plane passing through centre of lateral resistance, by direct dis- 
tance of its centre from that plane in feet, and add products together. 

3. Proceed in like manner for sails that are abaft of this plane, add their 
products together, and centre of effort will be on that side which has greatest 
moment of sail. 
EXAMPLe.—Assume elements of yacht America as rigged when in U. S. Service, 

5 Distance of Cent: 

Sain. Area, Conger: Vertical /of Gravity of Sails. paments: 
ity of Suils. | Moments./ Poreward.| Abaft. Foreward.| Abaft. 

Sq. Feet. Feet. 
Flying Jib....... dE) * 656 28 18 368 52 — 34112 | — 
Jib.......--- -»| 1087 26 28 262 32 _— 34 784 |. — 
Foresail............ 1455 34 49 470 — [3 _— 4365) 
Mainsail..... CP entipe 2185 135 76.475 — 40 — 7 400 

5383 172575 68 896 | 9x 765 
Vertical moments 172575 , 
ECR Tr eal ae As 32.06 = height of centre above centre of lateral re- 

sistance. 
65 © 68 896 

Moments {een = 4.25 = distance of centre abaft centre of lateral re- 

sistance. o3*3 

Relative Positions of Centre of Effort and of Lateral 
‘ Resistance. 

» . L775 d’+d”) : L 
Square Rigs —~ @ ta) = E. Fore and Aft Rig. sod toe E, 

A 
and =i =KE’. L representing length of load-line, d distance of centre of buoyancy 

of vessel below it, d’ distance of centre of lateral resistance abaft centre of it, a” dis- 
tance of centre of buoyancy before centre of it, E distance of centre of effort before 
centre of lateral resistance, and K’ distance of centre of effort above centre of lateral 
resistance. 

Meta-Centre. 

Meta-centre of a vessel’s hull is determined by location of centre of grav- 
ity or buoyancy of immersed bottom of hull, for it is that point in transverse 
section of hull, where a vertical line raised from its centre of gravity or 
buoyaney: intersects a line passing through centre of gravity of hull, as 
Fig. 1, page 650. 

To Compute Height of Meta-Centre. 

By Moment of Inertia. =u. I representing moment of inertia of area 

of water-line or plane of flotation, and D volume of displacement in cube feet. 

_ Norre.—Moment of Inertia of an area is sum of products of each element of that 
area, by square of its distance from axis, about which moment of area is to be 
- computed. 

To Ascertain’ Moment of Inertia approximately. 

Rectangle = CL B3; C== when L=4B; C= when L='5 By. and .@== 
I ‘ ree 5° 

=* when L=6B. With very fine lines and great proportionate length O=-. 
200 4 

L and B measured at load-line, 
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ILLUSTRATION.—Assume length of vessel 233 feet, breadth 43, draught 16, and 

displacement 2700 tons. Length=5.65 beams; hence C is taken at a Volume 

of displacement = 2700 X 35 =92 500 cube feet. 

3 Fiseny 23 X 233 X 43 Soscnaee =r10.51. Exact height of moment was 10.44 feet. 
400 X 92 

By Ordinates. Rutx.—Divide a half longitudinal section of load water- 
line by ordinates perpendicular to its length, of such a number that area 
between any two may be taken as a parallelogram. Multiply sum of cubes 
of ordinates by respective distances between them, and divide two thirds 
of product by volume of immersion, in cube feet. 

ILLusTRATION.—Take dimensions from Figs. 2 and 3, page 654. 

Length. Cube. Length, Cube. Cube. 

Bociits oceuy aie ce seule, LES 885 51 460 

Sas ces mins T.Paseivioeee 456 - 475 2 

Decca ss Q:Sececcces 857 + 314 ia 
6 3)102.9 

Tyemllcges OiQe vsemwoe 970° 3: 4 
(iivoprenes TOE I vfs ate 1000 5146 X 10 7151-8) 34 306.6 = 4.77 fl. 

If there are more ordinates, their coefficients must be taken in like manner, as 
I—4—2—4—2—4—1. ; 

For operation of this method, see Simpson's rule for areas, page 342. 

3d 
Or, = [5 *=M. y representing ordinates of half-breadth sections at load- 

line, dx increment of length of load-line section or differential of x, and D displace- 

ment of immersed section in cube feet. . 

2 (arg dspocs+4dspes— FPA 
<M.” abe, a 

D 
and e representing ordinates of rst or load water-line, F area of irregular section 

between 1st frame and stem, and A area of like section between last Frame and 

stern-post, both in sq. feet, D displacement, in cube feet, and 1 distance between frames 
or sections of water-line, as may be taken, in feet. 

By Areas. 

Fig. 5. To Ascertain Areas of F and A. 
d e db a —Hig. 5. 

A Te | | P— 2 abxbc3+-4=F, and —dexeg3+4=A. 
g C S 3 

Hlements of Capacity and Speed of Several Types of 

Steamers of R. N. (W. H. White.) 

Length IP to 

CLASSES. Length. to Displacement. Speed. Displace- |Displace- 
Breadth. ment. ment %. 

ITRON-CLADS. Feet, Tons. Knots. 

Recent types. | 300 to 330 | 5.25t05.75 | 7500t0 gooo|14 to15 -gtor |16to2c 
do. twin sc.| 280 to 320 | 4.5 to5 6000 t0 gooo|14 tors -7t0 .g|15to19 

UNARMORED. 
Swift cruisers] 270 to 340 | 6.5 t0 6.75 | 3000t0 5500)15 to16 1.3 t01.5 | 20t0 24 
Corvettes ....| 200 t0 220 6 1800 tO 2000] 12.75t013.25|1 tOr.2|13t@14 
SHIPS MN canoe 160 5 850t0 g50 Ir 1 tozr.2)10to1r 
Gun-vessels..| 125 to x70 | 5.5 106.25] 420t0 800] 9.5 torr 8toxr.4| 7torr 
Gun-boats ...| 80to0 90/3 t03.25| 200t0 250; 8 toa g -8tor1| 5to 7 

MERCHANT. : 

Mail, large...| 400t0500|9 torr |700ot0r0000|/14 tors .5to .6)x10to1r 
“¢ “ smaller. | 300t0 400|8 toro |5000t0 7000/13 tor4 .4to .5| 7tor0 

Cargo, large. .| 250t0350]7.5to10 |3000t0 6000/11 tors .3t0 .5| 5to 9 
‘¢” smaller.| 200 t0300/7 0 g |1500t0 4000] 9 to1x .2to .4| 3t0 6 
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To Compute Power Required.in a Steam Vessel, capac- 
ity of another Vessel being given. 

S3V As o) 
3555 ; sees and yoy 

v and V’ representing product of volumes of given and required cylinders and revo- 
lutions in cube feet, a and A areas of immersed section of given and required 
vessel in sq. feet at like revolutions and speed of given vessel, s and S speeds of given 
and required vessel at revolutions of given vessel, both in feet per minute, and 1’ 
revolutions of given and required vessel per minute, and © product of volume of com- 
bined cylinder and revolutions for required vessel. 

ILLUSTRATION, —A steam vessel having an area of amidship section of 675 sq. feet 
has two cylinders of a combined capacity of 533.33 cube feet, and a speed of ros 
knots per hour, with 15 revolutions of her engines. Required volume of steam 
cylinders, with a stroke of ro feet, for a section of 700 feet and a speed of +3 knots 
with 14.5 revolutions. i 

A ra A 
In vessels of similar models. 22 =V; 

8 33 
UV = 533-33 X 15 = 8000 cube feet, So 5720 f 8296.3 cube feet, m3? xiBa00:3 — 

675 10.59 
15 745.2 cube feet, SSS UE as 16 288.1 cube feet, and 28288 3 = 561.66 cube 

14.5 2X 14.5 

Jeet, which 10 stroke of piston, 12 for ins., and X 1728 ins. in a cube foot= 
561.66 XK 1728 

-aseae = 8087.9 sq. ins. area of each cylinder = diameter of rox.5 ins. 

Approximate Rules to Compute Speed and IF of Steam 
: Vessels. , 

V3 D3 CIR V3 DS CIP V3A 
=C; 3 /——__=Y); = 3 3 = =a ie —- = TP C; 3/ DF V; and CG DEE) OL, a: A V; and C TP. 

C representing coefficient of vessel, A area of immersed amidship section in sq. feet, 
V velocity of vessel in knots per hour, and D displacement of vessel in tons. 

Notr.—When there exists rig, an unusual surface in free board,deck-houses, etc. , 
or any element that effects coefficient for class of vessel given, a corresponding ad- 
dition to, or decrease of, following units is to be made: ; 

Range of Coefficients as deduced from observation is as follows : 
SIDE-WHEEL. PPOPELLER. 

c Cc 

VESSEL. A |p| y |V8A|v3D3 VESSEL. Alp |v |V3Alv3 De 
103 eis THe | THe 

Steamboat. Sq.F.| T's, |K’ts. Steamboat, 

Medium lines....} 43 73| 10 | 470 212 || Medium lines,.| 45 | — | x2 ee, 500 

66 bb suai | ESOQuIn 405411 23:4] 1570 219 @ oh 
Fine lines........ 136 | 300] 19] 540 | 200 || Tine lines..... so | — | 15 = 530 

Steamer. iit Steamer. 
Medium full lines*| 675 | 3600} 10 | 650 214 || Medium full...| 550 | 2532] 9 194 570 

ye ait (icon eel Vad aes A fF “ %,,| 390 | 1475 | 10 | 180 | 470 
Fine lincst:...... 880 | 5233] 35 | 650 | 2x2 — — | 3600] 13 | 210 — 

= | == ear — || Torpedo boat..| — 27| 20 170 | 500 

* Full rigged. + Bark rigged. 

Coefficients as Determined by Several Steamers of H. B. M. Service. 
(C. Mackrow, M. I. N. A.) 

Length i be via 
Length. Beam. Section at Bf eee TH? SPEER pags J 

Feet, Sq. Feet, Tons, Knots. 

185 6.53 236 775 782 10.34 333 | 
am2 tS 5.89 | 377 1554 1070 10.89 450 
360 7333 814 | 15898 2084 II.5 24 598 
270 6.43 632. -. 3057 2046 12:3 | 574 
380 6.52 1308 9487 3205 12,05 714 

. 400 6573" +; 1198 gI52 5972 13.88 530 

362 7-33" °° 778 5600 3945 14.06 548 
400 6.73 1185 9071 6867 15-43 634 

3K 
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Approximate Rule for Speed of Screw Propellers. 

(Molesworth.) $ 

ror V PN z ror V 88 v tin ds ees 88 v 

STENT (lg Shar peep ag et ee ee 
V and v representing velocities in knots and miles per hour, P pitch of propeller in 

feet, and N number of revolutions per minute. 
This does not include slip, which ranges from ro to 30 per cent. 

Pitch of Screw Propeller. 

Pitch ranges with area of circle described by diameter of screw to that of 
amidship section. 

perenne ionaeeninying le tvce| « tay't aula 
Two Blades. 

Pitch to diameter of screw=1to | .8 | 1.02*| x.21 | 1.2 | 1-27 | 1-31 | 1-4 | 1-47 
Four Blades. | 1.08} 2.38 | x5 | 1.62] 1.72 | 1-77 | 1-89 | 1-98 

Length = .166 diameter. 

Slip of Side-wheels. 

Radial Blades. 208 Feathering. = 

length of arc of immersed circumference of blades, ¢ length of chord of immersed arc, 
and § slip, all in feet. 

S. A representing 

Area of Blades. 

River Service. —- =A. Sea Service. 32 =A. D representing diameter 

of wheel in feet, and A area of each blade in square feet. 

Length of Blades. .7 in River service and .6 in Sea service. » wh 
Distances between Racial Blades. 2.25 in River service and 3 feet in Sea service; 

between Feathering blades, 4 to 6 feet. 

Proportion of Power Utilized in a Steam Vessel. 

P—z 
Sid k | ; i Side Wheel ‘abo oon ce Ga P representing gross TP, z loss of 

effect by slip and oblique action of wheels, d diameter of wheels at centre of effect, 
r revolutions per minute, and C coefficient for vessel. 

IntusTRATION.—IFP of engines of a side-wheel steamer is 1120; slip of wheels 
and loss by oblique action, 33.37 per cent. ; diameter of centre of effect of wheels is 
29.5 feet, and number of revolutions 13.5 per minute; what is coefficient, and what 
power applied to propel vessel? 

Notr.—Slip of wheels from their centre of effect in this case is 15.37 per cent., 
and loss by oblique action 18 per cent. Hence, representing total power by roo, 
100 — (18 + 15.37) = 66.63 per cent. of power applied to wheels. 

As assumed power that operates upon wheels in this case is taken at 86.12 per 
cent. of power exerted by engines, 86.12 X 33.37 = 28.74 per cent. for sum of loss 
by wheels. 

1120— (1120 X 28.74 100) 798.11 

.000.002 59 X 29.53 X 13.57. 12.16 

Speed of vessel being 10 knots per hour = 17,05 feet per second, power applied 
to propel vessel at this speed = 65.63 X 17.057 = 19 076.13, and EP exerted = 
19 076.13 X 17.05 X 60 

= 65.63 coefficient. 

33 000 591-36. ye Per cent. 
Ava 9 i 5 of Power, 

Friction of engines 1.5 lbs. upon 3848 sq. ins. X 13.5 revolu- : 

tlONS. To X33 COO KiB lsh ew elec dwitisle eee vee Ot eee es 94-45 8.8 
Friction of load 6 per cent, upon pressure of steam, “Tess 2 lbs. f ae) 

for friction of engine, as above 60.45 
18 
15: 37 

‘ 52.8 
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RP Per cent. 
4 of Power. 

Screw Propeller. Friction of engines.............. 96.06 8.8 
Wicttosof load 4 Supasccisd-mae nc cee ne sie MRD ONIN ek 81.48 acs 

9 of screw surface and resistance of edges of blades...... 53-44 6.83 
DUP OE PLODelOme me atnc utes tbe ioe Aajante dew adie Aah seteitaa aie 205.55 26.27 
Absorbed by propulsion of vessel, ....0..sccceeeeececoes sinate 6375-92 48.04 

782.45 100 

Nore.—From experiments of Mr. Froude, he deduced that, as a rule, only 37 to 
40 per cent. of whole power exerted was usefully employed. 

With an auxiliary propeller, essential differences are in friction of surfaces and 
edges of blades of propeller and slip of propeller, being as 12 to 6.83 in excess in first 
case, and as 13.7 to 24.27 in second case, or 50 per cent. less. 

Resistance of Bottoms of Hulls at a Speed of one Knot per Hour. 

Smooth wood or painted........ FOssEAD ALC OP DEI Sas - - 0's s scisioisieie nee cisieie -007 lb, 
SWNOOLD, MAD ene tine ate ala = aie or, <9 | Moderately foul. Jscisissiacc estes org * 
Tron bottom, painted........... -o14 ‘¢ | Grass and small barnacles..... +206 

Sailing. 

Ratio of Effective Area of Sails and of Vessel’s Speed 
under Sail to Velocity of Wind. 

Ratio of | Ratio of Ratio of | Ratio of 
Effective | Speed of Effective | Speed of 

Coursx. Area essel Course, Area Vessel 
of Sails. | to Wind, of Sails. | to Wind. 

5 points of wind...... “59 -33 Wind abeam,........ -82 6 
2 ‘* abaft beam*..| .or 5 PSO cana I 45 
Gi OF Winder... -68 35 fe ““on quarter... 2’. -96 -66 

Propulsion and Area of Sails. 

Plain sails of a vessel are standing sails, excluding royals and gaff topsails, 

Resistance of vessels of similar models but of different dimensions for equal 
2 

speeds = D3 

Hence a = eh aand a representing areas of sails of known and given ves- 

sels, and D and D’ thetr displacements in tons. 

ILLUSTRATION.—Assume D and D’ = 2400 and 1600, 

1600, 

In Vessels of Dissimilar Models.—Plain sail area should be a multiple 

of D3, 

Then cab = ¥1.5?=1 139, hence area of sails a’ = Fag = 878 per centum. 

Multiples for Different Classes of Vessels, R. N. 

Sailing. Steamers. 
Ships Of Une, stays ogee . 100 to 120 | Ships, iron-clad ........-+.00. 60 to 80 
Frigates ....0scceceweccees Frigates. .....cscececsevees 
SIoops......5. mrelaetars elt ava 120 t0 160 | SlOOPS......-eeeececcseeees 80 to 120 
BYigsi.g.s cetvels ciewee nase se ’ BI QS) ois clea ule Gleleeein oon aisle’ 

English Yachts, designed for high speed, have multiples from 180 to 200, 
and when designed for ordinary speed from 130 to 180. ! 

When Area of Sail to Wet Surface of Hull is taken.—American yacht Sappho had a 
ratio of 2.7 to 1, and several English yachts nearly the same, while in some others 
it was but 2 to 1. 
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ILocation of Masts, etc. Load-line=1oo. 

: 7 -19lt Height of Centre 
\ VEsset. Distence trem Stem, Foot of Sail.* pA eec apg { 
7 Fore. Main. | Mizzen. Breadth.* 

STD ferret as 10 t0.20 53 to 58 80 to go | 125 to 160 1.5 to2 
Bariesr . 3 697 12 tO 20 54 to 60 81 togr | 130 tO 160 1.5 1.95 
Brigvapee cc. 17 to 20 64 to 65 -- | 160 to 165 1.5 tO175 
Schooner....|- 16 to 22 55 to 61 — r60'to 170 | «1.5 torn75 
SIOOp sje n0-i0 — 36 to. 42 —_ | x70 tox190 | 1.25 to 2.75, 

* Measured from Tack of Jib to Clew of Spanker or Muinsail. 

Rake of Masts. 

Ships. — Foremast o to .28 of length from heel, Main and Mizzen o to .2s. 
Schooners.—Foremast .x to .25, Mainmast .63 t0..77. Sloops.—.o8 to .11. 

Area of Sails. 

Yards upon | 4 Yards upon |j | 3 Yards upon | 4 Yards w 
Sarts. aH Matt. pea Mut. | Sats. | each Must. | Seta Mast. 

}} _ 

DAD esarace x ciujasi0iste 08 -08 Mizzenmast....| +127 +14 
Foremast...... 295 +295 Spanker or) | 
Mainmast...... «427 SAaWis. cll, ac EINER os § ce eee Shee ; 

Proportional Area of Sails upon each Mast under above Divisions. 
Sam. | Fore. \| Main, Mizzen. \| Proportion to x. 

| .rr5' | 697 I -162 || .138 || — — +389 }) .33 
1105 | -09 || .149°] /¥27 ||°.075 | .063 -358 +303 
1075 | .063 | +106 | .089 || .052 | .045 +253 +215 
— .045 || — | -063 hl 038 _ +1520 
_ —_ — — -081 | .06 — — 
08 -08 _— — se | = Te ia 

375 | +375 || -427 | -417 |] -208 | .208 |} x x 

Balance of Sails.—Effect of jib is equal to that of all sails upon main- 
mast, and sails upon mizzenmast balance those of foremast. : 

Areas of sails upon masts ofa ship should be in following proportion: 
1N9 Ch noaaongMagnecs eat4 if) MAL ccm enclerts selene ne 2 | Mizzen......¢4 3 casefage Pa 

When, therefore, main yard has a breadth of sail of roo feet, fore yard 
should have 70.71 feet, and mizzen 50 feet, topgallant and royal yards and 
sails being in same proportion. 

Angles of Heel for Different Vessels. 

DM 
Approximately. oe .  D representing displacement of vessel in Ibs., 

M height of meta-centre above centre of gravity in fect, a angle of heel of vessel in cir- 
cular measure,* and H height of centre of effect above centre oflateral resistance, 
in feet. 

Moment of sail should be equal to moment of stability at a defined angle 
of heel. 

Circular Circul: 
Angle. Measure, Angle, Measure, 

Frigates, éte..... nveccroleiare tia ce 07 Schooners, ete. .... 6° +105 he 
Corvettes 02.23. prereer ters Be 087 Yachts...) cs22: 6° to g° .105 to .107 

ILLUSTRATION. — Assume.displacement 170 tons, height of meta-centre 6.75 feet; 
H = 36 feet, and angle of heel 9°; what should be area of sails? ; ; 

170 X 2240 = 380 800 Ibs. 9° =. 107. s 

808 6. ‘ de at 
See Ge = 7639.8 sq. feet. 

n 

* See rule, page 113. 
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Trimming of Sails. | 

That a vessel’s sail may have greatest effect to propel her forward, it should 
be so set between plane of wind and that of her course, that tangent of angle 
it makes with wind may be twice tangent of angle it makes with her course. 

Or, tan.a=2 tan. b. @ representing angle of sail with wind, and b angle of sail 
and course of vessel. 

Angles of Course and Sails with Wind. 
wina | Angle | pan. | Half Angles of Sail Wind Angle | pan. | Half Angles of Sail 

Tan-| with with o! ~ | Tan- | with with 
pee Course. | 8°"*- gent, | Wind. | Course. Abaft. Course. | 8°Dt gent. | Wind. | Course. 

Points. || Points. 
4=) Tage -562) .281 |29° 187/159 42 2 112° 30°) 2.166}1.082/65° 13/|47° 17 

+305 |30° 12%/209 37)! 3  |123° 45’|2.737|1.368/69° 56’|53° 49 
-46r 142° 43°}249 45")) 4/1359 |3.562|t.781}74° 177/600 43 
+797 154° 45°135° 167], © — |157° 30']7.511]3-754182° 25/|75° 5 
Effective Impulse of Wind. 

Let P o, Fig. 6, represent direction by com- 
pass and force of wind on sail, A B; from P 
draw PC parallel to A B, from o draw oC per- 
pendicular to AB; oC is effective pressure 
of wind on sail A B, and 7 C, perpendicular to 
plane of vessel, is component of 0 C, which pro- 
duces lateral motion, as heel and leeway, and 
70 is component of o C, which propels vessel. 

Isin.a=P; Pcos.«=L; and Psin.w=K. 
I representing direct impact and P effective 
pressure of wind on sail, L effective tmpact 
producing leeway, and E effective impact which 
propels vessel. 

Norr.—The law as usually given is sin.2. This is manifestly incorrect, as it gives 
results less than normal pressure for angles of small incidence. At an angle of in- 
cidence of wind of 25°, the law of sin. is exact. Hence, although it may not be 
exact ut all angles, it is sufficiently so for practical purposes. 

ILLUSTRATION I.—Assume wind 5 points ahead, and I = zoo lbs, 

By preceding table angle of course with wind 56° 15’; hence angle of sail a, with 
wind 36° 12’, as tan. 36° 12’ =2 tan. 20° 3’, and angle % 56° 15’ — 36° 12’ = 20° 3’. 

Then, 100 X sin. 36° 12” = 100 X .5906 = 59.06; 59.06 X COS. 20° 3° = 59.c6 X 
-9394 = 55.48, and 59.06 X Sin. 20° 3° = 59.06 X .3426 = 20.23 lbs. 
2,—Assume wind 4 points abaft, and I = soo lbs. Rey 

Then, 100Xsin.? 74° 17’ = 100 X .9626” = 92.66; 92.66 X COs. 180° — 74°17’ 45° 
= 609 43/=092.66X%:49 = 45.41, ANd 92,66 X Sin. 60° 43° = 92.66 X .8722 = 80,82 lbs, 

5 56° 15’ 732 
6 = |67° 30°} .923 

Abcam go? |r.415 

, 

, 

, 

, 

To Compute Sailing Power of a Vessel. 

Ff sin. w, sin, s = P. 

To Compute Careening Power of a Sailing Vessel. 

F fsin. w, cos. =P. F representing area of sails in sq. feet, f force of wind in 
Ibs. per sq. foot, w angle of wind to sails, and s angle of sails to course of vessel. 

To Compute Angle of Steady Heel. 

Within a Range of 8°. 
aPH 
i ics sin. H.  @ representing area of plain sail in sq. feet, P pressure of wind 

in lbs. per sq. foot, E height of centre of effect above mid-drauglit, in feet, D displace- 
ment of hull, in lbs., and M height of meta-centre in feet. 

P assumed at x lb. per sq. foot, or that due to a brisk wind. 

ILLUSTRATION.—Assume a= 15 600, draught = 20, and M=62; hence 62+ oe = 

. 

72, D =6 800000, and M = 3. 

15600 X 1X72 1123 200 
= =. = 3° 10%. 

6 800 000 X 3 20 400 000 2 pag Me 

Ge 

Then 
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Course and Apparent Course of Wind. 

- Apparent course of a wind against sails of a vessel is resultant of normal 
course of wind and a course equal and directly opposite to that of vessel. 

Fig. 7. “ILLUSTRATION. —If P, Fig. 7, repre- 
sent direction by compass and force of 
wind, and ab direction and velocity of 
vessel, from P draw Pe parallel and 
equal to a b, join ca and it will repre- 
sent direction and force of apparent 
wind. 

ia te SE Or. 7 © — ratio of velocity of apparent 
¢ P oP oy 

wind to that of vessel. pe — ratio of velocity o7 wind to that of vessel. > oP J 

Resistance of Air. (Mr. Froude.) 

Resistance of wind to a vessel is estimated as equivalent to square of its 
velocity. 

In a calm, resistance of air to a steamer = one thirty-fourth part of resist- 
ance of water, and when a steamer’s course is head-to, and combined veloc- - 

ity of vessel and wind = 15 knots, resistance is one ninth of that of the water. 

Resistance of air to a sq. foot of surface at right angles to course ofa ves- 
sel is about .33 lb., and when surface is inclined to direction of wind, press- 
ure varies as sine of angle of incidence. 
Mean of angles of surface of a steamer exposed to wind may be taken at 

45°; hence their resistance is about .25 1b. per sq. foot when wind has a ve- 
locity of 10 knots per hour. 

Tf sectional area of a steamer’s hull above water is 750 sq. feet, resistance 
to air at a speed of ro knots in a calm would be 750 X .25 = 187.5 Ibs., and 
resistance to smoke-pipe, spars, and rigging (brig rigged) would be 2or Ibs, 

Leeway.- 

Angle of Leeway in good sailing vessels, close hauled, varies from 8° to 
12°, and in inferior vessels it is much greater, 

Ardency is tendency of vessel to fly to the wind, a consequence of the 
centre of effort being abaft centre of lateral resistance, 

Slackness is tendency of vessel to fall off from the wind, a consequence of 
the centre of effort being forward centre of lateral resistance. ' 

Results of Experiments upon Resistance of Screw - propellers, at High Velocities 
and Immersed at Varying Depths of Water. ‘ 

Immersion of Immersion of Immersion of 
Rikanch Resistance. Sow Resistance. crane, Resistance. 

Surface. I 2 feet. 7 4 feet. 7.8 

x foot. 5 Sinus 7:5 5 8 

Slip of Propeller, 15 per cent.; of Side-wheel ( feathering blades), and tak- 
ing axes of blades as the centre of pressure, 23 per cent. 

E'reeboard. 

Measured from Spar-deck stringer to surface of water. Depth of Hold from under- 
side of spar deck to top of ceiling. t 

Hold. Hold. Hold. Hold. Hold. Hold. 

Feet. Ins. Feet. Ins, Feet, Ins. Feet. Ins, Feet, Ins. || Feet. | Ins. 
I2 2.25 |), 16 2.75 20- | 3.125 || 24 | 3-375 || 28°] 3.625 
14 2.5 18 3 22°") 3/25 26 | 3.5 30°) 3.75 

co re ur 
I ° Nn 
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Plating Iron Hulls. 
DL 

=T. D representing displacement in tons, L length of hull, b breadth, and 
800 b d 

ddepth. Or,.o5 f/d=T. fi representing distance between centres of JSrames, and 
d depth of plate below load-line, all in feet, and,T thickness of plate in ins. 

Masts and Spars. Diameter for Dimensions. was 
Lower masts........... at spar deck. Jib-boom. Masee cess at bowsprit cap. 
Bowsprites. 2: oor. din ** stem. / Mardirsiase. 4. daise +ews in middle,...74 
Topmasts....4...004s72 ‘* lower cap. Galisine co emaccn ene at inner end. © 
Topgallant masts....... “ topmast cap. | Main and Spanker booms at taffrail. 

Fore and main masts, when of pieces, x inch for each 3 to 3.25 feet of whole 
length, Mizzenmast .66 diameter of mainmast. Masts of one piece x inch for each 
3-5 to 3.75 feet of whole length. 

Bowsprit, depth, equal diameter of mainmast; width, diameter equal to foremast. 

Main and fore topmasts...... +z inch foreach3 to 3.25 
Mizzen topmast .............. I See etd se Boney 3.03 
Topgallant masts ............. I Cegeitertt( “3.25 ' 3.33 + feet of whole length. 
Royal masts, oy fstevtche «tei ioe ke a t#' 93:66 
Topgallant poles............5- I Feel ae ocd  2: 7. 
UAL DOO rela abrnisl sls)bis n10\4) 1a pie I co 2 ft. of length beyond bowsprit cap, 
Fore and main yards......... I LY Dae pchettiaiy/e } 
Topsail yardsy. ftv es, . ese s ces ROS ven e au: 
Cross - jack, Topgallant, and fo WE) te \ 
ROy al Yards ojo. vis avis voles } = 5 feet of whole length. 

Main and Spanker booms,.... I Serie cana, 6 ; 
Gals, ci. aie give be dalel holds erehel «fx I fe gn tH 318 Org 
Studding-sail yards and booms. x Art? ter alrdes tO 475 

Rudder Head. (Mackrow.) 

Pd=T; .196 CD3=M; 3/5 =D; and pail =P. P representing pr'ess- 
.196 C 2400 

ure on rudder when hard over, in tons, d distance of geometrical centre of rudder from 
axis of molion, in ins., T stress on head, and M moment of resistance of head, both in 
inch-tons, A immersed area of rudder in sq. feet, v velocity of water passing rudder 
in Ienots per hour, and © coefficient = 3.5 per sq. inch for Iron, and .125 for Oak. 

ILLUSTRATION.—Assume area of wooden rudder 24 sq. feet, distance of its geomet- 
rical centre from centre of pintles 2 feet, and velocity of water zo knots. 

2 

24 X10" __ 1 ton. 1X 2% 12= 24 inch-tons. 3/ 24 = 9.93 ins. 
2400 -196.X .125 age 

a Memoranda. 

Weights. —A man requires in a vessel a displacement ot 488 lbs. per month, for 
baggage, stores, water, fuel, etc., in addition to his own weight, which is estimated 
at 175 lbs. A man and his baggage alone averages 225 Ibs. 

A ship, 150 feet in length, 32 beam, and 22.83 in depth, or 664 tons, C. H. (0. M.), 
has stowed 2540 square and 484 round bales of cotton. Total weight of cargo 
1 254 448 lbs., equal to 4.57 bales, weighing 1889 Ibs., per ton of vessel. 
A full built ship of 1625 tons, N. M., can carry 1800 tons’ weight of cargo, or stow 

4500 bales of pressed cotton. 

Hull of iron steamboat John Stevens —length 245 feet, beam 31 feet, and hold 
11 feet; weight of iron 239440 lbs., And of one, other—length 175 feet, beam 24 
feet, and 8 feet deep; weight of iron 159 x90 lbs. 

Weight of hull of a vessel with an iron frame and oak planking (composite), com- 
pared with a hull entirely of wood, is as 8 to 15. 
An iron hull weighs about 45 per cent. less than a wooden hull. 

Tron ship, 254 feet in length, 42 beam, and 23,5 hold, 1800 tons register, has a stow- 
age of 3200 tons cargo at a draught of 22 feet. Weight of hull in service 1450 tons, 

Loss by Weight per Sq. Foot per Month of Metalling of a Vessels Bottom in Service, 

Copper .co6r Ib.; Muntz metal .oo45'Ib.; Zine :o07 lb. ; and Iron .o204 Ib. 

Comparison between Iron and Steel plated Steamers.—In a vessel of g000 tons 
displacement, hull of steel-plated will weigh 320 tons less = 6.66 per centunvYess,, 
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OPTICS. 

Mirrors, in Optics, are either Plane or Spherical. A plane mirror is a 
plane reflecting surface, and a spherical mirror is one the reflecting surface 
of which is a portion of surface of a sphere. It is concave or convex, ac- 
cording as inside or outside of surface is reflected from, Centre of the 
sphere is termed Centre of curvature. 

Focus—Point in which a number of rays meet, or would meet if produced. 

Fig. 1. ae Principal Focal Distance is half radius 
of curvature, and is generally termed the 
focal distance. Line ac is termed the 
principal aris, and any other right line 
through c which meets the mirror is termed 
a Secondary axis. When the incident 
rays are parallel to the principal axis, the 
reflected rays converge to a point, F. 

Conjugate Foci are the foci of the rays proceeding from any given point 
in a spherical concave mirror, and which are reflected so as to meet in an- 

other point, on a liné passing through centre 
of sphere. Hence, their relation being mu-- 
tual, they are termed conjugate. 

Let P be a luminous point on principal axis, 
Fig. 2, and Pi a ray; draw the normal line c 7, 
which is a radius of the sphere; then ci P is an- 
gle of incidence, and cz O the angle of reflection. 
equal to it; hence cz bisects an angle of triangle 

N\ P7O, and therefore, _ = oF 

When conjugate focus is behind a mirror, and reflected rays diverge, as 
if emanating from that point, such focus is termed Virtual, and a focus in 
which they actually meet is termed Real. 

Fig. 2. 

Fig. 3. As a luminous point, as P, Fig. 3, is 
moved to the mirror, the conjugate focus 
moves up from an indefinite distance at. 

Be oe back, and meets it at surface of mirror. 
8a = 7 --=@  ~=Ifan incident ray converges to a point 

s, at back of mirror, it will be reflected 
to a point P in front. The conjugate 
foci P.s haying changed places. 

Pencil—Rays which meet in a focus and are taken collectively. 

Objects.—As regards comparative dimensions or volumes, it follows, from 
similar triangles, that their linear dimensions are directly as their distances 
from centre of curvature. 

To Compute Dimension or Volume of an. Image. 

When Dimensions and Position of Object_are Given, and for either Conver 
or Concave Mirrors, 

d . ‘ 
Fal pT L and 1 representing lengths of image and object, F focal 

length, and D and d respectively, distances of image and odject from principal focus. 

Refraction. 

Deviation.—Angle at which a ray is diverted from its original or normal 
course when subjected to refraction is thus termed. 

Indices of Refraction.—Ratio of sine of angle of incidence to sine of angle 
of refraction, when a ray is diverted from one medium into another, is termed 
relative index of refraction from former to latter. 
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When a ray is‘diverted from vacuum into any medium, the ratio is greater 
than unity, and is termed absolute index or index of refraction. 

Mean Indices of Refraction, 

Eye, vitreous humor........ seees £63397] Glass, lead, 3 Minty... cc... ees aeisiee 
*¢  erystalline lens, under....... 1.379 “¢ “lead 2, sand x. 
Ob ss *¢ central. Pais A Ke oa, flintx*: 
Leven Go Aagesae oth addaeavesate 2.6 EC Orerararstee aiarsinialeiimerseteseter eerste chet 1.31 
GIASS, BUNGE aiac tis «iske/ alm eig pioseytiore 0< T.57-PKQUATEZ. sehayhew» oa deste wen ele Dobe we be 5g 

For indices of other substances, see page 584. 

Heat increases refractive power of fluids and glass. 

Critical Angle.—Its sine is reciprocal of index of refraction, the incident 
ray being in the less refractive medium. 

Thus, ae = sin. of angle. 

Visual Angle is measure of length of image of a straight line on the retina. 

Total Reflection is when rays are incident in the more refractive medium, 
at an angle greater than the critical angle. 

Mirage.—An appearance as of water, over a sandy soil when highly heated 
by the sun. 

Caustic Curves or Lines are the luminous intersections from curve lines, as 
shown on any reflective surface in a circular vessel, 

To Compute Index of Refraction. 

— = Index. I representing angle of incidence, and R that.of refraction. 

To Compute Refraction. 

Concave-Convex and Meniscus.—Effect of a concave-conyex in refracting 
light is same as that of a convex lens of same focal distance, and that of a 
meniscus is same as a concave lens of same focal distance. i 

. A 
R . 

Meniscus, with parallel rays ee =e 

Magnifying Power.—In Telescopes the comparison is the ratio in which it 
apparently increases length. In Microscopes the comparison is between the 
object as seen in the instrument and by the eye, at the least distance of 
vision, which is assumed at 10 ins., and the magnifying power of a micro- 
scope is equal to the distance at which an object can be most distinctly ex- 
amined, divided by the focal length of the lens or sphere. . 

Linear power is number of times it is magnified in length, and Super- 
Jictal, number of times it is magnified in surface, 

Magnifying power of microscopes varies, according to object and eye- 
glass, from go to 350 times the linear dimensions of object, or from 1600 to 
122 500 times its superficial dimensions, 

Apparent Arca,.—As areas of like figures are as the squares of their linear 
dimensions, the apparent area of an object varies as square of visual angle 
subtended by its diameter. 

The number expressing Magnification of Apparent Area is therefore 
square of magnifying power as above described. 

InLusTRAtTIoN.—If diameter of a sphere subtends 1° as seen by the eye, and 10° 
as seen through a telescope, the telescope is said to have a power of ro diameters. 
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To Compute Elements of Mirrors and Lenses. 

spor alates lr 
Mirrors. Spherical Concave.* —=D; — = 

r—2l r—2l 
Or Lr 4 d2 

Spherical Convex.§ = To A ns 1. Parabolic Concave. — 5 = F. 

Unequally Convex.} is =F. Plano-Convezr.£ 2B—.66t=F. 

Hyperbolic Concave.|| _ Elliptie Concave.J Sphere. ee F. 

O representing object = 1, r radius of convexity, | and L length or distance of object 
Srom vertex of curve, and from external vertex, D dimension of object, d diameter of 
base, F focal distance, and h depth of mirror in like dimensions, I index of refraction, 
and t thickness of lens. 

ILLUSTRATION I.—Before a concave mirror of 5 feet radius is set an object at 1.5 
feet from vertex of curve; what is ratio of apparent dimension of image, and what 
is length of and distance of object from external vertex ? Object = x. 

dios cakes 2.5 feet, and Enlaces 3-75 Jeet. 
5T2XLS 52K 5 

2.—If object is set at 4.5 feet from vertex of a like mirror, what is length of and 
distance of inyerted object from internal vertex? 

IX5 45X5 
= 1.25 feet, and —“"—-_ —« 60x feet. 
2X4.5—5 : 2X4.5—5 °° 5 Fe 

3:—Before a convex mirror of 3.5 feet radius is set an object at 3 feet from yer- 
tex of curve; what is length of and distance of object from external curve? 

1X35 3X35 
TS = :.:368 foot, and ——"~—- = n05 feet. 
2X3+35 °° “ag 2X3+35 5 

4.—A parabolic reflector has a depth of 1.25 feet and a diameter of 2 feet; what 
is its focal distance from vertex of internal curve? 

2 
Ze . 

Sawer ned fe or 2.4 ins, 

Rr r Lienses. Double Convex. =F. WhnR=r F; 
m—1XR+r 2a 

Oe) ot Fe ett aes Sin SF rT ; poj=hi = eS =e Me and appa 

Rr oF Fo—D LF Double Concave. = Fy =I; and =), WORE PE TA). eae AR oe 
Optical centres are in centres of lens. Plano- Convex and Plano - Concave. ee 
REE F. Optical centres are respectively centres of convex and concave sur- 

A Rr faces. Convex Concave (Meniscus) and Concavo-Conver, —— =i 
m—1 xX R—r 

_ Optical Centres. Convex Concave. Delineate lens in half section, draw R from its centre to circumference of lens (intersection of radii), draw 7 parallel thereto and extending to its circumference, connect R and 7 at these external points of contact with circumference and external curve, extend line to axis of lens, and point of contact is centre required. Concavo-Convex, Proceed in like ‘manner, but in this case r extends to, or delineates, the inner surface of the Jens, and point of con- tact with axis is centre required. : 

*D or image disappears when7=.57r. + When O is beyond F, it will be inverted, as . — D, 
 2L—r 

3 
L L 

PRE 7 $When equally convex F=R.  — § When convex side is exposed to parallel rays 
and when parallel rays fall upon plane side, F = 2 R. | Rays of light, heat, or sownd, reflected from 

and 

focus of a hyperbola, will diverge from its concave surface, {and when from the focus of au ellipse, will be refracted by surface of the other. 
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When object is beyond focal distance (F), its image (D) will be inverted, as = = = =o. 

P representing magnifying power of lens, S limit of normal sight, x10 to 12 ins. Sor 
Sar-sighted eyes and 6 to 8 for near-sighted, ordinarily 10 ins., V limit of distinct 
vision, O extreme distance of object from optical centre at distinct vision, and, m index 
of refraction. 

ILLUSTRATION I.—If a double convex lens of flint glass has radii of 6 and 6.25 ins., 
what is its focal distance ? Index of refraction = 1.57, see page 584. 

6 X 6.25 

1.57 —1 X 6+ 6.25 

2.—If a double concave lens has a focal distance of 2 ins., and object is 6 ins, from 
vertex of curve, what is its dimension and what is its distance from vertex of inner 
curve? 

=D, and 

= 5.37-0ns- 

6X2 i 4X2 S 
—— = 2 tns., and ——— = 1.33 ins. 
2+4 j at2. 33 

3.—If focal distance of a single microscope is'4 ins., what is its limit of distinct 
vision, and what its magnifying power? O = 2.857 ins. 

8 
ccs Bad = 10 ins., and a i = 3-5 limes. 
4— 2.857 4 

Telescopes, Opera-glasses, etc. 

; yee PH ENO LNT oe ay : 
D:o=F:/; of=F—D, and F ay Taphoper its JS represent- 

ing length of focal distance from object lens. 

ILLUSTRATION.—Principal focal distance of ocular lens of a telescope is .9 in., of 
objective lens go ins. ; what is its magnifying power? 

go .9 = 100 limes the object. 

PILE-DRIVING. 

Effect of blow of a ram, or monkey, of a pile-driver, is as square, of 
its velocity ; but the impact is not to be estimated directly by this rule, 
as the degree and extent of the yielding of the pile materially affects it. 
The rule, therefore, in application, is of value only as a means of com: 
parison. 

By my experiments in 1852, to determine the dynamical effect of a fali- 
ing body, it appeared that while the effect was directly as the velocity, it 

was far greater than that estimated by the usual formula Vs 2g, which, for 
a weight of x Ib. falling 2 feet, would be 11.34 lbs., giving a momentum of 
11.34 foot-lbs. ; whereas, by the effect shown by the record of actual’ obser- 
vations, it would be W v 4.426= 50 lbs, 

Piles are distinguished according to their position and purpose: thus, 
Gauge Piles are driven to define limit of area to be enclosed, or as guides to 
the permanent piling. 

Sheet or Close Piles are driven between gauge piles to form a compact and 
continuous enclosure of the work. 

Weight which each pile is required to sustain should be computed as if the 
pile stood unsupported by any surrounding earth. 

A heavy ram and a low fall is most effective condition of operation of a 
pile-driver, proyided height is such that force of blow will not be expended 
in merely overcoming friction of leader and inertia of pile, and at same time 
not from such a height as to generate a velocity which will be essentially 
expended in crushing fibres of head of pile. 

* 4 for telescopes and — for opera-glasses, etc, 
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Refusal of a pile intended to support a weight of 13.5 tons can be safely 
taken at 10 blows of a ram of 1350 lbs., falling 12 feet, and depressing the 
pile .8 of an inch at each stroke, : 

' Pneumatic Piles.—A hollow pile of cast iron, 2.5 feet in diameter, was depressed 
into the Goodwin Sands 33 feet 7 ins. in 5.5 hours. 

Nasmyth’s Steam Pile-hammer has driven a pile x14 ins. square, and 18 feet in 
length, 15 feet into a coarse ground, imbedded in a strong clay, in 17 seconds, with 
20 blows of monkey, making 70 strokes per minute. 

Morin computed work of a ram in foot-lbs., in raising a monkey for 8 hours per 
day, as follows: Tread-wheel 3900, Winch, 2600. 

French engineers estimate the safe load for a pile, when driven to refusai of .4 
inch under 30 blows, to be 25 tons. 

Shaw’s Gunpowder Pile-driver is operated by cartridges of powder on head 
of pile, which are ignited by fall of the ram. 3o to 4o blows per minute 
have been made under a fall of 5 and 10 feet. 27 piles have been driven in 
rough gravel and clay 7.2 feet in one day. 

To Compute Safe Load that may be Borne by a Pile. 
(Maj. John Sanders, U.S. E.) 

Rh=- 
Approximately. & =W.  R representing weight of ram in lbs., h height of ‘ 

fall, and d distance pile is depressed by blow, both in feet. 

Intusrration.—A ram weighing 3500 Ibs., falling 3.5 feet, depressed a pile 4.2 ins. 

Then 35° * ie med Shs 36 aT == 4375 lbs., weight which pile would bear with 

safety. 

Molesworth gives this, but with a variation in symbols and their expression. 

To Compute Coefficient of Resistance of the HKarth. 

Rh : 
OER representing resistance of the earth, and d as preceding. 
d 

Weisbach gives following formula: Resistance of bed of earth being con- 
‘ 2 

stant, mechanical effect expended in penetration of pile will be pera = Wi 

P representing weight of pile in lbs. 

InLustRATION.—Assuming elements of preceding case, with addition of weight of 
pile at rsoo lbs., 

35007 X 3.5 __ 42.875 000 

1500 + 3500 X (4.212) «1750 

To Compute Weight of Ram. (Molesworth.) 

== 24 500 lbs, 

hP ; : a 
P (4a Te :) =R. P representing weight of pile in Ibs., h height of fall and L 

length of pile, both in feet,and A area of section of pile in sq. ins, 

Theoretical Force of Blow of Ram. 
Weight. : Weight. 

eet le FeSees 1200 1500 2000 | BEE tooo 1200 v 1500 2000 
Feet. Lbs. Lbs. Lbs. Lbs. Feet. Lbs... |, Lbs. Lbs. Lbs. I 8000 | 9600 | 12000 | 16000 15 31060 | 37272 | 46590 | 62120 5 | 17920 | 21504 | 26880 | 35840 20 35 860 | 43032 | 5 1720 to | 25360 | 30432 | 38040 | 50720 25 40 100 48 720 aides bs tes 

Sheet Piling. : 
Hovellingueys snes Neictsiets +, 1209 | Shoeing...... araievatuiterette erie Z5o 

Ringing Mngine 
Requires 1 man to each 4o lbs. weight of ram, which varies from 450 to 900 lbs, ; 
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. Pile-sinking. 

_Mitchell’s Screw Piles ave constructed of a wrought-iron shaft of suitable 
diameter, usually from 3 to 8 ins., with 1.5 turns of a cast-iron thread of 
from 1.5 to 3 feet diameter, 

Hydraulic Process is effected by the direction of a stream of water under’ 
pressure, within a tube or around the base of a pile, by which the sand or 
earth is removed. 4 

Pneumatic and Plenum Process.—For illustration and details, see Traut- 
wine’s Engineer’s Pocket-book, page 326. 

Dr, Whewell deduced the following results: 

1. A slight increase in hardness of a pile or in weight of a ram will con- 
siderably increase distance a pile may be driven. 

2. Resistance being great, the lighter a pile the faster it may be driyen. 

3. Distance driven varies as cube of the weight of ram. 

Relative Resistance of Formations to Driving a Pile. 

COLRUM ccice sisters « pa LOO’ ATO CIAY. siciciete sic'e oispis 60 | Light clay and sand... 35 
Clay and gravel...... 83 | Clay and sand......... AS | MLV Ol o1) Caister see 25 

PNEUMATICS.—AEROMETRY. 

Motion of gases by operation of gravity is same as that for liquids. 
Force or effect of wind increases as square of its velocity. 

Tf a volume of air represented by 1, and of 32°, is heated ¢ degrees without 
assuming a different tension, the volume becomes (1 + .0o2 088 ¢) = V; and 
if it requires a temperature in excess of ¢' 32°, it will then assume volume 

(1 + .002 088 ¢’ — 32°), All aeriform fluids follow this law of dilatation as 
well as that of compression proportional to weight. 

When air passes into a medium. of less density, its velocity is determined 
by difference of its densities. Under like conditions, a conduit will discharge 
30.55 times more air than water. 

To Compute the Degree of Rarefaction that may be ef- 
fected in a Vessel. 

Let quantity of air in vessel, tube, and pump be represented by 1, and 
proportion of capacity of pump to vessel and tube by .33; consequently, it 
contains .25 of the air in united apparatus. 

_ Upon the first stroke of piston this .25 will be expelled, and .75 of original 
quantity will remain; .25 of this will be expelled upon second stroke, which 
is equal to .1875 of original quantity; and consequently there remains in 
apparatus .5625 of original quantity. Proceeding in this manner, following 
Table is deduced : 

No. of Strokes. Air Expelled at each Stroke. Air Remaining in Vessel. 

I 2am fy ty hs 

2 so Mayans 9 3X3 
16° 4X4 16 4X4 
Dies Bee) 27 on B RAK 

S ier bya 64° 4X 4X4 

And so on, multiplying air expelled at preceding stroke by 3, and dividing 
it by 4; and air remaining after each stroke is ascertained by multiplying 
air remaining after preceding stroke by 3, and dividing it by 4. 
| L 
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Distances at which Different Sounds are Audible. 
Feet. Miles. 

A full human voice speaking in open air, calm................- 460 -087 
In an observable breeze, a powerful human voice with the Sac 

wind can be heard.........-..- SAG ASAT 35,74 3 
Report’ Of & MUske ts... .. ia atos cepiciamae sie cilaiee wile ¢aisleiceieins sic aces 16 000 3.02 
DIGI cicksts, oye, co > aiums ge: Ale 4, esac intel lato Mla ete cle halin wn da wail di phiniid 10 560 2 
Music, strong brass Dandsc ok Soc eccascsnsceacscccenseveencesse 15 840 3 
Cannonading, very Heavy... cccccccecceccccerccecccccccsceaes 575000 90 

In Arctic Ocean, conversation has been maintained over water a distance 
of 6696 feet. 

In a conduit in Paris, the human voice has been heard 3300 feet. 

For an echo to be distinctly produced, there must be a distance of 55 feet. 

Coefficients of Efflux of Discharge of Air. (D’ Aubuisson.) 

OTHE wy eh UPL IIA SY) TUG ca, erataipl cia le [sidialaais’ arg: cinsaieicle/s\s\eisteie arelo.a/aieisin.pie <<) sipietais -65 “752 
OViNGricalAjUtage | codntavte Navan weds gwacesieweercacudesdcccacecas -93 -958 
Hight conlerl ajulager. sic. dacccaaccisniciccsecsueceocccsasesesseecesess -94 1.09 

To Compute Volume of Air Discharged through an Open-= 
ing into a Vacuum, per Second. j 

aC V2gh=V in cube feet. a representing area of opening in square feet, C co- 

efficient of efflux, and V2 g h = 1347.4, as shown at page 428. 
ILLUSTRATION.—Area of opening 1 foot square, and C =.707. 

Then 1 X .707 X 1347-4 = 952.61 cube feet. 
Inversely, Va = velocity in feet per second. 

Velocity and Pressure of Wind. 

Pressure varies as square of velocity, or P « V*, 

V2xX.005 =P; V200P=V; v7 X.0023=P; and .0023 v? sin. =P. 
V representing velocity in miles per hour, v in feet per second, P pressure in lbs. 

per sq. foot, and x angle of incidence of wind with plane of surface. 

Table deduced from above Formulas. 

Velocity | Pressure Velocity Pressure 
per per ona Character of the Wind. er per ona Character of the 

dour, Minute.) Sq. Foot. our, Minute. Sq. Foot. Wind, 

Miles.| Feet. | Lbs, ~'|[Miles.| Feet. | Lbs, 
I 88 .005 Barely observable. 25 | 2200.| 3.125 | Very brisk. 
2 176 | .02 ‘ F 30 | 2640 | 4.5 . - 3 abe ihe: Just perceptible, Ss get: (OS aek High wind. 

4 352 | .08 Light breeze. 40 | 3520 | 8 Very high wind. 
5 440 | .125 45 | 3960 |10.125 | Gale. 
6 528 | .18 penile, pleasant 50 | 4400 | 12.5 Storm. 
8 704 | .32 ; 60 | 5280 |18 Great storm. 

10 880 | .5 Fresh breeze. 80 | 7040 | 32 Hurricane, 
15 | 1320 | ¥.125 Brisk blow. 9° | 7920 | 40.5 owe 
20 | 1760 | 2 Stiff breeze. 100 | 8800 | 50 “| Tomado: 

InLusTRATION.—What is pressure per sq. foot, when wind has a velocity of 18 
miles per hour? 18? X .005 = 1.62 lbs. 

To Compute Worce of Wind upon a Surface. 

v2 asin? A 

440 
surface in sq. feet, and A angle of incidence of wind. 

<" Mount Washington wind has been observed to have had a velocity of 150 miles 
per hour. 

Extreme pressure of wind at Greenwich Observatory for a period of 20 years was 
4x lbs, per sq. foot. ; 

=P. v representing velocity of wind in feet per second, a area of 
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Force of wind upon a surface, perpendicular to its direction, has been ob- 
served as high as 57.75 lbs. per sq. foot; velocity = 159 feet per second, 

Dr. Hutton deduced that resistance of air varied as square of velocity 
nearly, and to an inclined surface as 1.84 power of sine X cosine. 

Figure of a plane makes no appreciable difference in resistance, but, con- 
vex surface of a hemisphere, with a surface double the base, has only half 
the resistance. 

At high velocities, experiments upon railways show that the resistance 
becomes nearly a constant quantity. 

Course of Wind. 

N ‘others Honteahare) Cyclones. Binithors Tsnisohesas 

i Wind has its direction nearly ‘at ig 
ot right angles to line between points of % 

¥ iG highest and lowest pressure of air, or way 
f s barometer readings, and its course is ¢ : 

\ ty, 7A with the point of lowest pressure at Aas 
‘ seer its left, and its velocity is directly as KE 

z difference of the pressures, KE 

In Northern Temperate zone, winds course around an area of low pressure 
in reverse direction to course of hands of a watch, and they flow away from 
a location of high pressure, and cause an apparent course of the winds in dix 
rection of course of the hands. 

To Compute Resistance of a Plane Surface to Air. 

.0022 @v2=Pinlbs. a representing area of plane in sq. feet, v velocity in direc- 
tion of wind in feet per second, + when it moves opposite, and — when with the wind. 

To Compute Resistance of a Plane Surface when moying 
at an Angle to Air. 

v? a sin.? w 

450 

To Compute Height of a Column of Mercury to induce 
an Efflux of Air through a given Nozzle. 

Barometer assumed at 2.46 feet = 29.52 ins., and Temperature 52°. 

=Pinlbs. x representing angle of incidence. 

Pp2 

48.073" dé : Ye 
height of column of mercury, both in feet, and P volume of air in lbs. per one second, 

ILLUSTRATION.—Assume d =.19, and P=.7 lbs. 
2 

PGT Kit 1ST Soot. 48.073 X 197 V/.1511 =.7- 

C) 
=H, and 48.073 d?./H=P. d representing diameter of nozzle and 0 

To Compute Pressure or Weight of Air under a given 

Height of Barometerand Temperature, Discharged in 
One Second. 

, 6+B ' , 
30.787 d?, /B 7 = pressure in Ibs. Or, 48.073 d7./B=lbs. b representing 

height of barometer in external air, B manometer or pressure of air in reservoir in 
mercury, both in feet, and t temperature of air or gas in degrees. 

ILLUSTRATION.—Assume b= 2.5 feet; d=.25 foot; B=.x foot; and t=1.055 feet. 

Then 30.787 X .0625 Js x 2st = 1.924 X 1/.2465 = .9543 lbs, 
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To Compute Temperature for a given Latitude and Ele- 
vation. 

82.8 cos. 1—.oor 981 E—.4=t. E representing elevation in feet. 

ILLUsTRATION.—Assume J = 45°; cos. =.707; and E = 656 feet. 

Then 82.8 X .707 —.001 981 X 656 — .4 = 58.54 — 1.299 —.4 = ppbartemec ce 

57-641. 

To Compute Volume of Air or Gas Discharged through 
an Opening and under a Pressure above that of Hix- 
ternal Air. 

5 a2 ,—_,_—— 
Air. 1347.4C ee VB (b’ +B) T = V in cube feet per second. 

T = 1+ !002 22 (f — 32°), and b’ = 2,5—.00009 elevation. 

Or, 621.28 d? ,/B= V. 

ILLUSTRATION.—What would be volume of air that would flow through a nozzle 
-246 foot in diam. from a reservoir under a pressure of .o98 foot of Ipercury, into 
air under a barometric pressure of 2.477 feet, temperature of air 55.4°, location 45° 
of latitude, and at an elevation of 650 feet above level of sea? 

C=.75; b’ = 2.5 —.00009 X 650 = 2.4415 (2.44); and T= r.o0502. 
¥ 62 . 

Then 1347.4 X .75 oe V.098 (2.44 + .098) X 1.0502 = 24.689 X 1/.2617 = 12.63 

cube feet. 

‘dears Densities of External Air and that in Reservoir are Equal. 

1347-4 oS VB(b+B)T=V. 0O’ representing height of mercury in reservoir. 

Bds 
Gas. 79 iy EP eKe anv p representing specific gravity of gas compared 

with air, and L length of pipe or conduit in feet. 

ILLUSTRATION.—If a pipe .os feet in diameter and 420 feet in length, communi- 
cates with a gasometer charged with carburetted hydrogen (illuminating gas), under 
a water pressure as indicated by a manometer of .1088 foot, what would be the dis- 
charge per second ? 

-1088 é 
d=.o5 foot; L=420 feet; and ie ee -008 foot. Specific gravity of gas 

+5625. 
23 608 xX .o55 231 «000 COO 425 ewe 5 hints pea tac ae eo nea cube foot. 

V/.5625 420+ 42.05 “75 420-+ 2.1 

Resistance of Curves and Angles.—Curves and angles incfease resistance 
to discharge of air or gas very materially. By experiment of D’Aubuisson 
7 angles of 45° reduced discharge of gas one fourth. 

To Compute Diameter of Discharge-pipe or Nozzle. 

When Length and Diameter of Pipe, Volume, and Pressure are given. 
Verde ie) ie tale CR ET t/ oad Bas=ve> d’ in feet. 

ILLusTRATION.—If a pipe rooo feet in length, and .4 foot in diameter, leads to a 
reservoir of air, under a mercurial manometric pressure of .18 foot, what diameter 
must be given toa nozzle to discharge 4 cube feet per second? 

+45 
Then 4/ sian Bas eo Ev) ever) = ¥/.000 405 2 = 

42302 X .18 X .45— 1000 X 4? 32 980.19 — 16 000 1 ; ai 
-1418 foot = 1.703 ins. i 

Volumes of two gases flowing through equal orifices, and under equal pressures, 
are in inverse ratio of square roots of their respective densities, 

* Specific gravity of mercury compared with water. 



RAILWAYS. 677 

RAILWAYS. 
To Define a Curve.—Fig. 1. (Molesworth.) 

3 171g ¢ 

a 
Fig. x. or¢ tan. x= R; R (cotan. x) = ¢; 

1719 Cc 
R =a; 

R (cosin. ) = s; R (coversin. x) = V; 
5400 —& : 2 sear pest and (5400—z2) .cco 582 R=1. 

c representing any chord, t length of tangent, d distance of centre of curve from in- 
tersection of tangents, s half chord of curve, and L length of curve, all in like dimensions, 
a tangential angle of c in minutes, n number of chords in curve, and x half angle of 
“apes, but in formulas for number of chords and length of curve to be expressed 
in minutes. 

ILLUSTRATION.—Assume radius goo and chord 400 feet; angle of intersection = 
12° 44 = 764 minutes, and z= 56° 15’ 5”. 

R (cosec. * —1) = d; 

ust 
ie Fo 

Tangent of 56° 15’ 5° = 1.49673. Cotangent — .668 14. 

I X 400 - 
eg R= p00 feet; a minutes ; goo X .66814 = t= 

Gor. 33 feet; 900 X 1.20269 —1 = d= 182.42 feet; goo X.55535 =s= 500 feet ; 

goo X .168 33 = V = 161.5 feet; Sor ree = 2.645 times, and .c00 582 X goo X 

5400 — 3379 = 1058.6 feet. 

Tangential Angles for Chords of One Chain. 

Radius of | Tangential ); Radius of | Tangential {| Radius of | Tangential || Radius of | Tangential 
Curve, Angle. Curve. Angle: Curve, Angle. Curve. Angle. 

Chains. Chains, Chains. 
5 5° 43.8" 15 £9"'5 4.64 40 42.97° ||x mile 21.48" 
8 3° 34.87" 20 1° 25.95” 45 38.2" 1.25 mil’s}._ 17.19% 
9 3Qry’” 25 1°) 8.76’ 50 34.38’ ||z-5 miles} 14.33% 

10 BO ST .Or 30 57-3" 60 28.65" | Te 7iniee 12.287 
12 2° 23.25% 35 49.11" 7o 10.74" 

Norr.—Angle for 2 chain chords is double angle for x chain chords. Angle for .5 
chain chords is .5 the angle for x chain chords. : 

Curves of less than 20 chains radius should be set out in.s5 chain chords. Curves 
of more than x mile radius may be set out in 2 chain chords. 

Angles in above Table are in degrees, minutes, and decimals of minutes, 

“Abb Sidings. 
< i geomet 

2VdR—(.5d)2?=1. R representing radius of 
curve, l length of curve over points, and d distance 
between tracks, Ki 
all in feet. Be 3: 

Turn-out of Unequal Radii. 

rx 

R+7r 

Vy (r+ A)=a; R—2=B; Vz(R+B)=bd. 

R and x» representing radii of the curves re- 
spectively as to length, « distance between outer 
rails of tracks and other symbols as shown, ali 
in feet. ; vo 

3 L* 

=y; *— ys; A+ b=1; r—y=A; 
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Points and Crossings. 

cae Ss (mae G 
ih a V(R4 2) G=1; R804; Soe 

senting radius of curves, G gauge of road, a angle of crossing, 
and x= R—G, all in feet. 

In horizontal curves, width required for clearance of 
Vd flange of wheel, and for width of rail at heel of switch, 
i render it necessary to make an allowance in length of /, 

/ as ascertained by formula. 
Hh For other diagrams and formulas, see Molesworth’s Pocket- 

book, pp. 208-18, 21st edition. 

=R. R repre. 

Ede ees 

5 

c 
To Compute Tangential Angle for Curves. =a c 

representing chord in feet, and a angle in minutes. 

ILLUSTRATION.—What is angle for a curve with a radius of goo feet, and a chord 
of 400 feet? 

1779 X 400 564 minutes, 
gee 

Curving of Rails. 
56 I? . : anes ; 
aes. 1 representing length of vail in feet, v versed sine at centre, when 

curved, in ins. 

ILLUSTRATION. —What is curve for a rail 20 1eet jn length, with a radius of goo feet? 
1.5 X 202 

goo 
=. 066 ins, 

Curves by Offsets in Kqual Chords. 

Chord2 Chord? 
Site ale offset. R 

_ItLustration, —Assume chords 150, and ra- 
dius goo feet. 

f 22 500 225 2 500 
vind aed = = 25 feet. 

= 2, 0 offset. 

, 

To Compute Versed Sines and Ordinates of Curves. 

Fig. 6. peo .5 C)? 
8 at Pe 10 R—VR?—(.5 C)?=0; C5 $e=D; and 

F %, VR?—22—(R—v)=0. D representing diameter of 
iB Ec s circle, and v versed sine of curve. 
; R Bok \ ILLUSTRATION.—Assume radius 900, and chord 400 feet. 
$ D ¥ goo — V 810000 — 40 000 = 900 — 877.5 = 12.5 feet. 

Relation of Base of Driving or Rigid Wheels to Curve. 

ce = B. R representing minimum radius of curve, & gauge of road, and B base, 
all in feet. 

To Compute Elevation of Outer Rail. af 
For any Radius or Combination of Curve with Straight Line. 

5 V/G=c V representing velocity of train in feet per second, G gauge of road. and c length of a chord, both in feet, the versed sine of which = en ene ii 

On Curves. 

G=E. E representing elevation of outer rail in ins, 
v2 

1.25K8 
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Radii of Curves set out in Tangential Angles. 
Angle for oe Angle for Radius Angle for Radius Angle for Radius 

0! of Chord of Chord of of Chord of of Chord of 
100 Feet. | Curve. too Feet. ; Curve. | r00 Feet. Curve. too Feet. |, Curve. 

Cue at | Feet, oh ie Feet. WES O's Feet. Di Feet. 

30 5729.6 2 30 1145.9 4 30 636.6 630 |’ 440.7 
bs 2864.8 3 954-9 5 573 7 429-3) 
I 30 1909.9 3 30 818.5 5 30 520.9 7 30 382 
2 1432.4 4 716.2 6 447-5 8 358.4 

Nortr.—If chords of less length are used, radius will be proportional thereto, 

To Ascertain Radius of Curve in Inches for Scale, in Feet per Inch. 
Divide radius of curve in feet by scale of feet per inch. 

To Compute Required Weight of Rail. 

Rute.—Multiply extreme load upon one driving-wheel in Ibs. by .0os, 
and product will give weight of rail in lbs. per yard. 

To Compute Radius of Curve and Wheel Base. 

R 
9BG=R. ae =B. B representing maximum rigid wheel base of cars, and G 

gauge of way, both in feet. 

To Determine Elevation of Outer Rail. 

For any Radius or Construction of Curve with Straight.—Fig. 7. 

Fig. 7. Vis /Ga=c. V representing speed of train in feet per sec- 
aA ond, G gauge of rails in feet, and. c length of chord, versed sine 
Ne » of which will give at its centre the elevation required. 

2 
Thus, determine chord ¢, align it on inner 

side of rail, and distance of rail from it at 
centre of its length will give elevation re- 
quired, whatever the radius of rail. 

. [.782 V2 (ND W)]—4PR : Vee . : 
For Curves. NDR E; Or, W AE We E. D representing 

diameter of wheels, W width of gauge, P lateral play between flange and rail, and 
R radius of curve, all in feet, 1 N ratio of inclination of tire, V velocity of train in 
miles per hour, and E elevation of outer vail in ins. (Molesworth) 

WC(d+) 
= resistance due to curve, and W representing weight of body, both in 

2R 
Ibs., C coefficient of friction of wheels upon rails =.x to .27, according to condition of 
weather, d distance of rails apart, l length of rigid wheel base, and R radius of curve, 
all in feet. (Morrison.) 

ILLUsTRATION.—Assume weight of locomotive 30 tons, radius of curve xooo feet, 
distance of rails apart 4 feet 8.75 ins., length of base 10 feet, and rails, dry, O=1. 

30 X 2240 X «1 X (4.73+ 10) — .93 lbs. Banca 494-93 

To Compute Resistance due to Gravity upon an In- 

clination. 

2240 ° 
——— = lbs. per ton of train. 
gradient P f 

Rise per Mile, and Resistance to Gravity, in Libs. per 

: Ton. 

Gradient of x inch..] 20 | 25 | 30 | 35'| 40} 45 | 5° | 60 | 70 | 80 | go | 100 

Rise in feet...... + | 264 Jazz J176 | x51] 132] 117 |106 [88 | 75 | 66 59 _|53 
Resistance.........| x12] 89.6] 74.7] 64] 56] 50] 44.8/37.3] 32 | 28 24.8|22.4 
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To Compute Load which a Locomotive will Draw up 
; an Inclination. 

T+r+r—W=L. T representing tractive power of locomotive in 1bs., 7 re- 
sistance due to gravity, and 7” resistance due to assumed velocity of train in lbs. per 
ton, W weight of locomotive and tender, and L.load locomotive can draw, in tons, ex- 
clustve of its own weight and tender. 

Coefficients of Traction of Locomotives.—Railroads in good order, etc., 4 to 6 Ibs. ; 
in ordinary condition, 8 lbs. 

In coupled engines adhesion is due to load upon wheels coupled to drivers. 
To Compute Traction, Retraction, and Adhesive Power 

of a Locomotive or Train. 
When upon a Level. asP+D=T. a representing area of one cylinder in 

sq. ins., § stroke of piston and D diameter of driving-wheels, both in feet, P mean 
pressure of steam in lbs. per sq. inch, and T traction, in lbs. 

When upon an Inclination. asP+D—rwh=T. r representing resistance 
per ton, w weight of locomotive upon driving-wheels, in tons, h height of rise in feet 
per 100 of road, and R=rwh=retraction, in lbs. 

Cwb-—-100= A. b representing base of inclination tn feet per 100 of road. 
Cw=A. C=coefficient in lbs. per ton, and A adhesion, in lbs. 

When Velocity of a Train is considered. 
When upon a Level, W (C+ VV) =R. When upon an Inclination, 

WG@rhA+C+VV)=R. V representing velocity of train in miles per hour, 
ILLUSTRATION. —A train weighing 200 tons is to be driven up a grade of 52.8 feet 

per mile, with a velocity of 16 miles per hour; required the retractive power? 
52.8 per mile = x in roo feet = 7 = 20.4 Ibs. C= 5. 

200 (22.4 X 1-+5-+1/16) = 200 X 22.449 = 6280 lbs. 

Velocity of Trains. 
Miles per hour........... | 10 15 20 | 30 | 40 50 60 70 

Lbs. Lbs. Lbs. | Lbs, Lbs, Lbs. Lbs. Lbs. 

8 | 17-25 | 22.5 | 29 36.5 
Resistance upon straight OR 

line per ton ........5 5 9°85} F225.) 13-2 
Do., with sharp curves 6 
and strong wind*.... } i ENG jn 120 3 34 43-5 | 55 

* Equal to so per cent. added to resistance upon a straight line. 

Friction of locomotive engines is about 9 per cent., or 2 Ibs. per ton of weight. 
Case-hardening of wheel-tires reduces their friction from -14 to .08 part of load. 

To Compute Maximum Ioad that can be drawn by an 
Engine, up the Maximum Grade that it can Attain, 
Weight and Grade being given. (Maj. McClellan, U.S.A.) 

Ri ‘ —8L gee Aro. =L, and ee re BB 
+4242 G+ 8 -4242 L 

in lbs., G grade in feet per mile, and L load, in tons, 
Nore 1.—When rails are out of order, and slippery, etc., for .2 A, put -143 A. 

~2.— With an engine of 4 drivers, put .6 as weight resting upon drivers; with 6 
drivers the entire weight rests upon them. 

ILLUSTRATION, —An engine weighing 30 tons has 6 drivers; what are the maximum loads it can draw upon a level, and upon a grade of 250 feet, and what is its mazi- mum grade for that load? 

+2 X 2240 X 30 13440 

=G. A representing adhesive weight of engine, 

+2 X 2240 X 30 __ 33440 | = 1595.4 lons upon a level. -4242-+8 — 8.4242 +4252 X250+8 114.05 
+2 X 2240 X 30—8 X 117.8 12 4907 717.8 tons up a grade of 250 feet. =— = 250. t. 7 ip & GF of 250 fe 4242 X 137.8 mee 250.1 fee 

Adhesion of a 4-wheeled locomotive, compared with one of 6 wheels, is as 5 to 8, 
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OPERATION OF LOCOMOTIVES. (0. Chanute, Am. Soc. C. E.) 

Adhesion. , 

_ Adhesion of a locomotive is friction of its driving-wheels upon the rails, 
varying with condition of the surface, and must exceed traction of the engine 
upon them, otherwise the wheels will slip. , 

Improvements heretofore made in the construction of locomotives and 
tracks have gradually increased the proportion which the adhesion bears to 
the insistent weight upon the driving-wheels. 

The first accurate experiments were those of Mr. Wood upon the early English 
coal railways. He deduced the adhesion to be as follows: 

Upon: perfectly, Gry, rails... oe ols mes mee cce ns one -14 of weight on drivers, 
Se GI DOF TANG Ve TAS: aca/a'ca's acl ciepaceie«'ne Surgetsacy een S 
er VOL Vi SrCHSY LAUS.... 5 sc0es one eden te see Oden da us 

In 1838, B. H. Latrobe indicated .13 as a safe working adhesion, while modern 
European practice assumes about .2 of weight as maximum, and .1r as a Minimum, 
except perhaps in some mountainous regions, subject to mists. Thus, on the Sam- 
mering line, adhesion is generally .16, and between Pontedecimo and Busalla, in 
Italy, it never exceeds .r2 in open cuttings, or .x in tunnels. 

Extensive experiments made upon French railways, 1862-67, by Messrs. Vuille- 
min, Guebhard, and Dieudonné gave following coefficients in actual working: dry 
weather, extreme, .105 to .2; damp, .132 to .139; wel, .078 to .164; light rain, .o9; 
extreme rain, .109 to .2, mean, .13; rain and fog, .115 to .14; heavy rain, 16. 

Materially better results are obtained in United States, partly, perhaps, in con- 
sequence of greater dryness of the weather, and certainly because of the American 
method of construction and equalizing the weight between the drivers, and of mak- 
ing the locomotive so flexible as to adapt itself to inequalities in the track. { 

Modern engines in America can safely be relied upon to operate up to an adhesion 
equal to .222 in summer and .2 in winter, of weight upon the driving wheels, 

From these data the following tables have been computed: 

Coefficients of Adhesion upon Driving Wheels per Ton, 

| European | American European | American 
Condition of Rails. Practice. | Practice. Condition of Rails, Practice. |’ Practice, © 

. “C. | Lbs.| C. | Lbs. ; C. [Lbs.| Cc. | Lbs. 
Rails very dry..... 3 | 670|.33 | 667 || In misty weather .|.or5 | 350] .2 400 
Rails very wet..... 127 600}.25 | 500|| In frost and snow.}.og | 200} .16 | 333 
Ordinary working..| .2 | 450|.222 | 444 

Adhesion of Locomotives, in Lbs, (.222 in Summer and .2 in Winter). 
- Weight. Adhesion. 

Type of Locomotive. Nov ofiDrlvers, Locomotive,|On Drivers.) Summer. Winter, 

Lbs. Lbs. Lbs, Lbs. 
American..........| 4 wheels coupled....| 64000 | 42000 9 350 8 400 
Ten-wheeled 6 ‘ connected..| 78000 | 58000 13,000 11 600 
Moguls. tess. s Ge sis --| 88000 | 72000 16 000 14 000 
Consolidation......)8 9 “ ft ..| ‘100000 88 000 19 550 17 600 
Tank switching....) 6 ¥ ..| 68000 | 68000 15 100 13 600 

+f fe sate ahr enact ay -.| 48000 | 48000 10650 9 600 

Tractive Power. 

Traction of a locomotive is the horizontal resultant on the track of the 
pressure of the steam, as applied in the cylinders. 
D?PL+W=T.. D representing diameter of cylinder, L length of stroke, and W 

chameter of driving wheels, all. in ins., P mean pressure in cylinder, in lbs. per sq. 
inch, and T tractive force on rails, in lbs. 

ILLUSTRATION. —Assume a locomotive, cylinders 18 ins. in diam., 22 ins, stroke, 
wheels 68 ins. in diam., and average steam pressure in cylinders so lbs. per sq. inch. 

_ Then 18X18 X 50 X 22+ 68= 5241 lbs. 



682 - ‘RAILWAYS, = 

Train Resistances. 

Usual formula for train resistances, on a level and straight line, is 
2 v2 a 

‘se +8=R per ton of train, and not 6=R per ton of train alone. V repre- 
275 - - 3 

senting velocity in miles per hour, and 8 constant azle friction. (D. K. Clark.) 

Notr.—-To meet the unfavorable conditions of quick curves, strong winds, and 
imperfection of road, Mr. Clark estimates results as obtained by above formula 
should be increased 50 per cent. 

ILLUSTRATION.—At 20 miles per hour, the resistance would be: 

20? 171 + 8 = 10.3 lbs. per ton of train. 

This formula, however, is empirical. It gives results which are too large for 
freight trains at moderate speeds, and too small for passenger trains at high speeds. 

Engineers are not agreed as to exact measure and value of each of the elements 
of train resistances, but following approximations are sufficient for practical use: 

Analysis of Train Resistances. 

Resistance of trains to traction may be divided inio four principal ele- 
ments: 1st. Grades; 2d. Curves; 3d. Wheel friction; 4th. Atmosphere. 

1st. Grades. — Gradients generally oppose largest element of resistance - 
to trains. Their influence is entirely independent of speed. The meas- 
ure of this resistance is equal to weight of train multiplied by rate of in- 
clination or per cent. of grade, Thus, a gradient of .5 per 100 feet (26.4 

. . 2000 
feet per mile) offers a resistance of 5X 200° — 31.2 Ibs, per ton, or 1o Ibs. 

10 X 100 

per 2000 lbs., which is to be multiplied by weight in tons of entire train. 
Following table shows resistance, due to gravity alone, for the most usual grades, 

in lbs, per ton of train: 

‘ 1st. Resistance due to Grades. 
Rate per roo feet...... 2 el Meee 3 12 3 ids ATES Sole e oo 8 
Lbs. per ton of 2240 Ibs...| 2.24 | 4.48 | 6.72 | 8.96 | 1.2 | 13.44 | 15.68 | 17.92 
Rate per mile............ lors rr 16 21 | 26 32 37 42 
Lbs. per ton of 2000 lbs...| 2 4 6 & } x0 12 14 16 

Rate per roo feet......... 9 I It 1.2 3 1.4 be) ts lie 9 5) 
Lbs. per ton of 2240 Ibs...| 20.16 | 22.4 | 24.64 | 26.88 | 29.12 | 31.36.] 33.6 | 35.84 
Rate per mile.....0.....05 47 53 58 63 68 74 79 85 
Lbs. per ton of 2000 Ibs...| 18 20 22 24 26 28 30 32 

2d. Curves.—Recent European formula is that given by Baron von Weber. 

.6504> R—s5=W. R representing radius of curve in metres. 

This formula assumes that resistance due to curve increases faster than radius 
diminishes. It gives results varying from a resistance of .8 Ib. per 2000 Ibs. per 
degree for a curve of roco metres radius (3310 feet, or 1° 44’) to a resistance of 1.67 
lbs. per 2000 Ibs. per degree for curves of roo metres radius (331 feet, or 17° 20’). 

Messrs. Vuillemin, Guebhard, and Dieudonné found curve-resistance to European 
rolling-stock to be from .8 to r lb. per 2000 Ibs. per degree, on a gauge of 4 feet 8.5 
ins., while Mr. B. H. Latrobe, in 1844, found that with American cars resistance on 
a curve of 400 feet radius did not exceed .56 1b. per 2000 Ibs. per degree. 

Resistance of same curve varies with coning given tires of wheels, elevation of 
outer rail, and speed of train running over it, but both reasoning and experiment 
indicate that the general resistance of curves increases very nearly in direct pro- 
portion to degree of curvature, or inversely to the radius. 

Recent American experiments show that a safe allowance for curve resistance 
may be estimated at .125 of a lb. per 2000 Ibs. for each foot in width of gauge. 
Thus, for 3 feet gauge resistance would be .375 lb. per degree of curve; for standard 
gauge of 4 feet 8.5 ins. .589, say .60, and for 6 feet gauge .75 lb. per degree. 

For standard gauge, when radius is given in feet, resistance due to this element is: 

60 X 5730+ R=C in lbs. per ton of train. 
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This is somewhat reduced when curve coincides with that for which wheels are 
coned (generally about 3°), and when train runs over it, at precise speed for which 
outer rail is elevated, an allowance of .5 lb. per ton per degree is found to give good 
results in practice. 

2d. Resistance on Curves. 

It follows from above estimate of curve resistance that, in order to have the same 
resistance on a curve as on a straight line, the gradient should be diminished by 
-03 per roo feet of each degree of curve. Thus a 3° curve requires an easing of the 
grade by .og per roo feet, a 10° curve an easing of .3 per 100, etc. 

This, however, need only be done upon the limiting gradients, and when sum of 
grade and curve resistances exceeds resistance which has been assumed as limiting 
the trains, i 

3d. Resistance due to Wheel Friction. 

Experimenters are not agreed whether friction of wheels increases simply with 
weight which they carry, but also in some ratio with the speed. Originally as- 
sumed as a constant at 8 lbs. per ton, improvements in condition of track (steel 
rails, etc.) and in construction and lubrication of rolling-stock have reduced it to 
3-5 and 4 lbs. per ton for well-oiled trains. Under ordinary circumstances, in sum- 
mer, it will be safe to estimate it at 5 lbs. per ton on first-class tracks, and 6 Ibs. 
per ton on fair tracks. It may run up to 7 or 8 Ibs. per ton on bad tracks (iron 
rails) in summer, and all these amounts should be increased from 25 to 50 per cent. 
in cold climates in winter, to allow for inferior lubrication. 

4th. Resistance due to Atmosphere. 
Atmospheric resistance to trains, complicated as it is by the wind which may be 

prevailing, has not been accurately ascertained by experiment. It consists of— 
rst. Head resistance of first car of train, which is presumably equal to its exposed 
area, in sq. feet, multiplied by air pressure due to speed. 

2d. Head resistance of each subsequent car. This varies with distance they are 
coupled apart, and so shield each other from end air pressure due to speed. 

3d. Friction of air against sides of each car depending upon the speed. This is 
generally so small that it may be neglected altogether. 

4th. Effect due to prevailing wind, which modifies above three items of resistance. 
A head wind retards the train, a rear wind aids it, while a side wind increases re- 
sistance by pressing flanges of wheels against one rail, and, in consequence of curves, 
a train may assume all of these positions to same wind, 

Recent experiments on Erie Railway secm to indicate that in a dead calm re- 
sistance of first car of a freight train may be assumed at an exposed surface of 63 
sq. feet,* multiplied by air pressure due to speed, and that each subsequent car may 
be assumed to offer a resistance of 20 per cent. of that of first car, while in a pas- 
senger train first car may be assumed at an area of go sq. feet,t multiplied by air 
pressure due to speed, and that each subsequent car adds an increment equal to 40 
per cent. that of first car, in consequence of greater distance they are coupled apart. 

This resistance is, of course, entirely independent of cars being loaded or empty. 
In practice it has been found that an allowance of 1.5 to 2 lbs. per ton of weight of 
a freight train covers atmospheric resistance, except in very high winds. 

In consequence of complexity of elements above enumerated, exact formulas can- 
not probably be now given for train resistances, but following, if applied with judg- 
ment (and modified to fit circumstances), will be found to give fairly accurate results 
in practice. They are for standard gauge, and in making them, curve resistance has 
been assumed at .5 Ib. per degree, wheel friction at 5 lbs., exposed end area of first 
car at go sq. feet for passenger cars and 63 feet for freight cars, and increment for 
succeeding cars at .4 for passenger trains and .2 for freight trains. 

co n— 

Passenger Train. W ( + rath 5) + (: + =) go P=R. 

co n— 

Freight Train. W (a ++ 5) ME (: sh *) 63P=R. 

* This is less than area of car, which generally measures about 71 sq. feet ; but part is shielded by 
tender, and parts being convex, as wheels, bolts, etc., offer less resistance than a flat plane. 
+ Not only is end area of passenger cars greater than that of freight cars, but in consequence of the 

projecting roof the end forms a hood in nature of a concave surface, and so opposes greater resistance 
than a flat plane, 
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W representing weight of train, without engine, in tons (2000 lbs.), G resistance of 
gradient per ton (2000 lbs. ; see table, page 683), C° curve in degrees, n number of cars 
in train, P pressure per sq. foot due to speed, to which an allowance must be made for 
wind, if existing, R resistance of train, and 5, wheel friction, both in lbs. 

ILLUSTRATION I.—Assume a passenger train of'5 cars, weighing 136 tons (2000 Ibs.), 
ascending a grade .5 per 100 (26.4 feet per mile), with curves of 4°, at a speed of 60 
miles per hour (for which the pressure is 18 lbs. per sq. foot), resistance will be: 

136 (io+2+5)+ (: Hae) (90 X 18) = 6524 1bs., of which 2312 Ibs. are due to 

grade, curve, and wheels, and 4212 lbs. to atmospheric resistance. 
2.—Assume a freight train of 31 cars, weighing 620 tons (2000 Ibs. ), turning a curve 

of 3°, up a grade of 52.8 feet per mile (x foot per roo), at a speed of 21 miles per hour 
(pressure 2 lbs. per sq. foot), resistance will be: 

620 (20+ 1.5-+ 5) + (: ob Pe} (63, X 2) = 17 312 lbs., requiring a ‘‘ Consolidation ” 
engine to haul it, allowance being made for possible winds, etc. 
Assume conversely, it is desired to know how many tons an American engine, with an adhesion of 10 650 Ibs,, will draw up a grade of .o per 100 (47 feet per mile), with curves of 4°. assuming atmospheric resistance between 1. 5 to 2 lbs. per ton of train. 

Resistance from grade .g X 2000 100 .....se0s oss2 = 28 Lbs. ) 
me IRCULV OAC ania nacicicenacawanoncar ei = 2‘ ? 27 lbs. 
ee ‘* wheel friction 5, atmosphere 2..... = ee 5 

Hence, 10 650+ 27 = 395 tons, or about 20 cars, and in winter same engine will haul 9600 + 27 = 355 tons (2000 Ibs.), or about 18 cars. 
Following table approximates to best modern practice. For freight trains it gives. aggregate resistance, in Ibs. per ton (2000 Ibs.), for yarious grades and curyes. In using it, it is sufficient to divide the adhesion in Ibs. of locomotive used by number found in table, in order to obtain number of tons of train that it will haul at or- dinary speeds on gradient and curve selected. Of course, if grade has been equated for curves, only number found in first column (for straight lines) is to be used in 

computing tons of train on limiting gradient. 

Approximate Wreight-train Resistances. 
Gauge 4 feet 8.5 ins. 

In Lbs. per 2000 lbs. at Ordinary Speeds. 
Curve Resistance assumed at .5 Ibs. per ©, Wheel Friction at 5 lbs., Atmospheric Re- 

sistance at 2 lbs. per Ton. 
Grave. || 3 Curve. 
Per | Per || 2 & & x sy i } Cent.|Mile|| 4 | 2") 3 "los 6°} 7° | 8°] 9° |xo?] xx° |x2°] 33° | 14° 1° 

Ibs.|' Ibs. |1bs.} bs. '/1bs.} Ybs. |Ibs.} Ibs. |lbs.| Ibs. lbs. Ibs, |Tbs.} Ibs, |1bs.! Ibs. Level. Feet. 7/ 7-5) 8) 85} 9] 9.5|10| 10.5} x1} 23.5} 12 12:5]%3/13-5)14|14.5 ni 5 || 9] 95} 10} 10.5) 12} 11.5] 12] 12.5 13 | 13-5) %4|14-5|15| 15-5 | 16| 16.5 02 | AL 1X) 1.5} 12) 12.5} 13] 13-5] 14] 14.5) 15:| 15.5 | 16 16.5 /17|17-5| 18) 18.5 -3 | 26 [113 |13-5| 14] 14.5] 15,| 15.5] 16 16.517] 17.5] 18] 18.5 19 | 19-5 | 20] 20.5 +4 | 20 |/15] 15-5] 16)|16.5]17| 17.5] 18 18.5 | 19] 19.5 | 20 20.5 | 21 | 21.5) 22] 22.5 +5 | 26 |/17|27.5| 18 18.5 | 19 | 19.5 | 20 | 20.5 | 23 21,5 | 22 |.22.5| 23 | 23.5] 24] 24.5 6 32 ||19 | 19-5 | 20 | 20.5] 21 | 21.5] 22] 22.5 | 23,| 23.5 | 24 24.5]25 | 25.5, 26| 26.5 ‘Z| 37. |J22,) 21-5 | 22 | 22.5 | 23 | 23.5 | 24 1.24.5 | 25 | 25.5] 26 26.5 | 27 | 27.5 28 | 28.5, 8'| 42 |/23 | 23.5] 24] 24.5] 25 25-5 | 20 | 26.5 | 27 | 27.5] 28 28.5 | 29 | 29-5 | 30! 30.5, "9 | 47 1/25 | 25-5 | 26 | 20.5 | 27| 27.5 | 28| 28.5 | 29| 29.5 | 30| 30.5 | 3r 31-5 |. 32 | 32.5 * | $3 [27 | 27-5 | 28 | 28:5 | 29 | 29-5] 30] 30.5] 3 | 32.5 | 32] 32.5 | 33] 33-51 341 34.8 rr | 58 |/29 | 29.5 | 30 30.5 | 31] 31.5 | 32 | 32.5 | 33 | 33.5 34] 34-5 | 35 | 35-5 | 36 | 36.8 1.2 | 63 |/32 | 31-5 | 32 | 32.5 | 33] 33-5] 34 34-5 | 35 | 35:5 | 36 | 36-5 | 37 | 37-5 | 38 | 38.5 1.3 | 68 |/33 [33-5 | 34 | 34-3 | 35 | 35-5] 36 | 30.5 | 37 | 37.5 38 | 38.5 | 39 | 39-5 | 40 | 40.5 4 | 74 1/35 | 35-5} 36 30-5 | 37 | 37-5 | 38-385 | 39} 39.5 | 40 | 40.5 42 | 41-5 | 42| 42.5 15 | 79 |/37 | 37-5 | 38 | 38.5 | 39] 39-5] 40] 40.5 | 4x 41-5 42 | 42.5 | 43| 43-5 | 44 | 44.5 1.6 | 85 [139] 39.5] 401 40.5 4x / 41.5142] 42.5 | 43 43-51 44144-5145] 45-5) 46] 46.5 ILLUSTRATION. —Assume a “Mogul”? engine to have an adhesion of 16.000 Ibs. ; Waat weight will it haul upa grade of 74 feet per mile, combined with a curye of 9°? 
16 000 = 39.5 = 405 tons (2000 Ibs. ). 

i~g 
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Hence, To Compute Adhesion on a Given Grade and Curve, having Weight 
of Train. 

Rutre.—Multiply tabular number by weight of train in tons (2000 lbs.), 
and product will give adhesion, in lbs. 

EXAMPLE.—Assume preceding elements. Then 39.5 X 405 = 16 000 lbs, 

Nore.—A “Consolidation”? engine, by its superior adhesion (19 550 Ibs.) would 
haul up a like grade and curve 495 tons. 

Memoranda on English Railways. 

Regulations (Board of Trade), 

Cast-iron girders to have a breaking weight = 3 times permanent load, added to 
6 times moving load. 

Wrought-iron bridges not to be strained to more than 5 tons per sq. inch. 
Minimum distance of standing work from outer edge of rail at level of carriage 

steps, 3.5 feet in England and 4 feet in Ireland. 
Minimum distance between lines of railway, 6 feet. 

Stations.—Minimum width of platform, 6 feet, and r2 at important stations, 
Minimum distance of columns from edge of platform, 6 feet. Steepest gradient for 
stations, x in 260. Ends of platforms to be ramped (not stepped). Signals and dis- 
tant signals in both directions. 

Carriages.—Minimum space per passenger 20 cube feet. Minimum area of glass 
per passenger, 60 sq. ins. Minimum width of seats, 15 ins. Minimum breadth of 
seat per passenger, 18 ins. Minimum number of lamps per carriage, 2. 

Requirements.—Joints of rails to be fished. Chairs to be secured by don spikes. 
Fang bolts to be used at the joints of flat-bottomed rails. 

“ ; Narrow. Broad. 
Construction. Feet, Ins. Feet. Ins, 

WY TE UDG MISC sie: c/aiwis ois 0.0 p'n sels» aipfo.e'sieje'sin 0 f0'¢/s'9/e10's 18 24 6 
CES KGOUDIOING tec wien s clsiceeecieesideseceinsicsseccis 30 38 
Ss top, Of ballast, single dime... 5:00.05 010 oe sie sence £3.16 15 6 
& ee oe GOUDIO NNEC. . ..-\-ppicideewis 0/2 v9 v0 24. 6 29 

Slope of cuttings from centre, 1 in 30. Width of land beyond bottom of slope, 
to x2 feet. Ditch with slopes, x foot at bottom, 1 tox. Quick mound, 28 ins. in 

height. Post and rail-fence posts, 7 feet 6 ins. X 6 ins. X 3.5 ins., 9 feet apart, 3 feet 
in ground. Intermediate posts, 5 feet 6 ins. x 4 ins. X 1.5 ins., 3 feet apart. Rails 
4 Of 4 X 1.5 ins. 

Parliamentary Regulations for Crossing Roads. 

Turnpike Public Occupation 
Road. Road. Road, 

Feet. Ins. | Feet. Ins. | Feet, Ins, 

Clear width of under bridge, or approach....| 35 — | 25 —|12 — 
Clear height of under bridge for a width of r2ft. | 16 — | — —|— — 

“ce bh bh be iy cb —— —— — — — 10 15 
6h 19 6b 6c , Oy 9 v6 a, eae sniog/ 9 aeanl 14 _ 

ef ¢ MPP ab SPINS ING elelere |, 22 0 Sey] e's tee 
Over bridge; height of parapets. ...........)/° 4 — | 4 — | 4\%—6 
Approaches, inclination ...........+.+++2-| rinjo | rinzo | 1in16 

ce OIC R EOLA CQCLIS lec lepreisieloie) haste) BS). ly G.miie Gavecs 

Limits of Deviation.—In towns, 10 yards each side of centre line. In 
country, 100 yards, or 5 chains nearly. 

Level.—In towns, 2 feet. In country, 5 feet. 

Gradient. — Gradients flatter than 1 in 100, deviation ro feet per mile 
steeper. Do., steeper, 3 feet per mile. 

Curve.—Curves upwards of .5 a mile radius, may be sharpened to .5 mile 
radius. Curves of less than .5 mile radius may not be sharpened, 

3M 
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ROADS, STREETS, AND PAVEMENTS, 

Classification of Roads. 

1. Earth. 2. Corduroy. 3. Plank. 4. Gravel. 5. Broken stone (Mac- 
adam). 6, Stone sub-pavement with surface of broken stone (Telford), 
7. Stone sub-pavement with surface of broken stone and gravel, or gravel 
alone. 8. Rubble stone bottom with surface of broken stone or grayel, or 
both. g. Concrete bottom with surface of broken stone or gravel, or both. 

Grade of Roads. 

Limit of practicable grade varies with character of road and friction of ve- 
hicle. For best carriages on best roads, limit is 1 in 35, or 15 feet in a mile, 

Maximum grade of a turnpike road is 1 in go feet. An ascent is easier 
for draught if taken in alternate ascents and levels, than in one continuous 
rise, although the ascents may be steeper than in a uniform grade. 

Ordinary angle of repose is x in 4o if roads are bad, and 1 in 30, to x in 20, 

When roads have a greater grade than 1 in 35, time is lost in descending, 
in order to avoid unsafe speed. Grade of a road should be less than its angle 
of repose. Minimum grade of a road to secure effective drainage should be ° 
tin 80. In France it is r in 125. 

In construction of roads the advantage of a level road over that of an in- 
clined one, in reduction of labor, is superior to cost of an increased length 
of road in the avoiding of a hill. 

Alpine roads over the Simplon Pass average x in 17 on Swiss side, 1 in 22 
on Italian side, and in one instance 1 in 13. 

In deciding upon a grade, the motive power available of ascent and ayoid- 
able of waste of power in descending are to be first considered. 

When traffic is heavier in one direction than the other, the grade in as- 
cent of lighter traffic may be greatest. 

When axis of a road is upon side of a hill, and road is made in parts by 
excavation and by embankment, the side surface should be cut into steps, . 
in order to afford a secure footing to embankment, and in extreme cases, 
sustaining walls should be erected. 

Construction. 

Estimate of Labor in Construction of Roads. (M. Ancelin.) 
A day’s work of ro hours of an average laborer is estimated as follows: 

In Cube Yards. 

Won. Crank? | mares, | Mod. | CREA Gravel, | Rating 
Picking and digging. ES 18 to 23 16 — 9 7 to 11 2.4 
Excayation and pitching} 

G*tOimacTOOtirsis ss Su%)- levers f 8 to 12 8 7 to 16 4 eo ee 
Loading in barrows....... 22 — 8 — 19 a 
Wheeling in barrows per 

Too feet. Ae aaticneiri ais 20 ¥0138 me = =* 24 to 28 a 
Loading in carts.......... 16 to 48 — _— — 17to27| — 
Spreading and levelling...) 44 to 88 — 25 — 30 to 80 _—- 
Time of pitching from a shovel is one third of that of digging. 

Ditches.—All ditches should lead to a natural water-course, and their méin- 
imum inclination should be x in 125. 

Depressions and elevations in surface of a roadway involve a material loss of 
power. Thus, if elevation is x inch, under a wheel 4 feet in diameter, an inclined 
plane of x in 7 has to be surmounted, and, as a consequence, one seventh of weight 
has to be raised x inch. 
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An unyielding foundation and surface are indispensable for a perfect roadway. 

Earth in embankment occupies an average of one tenth less space than in natural 
bank, and rock about one third more. 

Ruts. — Surface of a roadway should be maintained as intact as prac- 
ticable, as the rutting of it not only tends to a rapid destruction of it, but 
involves increased traction. 

The general practice of rutting a road displays a degree of ignorance of 
physical laws and mechanical effects that is as inexplicable as it is injurious 
and expensive. 4 

On compressible roadways, as earth, sand, etc., resistance of a wheel decreases as 
breadth of tire increases. 

Depressing of axles at their ends increases friction. Long and pliant springs de- 
crease effect of shock in passing over obstacles in a very great degree. 

Transverse Section.—Best profile of section of roadway is held to be one 
formed by two inclined planes meeting in centre of road and slightly 
rounded off at point of junction. 

Roads having a rough surface or of broken stone should have a rise of 
r in 24, equal to a rise on crown of 6 ins., and on a smooth surface, as a 
block-stone or wood pavement, the rise may be reduced to 1 in 48, 

On roads, when ‘longitudinal inclination is great, the rise of transverse 
section should be increased, in order that surface water may more readily 
run off to sides of roadway, instead of down its length, and consequently 
gullying it. 

Stone Breaking. A steam stone-breaking machine will break a cube yard 
of stone into cubes of 1.5 ins. side, at rate of r to 1.5 EP per hour, 

. 

Macadarized Roads. 

In construction of a Macadamized road, the stones (road metal) used 
should be hard and rough, and cubical in form, the longest diameter of which 
exceed 2.5 ins., but when they are very hard this may be reduced to 1.25 
and 1.5 ins. ; 

The best stones are such as are difficult of fracture, as basaltic and trap, 
and especially when they are combined with hornblende, Flint and sili- 
ceous stone are rendered unfit for use by being too brittle. Light granites 
are objectionable, in consequence of their being brittle and liable to disinte- 
gration; dark granites, possessing hornblende, are less objectionable, Lime- 
stones, sandstones, and slate are too weak and friable. 

Dimensions of a hammer for breaking the stone should be, head 6 ins, in 
length, weighing x lb., handle 18 ins. in length; and an average laborer can 
break from 1.5 to 2 cube yards per day. 

Stones broken up in this manner haye a volume twice as great as in their 
original form. 100 cube feet of rock will make r9o of 1,5 ins. dimension, 
182 of 2 ins., and 170 of 2.5 ins. 

A ton of hard metal has a volume of 1.185 cube yards. 

Construction of a Roadway.—Excavate and level to a depth of x foot, 
then lay a “bottom” 12 ins. deep of brick or stone spalls or chips, clinker 
or old concrete, ete., roll down to g ins, then add a layer of coarse gravel or 
small ballast 5 ins. deep, roll down to 3 ins., and then metal in 2 equal lay- 
ers of 3 ins., laid at an interval, enabling first layer to be fully consolidated 
before second is laid on and rolled to a depth of 4 ins. ; a surface or “blind” 
of .75 inch of sharp sand should be laid over last layer of metal and rolled 
in with a free supply of water. 
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Proportion of Getters, Fillers, and Wheelers in different Soils. Wheelers computed 
at a Run of 50 Yards. (Molesworth.) 

| Getters.| Fillers.| Wheelers.) |Getters.| Fillers.) Wheelers. 
Ey | ss fpleieearicseai 

Loose earth, _ u . Hard clay...... I 1.25 1.25 
Sand, etc. 9 Compact } u 5 ‘ 

Compact earth ...| x 2 2 gravel 
Mat)  cminpune ere I 2 2 BOcK ras 050 cose bed. I I 

Telford Roads. 

In construction of a Telford road, metalling is set upon a bottom course of 
stones, set by hand, in the manner of an ordinary block stone pavement, 
which course is composed of stones running progressively from 3 inches in 
depth at sides of road to 4, 5, and 7 inches to centre, and set upon their 
broadest edge, free from irregularities in their upper surface, and their in- 
terstices filled with stone spalls or chips, firmly wedged in. 

Centre portion of road to be metalled first to a depth of 4 ins., to which, 
after being used for a brief period, 2 ins. more are to be added, and entire 
surface to be covered, “blinded,” with clean gravel 1.5 ins. in depth. 

Telford assigned a load not to exceed 1 ton upon each wheel of a vehicle, 
with a tire 4 ins, in breadth. 

Gravel or Earth Roads. 

In construction of a gravel or earth road, selection should be made between 
clean round gravel that will not pack, and sharp gravel intermixed with 
earth or clay, that will bind or compact when submitted to the pressure of 
traffic or a roll. 

Surface of an ordinary gravel roadway should be excayated to a depth of 
from 8 to 12 ins. for full width of road, the surface of excavation conforming 
to that of road to be constructed. < 

The gravel should then be spread in layers, and each layer compacted by 
the gradual pressure due to travel over it, or by a roller, the weight of it in- 
creasing with each layer. One of 6 tons will suffice for limit of weight. 

If gravel is dry and will not readily pack, it should be wet, aiid mixed 
with a binding material, or covered with a thin layer of it, as clay or loam. _ 

In rolling, the sides of road should be first rolled, in order to arrest the 
grayel, when the centre is being rolled, from spreading at the side. 

To re-form a mile of gravel or earth road, 30 feet in width between gutters, 
material cast up from sides, there will be required 1640 hours’ labor of men, 
and 2o of a double team. 

Corduroy Roads. 

A Corduroy road is one in which timber logs are laid transversely to its plane, 

Plank Roads. 

A single plank road should not exceed 8 feet in width, as any greater width 
involves an expenditure of material, without any equivalent advantage, 

If a double track is required it should consist of two single and independ- 
ent tracks, as with one wide track the wear would be mostly in the centre, 
and consequently, wear would be restricted to one portion of its surface, 

Materials.—Sleepers should be as long as practicable of attainment, in depth 3 0r 
4 ins., according to requirements of the soil, and they should have a width of 3 ins, 
for each foot of width of road. 

Pine, oak, maple, or beech are best adapted for economy and wear. 
Planks should be from 3 to 3.5 ins. thick, and not less than 9 ins. in width, or 

more than r2 if of hard wood, or rs if of soft. 

A plank road will wear from 7 to 12 years, according to service, material, 
and location, and its traction, compared with an ordinary Macadamized road, 
is 2.5 to 3 times less, and with a commion country road in bad order 7 times. 

For other elements, see Earth-work, page 466. , . 
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Asphalt. 

Asphalt is a bituminous limestone, and is synonymous with bitumen; it 
consists of from go to 94 per cent. of carbonate of lime and 6 to ro per cent. 
of bitumen. 

In forming a pavement the powder is heated to from 212° to 250°, and its par- 
ticles caused to adhere by pressure, or it is applied as a liquid asphalt or asphaltic 
mastic, which is thus manufactured. The powder is heated with from 5 to 8 per 
cent. of free bitumen for a flux, and the mixture when melted is run into molds. 
To be remelted, additional bitumen must be mixed with it, without which it would 
only become soft. 

For paving 60 per cent. of sand or gravel must be mixed with it. No chemical 
union takes place between the mastic and the sand or gravel, but cohesion is so 
complete that gravel will fracture with the mastic, and the admixture increases the 
resistance of the mass to heat of the sun, The roadway should have a convexity 
of .ox of its breadth. 

Artificial Asphalt.—Heated limestone and gas tar, when mixed, possess 
some of the proportions of alphalt mastic, but it is very inferior for the 
purposes of a pavement. 

To repair surface of roadway, dissolve bitumen x part in 3 of pitch oil or 
resin oil, apply 10 oz. of mixture over each sq. yard of roadway, sprinkle on 
it 2 lbs. of asphalt powder, and then cover surface with sand. 

Wood Pavement. 

Close-grained and hard woods only are suitable, such as oak, elm, ash, 
beech, and yellow pine, and they should be laid on a foundation of concrete. 

Block Stone Pavement. 
Paving-blocks, as the Belgian, etc., where crest of street or area of pave- 

ment does not exceed 1 inch in 7.5 feet, should taper slightly toward the 
top, and the joints be well filled, ‘‘ blinded,” with. gravel, The common 
practice of tapering them downward is erroneous, 

The foundation or bottoming of a stone payement for street travel should 
consist either of hydraulic concrete or rubble masonry in hydraulic mortar. 
The practice in this country of setting the stones in sand alone is at variance 
with endurance and ultimate economy, but when resorted to, there should be 
a bed of 12 ins. of gravel, rammed in three layers, covered with an inch of 
sand, Granite or Trap blocks should be 4 x 9 x 12 ins, 

Rubble Stone Pavement. 

Bowlders or Beach stone of irregular volumes and forms, set in a bed of 
sand, involves great resistance to vehicles and frequent repairs; it is wholly 
at variance with requirements of heavy traflic or city use. 

Concrete Roads. 

Conerete roads are constructed of broken stones (road metal) 4 volumes, 
clean sharp sand 1.25 to .33 volumes, and hydraulic cement 1 volume. The 
mass is laid down in a layer of 3 or 4 ins. in depth, and left to harden during 
a period of 3 days, when a second and like layer is laid on and well rolled, 
and then left to harden for a period of from ro to 20 days, according to 
temperature and moisture of the weather, 

Roads. (Molesworth.) 

Ordinary turnpike roads.— 30 feet wide, centre 6 ins. higher than sides ; 
4 feet from centre, .5 inch below centre; 9 feet from centre, 2 ins. below 
centre; 15 feet from centre, 6 ins. below centre. 

Foot-paths—6 feet wide, inclined 1 inch towards road, of fine gravel, or 
sifted quarry chippings, 3 ins. thick. 

Cross-roads—zo feet wide, Foot-paths-—5 fect. 
Side drains—z feet below surface of road. 
Road material—bottom layer gravel, burned clay or chalk, 8 ins. deep, 

Top layer, broken granite not larger Mee 1.5 cube ins,, 6 ins. deep, 
3 
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Miscellaneous Notes. 

Metalling should be from 6 ins. to x foot in depth, and in cubes of 1.5 to 1.75 ins. 

One layer of material of a road should be spread and submitted to traffic or roll- 
ing before next is laid down, and this process should be repeated in 2 or 3 layers 
of 3 ins. each. 

When new metal is laid on old, the surface of the old should be loosened with a 
pick... Patching is termed darning. 

Sand and Gravel, Blinding, should not be spread over a new surface, as they tend 
to arrest binding of metal. Mud should be scraped off of surface. 

Hoggin is application of a binding of surface of a metal road, composed of loam, 
fine gravel, and coarse sand. 

Metalled Roads should be swept wet. 

Rolling.—Steam rolls are most effective and economical. 1000 sq. yards of metal- 
ling will require 24 hours’ rolling at 1.5 miles per hour. A roller of 15 tons’ weight 
will roll 1000 sq. yards of Telford or Macadam pavement in from 30 to 4o hours, at 
a speed of 1.5 miles per hour, equal .675 and .9 ton mile per sq. yard. 

Sprinkling.—6o cube feet of water with one cart will cover 850 sq. yards. 100 
cube feet per day will cover rooo sq. yards; ordinarily two sprinklings are necessary. 

Granite Pavement.—The wear of granite pavement of London Bridge was .22 inch 
per year, and from an average of several streets in London, the wear per 100 vehicles: 
per foot of width per day is equal to one sixteenth of an inch per year. 

Sweeping and Watering of granite pavement and Macadam road, for equal areas 
and under alike conditions in every respect, costs as x for former to 7 of latter. 

By men, with cart, horse, and driver, costs 3.25 times more than by a machine, 
one of which will sweep 16 ooo sq. yards of street per period of 6 hours. 

Asphalt Pavement. — Average cost per sq. yard in London: foundation, 50 cents; 
surface, $3.25; cost of maintenance per sq. yard per year, 40 cents. Wear varies 
from .2 to .42 near curb, and .r7 to .34 inch on general surface per year. 

Washing.—Surface cleaning of stone or asphalt pavement by a jet can be effected 
at from x to 2 gallons per sq. yard. ; 

Wood Pavement.—Wear of wood pavement in London, per 100 vehicles per day 
per foot of width, .o83 inch per year. 

Macadamized Roads. — Annual cost of maintenance of several such roads in - 
London was 62 cents per sq. yard. ' 

Block Stone Pavement.—Stones should be set with their tapered or least ends up- 
wards, with surface joints of x inch. 

_Fascines, when used, should be in two layers, laid crosswise to each other and 
picketed down. 

Bituminous road may be made by breaking up asphalt, laying it 2 ins. thick, 
covering with coal tar, and ramming it with a heavy beetle. To repair a bitumi- 
nous surface, dissolve one part of bitumen (mineral tar) in three of pitch oil or resin 
oil, spread .625 of a lb, of solution over each sq. yard of road, sprinkle 2 lbs. pow- 
dered asphalt (bituminous limestone) and then sand, and sweep off the surplus. 

Slipping.—Granite safest when wet, and asphalt and wood when dry. 

Gravel, alike to that of Roa Hook, from its uniformity, will bear an admixture 
of from .2 to .25 of ordinary grayel or coarse sand. 

Annual cost of a Telford pavement 4.2 cents per sq. yard, including sprinkling, 
repairs, and supervision. 

Voids in a Cube Yard of Stone. 

Broken to a gauge of 2.5 ins..... 1o cube feet. | Shingle........... 9 cube feet. 
KG or (eis FO,66, 7S “£1 Thames ballast. !. <sdis st (St 
is st Loy eSNG ICSC mr uke 

For further and full information, see Law and Clarke on Roads and Streets, New 
York, 1867; Weale’s Series, London, 1861 and 1877; Roads, Streets, and Pavements, 
by Brev. Maj.-Gen. Q. A. Gilmore, U.S. A., New York, 1876; Engineering Notes, by 
F. Robertson, London and New York, 1873; and Construction and Maintenance of. 
Roads, by Ed. P. North, C. E., see Transactions Am. Soc. of ©. E., vol. viii., May, 1879. 
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SEWERS. 

Sewers are the courses from a series of locations, and are classed as 
Drains, Sewers, and Culverts. ¢ 

Drains ave small courses, from one or more points leading to a sewer. 
Culverts are courses that receive the discharge of sewers. 
Greatest fall of rain is 2 ins. per hour = 54 308.6 galls. per acre. 
Inclination of sewers should not be less than 1 foot in 240, and for 

house or short lateral service it should be 1 inch in 5 feet. 

Fig. x, Circular, 55Vx2f=v,andva=V. 

D 2D F 
ep Egg. ; =v, —=w’,and D=r «= representing 

een area of sewer — wetted perimeter, f inclination of sewer 
per mile, and v velocity of flow of contents in feet per 
minute ; a area of flow, in sq. feet, V volume of discharge, 
in cube feet per minute; D height of sewer, w and w’ 
width at bottom and top, and r radius of sides, in feet. 

For diameter of sewer exceeding 6 feet. (7. Hawksley.) 

D—+=w’. D diameter of a circular sewer of area required. 
9, 

Elliptic.—Top and bottom internal should be of equal diam- 
eters. Diameter .66 depth of culvert ; intersections of top 
and bottom circles form centres for striking courses connect- 
ing top and bottom circles. 

Pipes or Small Sewers.— Height of section=1; diameter 
of arch = .66; of invert = .33, and radius of sides = 1. 

In culverts less than 6 feet internal depth, brickwork should be g ins. thick ; 
when they are above 6 feet and less than 9 feet, it should be 14 ins. thick. 

If diameter of top arch = 1, diameter of inverted arch =.5, and total 
depth = sum of the two diameters, or 1.5; then radius of the arcs which are 
tangential to the top, and inverted, will be 1.5. 

From this any two of the elements can be deduced, one being known. 

Drainage of Lands by Pipes. 
Depth | Distance Depth | Distance 

Sorts, of Pipes, | apart. Sons. of Pipes. apart. 

Ft. Ins. Feet, Ft, Ins, Feet. 
Coarse gravel sand....| 4 6 60 Loam with gravel...| 3 3 27 
Light sand with gravel | 4 50 Sandy loam......... a0 40 
Light loam ........... ey) 33 Soft clay... jal 209 21 
Loam with clay....... ey 2 SOUT clay nterate era's «cle 2 6 15 

Minimum Velocity and Grade of Sewers and Drains 
in Cities. (Wicksteed.) 

| Vel. Grade Vel. j Grade Vel. Grade 
Grade Grade ; Grade, i er atts er i er , per D per A per 

Diamtyeinate,| 20° |’ stile. || D2" Intimates! = | afite: |] [Minute] =i | Mile, 
Ins, Feet. Feet. Ins. Feet. Feet. Ins. Feet, Feet. 
4 240 36° |146.7 || 15 180 | 244 | 21.6 42 180 | 686 7 
6 220 65 81.2 || 18 180 | 294 | 18 48 180 | 784 6.8 
8 220 87 60.7 || 24 180 | 392 | 13-5 54 180 | 882 6 

10 210 | 119 44.4 || 30 180 | 490 | 10.8 60 18c | 980 5.4 
12 190 | 175 30.2 || 36 180 588 9 

Area of Sewers or Pipesi—An area of 20 acres, miles, etc., will not re- 
quire 20 times capacity of pipes for one acre, mile, etc., as the discharge from 
the rg acres, etc., will not flow into the main simultaneously with that from 
one acre, etc, Ordinarily in this country an area of sewer or pipe that will 
discharge a rainfall of x inch per hour (3630 cube feet per acre) is sufficient. 
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Sewage.—The excreta per annum of too individuals of both sexes and 
all ages is estimated at 7250 lbs, solid matter and 94 700 fluid, equal to 1020 
Ibs. per capita, and in volume 16 cube feet, to which is to be added the 
volume of water used for domestic purposes. A velocity of flow of from 2.5 
to 3 feet per second will discharge a sewer of its sewage matter and prevent 
deposits. The minimum velocity should not be less than 1.3 feet per second. 

Surface from which Circular Sewers with proper Curves 
will discharge Water equal in Volume to One Inch in 
Depth per Hour, including City Drainage. (John Roe.) 

DraMETER or Sewers 1n Feet. 
INcLINATION IN FEET. 

2 25 3) Aral) SY ea ee 

Acres, Acres, | Acres, | Acres. | Acres. | Acres. . Acres. 

67.25 / 120 277 | 570 | 1020 | 1725 | 2850 

75 135 308 630 1117 | 1925) 3025 
87 “155 | 355 735 | 1318 | 2225 | 3500 

113 203 | 460 95° | 1692 | 2875 | 4500 
143 257 590 1200 | 2180 | 3700 | 5825 
165 205 570 | 1388 | 2486 | 4225 | 6625 
182 318 730 | 1500 | 2675 | 4550 | 7125 

Surface of a Town from which small Cireular Drains 
will discharge Water equal in Volume to Two Inches 
in Depth per Hour. (John Roe.) : 

INCLINATION, DIAMETER OF Drarn IN Ins. || INctrnation.| Diameter or Dray rn Ins. 
Fall of r Inch. | 3 4 5 6 7 | & ||Fallofx Tnch.| 9 12 15 18 

Acres, Feet.} Feet, | Feet.| Feet.| Feet. Feet. Acres, Feet. | Feet. | Feet. | Feet. 
+125 120} — |} —}| — | —} — ae 120 | — a = 
+25 20|120/ — | — | — | _— 2.5 80 _ —~ — 

+4375 Seb SACHS? We LA 2.75 Go) ie silks 
“5 — | 30| 8 | —|—| — 4-5 — | 120 — —_ 
6 — | 20] 60) —*) — | — ae — 80 — — 

I —|—} 20} 60.|—) — 5.8 a 60 240 — 
1.2 — |---| —] 40 | 20'|} — 7.8 _ — 120 ad 
1.5 — | — | — | 20 | 60 | 120 9 = = 80 — 
1.8 a eee | ee 10 — — 60 | 240 
2.% —{|—-—i—|]—!—)| 60 17 —_ _ _- 120 

Dimensions, Areas, and Volume of Material per Iineal 
Hoot of Hgg-shaped Sewers of different Dimensions, 

IntERNAL Dimensrons, VoiumE or Brick-work. 

Depth. | qop'arch. | “Invert, | Area. ‘Bick. thick, ae 
Feet. Feet. Feet. Sq. Feet. Cube Feet. Cube Feet, Cube Feet. 
2.25 185, 75 2.53 2.81 — — 
3 2 I 4-5 3.56 — os 
3-75 2.5 1.25 7:03 4.31 9.56 — 
4.5 3 Ss 10.12 5.06 10.87 _ 
5:5 3.5 1.75 13.78 5.81 12.75 — 
6 4 2 18 6.56 14.25 =, 

6.75 4:5 2.25 22.78 7-32 15-75 24.75 
7:5 F 2.5 28.12 —_— 17.06 27 a 
8.25 5:5 2.75 34-03 = 18 28.41 
9 6 3 40.5 mm 19.69 30-94 

Area = product of mean diameter height. 

Sewer Pipes should haye a uniform thickness and be uniformly glazed, 
both internally and externally. 

Fire-clay pipes should be thicker than those of stone-clay. 
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STABILITY, 
Srapriity, Strength, and Stiffness are necessary to permanence of a 

structure, under all variations or distributions of load or stress to which 
it may be subjected. 

Stability of a Fixed Body—Is power of remaining in equilibrio without 
sensible deviation of position, notwithstanding load or. stress to which it 
may be submitted may have certain directions. 

Stability of a Floating Body.—A body in a fluid floats, or is balanced, 
when it displaces a volume of the fluid, weight of which is equal to weight 
of body, and when centre of gravity of body ‘and that of volume of fluid dis- 
placed are in same vertical plane. 

When a body in equilibrio is free to move, and is caused to deviate in a 
small degree from its position of equilibrium, if it tends to return to its 
original position, its equilibrium is termed Stable; if it does not tend to de- 
viate further, or to recover its original position, its equilibrium is termed 
Indifferent ; and when it tends to deviate further from its original position, 
its equilibrium is Unstable. 

A body im equilibrio may be stable for one-direction of stress, and unstable 
for another. 

Moment of Stability of a body or structure resting upon a plane is mo- 
ment or couple of forces, which must be applied in a plane vertically inclined 
to the body in addition to its weight, in order to remove centre of resistance 
of body upon plane, or of the joint, to. its extreme position consistent with 
stability. The couple generally consists of the thrust of an adjoining struct- 
ure, or an arch and pressure of water, or of a mass of earth-against the 
structure, together with the equal and parallel, but not directly opposed, re- 
sistance of plane of foundation or joint of structure to that lateral thrust. 
It may differ according to position of axis of applied couple. 

Couple.—Two forces of equal magnitude applied to same body or struct- 
ure in parallel and opposite directions, but not in same line of action, consti- 
tute a couple. 

Notz.—For Statical and Dynamical Stability, see Naval Architecture, page 649. 

To Ascertain Stability of a Body on a Horizontal Plane. 
—WFig. 1. 

ILLUSTRATION.— Stability of a body, A, Fig. 1, when a 
thrust is applied as at o, to turn it on a, is ascertained by 
multiplying its weight by distance a s, from fulcrum a to 
line of centre of gravity, cs. 

Hence, if cubical block weighed 1o tons and its base is 

6 feet, its moment would be ro X 1 2130 tons. 

If upper part, abdc, was removed, remainder, ae d, 

would weigh but 5 tons, but its centre of gravity e would be Baes 4 fect. Hence 

its moment would be 5 X 4 = 20 fons, although it is but half the weight. 

To Compute Weight of a Given Body to Sustain a 
Given Thrust. 

ae W. F representing thrust in lbs., h height of centre of gravity of body =c s, 

and l distance of fulcrum from centre of gravity = a s. 

TItLustTRATION.—Assume figure to be extended to a height of 20 > feet, and required 
to be capable of resisting the extreme pressure of wind. 
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Pressure estimated at 50 lbs. F=6 X 20 X 50 = 6000 lbs, at centre of gravity of 
surface of body. 

6000 X 10 
Then = 20000 lbs. 

3 
Norr 1.— This result is to be increased proportionately with the factor of safety 

due to character of its material and structure. 

2.—If form of body has a cylindrical section, as a round tower, the thrust of wind 
would be but one half of that of a plane surface. 

When the Body is Tapered, as Frustum of Pyramid or Cone. — Ascertain centres of gravity of surface for pressure or thrust, and of body for its sta- 
bility, and proceed as before. 

To Ascertain Stability ofa Body on 
an Inclination.—Fig. 2. 

ILLUSTRATION.—Stability of body, Fig. 2, when thrust 
is applied at c, is ascertained by multiplying its weight by distance ab from fulcrum, 8, to line of centre of 
gravity, ag. 

If thrust was applied at 0, stability would be ascer- 
tained by distance sr from fulcrum 7. . 

Angles of Equilibrium at which various Substances will 
Repose, as determined by a Clinometer. 

Angle measured from a Horizontal Plane, and Salling from a spout. 
Degrees. | Degrees. Degrees, Lime-dust’.....0.... 45 | Sand, less CUy tees 39-6 Common mold... 37 Dryssand oss 0s 40 Wihrosty. HeSST IS ON 37. | Common gravel. . 35 to 36 Moist sand.......... qx eGorn Jit. ave KS 37. | Stones or Coal... 43 

Weight of a Cube Foot of Materials of Embankments, 
Walls, and Dams. 

Concrete in cement... 137 125 |: Clayewo- gad Nokc>eateiad 120 Stone masonry....... 130 pacbeO di Dian) eos eee + 100 Brick men Oy arasd ats te 112 120 

Revetment Walls. 

When a wall sustains a pressure of earth, sand, or any loose material, it is termed a Revetment wall, and when erected to arrest the fall or subsidence of a natural bank of earth, it is termed a Face wall. 
When earth or banking is leyel with top of wall, it is termed a Scarp re- vetment, and when it is above it, or sucharged, a Counterscarp revetment, 
When face of wall is battered, it is termed Sloping, and when back is bat- tered, Countersloping. < 
Thrust of earth, ete., upon a wall is caused by a certain portion, in shape of a wedge, tending to break away from the general mass. The pressure thus caused is similar to that of water, but weight of the material must be reduced by a particular ratio dependent upon angle of natural slope, which varies from 45° to 60° (measured from vertical) in earth of mean density. 
Or, natural slope of earth or like material lessens the thrust, as the cosine of the slope. 

Angle which line of rupture makes with vertical is . 5 of angle which line of natural slope, or angle of repose, makes with same vertical line. When earth is level at top, its pressure may be ascertained by considering it as a fluid, weight of a cube foot of which is equal to weight of a cube foot of the earth, multiplied by square of tangent of .5 angle included between natural slope and yertical. 
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Therefore squares of the tangents of .5 of 45° and .5 of 60°—=.1716 and 
+3333, which are the multipliers to be used in ordinary cases to reduce a 
cube foot of material to a cube foot of equivalent fluid, which will have 
same effect as earth by its pressure upon a wall. 

Pressure of Karth against Revetment Walls. 

Fig. 3. Let A BCD, Fig. 3, be vertical section of a revetment 
erst eta? o wall, behind which is a bank of earth, AD fe; let Do 

€ represent angle of repose, line of rupture, or natural slope 
which earth would assume but for resistance of wall. 

In sandy or loose earth angle o D A is generally 300% 
in firmer earth it is 36°; and in some instances it is 45° 

If upper surface of earth and wall which supports it are 
bee ee 

s oo 
1 Y both in one horizontal plane, then the resultant, J n, of 

= ——=jf pressure of the bank, behind a vertical wall, is at a dis- 
Ce tance, Dn, of one third A D. 

Line of Rupture behind a wall supporting a bank of vegetable earth is at 
a distance A o from interior face, A D = .618 height of it. 

When bank is of sand, Ao = .677 1; when of earth and small gravel = 
.646 h; and when of earth and large grayel = .618 h. 

The prism, vertical section of which is A Do, has a tendency to descend 
along inclined plane, o D, by its gravity; but it is retained in its place by 
resistance of wall, and by its cohesion to and friction upon face 0 D. Each 
of these forces may be resolved into one which will be perpendicular to 0 D, 
and into another which will be parallel too D. The lines ci, 7 7 represent 
components of the force of gravity, which is represented by vertical line ed, 
drawn from centre of gravity, c, of prism. Lines » 7, 77 represent compo- 
nents of forces of cohesion and friction, which is represented by horizontal 
line nl. Force that gives the priam a tendency to descend is ¢ J, and that 
opposed to this is 7 /, together with effects of cohesion and friction. 

Thus, 77 =r/ +- cohesion + friction. Consequently, exact solution of prob- 
lems of this nature must be in a great measure experimental, 

It has been found, however, and confirmed experimentally, that angle 
formed with vertical, by prism of earth that exerts greatest horizontal stress 
against a wall, is half the angle which angle of repose or natural slope of 
earth makes with vertical. 

Memoranda. ° 

Natural slope of dry sand = 39°, moist, soil = 43°, very fine sand = 21°, wet clay 
= 14°, and gravel = 35°. 

In setting or founding of retaining walls, if earth upon which wall is to rest is 
clayey or wet, coefficient of friction between wall and earth falls to .3; hence it is 
necessary, in order to meet this, that the wall should be set to such a depth in the 
earth that the passive resistance of it on outer face of wall, combined with its fric- 
tion on.its bottom, may withstand the pressure or thrust on its inner face. 

Moment of a Retaining Wall is its weight multiplied by distance of its centre of 
gravity to vertical plane passing through outer edge of its base. 

Moment of Pressure of Earth against a retaining wall is pressure multiplied by 
distance of its centre of pressure to horizontal plane passing through base of wall. 

Equilibrium of Retaining Wall is when respective moments of wall and earth are 
equal. 

Stability of a Retaining Wall should be in excess of its equilibrium, according to 
character of thrust upon it, and the line of its resistance should be within wall and 
at a distance from vertical passing through centre of gravity of wall, at most .44 of 
distance of exterior axis of wall from this line. 

Coefficient of Stability varies with character of earth, location, exposure to vibra- 
tions, floods, etc. ; hence thickness of base of wall will vary from 1.4 to 2 b. 

Backs of retaining walls should be laid rough, in order to arrest lateral subsidence 
of the filling, 
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When filling is composed of bowlders and gravel, the thickness of wall must be 
increased, and contrariwise; when of earth in layers and well rammed, it may be 
decreased. 

Courses of dry wall should be inclined inwards, in order to arrest the flow of 
water of subsidence in filling from running out upon face of wall. 

Less the natural slope, greater the pressure on wall. 

Sea walls should have an increased proportion of breadth, as the earth backing 
is not only subjected to being flooded, but the walls have at times to sustain the 
weight of heavy merchandise. 

Buttress.—An increased and projecting width of wall on its front, at intervals in 
its length. 

Counterfort.—An increased and projecting width of wall at its back and at in- 
tervals, 

Coefficient of Friction of masonry on masonry .67, of masonry on dry clay .s1, 
and on wet clay .3. 

Face of wall should not be battered to exceed x to x.25 ins. in a foot of height, in 
consequence of the facility afforded by a greater inclination to the permeation of 
rain between the joints of the courses. 

Footing of a wall, projecting beyond its faces, is not included in its width. 
Pressure.—Limit of pressure on masonry 12 500 to 16 500 lbs. per sq. foot wall. 

Thickness of Walls, in Mortar, Faces vertical. For Railways or Like Stress. 
Cut stone or Ranged rubble........ -35 | Brick or Dressed rubble........... nei 
» When laid dry, add one fourth. 

Friction in vegetable earths is .5; pressure in sand ate 
When vegetable earths are well laid in courses, the thrust is reduced . Se 
When bank is liable to be saturated with water, thickness of wall should be 

doubled. e 

Centre of Pressure of earthwork, etc., coincides with centre of pressure of water, and hence, when surface is a rectangle, it is at -33 of height from base. 
The theory of required thickness of a retaining wall, as before stated, is, that the lateral thrust of a bank of earth with a horizontal surface is that due to the prism or wedge-shaped volume, included between the vertical inner face of the wall and’ a line bisecting the angle between the wall and the angle of repose of the material. 

To Compute Elements of Revetment Walls.—Fig. 4. 
Fig. 4. col 
B BY n 

Let A Do represent angle of repose of material, resting againsta wall, ABCD. ADn=.sADo. Tan.ADn 
h h2 

= -492. Tan. ADnrh Zor = tan. ADn=V. 
2 

wh? 2 — tan. ADn = W; wh tan.?ADn =P; 
wh? h 3 : ——tan.2 ADn—, or oe a Dea: waz 2 3 6 4 2? a ; 2 h3 2 or Whe =m; Whee pees tan.7ADn=E; Wikio ane aH ots: 2 2 6 2 3 2 

w /2 Ww 
h tan, ADn r. 3W =a, and Atan.ADn a x’, h representing height of 
wall in fect, V volume of section of prism of material AD n one Soot in length in cube Seet, W and w weights of a cube foot of wall and of material, P laleral pressure of prism of earth upon wall, M and m moments of pressure and weight on and of wall, B and S equilibrium and stability of wall, all in lbs., and « and x’, CD Sor weights of wall for equilibrium and stability. : 
ILLustRATION.—A revetment wall, Fig. 4, of x25 lbs, per cube foot and 4o feet in hetght, sustains a bank of earth having a natural slope of 52° 24’, and a weight of 89.25 Ibs. per cube foot; what is pressure or thrust against it, etc. ? + i 
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“Tan.2 A Dn = ve42. Then .492 X 40 xe 4 393-6 cube feet. 

89. ¥ ; 89. < ; “BEAM AEE X 492 = 35 128.8 Ibs. 5 HO X .492? = 17 278.8 Ibs. 

89. 2 : 6? 
ABR X +4927 X = 230 384 lbs. 125 X 40 X ae == 230 400 lbs. 

4 | 89:25) /2 X% 89.25 
40 X «492 ree 9.6 feet, and 40 X .492 saxcsoes = 13.58 feels 

For Rubble Walls in Mortar or Dry Rubble, add respectively to base as above 
obtained, .14 and .42 part. 

Norte 1.—When coeflicient of friction is known, use it for tan.2 A Dn. 

h X C = base of wall for stability: (Molesworth.) 

2.—When either relative weights of equal volumes of wall and bank of earth or 
their specific gravities are given, S and s may be taken for W and w. 

These equations involve simply the operation of a lever, the fulcrum being at 
the outer edge of wall C. The moment of pressure of bank is product of lateral 
pressure and perpendicular distance from fulcrum to line of direction of pressure. 

The moment of weight of wall is product of weight of wall and perpendicular 
distance from fulcrum to vertical line drawn through centre of gravity of wall. 

When Weights of Embankment and Wall are equal per Cube Foot. 

; C for clay = .336, and for sand .267. 

When Weights areas 4 to 5.. C for clay =.3, and for sand .239. 

When Wall has an Exterior Slope or Batter.—Fig. 5. 
Ls et ac a hil VM 7 

ae (c D+ EC — 7) =M. M representing 
2 3 

moment of weight of wall in lbs. 

ILLUSTRATION.— Assume weight of wall 120 lbs. per 
cube foot, and C D and EC respectively ro and 2.5 feet, 
and all other elements as in preceding case. 

AL 52! 
Hence, LAORNAO x (io + 2.5 +75) = 370000 lbs. 

2 

= ( 

2 

2 2; hy 2" 3 

Pahari selieadl ) tant ADi == 8. 
3 3 

Or, h NEE 4+ 2 i tan.?ADn—nh=«x. x representing ABorCD. n ratio of 
3 3 

difference of widths of base and top to height. In absence of tan.? A Dn put C, co- 
efficient of material. 

C =.0424 for vegetable or clayey earth, mixed with large gravel; .o464 if mixed 
with small gravel; .x528 for sand, and .166 for semi-fluid earths. 

ILLUSTRATION. Assume elements of preceding case. m= one forticth, and tan. 
ADn=.492. ; : 

I 2X 89.25 
son) seas nigan comnoRe Tr Tate Ole 

Hence, thickness of wall at base =\12.6 + 1 (one fortieth of height) = 13.6 feet. 

i ’ "4 zy 2X 89.25 
Norr.—If m= one twentieth, 4o a/s A cnet aa 

Hence, wall at base’ 11.63 -+ 2 (one twentieth of height) = 13.63 feet. IfC was 
used, 11.32 feet. t 

3N 

x 4922-2 = 11.63 feet, 
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When Wall has an Interior Slope or Batter, B E.— 
Ee or 

c=) 

Whey aa oEr w h3 oEr 

2 

I CE earth for equilibrium ; =" (vex DetcE——) we 

M of wall; ond” y tan2 oRa=M of caxth for sth- 
3 

bility: 

Coefficients for Batter of following Proportions. 
Base = Height x Tab. number. 

Weight of Earth to Wall. Weight of Earth to Wall. 
As 4 to5. Asrtor Batrer oF As4to5. | Asxtox 

ee Clay. | Sand. || Clay. | Sand. Watt, Clay. | Sand. Clay. | Sand, 

ri -083 | .029 || -rz5 | -054 || rin 8...... 184 / +125 | -218 | .353 
I 122 | .065 || .155 | -og2 || r ‘‘ 12..... -22%, | .16 |] .256 | .189 
I -149 | .og2 || .183 | -118 | Vertical....| .3 .239 || .336 | .267 

To Compute Pressure Perpendicular to Back of Wall. 
—Hig. 7. 

AD reek i 
o Px =—or—,and fx at right angle to back of wall, 3 a 

whether vertical or inclined. 

ee h? X tan.2AD 
EAN or Lx tan. ADn, of exe 

h 
wx An2 

=f. L representing weight of triangle of em- 
2 

D bankment, as AD n. 
This is pressure independent of friction between surfaces of wall and earth. 

mm 

To Ascertain and Compute Amount and Effect of Fric- 
tion of Wall and Earth.—Fig. 8. 

Draw jf * by scale to computed pressure at right angle 
Sa yu__-_.,9 to back of wall, draw angle f x 7 =m Do of natural slope 

- ‘0 of earth with horizon, draw f7 at right angle to.f x, make 
rc—f x, then cr will represent by scale effect of friction 
against back of wall. 

Assume friction to act at point x, then 7 x will give by 
scale resultant of the two forces of pressure and friction, 
equal to pressure in force and direction, which bears 
against wall. 

This resultant is also equal tof x X sec. m Do. 

An sec.m Do h? x tan.? m D 
Bee eth aie %, OF OS x sec. mD 0, or Lx tan. ADn 

X sec. m Do. 

To Ascertain Point of Moment of Pressure of a Wall. Fig. 9. —Fig. 9. 
By its resisting lever La,added to its weight. 

Weight of wall as computed assumed as concentrated at its 
centre of gravity « . 

Draw a vertical line . o through its centre of gravity, and con- 
tinue line of pressure P * to J, take any distance r 0 by scale rep- 
resenting weight of wall. and rm by same scale, for amount of 
pressure or thrust against wall, complete parallelogram ron u, then diagonal ru will give resultant of pressure in amount and 
direction to overturn wall. 

For stability this diagonal should fall inside of base at a point 
not less than one third of its breadth, ; 
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Surcharged Revetments. 

Fig.ro. ft nee es ,o _ When the earth stands above a wall, as A Be, 
er / / Fig. ro, with its natural slope, A 7, A BC is termed 

wh / wie a Surcharged Revetment. : 
A B rd ae If Cx is line of rupture, Afr C is the part of earth 

i “ that presses upon wall, which part must be taken into 
bar’ the computation, with exception of portion A Be, 
feng which rests upon wall; that is, the computation must 
ae be for part Cefr, which must be reduced by multiply- 
i ye ing weight of a cube foot of it by square of tangent of 
hog angle e C+ = angle of line of rupture, or half angle 
Se C0, Which natural slope makes with vertical, and 

ae oO then proceed as in previous cases for reyetments. 

h’ w tan.? 
w/ ee = breadth or CD, W and w representing weights of wall and 

embankment in lbs. per cube foot, and h’ height of embankment, as C e. 

ILLUSTRATION.—Height of a surcharged revetment, BC, Fig. 10, is r2 feet, weight 
130 lbs. per cube foot; what is its width or base to resist pressure of earth ofa weight 
of roo lbs. per cube foot, and a height, C e, of x5 feet, angle of repose 45°? 

/ .1716 
Tan.? (45° 2)=.1716. Then 15 oes ence = 15, +/.055 = 3.52 feet. 

To Ascertain Point of Moment of Pressure of a Sur- 
charged Wall.—Fig. 11. 

Fig. 11. Uf Draw a line, P x, parallel to slope, C 7, through centre 
-“* of gravity of sustained backing, B 07, 

When, as in this case, this section is that of a triangle, 
point * will be at .33 height of wall, 

When natural slope is r.5 in length to x in height, as 
with gravel or sand, w  .64 pressure P x. 

Inasurcharged revetment, as /'B o, at its natural slope, 
the maximum pressure is attained when the backing 
reaches to 7. When slope of maximum pressure, C nr, 
intersects face of natural slope, Bf, so that if backing is 
raised to f, or above it, there is theoretically no addi- 
tional stress exerted at back of or against wall, but prac- 
tically there is, from effect of impact of vibration of a 

passing train, proximity to percussive action, alike to that of a trip-hammer, ete. 

When backing rests on top of wall, as A Be, Fig. 10, small triangle of it is omitted 
in computations. Direction of pressure against wall is same as when wall is not 
-surcharged. 

When Wall is set below Surface of Earth.—Fig. 12. 
r 

Maite a, SNS Fig. 12. h ce 2 (tan. 45° — *) w2fV 
amt re 

1.4 tan. 45° — é Ww a. 
a representing angle of repose of earth, w and W weights 

of earth and wall per cube foot, f friction of wall on base 
AB, and V weight of wail. 

IntustRaTION.—If a wall of masonry, Fig. 12, 8 feet in thickness 
and 13 in height, is to sustain earth level with its upper surface, 
earth weighing 100 Ibs. per'cube foot, weight of wall 150 lbs. per 
cube foot = 15600 Ibs., and angle of repose of earth 309; what 
should be the depth of wall below surface of earth ? 

Tan. 45 — 30+ 2=.5774, and f=,3. 

132 X 100. X .57747 ~2 X ght Gos Ae x, [erst 

150 150 

w > 

Then 1.4 X .5774,/ 

= 4.027 feet. 

Norn.—Coefficient of stability is assumed by French engineers for walls of forti- 
fications x.4 h, and if ground is clayey or wet f=.3. 
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\ Fig. 13, In Computing Stability of a Surcharged Wall, Fig. 13, sub- 
ae stitute d for h, as in following illustration. (Molesworth.) ai 

: d, representing depth at distance l,=h. 

In slopes of 1 to 'z,d=1.71 hj of 1.5 to 1,=1.55; of 2 tox1,= 
1.45;.0f 3 to 1, 1.317, and 4 to 1,= 1.24. 

\ 

aS, Se 

To Determine Form of a Pier to Sustain 
equal Pressure per Unit of Surface at all 
its Horizontal Sections, or any Height. 

And=a, or AN=a._ A and a representing areas of sections at summit of pier 
and at any depth, d, measured from summit, na number the hyp. log. of which= : F 
height, H, of a.column of the material of which pier is constructed, due to required 

5 d 
pressure, and N the number, com. log. of which = a” 3 

x 
' 

i 
uy * 

1 

ILLUSTRATION. —Height of a pier is 20 feet, and area of section of its summit= 
1 foot; what should be its areas at 10 feet and base? j 

1 29==.05, and number = 1.0513; 1 X 1.05131 = 1.649 feet; and x X 1.051329 = 
2.719 feet. 

Counterforts are increased thicknesses of a wall at its back, at intervals of 
its length. 

Himbankment Walls and Dams. 

Thrust of water upon inner face of an Embankment wall or Dam is 
horizontal. 

When Both Faces are Vertical, Fig. 14. 

Assume perpendicular embankment or wall, A B C D, Fig. 14, to sustain 
pressure of water, BCe 7. 
Fig. r4. Let &i be a vertical line passing through 0, centre 

k of gravity of wall, c centre of pressure of water, dis- 
tance Cc being =.33 BC. Draw ¢/ perpendicular 
to BC; then, since section A C of wall is rectangular, 
centre of gravity, 0, is in its geometrical centre, and 
therefore Di=.5 DC. Now 1 Di is to be consid’ 
ered as a bent lever, fulcrum of which is D, weight of 
wall acting in direction of centre of gravity, 0, on arm 
Dz, and pressure of water on arm D7, or a force equal 
to that pressure thrusting in direction c /. : 

B Cc Me 
Then PX DJ=P x ree. Wx aS, or Pao e P representing pressure 

3 2 
of water. 

Norr.— When this equation holds, a wall or embankment will just be on the 
point of overturning; but in order that they may have complete stability, this 
equation should give a much larger value to P than its actual amount, 

The following formulas are for walls or embankments one foot in length ; 
for if they haye stability for that length they will be stable for any other 
length, pa 

h2 oh a Pies = w, also W =hb W, cach value being for x foot.in length, which, being sub- 
stituted in the equations, there will result ; 

h? 3bxhbWw’ py where ay 6 w- ay aan Tn h? w= 3 b? W; >, / =h, andh Jsw=? h rep- 

resenting depth of water and wall or embankment, which. are here assumed to be 
equal, 6 breadth of wall or embankment, and W and w weights of wall and water per cube foot in lbs. 

Which gives breadth of a wall or embankment that. will just sustain 
pressure of the water. i 



STABILITY.—EMBANKMENT WALLS AND DAMS, 7 Oo! 

To Compute Equilibrium. h fsa=? 
3 

ILLUSTRATION I.—Height of a wall, B C, equal to depth of water, is 12 feet, and re- 
spective weights of water and wall are 62.5 Ibs. and 120 lbs. per cube foot; required 
breadth of wall, so that it may have complete stability to sustain the pressure of 
water. 

62. 
12 ee: = oa os = 12 X .4166= 5 feet, breadth that will just sustain pressure of the 

water. 

Therefore an addition should be made to this to give the wall complete stability, 
say 2 feet; hence 5+ 2=7, required width of wail. 

2.—Width of a wall is 3 feet, and weight of a cube foot of it is 150 Ibs.; required 
height of wall to resist pressure of fresh water to the top. 

anf? rs wee ov Seet. 
62.5 

To Compute Stability. i /25 =O; 

ILLusTRATION.—Take elements of preceding case. 

2 X 62.5 
2 | ————— : e7. Ls Ble 12 X .589 = 7.07 fee 

Or, Divide 1, 2, or 3, etc., according as the nature of the ground, the mate- 
rial, and the character of the thrust of the water requires, by .o5 weight of 
material of wall, per cube foot, extract the square root of quotient, and mul- 
tiply result by extreme height of water. 

EXAMPLE. — What should be the thickness of a vertical faced wall of masonry, 
having a weight of r25 lbs. per cube foot, to sustain a head of water of 4o feet, and 
to have stability ? 

o/ (2.05 X 125) 40 = /.32 X 40 = 22.63 feet. 

2wW 
Or, he lag = 40 /.3472 = 23.56 feet. 

When Dam has an Exterior Slope or Batter, as A D.—Fig. 15. 

Fig.15. A_B_, © Assume prismoidal wall, A BC D, to sustain press- 
ure of water, BCe/. 

Draw A £ perpendicular to DC; h= BC, the top 
breadth AB=HC= 6, and bottom breadth, D I, 
of sloping part, A i D=5§, 

Then weights of portions A C and A ED respec- 
- , tively for one foot in length are hb W and.5 W Sh, 

D .tnexc F these weights acting at points m and 7 respectively. 

To Compute Moment. 

b hSW 28 ; 
hbwx (s + *) = moment for AC, and a oe ce = moment for AED. mh 

Wh /=—? 8S? . 
Hence; —— (8 + b— =) = moment of dam. S representing batler or base E D, 

2 3 

IntusrRatron.—Height of a dam, BO, Fig. 15, is 9 feet, base CE 3, and ED 4 feet; 
what is its moment? 

AC=9X3X120X (4+ 2) = 3240 x 5.517 820 Ibs 

ADE= x = 2160 X 22 = 5760 lbs. 

D207 Ot (omneg Mae \ ee 
aes eas = 540 X 439 

9X4X120.,2xX%4 

2 2 

Hence, 17 820+ 5760 = 23 580 lbs. moment. Or, 

== 23 580 lbs. moment. 

3 N* 
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To Cornpute Elements of Walls or Dams with an 
Exterior Batter.—Fig. 15. 

To Compute Width of Top. 

° ‘ 7 zh?w , 8? 
When Width of Batter is Given. ay 3W + = —S=b. 

ILLUSTRATION. —Assume height of wall 9 and batter 3 feet, and W and w 120 and 
62.5 lbs. per cube foot. 

2X 9? X 62.5 |, 37 2 SSS oe 
nex z 3=V 28.125 + 3—3=2.58 feet, 

To Compute Width of Base. 

. > . nA Ss? 
When Width of Batter is Given. we = ——=B. 

~) 

2X 9? X 62. id 
wf ri a 2 +2 = 5.58 feet =S+0. 

To Compute Width of Batter. 

9 ane h2 0, Gib? 3d 
When Width of Top ts Given. fawet Paes 

9? X 62.5, 3X 2587 3X58 vee e ae 
- fa — 18 . —" oF “5 ue aoe alee ; 42.18 + 4.99 — 3.87 = 3 feet. 

2h2w 

WwW 

To Determine Stability of a Retaining Wall or Dam by 
Fig. x6. Protraction.—Fig. 16. 

B \ Assume A BCD, section of a wall. On horizontal 
¢ line of centre of thrust or pressure, with a suitable 

scale, lay off, from vertical line of centre of gravity « 
of wall, line or = thrust against wall. and on vertical 
line at centre of gravity of wall, at its intersection, 0, 
with centre of thrust, let fall o s = weight of wall. 

When Width of Bottom is Given. af 3B as 

gy ‘W' x distance from line o s = moment of wall. 
W representing whole weight of wall in Ibs. 

To Determine Centre of Gravity of a Wall or Dam.— Hig. 16. 
: ABXOD CD /2AB4CD By Ordinates. ~(aB Cpe ) 2, and ( y Ord 5 rs ABEOD/ sr 3 \ABP-OD/~* 

To Compute Base of Dam. 

When Height, Rate of Batter, and Weight of Materials are given. RULE. 
—Multiply square of width of batter by .0166 weight of material per cube 
foot, add 1, 2, or 3 times square of depth of water, according as resistance 
due to equilibrium is required, divide result by .o5 weight of material per 
cube foot, and extract square root of quotient. < 

xh? +b? x .0166.W 

on, / Soi 
EXaMPie.—Assume a dam 4o feet in height, constructed of masonry weighing x20 lbs. per cube foot, to batter 3 ins. per foot, and to have twice the resistance due to its equilibrium; what should be its breadth at its base, DC? 
40 X 3 40? X 2-+ 10? X .0166 X& 120 33990 

12 +05 X 120 ay 6° am 
u 

=b. x—=number of times of resistance required. 

=10= batter, and 23.8 feet, 
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Fig.17. A When Section of Dam is a Triangle, Fig. 17. — As- 
sume dam, A B C, to sustain a head of water, ¢ 7. 

Ruix.—Proceed as by Rule for Fig. 14; multiply by 
.033 instead of .05. , 
EXAmPLe.—As before. \ 

. VW (2.033°X 125) 40-5 4/.485 KX 40 ='27.84 feet. 

Or, Formula for S (C B), Fig. 15. JW 28.28 feet. 

To Determine Section of a Vertical Wall which shall have Equal. Resist- 
ance of one having Scction of a Triangle. (See J. C. Trautwine, Phila., 1872.) 

Cc B 

To Compute Thickness of Base of a Wall or Dam.— 
Fig. 18. 

Rute.—Divide 1, 2, or 3 times square of depth of water 
by .o5 weight of material, add quotient to .5 batter on one 
face, and square root of this sum, added to half batter on 
other side, will give thickness. 

hee BVP OP ‘ & 
Or, og W (=) +> = Base. 6 and b’ representing 

exterior and interior batters, and x, as before, number of times 
of resistance or square of depth. 

PXAMPLE.—Assume a dam 4o feet in height, to batter 5 feet 
on each side, constructed of masonry weighing 120 lbs. per cube 

foot, and to have twice the resistance due to its equilibrium; what should be 
breadth of base, D C? 

EERE 2 = /539:58-+2.5 = 25.73 feet. 
+05 X 120 2 

High Masonry Dams. 

Rubble Masonry, well laid in strong cement, will bear with safety a load 
equivalent to weight of a column of it 160 feet in height. Assuming such 
Fig. 19. masonry as twice weight of water, it is equivalent 

A to a pressure of 20000 lbs. per sq. foot, 

Log. B+ .434 294 X c= b. B representing width of 
Oo -# 

wall at top, and d depth at any desired point below top, 
both in feet. 

Ordinarily, B may be taken at x8 feet, and in cases 
of extreme and exposed heights of dam at 20 and more, 
and when 0 is determined, .9g of it is to be on outer face 
of wall, as A B, and .x on inner face. 

InLusTRATION, —Determine section of a dam, Fig. 19, 
80 feet in height, at depths of 10, 20, 40, 60, and 80 feet, 

Log. B = 1.2553 

Og. 1.2553 -+-4343 X ie = log. 1.2553 -+.0543 = 20.4, Which X .9 = 18.36. 

“7.2553 -+.4343 X ake log. 1.2553 + .1086 = 23.11, Which X .9 = 20.8. 

(C 1.2553-++-4343 X 5 = log. 1.2553 + .2172 = 29.68, which X .g = 26.81. : 

. 6. bate ; 
& y.2s'sg4- 14343 X ae log. 1.2553 + .3257 = 38.11, Which X .9 = 34.3. 

| phe ties) ; 
~. 31,2553 +4343 X g- = log. 1.2553 + +4343 = 50-07; which X .9 = 45.06. 



6JO4. - sh (Vs STEAM, | pS 

STEAM. “—_ 

Stram is generated by heating of water until it attains temperature 
of ebullition or vaporization, and elevation of its temperature is sensible 
to indications of a thermometer up to point of ebullition; it is then 
converted into steam by additional temperature, which cannot be in- 
dicated by a thermometer, and is termed latent. (See Heat, page 508.) 

Pressure and density of steam, which is generated in free contact-with water, 
rises. with the temperature, and reciprocally its temperature rises with the press- 
ure and density, and higher the temperature more rapid the pressure. There is 
but one and a corresponding pressure and density for each temperature, and steam 
generated in free contact with water is both at its maximum density and pressure 
for its temperature, and in this condition it is termed saturated, from its being in- 

. capable of yaporizing more water unless its temperature is raised. 

Saturated Steam is the normal condition of steam generated in free contact with 
water, and same density and same pressure always exist in conjunction with same 
temperature. It therefore is both at its condensing and generating points; that 
is, it is condensed if its temperature is reduced, and more water is evaporated if 
its temperature is raised. 

If, however, the whole of the water is evaporated, or a volume of saturated steam 
is isolated from water, in a confined space, and an additional quantity of heat is 
supplied to the steam, its condition of saturation is changed, the steam becomes 
superheated, and both temperature and pressure are increased, while its density is 
not increased. Steam, when thus surcharged, approaches to condition of a gas. 

With saturated steam, pressure does not rise directly with the temperature. 
Steam, at its boiling-point, is equal to pressure of atmosphere, which is 14.723 307 

Ibs. (page 427), at 60° upon a sq. inch, 

In all computations concerning steam, it is necessary to have some or all of fol- 
lowing elements, viz. : 

Its Pressure, which is termed its tension or elastic force, and is expressed in Ibs. 
per sq. inch. Its Temperatwre, which is number of its degrees of heat indicated by 
a thermometer. Its Density, which is weight of a unit of its volume compared with that of water. Its Relative volume, which is space occupied by a given weight 
or volume of it, compared with weight or volume of water that produced it. 
Under pressure of the atmosphere alone, temperature of water cannot be raised 

above its boiling-point. 
Expansive force of steam of all fluids is same at their boiling-point. 
A cube inch of water, evaporated under ordinary atmospheric pressure, is convert- ed into 1642* cube ins. of steam, or, in a unit o 1 i f measure, very nearly x cube foot, and it exerts a mechanical force equal to raising of 14.723 307 X 144 = 2120.156 208 lbs. x foot high. 

A pressure of x Ib. upon a sq. inch will support a column of mercury at a tem- perature of 60°, 1.490776 9 (page 427) = 2.037 586 ins. in height; hence it will raisé a mercurial siphon gauge one half of this, or 1.018 793 ins. 
Velocity of steam, when flowing intoa vacuum, is about 1550 feet per second when at a pressure equal to the atmosphere; when at 10 atmospheres velocity is increased to but 1780 feet; and when flowing into the air under a similar pressure it is about 650 feet per second, increasing to 1600 feet for a pressure of 20 atmospheres, 
Boiling -points of Water, corresponding to different heights of barometer, see Heat, page 517. 

Volume of a cube foot of water evaporated into steam at 212° is 1642 cube feet; hence 1 + 1642 =.000 609 013, which represents density or specific gravity of steam at pressure of atmosphere. 
Elasticity of vapor of alcohol, at all temperatures, is about 2.125 times that of steam. 
Specific Gravity, compared with air, is as weight of a cube foot of it compared with equal volume of air, Thus, weight of a cube foot of steam at 212° and at pressure of atmosphere is 266.124 grains; weight of a like volume of air at 32° is 565.096 grains, and at 62° 532.679 grains. Hence 266.124 + 532.679 = .409 59, specific gravity of steam compared with air at 32°, and with water if is .coo 609 013. 

* Pole’s Formuia makes it 1712. 
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Total Heat of Saturated Steam. ' ; at 
1081.4 + .305 T = total heat. Tr epresenting initial temperature of: water, , 

ILLUSTRATION. —What is total heat of steam at 212°? 

1081.4. 305 X 212 = 1146.06. 

As specific heat of water is .9 greater at 212° than at 32°, hence the 212° would 
be 212.9, and 1146.33 the result. 

Total Heat of Gaseous Steam 1074.6 + 475 T = total heat. 

Absorption of Heat in Generation of t Lb. of Water from 32° to 212°. 
Sensible heat, or heat to raise temperature of water Units, Force, lbs, 

PEON yee COL eR ES. Saseie.a's Tin vi pssyeyrts 180.9 X 772 = 139.655 
Latent heat to produce steam 892.9: ‘ ; us - 

Be “to resist atmospheric pressure 14.7 lbs. 
PCr Sq, MCW arateestteb setae coh. ete ie eee 72:3 965.2 X 772 = 745 134 

Total or constituent heat..:...... 1146.1 884 789 

This number, 1146.1, is a Constant, and expresses units of heat in x 1b. of steam 
from 32° up to temperature at w hich cony ersion ‘takes place, 

Thus, x lb. water heated from 32° to 332°, requires as much heat as B 
would raise ROOMS RUC MEL ONCOn tise nels citoretciel she o slatelislecis ciniole stellate 300° 

And x Ib. water converted into steam at 332° (= 106 lbs. pressure), abe 
sorbs as much heat for its conversion as would raise 846.1 lbs. water S 
WO ad WOME Crst arse lai kfaitd dar ho OEII MERU Fee batch Aes «Rote SEE EG 846.1° 

1146.19 
Mechanical Equivalent of Heat contained in Steam, 

x lb. water heated from 32° to 212° requires as much heat as would raise 
TSO lS ELONCS. 5 ean lbistseledele le thate oie ererrelMiealalhe ts Hadioaeld oar ee 180.9° 

x lb. water at 212°, converted into steam. at 2129 (= 14.7 Ibs. pressure), 
absorbs as much heat for its conversion as would raise 966.6 lbs. water 
OPM OIG Ces A Ato eicia/ cig eis/sld > oy oloiel ted sin bere spill iid > imeka dene 965.20 

1146. 1° 

Mechanical Equivalent, or maximum theoretical duty of quantity of heat in 1 1b, 
of steam, is 772 lbs., which x 1146.1 units of heat = 884 789.2 lbs. raised x foot high. 

To Compute Pressure of Steam. 

When Height of Column of Mercury it will Support is given. Rute.—Di- 
vide height of column of mercury in ins. by 2.037 586, and quotient will give 
pressure per sq. inch in lbs, 
ExAmpLe. — Height of a column of mercury is 203.7586 ins.; what pressure per 

‘sq. inch will it contain ? 
203.7586 + 2.037 586 = 100 lbs. 

To Compute Weight of a Cube Woot of Steam. 

Rvie.—Multiply its density by 62.425. 
Exampiy.—Density of a yolume of steam is .00o 609 013; What is its weight? 

000 609 013 X 62.425 =.038 016 825 Lbs. 
Nore.—See table, page 708. 

1 atmosphere or 14.723 307 lbs. per sq. inch = 30 ins. of mercury. 

To Compute Temperature of Steam. 

Rure.—Multiply 6th root of its force in ins. of mercury by 177.2, sub- 
tract 100 from product, and remainder will give temperature in degrees. 
Examp.e.—When elastic force of steam is equal to a posses of 64 ins. of mer- 

cury, what is its temperature ? 

Norr.—To extract 6th root of a number, ascertain cube root, of its square root, 

64 = 8; and 4/8 =2., Hence, 2 X 177.2 —100 = 254.49 t. 

2938.16 1) 3 1) #93 ra 
r, —_—_—2 > ___— — 371.85 =. representing pressure im Ibs. per sq. inch, 
’.ionasea— log. pF Bah pre 



-706 STEAM. 

To Compute Volume of Water contained in a given Vol- 
ume of Steam. 

When its Density is given. RuLe.—Multiply volume of steam in cube 
feet by its density, and product will give volume of water in cube feet. 
ExaMPLe.—Density of a volume of 16 420 cube feet of steam is -000 609; What is 

the weight of it in Ibs. ? Py 

16 420 X .000 609 = 10 = volume of water, which X 62.425 = 624.25 Ibs. 

To Compute Pressure of Steam in Ins. of Mercury, or 
Lbs. per Sq. Inch. 

When Temperature is given. Rute 1.—Add roo to temperature, divide 
sum proportionally by 177.2 for temperature of 212°, and by 160 for tem- 
peratures up to 445°; or, 177.6 for sea-water, and 185.6 for sea-water sat- 
urated-with salt, and 6th power of quotient will give pressure. 
ExaMPLE.—Temperature of steam is 254°; what is its pressure ? 

100 + 254 + 177.2 = 1.998, and 1.998 = 63.62 ins. 

When Ins. of Mercury are given. 2.—Divide ins. of mercury by 2.037 586, 
and quotient will give pressure. 

When Pressure in Lbs. is given. 3.—Multiply pressure by 2.037 586. 
To Compute Specific Gravity of Steam compared with 

Air. 

Rute. — Divide constant number 829.05 (1642 X .5049) by volume of 
steam at temperature of pressure at which gravity is required, 
Exampre.—Pressure of steam is 60 lbs., and volume 437; What its specific gravity? 

829.05 + 437 = 1.898. 

‘To Compute Volume ofa Cube Foot of Water in Steam. 
When Elastic Force and Temperature of Steam are given. Rutr.—To 

430.25 for temperature of 212°, and 332 for temperatures up to 445°, add temperature in degrees; multiply sum by 76.5, and divide product by elastic 
force of steam in ins. of mercury. 
Norr.—When force in ins. of mercury is not given, multiply pressure in Ibs, per’ $q. inch by 2.037 586. 

EXxaMPLE.—Temperature of a cube foot of water evaporated into steam is 386°, 
and elastic force is 427.5 ins.; what is its volume? 
Assume 369 for proportionate factor. 369 + 386 x 76.5 + 427.5 = 135.1 cube feet. 

Or, for x Ib. of steam, 2.519 —.94x log. p = log. V in cube feet. 
Assume p= 14.7 Ibs. 2.519 — +941 log. 14.7 = 2.519 — x.098 = 1.421 = log. 26.3 cube feet, which X 62.425 = 164 feet. : pas 
Or, When Density is given.—Divide x by density, and quotient will give volume in cube feet. 

To Compute Density or Specific Gravity of Steam. 
When Volume is given. Rute.—Divide x by volume in cube feet. 
ExampPir.—Volume is 210; what is density ? : 

I 210=.004 761. Or, for x 1b. of steam, .o4x log. p —2,519 = log. D. 
When Pressure is given—Take temperature due to pressure, and proceed as by rule to compute volume, which, when obtained, proceeds as above. _ 

To Compute Volume of Steam required to raise a Given Volume of Water to any Given Temperature. : 
Rvuix.—Multiply water to be heated by difference of temperatures between it and that to which it is to be raised, for a dividend ; then to temperature of steam add 965.2°, from that sum take required temperature of water for a divisor, and quotient will give volume of water, 
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: nee —What volume of steam at 212° will raise x00 cube feet of water at 80° 
0 212 « 

100 X 212 — 80 
seme ezeer erate cube feet water ; or, (13.68 X 1642 — 212) = 22 463 of steam, 

To Compute Volume of Water, at any Given Temper- 
ature, that inust be Mixed with Steam to Raise or Re- 
duce the Mixture to any Required Temperature. 

RuLE.—From required temperature subtract temperature of water; then 
ascertain how often remainder is contained in required temperature sub- 
tracted from sum of sensible and latent heat of the steam, and quotient will 
give volume required. 
Sum of Sensible and Latent Heats for a range of temperatures will be found under 

Heat, pages 508 and 509. ° 

Exampie.—Temperature of condensing water of an engine is 80°, and required 
temperature 100°; what is proportion of condensing water to that evaporated at a 
pressure of 34 lbs. per sq. inch? 

Sum of sensible and latent heats 1190. 4°. 

100 —80= 20, Then, 1190.4 —100+ 20 = 54.52 to 1. 

(ana 
t—w 

T and t temperatures of steam and required temperature, w temperature of condensing 
water, and V volume of condensing water in cube feet. 

ILLUSTRATION. —Temperature of steam in a cylinder is 257.69, and other elements 
zame as in preceding example; required volume of injection water? Latent heat 
of steam at 230° = 932.89. 

932-8 257:6—100__ 1090.4 

100 — 80 Seae: 

To, Compute Temperature of Water in Condenser or 
Reservoir of a Steam-engine. 

When Temperature of Steam is given. =V. 1 representing latent heat, 

= 54.52 volumes. 

ee ee t. InLusTRation.—Assume elements as preceding. 
I 

—~— = 100%. 
54.52 + 1 55:52 

To Compute Latent Heat of Saturated Steam. 

1115.2—.708t=1. ILLusTRATION.—Assume temperature 257.69 as preceding. 

III5.2—.708 X 257-6 = 932.8°. 

To Compute Total Heat of Saturated Steam. 

305 t+-1081.4=H. ILLusTRatioN.—Assume temperature as preceding. 

305 X 257.6 + 1081.4 = 1160. 

Elastic Force and Temperature of Vapors of Alcohol, 
Either, Sulphuret of Carbon, Petroleum, and TDur- 
pentine. 

: Force in Ins. of Mercury. 
eae Ins, o | Ins. Cl al Ins. ° Ins. oi Tns, 

ALCOHOL, ALCOHOL. ETHER. SULPHURET OF || PETROLEUM. 

32 +4 140 13-9 34 6.2 CARBON. 316 30 

50 -86 160 22.6 54 15.3 53.5 74 345 |) 44.5 
60 1.23 173 30 74 16.2 72.5 | 1255 375 64 
° 1.76 180 34-73 94 24.7 I10 30 
bo ate 200. 53 oo} 2 212 | 126) t OIL, on 
90 3.4 212 67.5 104 3 279.5 | 300 | || TURPENTINE, 

100 45 220 78.5 120 30/47 || 347 606 |: 315 30 
120 8.1 240 | III.24 150 67.6 357 47:78 
130 10.6 264 | 166.1 212° | 178 370 | O24 
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Saturated Steam. : 
Pressure, Temperature, Volume, and Density. 

2 . 
ee rasa 3 wis ~ 33 i = ey} DI Ss Ss 

PRESSURE 5 eZ. os 22% PressvRE | 3 eee oe Petes 
= = 2 sf 

in ‘ zee a7 22 per in zi aan 27 Sis 
Bolt Mares [r= B= | Seer’ cfs aS Pt XS ped Sqee | Mer] 2B hee Se Nn Sar ees 

iach. | on = ote a 5 ||Inch..| cury. | 6 al ee 

Lbs. Ins. ° Cub. ft. Lb. Lbs. Ins. | © ° 
I 2.04 | 102.1,|, 1112.5 | 330-36 | 003 58 | 118.08 | 290.4 | 1170 
2| } 94-07 12643 | 1119.7,| 172:08 | .005 8 59 | 120.12 | 291.6 | 1170.4 
3 6.11 | 141.6 | 1124.6 | 117.52 | .008 5 60 | 122.16 | 292.7 | 1170.7 
4 8.14 | 153.1 | 1128.1] 89.62 |.o1r2 61 | 124.19 | 293-8 | 1171.1 
5 ‘0.18 | 162.3 | ¥130:9] 72.66 |.or3 8 62 | 126.23 | 294.8 | 1171.4 
6 18.22 | 170.2 | 1133.3} 61.21 | .0163 63 | 128.26 | 295.9 | 1172-7 
Ui 14.25 | 176.9 | 1135-3 | 52-94 | 0189 64 }.130.3 | 296.9 | 1172 
8 16.29 | 182.9 | 1137-2| 46.69 | .o21 4 65 | 132.34) 298 | 1172.3 
9 18. 32 | 188.3 | 1138.8] 41.79 | .0239 66 | 134-37) 299 | 1172.6 

10 20.36 | 193-3 | 1140.3 | 37-84 | .026 4 67 | 136.4 |300 | 1172.9 
Ir 22.39 | 197- 8) 1141.7| 34.63 -028 9 68 | 138.44 | 300.9 | 1173.2 
12 24.43 | 202 -+| F143 31.88.) .031 4 69 | 140. 48 | 301-9} 1173-5 
13 26.46 | 205.9 | 1144.2| 29.57 |.0338 79 | 142,52 302.9 | 1173. 8 
14 28.52 | 209.6|.1145.3 |, 27-61 | .0362 7X 1144-55 303-9 | 1174-1 
14.7 | 29.92|212 |1146.1| 26.36 | .03802 2 | 146.59 | 304.8) 1174-3 
15 30.54 | 213.1). 1146.4| 25.85 |.0387 73 | 148.62 |. 305-7 | 1174.6 
16 32.57 | 216.3] 1147.4] 24.32|.04%1 74 | 150.66 | 306.6 | 1174.9 

|.229, 6 |. 1148.3 | 22.96 | .0435 75, | 152.69 | 307-5 | 1175-2 | 
18 36.65 | 222.4] 1149.2] 21.78 | .0459 76 | 154-73 | 308-4) 1175-4 
19 38.68 | 22563 | 1150.1} 20.7 |.0483 77 | 150-77 | 309: 3 | 1175-7) 

228 |1150.9| 19.72|.0507 78 | 158.8 | 310.2 | 1176 
2 42.75 | 230.6] 1151.7} 18.84 |.0531 79 | 160.844 312-3 1176.3 
22 44:79 | 233-1 | 1152.5] 18.085 | .0555 80 | 162.87] 312 | 1176.5 
23 46.83 | 235.5 | 1153.2| 17.26) .058 8x | 164.9r | 312.8 | 1176.8 

237.8 | 1153.9! 16.64 | .o601 82 || 166.95 | 313.6 | 1177.1 
25 50.9 | 240.1) 1454.6} | 15/99 | 062 5 83 | 168.98 | 314.5 | 1177-4 
26 52.93 | 242.3) 1155-3] 15.38 | .065 84 | 171.02 | 315.3 | 1177-6 
27 54:97 “ -4} 1155-8), 14,86 +067 3 85. |.173.05 | 316.1 | 1177-9 
23 57.01 4 | 1156.4] 14.37 | .0696 86 | 175.09 | 316.9 | 1178.1 

29 «| 59.04 248. 4/3157-1| 13-9-{-0779, ||, 87 | 177.13 | 317.8 | 1178.4 
30 61.08 | 250.4 | 1157-8] 13.46 | 0743 88 | 179.16 | 318.6 | 1178.6 
31 63.11 | 252.2} 1158.4] 13,05] .0766 89 | 181.2. | 319.4 | 1178.9 
32 65615 | 254-1 | 1x58. } <12.67,| .0789 g0 | 183.23 |.320.2 | 1179.2 
33 |» 67-49) 25519 | 1159.5] 12-3x|,081 2 gr }.485.27)321 | | 1179-3 
34. 69.22 | 257.0 | 1160 11.97 | .083 5 g2 | 187.31 | 321.7 | 1179-5 
35 71.26 | 259.3 | 1160.5} 11.65 |.0858 93 | 189.34 | 322.5 | 1179.8 

| 260.9) x64 11,34 | .088.x 94 | 191.38 | 323-3 | 1180 
37 75-33| 262.6 | 1161.5] 11.04 |.0905 95 | 193-41 | 324.1 | 1180.3 
38 77-37 | 204.2 | 1162 10.76 | .0929 96 | 195.45 | 324.8 | 1180.5 
39 79-4 | 265.8} 1162.5] ro.51|.095 2 97 | 197-49 | 325.6 | 1180.8 
40 81.43 | 267.3 | 1162.9] 10.27]. 199-52) 326.3 | 1181 

268.7 | 1163.4] 10.03 | .099 99 | 201.56 | 327.1 | 1181.2 
42 85.5 270.2'| 1163.8] ' 9.81}. ro2 100 | 203.59 | 327.9 | 1181.4 
43 87.54 | 271.6] 1164.2| 9.59|.1042 || rox | 205.63 | 328.5 | 1181.6 
44 89.58) 273 | 1164.6) 9.39} «2005 || x02 | 207.66] 329.1 | 1181.8 

45 |. 91-61 | 274.4] 1105.1), 9.18 | .1089 "|| 103 | 209.7 | 329.9 | 1182 
46 93-65 | 275.8 | 1165.5 -IIIr || 104 | 211.74 | 330.6 | 1182.2 
47 95.69 | 277.1 | 1165.9 +1133 |} 105 | 213.77.| 332.3 | 1182.4 
48 97-72 | 278.4 | 1106.3 +1156 || 106 | 215.81 | 331.9 | 1182.6 
49 99-76 | 279.7 | 1166.7 +1179 || 107 | 217.84 | 332.6 | 1182.8 
50 |zo1.8 |28r | 4167.1 +1202 || 108 | 219.88 | 333.3 | 1183 
5r | 103.83 | 282.3 | 1167.5 +1224. || 109 | 221.92|.334 | 1183.3 
52 | 105.87 | 283.5 | 1167.9 |, { 223.95 |.334.6 | 1183.5 
53 107.9 | 284.7 | 1168.3 -12609-|| 1X1 }.225.99 | 335.3 |-4183-7 
54 | 109.94 |-285.9 | 1168.6 +1291. || 112 |.228.02| 336 | 1183.9 
55 111.98 |} 287.1 | 1169 +1314. || 113. | 230.06 | 336.7 |1184.1 
50 | xx4.0r1 |. 288.2 | 1169.3 |, +1336 || 114, |. 232.1. | 337-4 |.1184.3 
57 | 116.05 | 289.3 | 1169.7 -1364° |! 115 | 234.13] 338 [1184/5 
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3 reir So rss 3 pee 

PRESSURE Je) eee bis S28 PRESSURE & 33 | oe 

Se be [eee Eat eee § 52%) Ea |e 8s 
pert ta & | See | 3 | 850]. per in = 282) 2* ges 

“tech. cury- B BS SE &8 | rich, aay Br bp BF is 5 5 

Lbs.| Ins. | 9 © "|Cub.ft.| Lb: | Lbs, | Ins. ° O° leub.tt.| Lbs. 
116 | 236.17 | 338.6 | 1184.7} 3:77 | .2649 || x49] 303-35 | 357-8] 1190.5] 2.98 | .3357 
117 | 238.2 | 339-3 | 1184.9] 3-74 |.2652 || 150] 305.39| 358.3] 1190.7; 2.96 | .3377 
118 | 240.24 | 339-9 |'1185.1 | 3-71 | +2674 || 155'|) 375.57 | 36x 1191.5} 2.87 | .3484 
119 | 242.28) 340.5 | 1185.3) 3.68 | 2696 || 160) 325:75 | 363-4] 1192.2] 12.79 |. .359 
120 | 244.31] 341-1 | 1185.4] 3-65 |.2738|/ 165] 335.93|366 | 1192.9].2.71 | .3605 
12x | 240.35 | 341.8] 1185.6} 3.62 |.2759|| 170} 346.11 | 368.2] 1193.7| 2.63 | .3798 
122 | 248.38 | 342.4 | 1185.8] 3.59 |.278 175| 356.29 | 370.8} 1194.4] 2.56 | .3899 
123 |,250.42|.343., | 1186 3-56 |.280r || 180] 366.47 | 372-9/ 1195-1| 2.49 | «4009 
124 | 252.45 | 343.6| 1186.2) 3.54 |.2822 |! 185] 376.65] 375-3| 1195.8} 2.43 | .4117 
125 | 254-49 | 344-2 | 1186.4 | 3-51 |.2845 || 190] 386.83] 377-5 | 1196.5 | 2.37 | «4222 
126 | 256.53] 344-8 | 1186.6} 3.49 | .2867 |] 195] 397.01 | 379-7] 1197-2] 2-32.']\.4327 
127 | 258.56 | 345.4 | 1186.8] 3.46 | .2889 || 200} 407.19 | 381-7) 1197.8| 2.26 | .443x 
128 | 260.6 |346 | 1186.9} 3-44 |.2911 || 210| 427.54|386 | 1199.1] 2.16 | .4634 
129 | 262.64 | 346.6 | 1187.1| 3-41 | .2933 || 220] 447-9 | 389.9| 1200.3] 2.06 | .4842 
430 | 264.67 | 347.2 | 1187.3] 3-38 |.2955 || 230| 468.26 | 393.8] 1201.5] 1.98 | .5052 
131 | 266.71 | 347.8 | 1187.5 | 3-35 |.2977 || 240] 488.62 | 397.5 | 1202.6] 1.9 5248 
132 | 268.74 | 348.3 | 1187.6] 3.33 | .2999 || 250] 508.98 | 401.1 j 1203.7 | 1.83 5454 
133 | 270.78 | 348.9 | 1187.8] 3.31 | .302 260] 529.34 | 404-5 | 1204.8} 1.76 | .5669 
134 | 272.81 | 349.5 | 1188 | 3.29 | .304 270| 549-7 | 407-9] 1205.8: 1.7 +5868 
135 | 274.85 | 350-1 | 1188.2] 3.27 |.306 280 | 570.06 | 411.2],1206.8| 1.64 | .608z 
136 | 276.89 | 350.6 | 1188.3] 3.25 | .308 290} 590.42] 414.4 | 1207.8) 1.59 6273 
137 | 278.92 | 351-2 | 1188.5 | 3-22 |.3101 || 300] 610.78 | 417.5 | 1208.7! 1.54 6486 
138 | 280.96 | 351.8 | 1188.7 | 3.2 3121 |) 350| 712.57 | 430-1 | 1212.6, 1.33 | -74098 
139 | 282.99 | 352-4 | 1188.9] 3-18 *|.3142 || 400] 814.37 | 444.9] 1217.1 | 3.18 | .8502 
140 | 285.03 | 352.9 | 1189 3-16 |.3162}| 450} 916.17] 456.7 | 1220.7] 1.05 | .9499 
141 | 287.07 | 353-5 | 1189.2] 3-14 | .3184 || 500] 1018 407.5 | 1224 +95 | 1.049 
142 | 289.1 |354 |1189.4| 3-12 |.3206 || 550] 1119.8 | 477.5 | 1227 87 | 1.148 
143 | 201-14 | 354-5] 1189.6} 3.1 |.3228|| 600} 1221.6 | 487 |1229.y] -8 9.245 
144 | 293-17|355 | 1189.7} 3.08 |.325 || 650} 1323-4 | 495.6] 1232.5} «74 | 1.342 
145 | 295.21 | 355-6 | 1189.9] 3-06 | .3273 || 700 | 1425.8 | 504.1] 1235-1) 69 | 2.4305 
146 | 297.28] 356.1] 1190 | 3-04 | .3294 || 800 | 1628.7 | 519.5] 1239.8] .64 |. 1.0322 
147 | 299.28] 356.7 | 1190.2] 3.02 |.3315 || 900 | 1832.3 | 533-6|1244.2] -55 | 1.8235 
148 | 301.32| 357-2] 1190.3] 3 3336 || 1000 | 2035-9 | 546.5[1248.1| .5 | 2.014 

Saturated Steam from 32° to 212°. (Claudel.) 

Tom- PRESSURE. Weight | Volume || Tem- PRESSURE, Weight | Volume 
_ pera- | Mercu- Per of 100 of pera-_ | Mercu- Per of 109 0 

ture. Ty. Sq. Inch. |Cub.Feet.} x Lb. ture. ry: Sq. Inch. |Cub.Feet.} 1 Lb. 

° Ins. Lbs. Lb. Cub. Feet, ° Ins. Lbs. Lbs. |Cub. Feet. 

32 +181 .089 +031 3226 125 | 3-933]. 1:932 +554 180.5 

35 | -204| «x 034 | 2941 130 | 4.509| 2215 | -63 | 158.7 
40 248 «122 +041 2439 135 5-174 | 2.542 +714 140.1 
45 +299 +147 +049 | 2041 140 | 5.86 2.879 806 124.1 
50 362 +178 +059 1695 145 | 6.662] 3.273 +909 110 
55 -426 +214 +07 1429 150 | 7.548| 3.708 | 1-022 97-8 
60 xSEZ +254 .082 1220 155 8.535 | 4-193 | 1-145 87.3 
65 -619 | .304 :097 | 103% 160 | 9.63 4-731 | 1-333 75 
70 +733 | »36 +114 877.2 || 165 | 10.843] 5.327 | 1-432 69,8 
75 -869 +427 «1394 746.3 170 | 12,183} 5.985 | 1-602 62.4 
80 1.024 +503 +156 641 175 | 13.654] 6.708 |. 2-774 56.4 
85 1.205 592 .182 549-5 |} 180 | 15.291] 7-51x | 2-97 50.8 
go |} 1.41 -693 +212 471.7 || 185 | 17-041] 8.375 | 2-18 45:9 
95 | 1-647 | -809 .|  .245 408.2 || 190 | 19,001] 9-335 | 2-412 4L5 

100 | 1.917 +942 +283 353-4 || 195 | 21-139 | 10.385 | 2.662 37-6 
105 2.229 | 1.095 +325 307:7 200 | 23.461 | 11.526 | 2.933 34.1 
iro. | 2.579 | 1.267 +373 268.1 || 205 | 25-994 | 12.77 3+225 31 
115 2.976 | 1.462 +426 234.7 || 210 | 28.753 | 14.127 | 3.543 28.2 
120 || 3.43 1,085 483 204.9 ||° 222, | 29.922) 14.7 3.683 278 
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;‘ GASEOUS STEAM. 
When saturated steam is surcharged with heat, or superheated, it is termed 

gaseous or steam-gas. The distinguishing feature of this condition of steam 
is its uniformity of rate of expansion above 230°, with the rise of its tem- 
perature, alike to the expansion of permanent gases. 

To Compute Total Heat of Gaseous Steam. 

1074.6-+.475 t =H. t representing temperature, and H total heat in degrees, 
Hence, total heat at 212°, and at atmospheric pressure = 1175.3° 

Specific gravity =.622. 

To Compute Velocity of Steam. 

Into a Vacuum. Rute.—To temperature of steam add constant 459, and 
multiply square root of sum by 60.2; product will give velocity in feet per 
second. ‘ 

Into Atmosphere. 3.6.\/h—=V. V representing velocity as above, and h height in 
feet of a column of steam of given pressure and uniform density, weight of which is 
equal to pressure in unit of base. 

ILLUSTRATION.—Pressure of steam 1oo lbs. per sq. inch, what is velocity of its 
flow into the air? : 

Cube foot of water = 62.5 lbs., density of steam at 100 lbs.= 270 cube feet. Hence, 
62.5 : 1007: 270: 432 volume at too lbs. pressure, and 432 X 144= 62208 feet = 
height of a column of steam at a pressure of 100 lbs. per sq. inch. 

Then 3.6 1/62 208 == 898 feet. 

EXPANSION. 

To Compute Point of Cutting off to Attain Limit of 
Expansion. 

b+fL+P= point of cutting off. b representing mean back pressure for entire 
stroke, in lbs. per sq. inch, f friction of engine, P initial pressure of steam, all in lbs. 
per sq. inch, and L length of stroke, in feet. 

InLustTRATION. —Assume stroke of piston 9 feet, pressure 30 lbs., mean back press- 
ure 3 Ibs., and friction 2 lbs. / 

3+2X9+30=15 feet. 

To Compute Actual Ratio of Expansion, 
L+e ; 
iT = R. 1c representing clearance or volume of space between valve seat and 

mean sunface of piston, at one or each end in feet of stroke, l length of stroke at point 
of cutting off, excluding clearance in feet, and R actual ratio of expansion. 

ILLUSTRATION, —Assume length of stroke 2° feet, clearance at each end 1.2 ins., 
and point of cutting off x foot. : 

i 2+.1 , 
: ass x. = Th —— Lh A 1.2 in I en rt 1.9 ratio 

To Compute Pressure at any Point of Period of Kx- 
pansion, 

When Initial Pressure is given. Pl+s=p, p representing pressure at period 
of Ce portion of stroke, both in lbs. per sq. tach, and s any greater portion of stroke 
than 1. 

When Final Pressure is given. PX L’+s=p. P’ representing final pressure, 
in lbs. per sq. inch, and L’ length of stroke, including clearance, in feet. 

ILLUSTRATION 1.—Assume length of stroke 6 feet, clearance at each end 1.2 ins., 
pressure of steam 60 Ibs., point of cutting off one third; what is pressure at 4 feet? 

1.2 ins. =.1 foot. 60X 2+ .1+4+.1= 30.73 lbs. : 

2,—What is pressure in aboye cylinder at 2.8 feet, when final pressure is 2x Ibs. ? 

2x X 6.1 2.84.1 44.17 lbs. 
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To Compute Mean or Total Average Pressure. 

P (7 P (1+ hyp. log. R—oc) 

L 
point of cutting off, including clearance. 

ILLUSTRATION, —Assume elements of preceding cases: 1+ hyp. log. R= 2.065. 

=p’ or mean or aie pressure. v length of stroke at 

60 (2.1 X 2.065 —.1) 254.19 

Pike 
3 = 42.365 Ibs. 

To Compute Final Pressure. 

PXV+s=P’. 

ILLUSTRATION. —Assume elements of preceding cases, steam cut off at 2 feet. 

60 X 2-+.1+6+4.1=20.65 lbs. 

To Compute Mean Eyftective Pressure. 

P (lv 1+hyp. log. R—c 

L 

ILLUSTRATION. —Assume elements of preceding cases, b= 2 Ibs. per sq. inch. 

— b, or (p’ —D). 

Boe 2.0897) a —2= 254-79 — 2 = 40.365 lbs. 

To Compute Initial Pressure to Produce a Given Av- 
erage Hiffective or Net Pressure. 

VL ME 
U (s-+-hyp.log.R)—c ~ 

ILLUSTRATION.—Assume elements of case x. 

6-++.x . 42:365X6 25 4- 19 __ 65 Ibs. 
=2.9 ratio. 

2+.1 e200 (ex X 2.065) —.1 4.2365 

To Compute Point of Cutting off for a Given Ratio of 
Expansion. 

L’+R—c.. Or, L+c+R—c=l. 

6-+.1 
ILLUSTRATION. —Assume elements of preceding cases; R = aie and 

«I 

— 12 Jeet. 

To Compute Pressure in a Cylinder, at any Point of Hx- 
pansion, or at Hnd of Stroke. 

64.1 

29 

PY +l+e=P,orP?+R. 

InLustTRATION,—Assume elements of preceding cases: 

60 X 2.1 

“aut 

To Compute Initial Pressure for a Required Net Effec- 
tive Pressure for a Given Ratio of Hxpansion. 

= 60 Jbs., and ge = 20.69 lbs. 
2.9 

5 

Wir gis Or, Riate Rade ly Misr AST representing net- 
a (l’ 1+ hyp. Tog. K— @). Uv i1-+hyp. log. R— 

work in foot-lbs. =a Lp’ —b, and a area of piston, in sq. ins. 

ILLUSTRATION.—Assume elements of preceding cases: area of piston = x00 sq. 
ins., back pressure 2 Ibs,, and net effective pressure = 42.365 lbs, 

100 X 6 X 421365 — 2 = 24 219 foot-lbs. 

36 6 24219 1100 X 2X6 25419 ___.60,1bs., A SOKO = 749 — 60 Is, 
100 X 2.1 X 2.063 —.1 100 X 4.2365 2H 20a t 4 2305, 
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Points of Expansion. 

Relative points of expansion, including clearance 5 per cent., assuming 
stroke of piston to be divided as follows, and initial pressure = 1. 
Point, «005 Tee 75.6895. .625 25625 55-_ .4375 375 «339-25 20 25) 
Ration... 4° 13143 © 1655) re7d 9 1.91 2.15 2.43 2174) 355 46. 7: 

Hyp. Log. of above Ratios. 

vO" = eT err sO 4g 1.54 1.65 I-77 1-9 2 2:25 2:43 2:79 ~2.95 

Hyperbolic Logarithms. 

No, Log. No. Log. ‘|| No. |Log. |j No. | “Tog. | No. | Log. 

1.05 | .0488 2.65 49746 || 4:25 -| 2-447. }} 5.8 1.758 1] 7-4 2.001 
It +0953 || 2.66 9783 {| 4:3, } 1-459 1) 5-85 | 1-766 || 7.45 2.008 

115 | -1398 |! 2.7 -9933" |[°4-33 || 1-466 ° 1) 5-9 ©}! 4/775 ||| 47-5 2.015 
1.2 +1823 295} torr | 4.35 | aay 5-95 }. 3-783 || 7-55 2.022 
1.259) S298 2.8 1.0296 i} 4-4 | 1.482 6 | x.792 |] 7.6 2.028 
1.3 -2624 || 2.85 | 1.0473 || 4-45 | 1-493 {1 6.05 | 1.8 7-65 2.035 
1.33 sfose852 2.9 1.0047 || 4.5 1.504 || 6.4 | 2.808 7-66 2.036 
1.35 | «300% 2.95 | 1.0818 4-55 | 1-515 || 6.15 | 1.816 || 7.7 2.041 
1.4 -3365 || 3 1.0986 |} 4.6 1.526 || 62 | 2.824 |} 7.75 | 2.048 
5.45. \). «3716 3-05 | 3.1151 4-65 | 1.537 6.25 | 1.833 || 7.8 2.054 
1.5 +4055 || 3.1 1.1314 || 4.66 | 1.539 |] 6.3 1.841 7-85 2.061 

1655. | +4383 4} 305.) 17474 || 4.7 | 1-548 || 6.33 | 1-845_|| 7.9 2,067 
1.6 +47 32 1.1632 |] 4575 |. 1-558 || 6.35.)| 1.848 || 7-95 2.073 
1.65 | «5008 || 3.25 | 1.1787 || 4-8 1.569 6.4 1.856 8 2.079 
1.66 | «5068 35 1.1939 4:85 | 1.579 || 6.45 | 1.864 8.05 2.086 
boy | +5306 3-33 | 1-203 4-9 1.589 || 65 1.872 8.1 2.092 

1-75 | +5596 |) 3.35 | 1-209 |) 4-95 | 1-599 || 6.55 | 1.879 || 8.15 | 2.068 
I 5878 || 3.4 1.2238 || 5 1.609 || 6.6 1.887 || 8.2 2.104 
1.85 | .6152 3-45 | 1.2384 5-05 | 1.619 || 6.65 | 1.895 8:25 2.11 
1.9 6419 35 1.2528) || 5.x 1.629 || 6.66 | 1.896 8.3 2.116 
1.95 | -6678 || 3.55 | 1.2669 || 5.15 | 1.639 6.7 1.902 8.33 2.12 
2 +6931 3-6 1.2809 ||. 5:2 r.649 | 6.75 | 3.909 || 8.35 2122 
2.05 | .7178 || 3-65 | 1.2947 |]. 5.25.|.2.658 || 6.8 1.917 8.4 2.128 
2.1 +7419 3-66 | 1.2075 || 5.3 1.668 || 6.85 1.924 8.45 2.134 
215 | .7655 || 3-7 r.3083 |} 5.33 | 1.673 || 6.9 1.931 || 85 2.14 
2.2 +7885 || 3-75] 1-3218 || 5.35 | 1-677 || 6.95 | 1.939 8.55 2.146 
2.25 | .8109 3:8 1.335 5.4 1.686 | 7 1.946 8.6 2.152 
2.3 832 3.85 | 1.3481 5-45 | 1-696 || 7.05 | 1.953 8.65 | 2.158 
2.33 | .8458 3-9 1.361 tes 1.705 || 7. | 1.96 8.66 2.159 
2-35 |, 8544) |) 3-95. | 21-3737, |] 5-55} 3-714 |] 7-15 | 1-967 || 8.7 2.163 
2.4 8755 4. 1.3863 5,6 1.723 | 7.2 1.974 8.75 2.169 © 
2.45 | .8961 4.05 | 1.3987 5-65 | 1.732 || 7.25 1.981 8.8 2.175 
2.5 +9163 || 4.1 1.411 5-66°\) 1.733) || 7-3 1.988 8.85 2.18 
2.55 | .936 4.15 | 1.4233 ey 4 1.741 | 7-33 | 1.992 8.9 2.186 
26 | -9555 || 42 | r435x |] 5.75 | 1-749 I] 7-35 | 1-995 || 8.95 | 2.192 

‘To Compute Mean Pressure of Steam upon a Piston 
by Hyperbolic Logarithms. 

Ruie.—Divide length of stroke of a piston, added to clearance in cylinder 
at one end, by length of stroke at which steam is cut off, added to clearance 
at that end, and quotient will express ratio or relative expansion of steam or 
number, ‘ 

Find in table logarithm of nwnber nearest to that of quotient, to which 
add x. ‘The sum is ratio of the gain. 

Multiply ratio thus obtained by pressure of steam (including the atmos- 
phere) as it enters the: cylinder, divide product by relative expansion, and 
quotient will give mean pressure. 
Norr.— Hyp. log. of any number not in table may be found by multiplying a 

common log. by 2.302 585, usually by 2.3. : . 
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When, Relative Expansion or Number falls between two Numbers in Table, 
proceed as follows: Take difference between logs. of the two numbers. 
Then, as difference between the numbers is to difference between these logs., 
so is excess of expansion oyer least number, which, added to least log., will 
give log. required. ; ' 
InLusTRAtIoN.—Expansion is 4.84, logs. for 4.8 and 4.85 are 1.569 and 1.579, and 

their difference .or.. Hence, as 4:85 © 4.8.05: 1.579 © 1.569 ==.07 1; 4.84 —4.8= 
+04 : .008, and 1.569 + .008 = 1.577 = log. required. 

EXAMPLE.—Assume steam to enter a cylinder at a pressure of 50 Ibs, per sq. inch, 
and to be cut off at .25 length of stroke, stroke of piston being ro feet; what. will be 
mean pressure? _ Clearance assumed at 2 per cent. —.2 feet. 

_1o+.2=10.2 feet, stroke 1o+4+.2=2.38 feet. Then 10.2 — 2.38 = 4.29 rela- 
tive expansion. 

= 28.62 lbs. Hyp. log. 4.29 = 1.456, which + 1 = 2.456, and 2.456.X 50 
4:29 

Relative Effect of steam during expansion is obtained from preceding rule. 

Mechanical Effect of steam in a cylinder is product of mean pressure in 
Ibs., and distance through which it has passed in feet. 

Hiffects of Mxpansion. (Essentially from D. K. Clark.) 

Back Pressure is force of the uncondensed steam in a cylinder, consequent 
upon impracticability of obtaining a perfect vacuum, and is opposed to the 
course of a piston, It varies from 2 to 5 lbs. per, sq. inch. 

It must be deducted from average pressure. Thus: assume pressure 60 lbs., 
stroke of piston as in preceding case, and back pressure 2 lbs, 

At termination of..... 1st, 2d, 3d, 4th, sth, and 6th foot of stroke. 
PLORSURCs c's sippd aig peers 68, v3; 120m TS 12 xo lbs. per inch. 
Back pressure........ 2 2 2 2 2 2 (on Noah a4 

Effective pressure...., 58h Hest! .prBioy rail) s 46 Sia oubhrors se 

Total work done by expansion at termination of each foot or assumed 
division of stroke of piston is represented by hyp. log. of ratio of expansion, 
initial work = 1. 

' Thus, for a stroke of 10 feet and a pressure of 10 lbs. : 
Bb end of sites. mst, 2d, 3d, 4th, 5th, 6th, 7th, 8th, oth, and roth foot. 
Steam is is bo 

into vols. hyp. >= .69 12 1.39 62, 1-79 1195 2.08 22 2.3 
log. of which... 

Initial duty .....--.006 ci % I I I I I I I I 

Total duty........ 22.09) 2-1. 2.39 U26xe 2.79 2.95 3.08 3.2 Bhs) 

Pica ion} TO 16.9 %2% 23,9, 26.0 27.9 29)5 30.8 32 33 

Ee geet teat SE 24 Gre So IO £12 CEA ay) 16 18 20 

Roeeenective Vie 812.9 15 15-9 16.4 15.9 15-5 14.8 14 13 

Gain by expansion o 61.25 87.5 98.75 101.25 98.75 93-75 85 75, 62.5 

The same results would be produced if expansion was applied to a non-condens- 
ing engine, exhausting into the atmosphere. 

Again, assume total initial pressure in a non-condensing cylinder 75 lbs. per sq. 
inch, expanded 5 times, or down to rs Ibs., aud then exhausted against a back press- 
ure of atmosphere and friction of 15 lbs. 
At termination of.,.,... 1st, 2d, 3d, . 4th, and sth foot of stroke. 
Total duty....:..0..... I 1.69 2, 2.39 2.61 
¢ 6 oh Merformed). /..'75 226075) ine 5 179:25\ 195.75 foot-lbs.' 

“¢ ‘back pressure.... 15 30 45° 60 75 apie 
*¢ effective duty.... 60 96.75 II2.5 119.25 Fa0.7 5th aks 

Gain by expansion..... ° 61.25 87.5 98.75. xo1-25 per cent. 

. From which it appears that the total duty performed by expanding steam 5 times 
its initial volume is full 2.5 times, or as 75) tO 195-75: ; 

3 o 
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\\ Relative Effect of Equal Volumes of Steam. | 

Relative total effect or work of steam is directly as its mean or average pressure 
(A), and inversely as its final pressure (B). or volume of steam condensed. : 

If former is divided by latter, quotient will give relative total effect or work (C) 
of a given volume of steam as admitted and cut off at different points of stroke of 
piston, with a clearance of 3.125 per ceut. 

In following-computations resistance of back pressure is omitted. If this press- 
ure is uniform with all the ratios of expansion, it is a uniform pressure, to be de- 
ducted from the total mean pressure in column (A). 

Pressure. | (C) i] | Pressure. H (c) 
Cut off at (A) (B) | Relative || Cut off at (A) (B) Relative 

Mean. | Final. | Effect. | | | Mean. Final. Effect. 

I x bets I | 375 -761 -3904 1:93 
“75 9689 -787 1.28 |. , «33 +702 -335, | 2:09 
+6875 +946 .697 Se daa | ef -628 273 aes 
625, -924 -636 oy rae | eee | +559 224 |. 205 
15625 889 576 X54. {p ssek25 435 15 | 2, Or 
3 +857 +501 RePEc [fens } 418 13 3-21 

‘To Compute Total Effective Work in One Strole of Pis- 
ton, or as Given by an Indicator Diagram. 

a P (i’ 1+ hyp. log. R—c)=w, andabL=w’. w representing total work, and 
w’ back pressure. 

Norr.—Pressure of atmosphere is to be included in computations of expansion; 
it is therefore to be deducted from result obtained in non-condensing engines. In 
condensing engines, the deduction due to imperfect vacuum must also be made, 
usually 2.5 Ibs. per sq. inch. 

ILLUSTRATION.—Assume cylinder of a condensing engine 26.1 ins. in diameter, a 
stroke of 2 feet, pressure of steam 5 lbs. (80.3-+ r4.7) per sq. inch, cut off at -5 Stroke, 
with an average back pressure of 2 Ibs. per sq. inch, and a clearance of 5 per cent. 
Area of piston, deducting half area of rod = 530 sq. ins. 2X 5+ 100=.r1 clear- 

ance, and 2-+-.1-- 1.1 =1.9 =ratio of expansion, and 1+ hyp. log. 1.9 = 1.642, 

Then 530 X 95 X 1.1 X 1.642 —.1 —530X 2X 2=50350X 1.706 — 2120 = 83777 Ibs. 
ILLUSTRATION.— Assume cylinder of a non-condensing engine having an area of 

2000 Sq. ins., a stroke of 8 feet, steam at a pressure of so lbs. (35-3 -+.14-7), cut off at’ 
-25 Of stroke, and clearance .25 foot. 

Ratio of expansion 3.66, back pressure r7 lbs., and 1+ hyp. log. 3.66 = 2.297. 
2000 X50 (2.25 1-+ hyp. log. 3.66 — -25) = 100000 X'2.25 X 1-+ 1.207 —cC= 491 825 

, 2000 X 17 X 8= 272000 foot-lbs. or negative effect, and 491 825 — 272 000 = 219 825 
oot-Lbs. 

Total Effect of One Ib. of Expanded Steam. 
If x Ib, of water is converted into steam of atmospheric pressure — 14.7 Ibs. per sq. inch, or 2116.8 lbs. per sq. foot, it occupies a volume equal to 26.36 cube feet ; and the effect of this volume under one atmosphere = 2116.8 lbs. X 26.36 feet = 55799 foot-lbs. Equivalent quantity of heat expended is x unit per 772 foot-lbs., = 55799 +772 = 72.3 units. This is effect of x lb. of steam of a pressure of one at- inosphere on a piston without expansion. / 
Gross effect thus attained on a piston by x Ib. of steam, generated at pressures varying from x5 to roo Ibs. per sq. inch, varies from 56 000 to 62 000 foot-lbs., equix- alent to from 72 to 80 units of heat. 

Effect of x lb. of steam, without expansion, as thus exemplified, is reduced by. clearance according to proportion it bears to volume of cylinder, If clearance is & per cent. of stroke, then ros parts of steam are consumed in the work of a stroke which is represented by roo parts, and effect of agiven weight of steam without ex. pansion, admitted for full stroke, is reduced in ratio of 105 to 100. Having deter- mined, by this ratio, effect of work by x lb. of steam without expansion, as reduced by clearance, effect for various ratios of expansion’ may be deduced from that, in terms of relative operation of equal weights of steam. ; tak 
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Volume of x Ib. of saturated steam of 100 lbs. per sq. inch is’ 4:33 cube feet, and 
pressure per sq. foot is 144 X 100 = 14 400 /bs.; then total initial work = 14 400% 4.33 
= 62352 foot-lbs. This amount is to be reduced for clearance assumed at 7 per cent, 

Then 62 352 X 100+ 107 = 58 273 foot-lbs., which, divided by 772 (Joule’s equiya- 
lent), = 75.5 units of heat. 

Total or constituent heat of steam of roo Ibs. pressure per sq. inch, computed from 
a teinperature of 212°, is roor.4 units; and from roz° (temperature of condenser 
under a pressure of x lb.) the constituent heat is rrxz.4 units. 

Equivalent, then, of net simple effect 75.5 units is 7.5 per cent. of total heat from 
212°, or 6.7 per cent. from 1029, 

When steam is cut off at 
= 275 5 "33 125 2 -125 and .x of stroke, 

comparative effects are as 
I 1.26 1.616 1.92 2.14 2.27 2.51 and 2.6. 

Total effects as given in table, page 718. 

Effect of x Ib. of steam, without deduction for back pressure or other effects, varies 
from about. 60000 foot-lbs., without expansion, to about double that, or 120 000 foot- 
lbs., when expanded 3 times, cutting off at about 27 per cent. of stroke: and to 
about 150000 foot-lbs. when expanded about 6 times, and cut off at about zo per 
cent. of stroke. . 

Effect of Clearance. 

Clearance varies with length of stroke compared with diameter of cylinder, 
with form of valve, as poppet, slide, ete. 

With a diameter of cylinder of 48 ins., and a stroke of 10 feet, and poppet 
valves, clearance is but 3 per cent., and with a diameter of 34 ins. and a 
stroke of 4.5 feet and slide valves, it is 7 per cent. 

ILLUSTRATION OF Errect, —Assume steam admitted to a cylinder for .25 of its 
stroke, with a clearance of 7 per cent. 

Mean pressure for x lb, = .637, and loss by clearance = 7 = 100 =.07, which, added 
to .637, =.707, which is effect of a given volume of steam, if there was not any loss 
by clearance, or a gain of 11 per cent. 

When steam is cut off at........ i 0.75) «5 33. 25) odo and easuroker 
Loss at 7 per cent. clearance..=7 7.2 81 9.0 11 15-3 17 per cent, 

To Compute Net Volume of Cylinder for Given Weight 
of Steam, Ratio of HWxpansion and One Strole. 

RuLe.—Multiply volume of x Ib. of steam, by given weight in lbs., by 
ratio of expansion and by 100, and divide product by 100, added to per cent. 
of clearance. 
Exampie,—Pressure of steam gs Ibs., cut off at .5, weight .54 Ibs., volume of x Ib, 

steam 4.55, and weight =. 21098 lbs., stroke of piston 2 feet, and clearance 7 per cent, 

Ratio of expansion 2+ 14—-1-+.14 = 1.88. 

4:55X «54 X 1.88 X 100 _ 461.92 4.31 cube feet. 
100+ 7 107 

To Compute Volume of Cylinder for Given Fiffect with 
a Given Initial Pressure and Ratio of Expansion. 

Rute. — Divide given effect or work by total effect of x lb. of steam of 
like pressure and ratio of expansion, and quotient will give weight of steam, 
from which compute volume of cylinder by preceding rule. 

ExAmMpPLe.—Assume given work at 50766 foot-lbs., and pressure and expansion as 
preceding. 

Total work by 1 Ib., roo Ibs. steam, cut off at .5, = by table 94 200 foot-lbs., and by 
table of multipliers for 95 lbs. = .998, which X 94 200 = 94 012 foot-lbs. 

Then 50766 aus = .54 Ibs, weight of steam. 
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Consumption of Expanded Steam per EP of Effect per 
Hour. 

FP =33000, which x 60 = 1980000 foot-Ilbs. per hour, which = 1 Ib, 
steam, the quotient = weight of steam or water required per P per hour. 

ILtustRation.—Effect of x Ib., 100 Ibs. steam, without expansion, with 7 per cent. 
1 980.000 

— -LOS., an of clearance = 58 273 foot-lbs., and as = 34 lbs. steam = weight of steam con- 

sumed for the effect per EP per hour. 

When steam is expanded, the weight of it per FP is less, as effect of x Ib. of steam 
is greater, and it may be ascertained by dividing 1 980000 by the respective effect, 
or by dividing 34 lbs. by quotient of total mean pressure by final pressure, as given 
in table, page 718. 

When steam is cut offat x “75 os 375 +33. --25 and .2 of stroke. 
Cpe oe =34 20.9 23. | x85 17-6 16 14.9 lbs. 

Hence, assuming ro Ibs, steam are generated by combustion of x Ib. coal per }P 
of total effect per hour, 

1 EP bertiour. (ete) eat 2.69 .2.1 1.85 x.76 1.6 1.49 lbs. 

SATURATED STEAM. 

To Compute Energy and Efficiency of Saturated Steam, 
ON ae Sgrars : x XD_ , 33,000 I 
yo hee Te Pp P XG or Or -=P; Eo. g=Dd; 

HD Fah ae. he Be irae ee, ‘ HD's —- H’ Hs Ro Ren JD(¢—t)4+L=HD; “— =53 Fike 

i : HD ” 1: ee p—py XaRS=X; —— R =H”; 15.5laS=h; 

ps h vn, ap—ap. xX . 1980000 h h—-X=N; Rs? : Pp? ors =E; BOF 1980000 | = A; 
x a een 
see} nlap—p’=2, and Sa e Rp—p’a=2; FCXb6o=/f; 

ne Ses ae ot aio ieciaticee vat cube feet, tte and cube feet water evaporated per hour per PP. 

V and v representing volumes of mass of steam entering cylinder and of tt at termination of stroke of piston ; Sand s volumes of x lb. sicam when admitted and when at termination of expansion ; C volume of cylinder per minute for each TPs R and r ratios of expansion and effective cut-off ; F feed water per cube foot of vol- ume of cylinder per stroke of piston, and f per [FP per hour, all in cube feet. D den- sity or weight of 1 cube foot of steam at temperature of operation, in lbs.; p mean pressure; p’ mean back pressure ; 1 initial pressure ; P mean effective pressure, or energy per cube foot of volume of cylinder ; P’ pressure per sq. inch or that equivalent to heat expended, and P” pressure equivalent to expenditure of available heat, or en- ergy, all in lbs. J, Joule’s equivalent = 772 foot-lbs.; Las per following table ; t and U’ absolute temperatures of steam at initial pressure and of feed water in degrees ; HD heat expended per cube foot of steam admitted ; H’ heat expended per cube foot of volume of cylinder, or pressure equivalent to heat expended per sq. foot ; H’’ heat rejected per cube foot of steam admitted ; H’”” heat rejected per cube foot of volume of cylinder ; A available heat per 1EP per hour ; e energy per cube foot of volume of cylinder to point of cutting off, or of steam admitted ; hand Wh’ heat expended and rejected, and X energy exerted, all per lb. of steam and in Soot-lbs. E efficiency ; x en- ergy exerted per minute and per cube foot of steam admitted 3; & area of piston in sq. ins. ; L length of stroke of piston in feet, and f feed water per IEP per hour, in cube feet. AANA KY 
ILLUSTRATIONS. —Assume volume of cylinder and clearance (5 per cent. = .6 inch) x cube foot, steam (86.3-+ 14.7) 100 lbs. per sq. inch, cut off at .5, mean pressure by rule (page 711) 86 lbs,, and back pressure 3 lbs. ; f y 
Vex 02.) (Sf saqube cary | pie) p=3. a= 144 ins. 

f and t’ = 327.9° + 461.2° and 100°} 461.2°. lo2fet n=1 Lo 157748. 
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2+1=2 ratio ~ 4.33-+8.3x =. 526 effective cut-off. 86 — 3 X 144 =11 952 lbs. 
33 000 I gene Sy: I 
= =2.76. cube feet. ——=.231 lbs. = or ——_— 
86 —3 X 144 r Je Wee Sie 2 2X 4-33 

772 X .231 (789.19 — 561. 2°) + 157 748 = 198 389 fout-lbs. 
8 

= 99 195 foot-lbs. 398389 = 858 827 foot-lbs. SE 689 lbs. 
+231 144 

-1154 cube feet. 

198 389 
2 

86 —3 X 144 X 2 X 4.33 = 103 504 fuot-lbs. 
198 389 = .23% — 103 504 X 2.31 = 174 479 foot-lbs. 174 479 = 2 = 87 239 foot-lbs. 

15-5 X 100 X 144 X 4.33 = 966 456 fool-lbs. 966 456 — 103 504 = 862 952 foot-lbs, 

retin 111 600 lbs. apes as sa 2 07 —s 18 504.673 foot-Ibs. 

Or 1980000 X “ = 18 504 673 foot-lbs. aoe == 1725) EPE 

1X ated x 86 —3=23 904 Joot-lbs. oe = .306 cube feet. 

2X 86-—3 X 144 = 23 904 foot-lbs. 1154 X 2.76 X 60 = 19.11 cube feet. 

ope =11952 foot-lbs. Lame, 2.761 cube feet. 

In illustration of connection of expenditure of available heat (A) and consumption 
of fuel, assume coal to have a total heat of combustion of 10000 000* foot-lbs., cor- 
responding to an equivalent evaporative power under 1 atmosphere at 212° of 13.4 
Ibs. water and efficiency of furnace .5; then available heat of combustion of x Ib. 
coal == 5 000000 foot-lbs. ; 

Hence, consumption of coal per [FP in an engine of like dimensions and opera- 
tion with that here given would be 19 223 c00 + 5 oco 000 = 3.8444 lbs. 

Properties of Steam of Maximum Density. (Rankine.) 

Per Cube Foot. 

Temp.| L |{Temp.| L Temp. L Temp. L Temp. L | Temp, L 

° ° i 20 re) oO ° 
32 | 248]/ 95 |1999|| 158 | 9687/]| 221 | 33180] 284 | 88740]|'347 | 197700 
41 348|| 104 | 2571]| 167 |11760]} 230 |38700|| 293 | 100500|| 356 | 219000 
50 481}| 183 |3277|| 176 |14200]| 239 | 44930], 302 |113.400]| 365 | 242000 
59 | 655|| 122 | 4136|| 185 .}17010]| 248 |51920]] 311 | 127500]| 374 | 266600 
68 | 88rj} 13x | 5173]| 194 | 20280]|| 257 | 59720]! 320 | 143000]|| 383 | 293100 
77 | 1171\| 140 |6430|| 203 |24020}| 266 |68420]| 329 |159800]| 392 | 321 400 
86 |1538|| 149 |792r!l 2x2 | 28310] 275 |78050I] 338 11780001] gor | 351600 

L representing latent heat of evaporation per cube foot of vapor in foot-lbs. of en- 
ergy. To reduce this to units of heat divide by 772, or Joule’s equivalent. 

SUPERHEATED STEAM, 

The results attained by imparting to steam a temperature moderately in 
excess of that due to the volume or density of saturated steam are: 

x. An increase of elasticity without a corresponding increase of water evaporated. 

2. Arresting or reducing passage of water, in suspension, to cylinder (foaming), as 
the heat contained in that water is wholly'lost without affording any elastic effect, 

Both of these results, by increasing effect of the steam, economize fuel. 

Superheated steam should be treated asa gas, 

The product of its pressure, p in lbs. persq. foot, and volume » of x 1b. of it in cube 
feet, in the perfectly gaseous condition, is obtained by following formula: 

42140 T+t=pv=8s5.44T. T temperature of steam -+ 461.2°, and ¢ 32° + 461.22. 

ILLUSTRATION. —Assume temperature of steam, 327.92, superheated to 341.19, 

Then 42140 X 461.20 + 341.19 + 32 + 461.2° = 68 549 foot-lbs. 
Hence, as pressure of steam at 327.9° = roo Ibs. per sq. inch, and at 341.19 120. 

120 + 100=1.2 to r= a gain of one jifth. 

* Coal of average composition, 14133 X 772 = 10910 676. 



718 STEAM. 7 

To Compute Energy and Efficiency of Superheated 
Steam. 

In following illustrations elements are same as those in preceding cases for satu- 
rated steam, with addition of the steam being superheated, so that 

T=115 lbs., t= 338° + 461.2° = 799.2, t’ = 200 4 461.2° = 751.29, S= 3.8, s= 7.4. 

Rap . ap—ap eee 
—y I8S—Rap S=X; 15.5laS=h; —pr —=E; h—X=N’; RSP 

RO, Oe ee 33000, . 1980000 _ 

SSAA Nic Sp OC SSN opr tee, 0 
Efficiency of saturated steam (p. 716) .107, and, as above, .109; hence 709 __ s.02to I. 

107 
If, then, available heat of combustion of efficiency of furnace is assumed at 5 000000 

foot-lbs.,,as above, consumption of coal per [EP 18 183 486 + 5 000 0co = 3.637 lbs. 
Nore. —For further illustrations Rankine’s ‘* Steam-engine,”’ London, 1861, p. 436. 

Wiire-drawing. 

Wire-drawing of steam is difference between pressure in boiler and pressure in 
cylinder, and is occasioned as follows: 

Resistance or friction in steam-pipe to passage of steam to steam-chest and piston. 
Resistance of throttle-valve to passage of steam, when it is partly closed or of in- 

sufficient area in proportion to steam-pipe. 
Resistance from insufficient area of valves or ports. 

. Mr. Clark, from his experimental investigation, declared, that resistance in a 
steam-pipe is inappreciable, when its sectional area is not less than .x area of piston, 
and its velocity not exceeding 600 feet per minute. 
When velocity of a piston is from 200 to 240 feet per minute, area of steam may 

be .ogth of piston. 

Effect of Expansion with Equal Volumes, and Effect of 
One Lb. of 100 Lbs. Pressure per Sq. Inch. 

Clearance at each End of Cylinder, including Volume of Steam Openings, 7 per cent. 
of Stroke, and 100 per cent, of Admission = x. 

Ratio ? Tora, PREssURES, J AcruaL EFFrcrt. 

of Ex: Re Final. | Mean, | Initial of Apia a Libis 
panslon: | Cut-off, ae es 2 — - lof x00 Lbs. By x Lb. Sq. Inch x canned Heht Initial | c,—, | Initial | Tnitial | Mean | for one |of roo Lbs.) Pet Foot |" er E> | _ COR 
Polaeas Stroke | Pressure) Pressure} Pressure Stroke per | Steam. ne w~ <4 of Work | Verted. ares =I. =m =1. =1. {Cube Foot. Stee, '|Per Hour. 

" | Lbs. Foot-lbs..| Foot-lbs. Lbs. Units. 
I I I I rt +247 58273 | ~ 100 34 75-5 
nr “9 “909 | -996'| x.004 | 1225 63 850 go-'6) |\ 3x 82.7 
1.18 83 847 -986 | 1.014 | .209 67 836 98.6 | 29.2 87.9 
1.23 8 813 | 198 | x.02 = 201 70 246 98 28.2 or 
1.3 “75 769 | .969 | 1.032 | «19 73513 | 96.9 | 26.9 95-2 1.39 yf 719 +953 | 1.049 -178 77 242 95:3 | 25:6 100.1 
1.45 66 69 042 | 1.062 “17 79555 94-2 24.9 102.9 
1.54 -625 649 | \925'} 1-08x 161 83055 92.5 | 23.8 107.6 
1.6 6 +625 +913 } 1.095 +155 85125 91.3 23-3 110.3 
1.88 i) +532 -86 1.163 <S95 94 200 86 21 122 2.28 ea +439 | «787 | 3.271 | ..108 104 466 Teer | XO) 132.5 
2.4 +375 | +417 | .766'] 3.305 | “103 107 050 76:6 | 18.5 138.6 
2.65 Ba +377 +726. | 1.377 +093 112220} 72.6 17.7 145-4 
2.9 3 +345 -692 | 1.445 -085, 116.855, 69.2 16.9 153-4 
S38 +25 =299) 1) 42037iy)|) 2-57, 074, 124066 | 63.7 | 16 160.7 
4 2 +25. | «567 | 1.764 | . .062 132770 56.7 | 14.9 171.Q- 
4.5 -16 ~222 | .526 | x.90r | .055 138 130 52.6 | 14.34.| 178.8 
5 Bey | 22) -488 | 2.049 | .049 142 180 48.8 13.92 | 184.2 
5:5 1125 | -x82-] 457 | 2-188 | .o45) | 146325] ‘45.7 | 13.53 | 180.5 5:9 ay, 169 432 | 2.315 042 148.940 43-2 | 13.29 | 192.9 
6.3 I +159 | -413 | 2.4271 -039 151 370 41.3 13.08 | 1096.1 
6.6 +09 152 | .398 | 2.513 | .037 152955 39-8 | 12.98 | 107.7 
7 +083 +143 +381 | 2.625, +035 155,200 38.1 12.75 | 201.4 
7.8 .066 | .128 | .348 | 2.874 | .032 158 414 34.8 12.5 205.2 
8 +0625] -125 | .342 | 2.024 | .o3x, | 159433 34-2 | 11.83 | 206.5 
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Multipliers for Actual Weight and Effect for other 
Pressures than 100 Lbs. 

Pressure Multipliers. Pressure Multipliers. Pressure Multipliers, _ 
per Actual per 4 Actual er i Actual 

Sq. Inch. | Weight. | Etect. || Sq.Inch.| Weight. | Erect. Sqr inch. Weight. | Effect. 

Lbs, Lbs. Lbs. 
65 -666 975 go. +QOL +995 130 1.28 1,015 
7o -714 +981 95 +952 | — -998, 140 1.37 1.022 
75 +763 -986 100 I I 150 1.46 1.025 
80 -806 +988 110 1.09 1.009 160 1.55 1,031 
85 +855 +991 120 1.17 I,O1L 170 1,64 1.033 

In this illustration, in connection with preceding table, no deductions are made 
for a reduction of temperature of steam while expanding, or for loss by back 
pressure. 

When steam is cut off at .o625, or one sixteenth, its expansion is 16 times, but as 
7 per cent, of stroke is to be added to it (. 0625-4. 07) =.1325 = 132.5 per cent., or 
nearly double of 16, or only a little over 7 times, as in 3d column of table on pre- 
ceding page. 

Column 7 is product of 58273 and ratio of total effect of equal weights of steam 
_when expanded, or average total pressure divided by average final pressure. 

.86 X 100 = 86 
Thus, if steam is cut off at .5, with a clearance of 7 per cent., ——“———_—_ — 

! +532 XK 100 = 53.2 
1.6165, and 58 273 X 1.6165 = 94 200 foot-lbs. : 

Column g gives volume of steam consumed per P per hour. Thus, assume cyl- 
inder to have an area of 292 sq. ins., a stroke of 2 feet, and pressure of steam roo Ibs. 
without expansion. 

292 X 100 X 2=58 400 foot-lbs., and 292-7 per cent. of stroke for clearance — 
-14; hence, 292 X 2.14 + 144 = 4.34 cube feet, and weight of a cube foot of such steam 
=.23 lbs., and 58 400: 4.34 X .23 1: 33 000 : .564, which, X 60 minutes = 33.84, or 34 
as per table. 

The pressures are computed on premise that steam is maintained at a uniform 
pressure during its admission to cylinder, and that expansion is operated correctly 
to termination of stroke. 

Column ro is quotient of work in foot-Ibs., divided by Joule’s equivalent 772. 

Thus, 94 200 772 = 122. 

For percentage of constituent heat, converted from 102° and 212°, assume 
122 as in last case: 
Then 122 X 9+ 100= 10.98 per cent, Fem: zo2°, and 122 X 10+ 100 = 12'2 per cent, 

for 212°. 
“ Wire-drawing’? will cause a eduntion of pressure during admission, and clear- 

ance will vary from 3 to 8 per cent., according to design of valve, as poppet, long or 
short slide. 

In practice, wire-drawing of steam, and opening of exhaust before termination of 
stroke, involve deviations from a normal condition, for which deductions must be 
made, added to which there is the back pressure, from insufficient condensation in 
condensing engines, and from pressure of air in non-condensing nines rast and com- 
pression of exhaust steam at termination of stroke. 

To Compute Gain in Heed Water at High Temperature. 

T—t+W—w=H. Tandt represcnting total heat in steam and temperature of 
feed water, W and w temperature, of water blown off and fed = heat lost by blowing 
off, and 1 total heat required from fuel, all in degrees. 

ILLUSTRATION. ara ete steam at 248°, feed water 100° in one case ‘and 150° in 

another, and density ay? and total heat at 248° = 11579; what is gain? 

1157 —— 100 + 248 — 100 = 1205° = total heat required from fuel. 

“ “ “ 1157 — 150+ 248 — 150 = 11059 = 

Then eae = 205 TENS __ 983 = 8.3 per cent. 
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COMPOUND EXPANSION. | 

Compound Expansion is effected in two or more cylinders, and is prac- 
tised in three forms. 

ist. When steam in one cylinder is exhausted into a second, pistons of the 
two moving in unison from opposite ends—that is, steam from top or for- 
ward-end of first cylinder being exhausted into bottom or after-end of the 
other, and contrariwise—this is known as the Woolf* engine. 

2d. Steam from the 1st cylinder is exhausted into an intermediate vessel, 
or “receiver,” the pistons being connected at right angles to each other. 

3d. Steam from receiver is exhausted into a 3d cylinder of like volume 
with 2d, pistons of all being connected at angles usually of 120°, 

The two latter types are those of the compound engine of the present time. 

Expansion from Receiver. The receiver is filled with steam exhausted 
from ist cylinder, which is then ad mitted to 2d, or 2d and 3d, in which it is 
cut off and expanded to termination of stroke. 

Initial pressure in 2d, or 2d and 3d cylinders, is assumed to be equal to final press- . 
ure in xst, and consequently the volume cut off in the one or the other cylinders 
must be equal in volume to that of rst cylinder, for its full volume must be dis- 
charged therefrom. 

Inasmuch as 3d cylinder is but a division of the 2d, with addition of receiver, 
this engine, in following illustrations, will, for simplification, be treated as having 
but two cylinders. 

In illustration, assume xst and 2d cylinders to have volumes as x to 2, with like 
lengths of stroke, and that steam is cut off at .5 stroke, and equally expanded in 
both cylinders, the ratio of expansion in each cylinder being thus equal to their 
volumes. 

Volume received into 2d cylinder would be equal to that exhausted from 18st, as- 
suming there would not be any diminution of pressure from loss.of heat by inter- 
mediate radiation, etc. This is based upon assumption that expansion occurs only 
upon a moving piston; but in operation, expansion occurs both in receiver and in 
intermediate passages, as nozzles and Clearances; the 2d cylinder, therefore, receives _ 
steam at a reduced pressure, increased volume, and reduction of ratio of expansion. 
To meet this, and attain like effects, volume of 2d cylinder must be increased in 
proportion to increased yolume of steam and its ratio of expansion. Consequently, 
there is no loss of-effect aside from increased yolume and weight of parts by inter- 
mediate expansion, provided primitive ratio of expansion is maintained by giving 
relative increased volume to 2d cylinder. 

InLustTRATION, —Assume cylinders having volumes as x and 3, initial steam of xst 
cylinder to be 60 lbs. per sq. inch, stroke of piston 6 feet, cut off at one third, and 
clearance 7 per cent, 

Final pressure, as per rule, page 7r1, = 22.62 Ibs,, and pressure as exhausted into receiver, reduced one fourth, = 16.97 Ibs., assuming there is no intermediate fall of pressure. The steam, therefore, is expanded to 1.33 times volume of cylinder; a like volume, therefore, must be given to 2d cylinder, to admit of this at a like press- ure. If, therefore, the increased terminal volume of the steam in the rst cylinder was augmented, including a clearance of 7 per cent., the effect would ve as follows: 
Volume admitted to 2d cylinder is equal to volume of rst added to its clearance, or to .33 volume of 2d cylinder added to its clearance; that is, to -33 of 107 per cent., 

or 35.66 per cent., consisting of clearance, and 35.66 —7 = 28.66 per cent. stroke of 2dcylinder. The steam exhausted into 2d cylinder thus fills less than -33 of its stroke by 4.67 (33.33 — 28.66). As steam is expanded from volume of rst cylinder, plus its 
clearance, to 2d cylinder, plus its clearance, ratio of expansion in 2d cylinder is equal 
to ratio of volume of both cylinders, which is 3, and 
too (representing full stroke) + 7 22.62 

26 hae 3, and final pressure = 7.54 Ibs. per sq. inch. 

* In 1825-28 James P, Allaire, of New. York, adopted this design of engine in the steamboats Her Eckford, Sun, Commerce, Swiftsure, Post Boy, and Pilot Boy. gine in the steamboats Henry 
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. Assuming voluine of receiver, or augmented terminal volume, for expansion in 2d 
cylinder, to have proportions of x, r.25, 1.33, and 1.5 times volume of rst cylinder 
plus its clearance, the relations would be’as follows: © =) ean bk 
Augmented terminal. volumes oe ty * im j 
in ad-cylinder v.c.....0. ee. } ee oe ee oe Be ea 

treat ; 5 ese 6 6 sp.s 1do.>cdens.s 
GUE CO a ecalmretateiseielaicinis =invaini< (cla X07, (1-339 1.427 1.605 fic clear- 

; ~ d)- ance. eS 
Final volumes in 2d cylinder times volume of 

added to clearance......... PED Gex Ooo is { ist cylinder. 
Ratio of expansion in 2d cyl’r.. 3 IP ee ‘ 
Intermediate - reductions: of.) ; a of terminal press- 
ee ie QA ° ?, *35 “33 { uré in rst cyl’r. 
WGRaLO: de apwainns ceca eau Os o> L452 5.65 rx.31 lbs. per sq. inch. 
Pressures in receiver and ini- 6 8 6.06 a a 
Miia pressiina frredcylintter.."9 °- 2: 77-2 Cs + BS-00" © FE get EO os 

Final pressure in 2d cylinder... 7/54 7.54 7.54 IC AGIYE MRS do. 

Ratio of Expansion. In 1st cylinder, as per formula, page 710. In 2d cylinder, 

— r=ratio. Of Intermediate Expansion. : =ratio. n representing ratio 
: h = ros 

of intermediate reduction of pressure between rst and 2d cylinder, to final pressure in 
st cylinder, andr ratio of area of 1st cylinder to that of 2d. 

* ILLUSTRATION. —Assume n = 4, and 7 = 3. ; Ne 

Then = z * 3= 2.25 ratio,and wit oe 1.33 ratio. 
41. 

Total or Combined Ratio of Expansion. +R’ = product of ratio ofi1st and 2d cyl- 
inders by ratio of expansion in rst cylinder, As when 7 = 3, and R’ = 2.653, then 
2:653 X 3=7:959 total ratio.. - - reves aoa ¢ : 3 er 

Hence, Combined Ratio of Expansion in both. cylinders. . ne nRoBAOR yepy 

resenting ratio of expansion in rst cylinder, and R”’ combined ratio. 

ILLUSTRATION. —Assume as preceding, and R’ = 2.653. 

~ ghev tT? x 3 X 2.653 = 5.969 combined ratio. 
< 4 AS : 

To Compute Hfr2ct: for One Stroke, and a Given Ratio 
of HWxpansion in Wirst Cylinder. : 

Without Intérmediate. Expansion. Rutm)— Multiply actual ratio of ex- 
pansion in rst cylinder by ratio of both cylinders, and to hyp. log. of com- 
bined ratio add 1; multiply sum by period of admission to 1st cylinder plus 
clearance, and term=product A. : 

Divide ratio of both cylinders, less\1, by ratio of expansion in ,1st .cyl- 
inder; to quotient add 1; multiply sum by ¢élearance, and term product B. 

Subtract B from A, and term remainder C..Multiply, area of 1st cylinder 
in sq. ins. by total initial pressure in lbs. per sq. inch,,and by remainder C. 
Product is net effect in foot-lbs, for one stroke. sera 6A OUR 

With Intermediate Expansion, Add effect thereof to result obtained above, 
and by following formula : j ; Pak es 

Or,’ 1+ hyp. log. R’’ —c (: + “Va PEE. a representing area tn ‘sq. ind., 

| P initial pressure in ls: per sq. inch “of rst cylinder, V length of: admission: or point 
of cutting off plus clearance, c clearance in fect, and E effect in foot-lbs. 

Je 3 
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ILLUSTRATION. —Assume areas of cylinders.1 and 3 sq. ins., length of stroke 6 feet, 
pressure of steam 60 Ibs, per sq. inch, cut off at 2 feet, clearance 7 per cent., and 
area of intermediate space, as receiver, one third volume of zst cylinder. 

ie 

X 3 X 2.653 = 5.969 hyp. log. 

2,653 X 2.25-+ 1 X 2.42 —3—1+ 2.653-+1 X.42X1 X 60 = 1.7865 + 1 X 2.42 — 

2+ 2.653+1X .42 X 60= 6.743 —-737 X 60 = 360. 36 foot-lbs. 

R” = ratio of expansion in 2d cylinder 4 

st Cylinder. 

Effect on piston 60 Ibs. x x inch X 2 feet..........eceeceneees +. =120 © foot-lbs. 
s,, OL Clearance 6o4DS, KX .42TOOb. .. . Rice. osc cs cess seey RT ET a 

Fotal initial effeet-=60 22 X .42. Son. do 0 oes cde scaecwewn vee = 145-2 foot-lbs: 

Then 145.2 X r+ hyp. 10g. 2.653 OF 1.976..6..0.0secceeecacacene = 286.91 foot-lbs. 
Wess etectiOs ClERYANCE ox. otcanives ccs ture ccc cms cacashion ede Ne SS lt 

Net effect on piston above vacuum line..................- = 261.71 foot-lbs. 

Less effect of back, pressure 60+ 2.653 = 22.61, which, 3 sq.) _ 66 
SiSanteetee AMOK G. ccc nuciiatidis aes a seb adick oumioginass = 135- 

INGUORECt- CRN PISEOH, mtarsiain tein stelerain tia/6.0'<]e\ 019 cletaje.eicinpis «nme aie = 126.05 foot-lbs. 

2d Cylinder. 

145-2 X Xe} hyp, loge 2e.0r ee Orie wc nes = 262.81 foot-lbs. 
Effect of clearance 22.61 X 3. X.42....-+- cess == 28,40 \., = 234.32 Joot-lbs. 

360.37 foot-lbs. 

Intermediate reduction of pressure, as given at page 721,=.25 X 22.61 = 5.65 lbs. 
per sq. inch, which, X 3 sq. ins. and by 2 per foot of stroke,= 33.9 foot-lbs. 

Hence 360.36 + 33.9 = 394.26 foot-lbs. 

Or, by sum of the three results, viz. : 

TSt CYMER. scene ore ne Spenieteeiteienroe o's whinibwniee weirs Ssheseeeess 126.05 Soot-lbs, 
Tntermediate expansignyes. sn cceknescansisett ls .cclvic's dns cee weeseeee. 33-9, 
2G CYUMGEP sc. iS venes sos MESSE Go tenis), Sie MER eats cal Denese etait ya erete 

394:27 foot-lbs; 
WOOLF ENGINE. D. K. Clark. 

Ratio of Expansion.—In xst cylinder as per formula, page.7x0. In 2d cylinder, 

"> +arxita =ratio. x representing ratio of area of rst cylinder to that of 2d, 

Land V lengths of stroke and of stroke added to clearance, in ins. or feet, and x ratio 
value of intermediate volume. 

ILLUSTRATION.—Assume l= 6 feet, UW =7 per cent.=.42, = 3, and 2 =.333, 

ps ratio of expansion in 2d cylinder. Pete 353) i pa y 

Total Actual Ratio of Expansion. R’ G or ae 2) = ratio, 

' IuLusTRATION.—Assume preceding elements, R = 2.653, 
6 

Then 2.653 (: x Ea + 333) = 2,653 X 3.137 = 8.322, total actual ratio. 

Combined Actual Ratio of Expansion. R’ (« ne x) Sifte= ratio, 

ILLUSTRATION.—Assume preceding elements. 

6 8.322 5 
Xe— +: 333-1 +. 393 = ——— = 6.242, combined actual ratio, Aa FC TAMA SP MCAIRS cir Paaane 

Yor 
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To Attain Combined Ratio of Expansion and wctinciiiaey 
Pressure in 2d Cylinder. 

Asiniiing four cases as taken for Receiver Engine with a clearance of 
7 per cent, The relations would be as follows: 
Intermediate spaces are ...... part of volume of rst cylin- 

ing 128331.-5 % { der plus its clearance, or, 

Volume of 1st cylinder..............+ 1. P3079 939.5 | 1607 

Add to these 1.07, the volume of xst airy "rs initial volumes for ex- 
cylinder plus its clearance, and.. wt 1.07 1.427 pansion in 2d cylinder or 

times volume of rst eyl’r. 
To same values of intermediate space 

- ti = 3 3-357 imes volume ‘of xst ‘cyl add 3, the volume of 2d cylinder, 3535 407 {Sie and the sums are the final volumes 
by expansion in 2d cylinder....... 

> Ratios ofexpansion in 2d cyl’r arequo- ) 2.804 2.352 2.202 1.902 ratios of expansion. tients of final by initial volumes.. f 
of final pressure; or, as- 
suming initial pressure at 

5 63 |bs., and final pressure 
at 23. 75 lbs., they are 

Intermediate falls of pressure are, in } 3 
partsof final pressure in rsteylinder f © 225, +333 

° 5:94 7-92 11.87 lbs. per sq. inch. 
The initial pressures for expansion in ( of final pressure in rst cyl- 

2d cylinder are ........ H arate eislersivo } x ‘75 +66 “5 inde oe 7 

23-75 17-81 15.83 11.87 (bs. per sq. inch. 

Hence, final pressures in 2d cyl’r are.. 8.47 7-57 7-19 6.24 lbs. per sq. inch. 

‘Combined Ratios in these Four Cases. 
rst. xst ratio of expansion.... 1 to 2.653 Combined Ratio. 

2a a0, do. sees I 00 2,804 = 2.653 X 2.804 =7.44. 

2d, xst do. do. sone I (0 2,653 
2d do. do. se+e 1 tO 2.352 = 2.653 X 2.352 = 6.24. 

3d. xst do. do. weve X 602.653 
2d do. do. ++-- 1 t0 2.202 = 2.653 X 2.202 = 5.84. 

4th. 1st do. do. «ses EO 2,653 
2d do, do. sees I tO 1.905 = 2.653 X 1.905 = 5.05. 

Initial effect of steam at 63 lbs. pressure, admitted to rst cylinder, for 2 feet, or one 
third of stroke of piston, and with a clearance of 7 per cent. or. 42 feet, is as follows: 

Effect on piston..... 63X%2 feet—126 foot-lbs: asi initial 
do, in clearance. . és X 142 foot= 26.46 = 63 X 2.42 = 152.46 foot-lbs. effect. 

This sum is initial effect, on which effect by expansion is computed, while it is 
26.46 foot-lbs. in excess of the initial effect on the piston. 

The total effect, then, is computed as follows: 

rst case. 152.46 X (x-++hyp. log. 7. 44). or 3 0069 = 458.27 Net Effect. 
Less effect of clearance..s.i...++.+++ 26. 46 431-81 JSoot-lbs. 

2d case, 152.46 X (1-+ hyp. log. 6.24) or 2.831 = 431.47 
Less effect of clearance,..........46. 26.46 405.01 “ 

3d case, 152.46 X (x-+ hyp. log. 5.84) or 2.7647 = 421.35 
Less effect of clearance.......+..++++ 26.40 394: 80 e's 

4th case. 152.46 X (r-+ hyp. log, 5.05) or 2.6294 = 399.29 
Less effect of clearance. :.+s.+ss.+++ 26.46 372.83 ‘ 

The reductions of net effect in 2d, 3d, and 4th cases are 6.2, 8.6, and 13.7 per cent. 
of effect in 1st case. 

To Compute Effect for One Strole and a Given morse 
bined Actual Ratio of Hxpansion. 

Rure.—To hyp. log. of combined actual ratio of expansion (behind both 
pistons) add 1; multiply sum by period of admission of steam to 1st cylin- 
der, added to clearance, and from product subtract clearance, 

Multiply area of rst cylinder in sq. ins. by initial pressure of steam in lbs, 
per sq. inch and by above remainder, Product, is net effect in foot-lbs. for 
one stroke. 
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(ExaMPLE/—Assume® Pea pre ree ae 793 > inst OP 

Hyp. log. 6.24 + 1 = 2.831; which, Loita = 6.85, and 6.85 — Ma and remainder 

60 = 385.8 fool: lbs. 
Or, U (1 + byp-log. R’') —C Xa P=E. e 

‘Comparative Effect of .Steam in Receiver and Woolf 
Engines. 

The effect of steam in a ‘compound engine, without clearance and without any 
intermediate reduction of pressure,-is the sme whether operated in a receiver or 
Woolf engine. 

When, however, cared is an intermediate space between the two cylinders, as a 
receiver, there is an intermediate reduction of the pressure of the steam, conse- 
quent upon the increase of its volume in the receiver; the reduction of pressure, 
therefore, being less rapid than with the Woolf engine, the effect is greater. 

In illustration, the following comparative elements of the effect of both engines 
is furnished, 

RECEIVER. (7 per cent. clearance.) WOOLr. 

Ratio of Expansion. Net Effect, Ratio of Expansion. Net Effect. 
rSt Case... 7-QOaens ss 422.3 foot:lbs. rst case sa aeieg Bay ee 431-71 foot-lbs, 
is Weecoh nmr rat et SP Ofiawes see 423.55 oS C1 RRS eee Sty Lis Ng Ah aye Phe te 8 Mpa bdag 
dln PO tatae Saaesnoceee 417.96‘ ga: 3 ehcate's Te ate 304-09 i 
Fi oT are ae BOdsscseet 402.78 - ‘ Page Cher ec... BIOS 3 phereeiara 372-93 

From which it appears, that although the effect of a receiver engine is the great- 
est, its ratio of expansion is less than ‘With the Woolf engine. 

Also, that by the addition of clearance to the pistous of each engine, the actual 
ratios of expansion are sensibly reduced, as compared with the ratios without 
clearance, 

: : INDICATOR, 

To Compute Mean Pressure by an Indicator. 

RvuLe.—Divide atmosphere line, 0 o in fig- 
ure, inte -any convenient number. of.parts, as 
feet’ of stroke of piston, and erect perpendic- 
ulars at each point. Measure by scale of 
parts (alike to that of diagram) the actual 
mean pressure, as defined between the two 
lines at top and bottom of diagram, add the 

pote ine results, divide sum by number of points, and 
r 23 4 5 6 7 8 9 10 quotient will give mean pressure in lbs. per 

sq. inch upon piston. 
EXxAmPLy.—Pressures, as above given, are: 

aytfiggcke as deggie} es} 26 10+ 8+ 6 = 236, which, + 10, = 23.6 Ibs. 

Notr.—If it were practicable to rum an engihe without any load, and it some- 
times is; the mean pressure, as exhibited by an indicator, would be an exact meas- 
ure of the friction of the engine. 

po eas Weare Peg ype ee 
1 ' 1 1 steeple tees 

1 Hi 

Conclusions on Actual Efficieney of Steam. 

For deyclopment of highest efficiencies of steam, as used in an engine,.means for 
protecting it from cooling and condensing in the cylinder must be employed. Super- 
heating of it prior to its introduction into a cylinder is probably most. efficient 
means that may be eraployed for this purpose. Application to cylinder of gases 
hotter than it is next best means; and next is the steam-jacket. 

In cases of locomotive and portable engines, consumption of steam per TEP per 
hour is less than for that of single-cylinder condensing engines for like ratios of ex- 
pansion, which is due, to effect ‘of temperature of non- condensing cylinders, alyaye 
exceeding 212°. 

It is deducible from these results: that the compound engine is more. efficient. thant 
the Single-cylinder, and that, of the two kinds of aa engines, L receiver- 
engine is more efficient than ‘the Woolf, 

Average consumption of bituminous coal per TEP per hour, for couse onigitieg 
in long voyages, as shown by Mr. Bramwell, ranged from r.7 to 2.8 lbs, (D. K. Clark.) 
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"To Compute Volume of Water Evaporated per Lb. 
of Coal. ' 

V0 W ; 
Fa = volume of water, in lbs. V and v representing volume of steam and 

relative volume of water, in cube feet, W weight of cube foot of water, and F weight o 
Suel consumed, both in Ibs. and d density of water, in Le of saturation. Pe 
ILLUSTRATION.— Take case at foot of page: °-V = 887 cube feet, v= 838 cub 

feet, W = 64.3, EH 1, and F = 4o6x lbs) itis he ines 16 ohtendowe 
449 887 + 838 X 64.3 4 
tS 8. , Ge 5 lbs. per hour. 

Gain in Fuel, and Initial Pressure of Steam required, when Acting Expan- 
sively, compared with Non-Expansion or Full Stroke. 

Point of | Gain in | Cutting || Point of | Gain in | Cutting || Point of | Gainin | Cutting 
Cutting off.| Fuel. | off. Cutting off.) Fuel. off. « '|\Cutting off.| Fuel. off. 

Stroke. | Per Cent. Lbs. Stroke. | Per Cent. Lbs. || Stroke. | Per Cent. Lbs. 
+ Py Bell eek 1.03 oe 41 1.18 +25 58.2 1,67 
+625 32 1.09 375 49.6 1:32 +125 67:6 | 2.6 

ILLUSTRATION, —What must be initial pressure of steam cut off at .5, to be equiv- 
alent to roo lbs. per sq. inch at full stroke? 

100 at full stroke = 100, and 100 X 1.18 = 118 lbs. 

To Compute Gain in Fuel. 

Rurz.—Divide relative effect of steam by number of times the steam is 
expanded, and divide x by quotient; result is the initial pressure of steam 
required to be expanded to produce a like effect to steam at full stroke. 

Divide this pressure by number of times the steam is expanded, and sub- 
tract quotient from 1, remainder will give gain per cent. in fuel. 
aR apm ete steam is cut off at .5, what is gain in fuel, and what mechanical 

effect 
Relative effect, including clearance of 5 per cent.,-—= 1.64; number of times of ex- 
pansion = 2. 

1.64 + 2=.82, and 1+ .82 =1.22 initial pressure. 
: {.22+2—=.61, and 1 —.61=.39 per cent. 

Mechanical effects of steam at full and half strokes are 2 — 1.64 =.36 difference. 

~ Hence, 1.64: .36 :: 50 (half volume of steam used) : 10.97 per cent. more fuel to 
produce same effect at half stroke, compared with steam at full stroke. 

To Compute Consumption of Muel in a WMurnace, 

When Dimensions of Cylinder, Pressure of Steam, Point of Cut-off, Revo- 
lutions, and Evaporation per Lb. of Fuel pe Minute are given. 
_Rure.—Compute volume of cylinder to point of cutting off steam, in- 

cluding clearance. Multiply result by number of cylinders, by twice number 
of strokes of piston, and by 60 (minutes) ; divide product by density of steam 
at its pressure in cylinder, and quotient will give number of cube feet of 
water expended in steam. 

Multiply number of cube feet by 64.3 for salt water (62.425 for fresh), 
livide product by evaporation per Ib. of fuel consumed, and quotient will 
sive consumption in lbs. per hour. j 
ExAmpLxE.—Cylinder of a marine engine is 95 ins. in diameter by ro feet stroke 

»f piston; pressure of steam in steam-chest is rs5.3 Ibs. per sq. inch, cut off at .5 
stroke; number of revolutions 14.5, and evaporation estimated at 8.5, lbs. of salt 
water per lb. of coal; what is consumption of coal per hour, when density of water 
gs maintained at 2-32? (See Saturation, page 726.) 

Volume of steam at above pressure, compared with water (15.3-+ 14.7), = 838. 
\rea of o5 ins. + 2.5 per cent. for clearance + 144 = 50.45 cube feel. Point of cut- 

ing off 5 feet 2.5 per cent. —5 feet x.5 ins., and 50.45 X 5 feet 1.5 ims. X 14.5 X2 
x 60 = 449 887 cube feet steam per hour. 

gts 
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Hence, 449 887 + 838 = 536.86 cube feet water, which, X 64:3 =34 520, lbs.,. which, 
+ 8.5 = 4061 Lbs. coal per hour. P ) 46 

.. Noty.—Elements given are those of one engine of steamer Arctic, and consump- 
tion of clean fuel (selected) for a run of 12 days (one engine) was 3820 Ibs. per hour. 

Utilization of Coal in a Marine Boiler. 
_, Experiment gives from .55 to .8 per cent, of the heat developed in the 
combustion of coal, as utilized in the generation of steam. Ordinarily it 
may be safely taken at .65. 

SALINE SATURATION IN BOILERS. 

- Average sea-water contains per 100 parts: 

. Chloride of sodium (com. galt) ..2.5; Chloride of magnesium .33.... = 2.83 
_ Sulphuret of magnesium....... -53; Sulphuret of lime.... . Olena yo SA 
Carbonate of lime and of magneSia.s.......ccc0ececeeevevceveces +02 

Naline Maulonya cunts atapa tip saasistty sketoc ce qe oe focidenestten ae 3-39 
WEN ain, on aepatn a sla stotslatatchans «aise Sp pi misia'ecqaeaeriacae seat ee eee 96.61 

100 

; Hence, sea-water contains .0339th part of its weight of solid matter in solution, 
and is saturated when it contains 36.37 parts. 2 

Mean quantity of salts, or solid matter, iu solution, is 3-39 per cent., three fourths 
of which is common salt. : 

Removal of Incrustation of Scale or Sediment. 
‘ Potatoes, in proportion of .033 weight of water. Molasses, in proportion of 1.6 
Ibs. per EP of boiler. Oak, suspended in the water, and Mahogany or Oak sawdust, 
and Tanner's and Slippery Eim bark, renewed frequently, according to volume of it, 
and the evaporation of the water. Muriate of Ammonia and Carbonate of Soda, in 
quantity to be determined by observation. 5 

BLOWING OFF, } 
Lo Compute oss of Heat by Blowing Off of Saturated 

Water from a Steain-boiler. . i 
Sea nes 

; = proportion of heat lost, S—T XE =heat required from fuel Sor 

4 t water evaporated in degrees, and SOT Et = loss of heat per cent. S representing 

sum of sensible and latent heats of water evaporated, T temperature of feed water, t difference in temperature of water blown off and that supplied to boiler, E volume of water evaporated, proportionate to that blown ‘off, the latter being a constant quan- 
bity, and represented by x. ; 

Values of E at following degrees of saturation, and yclumes to be blown off: 

8.1/8.8 Bio shBio'e Zxldieile = |3 4 3) BH | 285i 3) | Se [eee a2. | Sal ace ge. | 25 | Bop? a: a ius PAPI) oot stb Og 
nas }.25 | 4 || x65 | .65.| 3.54 || 2 x hte 2.75) \inigs. | 570 KAS 3S 3 EI5u} M75 45-33 2.25 | 125 8 3 2 +5 PA ‘Ss 2 1.85,| 585; ], 18 || 205 15 66 || 2.25'| 228 | +45 

Thus, when water in a boiler is maintained at a density of =, 1 volume of it-is 
evaporated, and an equal volume, or z, is to be blown off. 
Hence 1+1—1 =1=2atio of volume evaporated to volume blow: off. One 
ILLUSTRATION 1,—Point of blowing off is 2 (32), pressure of steam is x 5-3 Ibs. ,:meré curial gauge, and density of feed water x (32); what is proportion of heat lost?“ a! 
S= 1157.89 T= 7od% PTR D oe pweigouey boo a ahigolb eaves 

Then 2257:8-—100 X 1150.4. 
s 

etre aA (00 9 = 8.03 proportion of heat lost. 



STEAM.——STEAM-ENGINE, 927 

2.—Assume po-nt of blowing off. 1.75 (32); what would be loss of heat per cent. in 
preceding case?.’ 4 - Try a ns 

150.4 

1157:8 — 100 X .75-+ 150.4 

3.—Assume elements of preceding case. What is total heat required from fuel 
for water evaporated? oH 

E=.75. = 15.9 per cent. lost by blowing off. 

1157-8 — 100 X «75 = 793.35° 

To Compute Volume of Water Blown Off to that 5 
Evaporated, / 

When Degree of Saturation is Given. ‘Rut%.—Divide 1 by proportionate 
volume of water eyaporated to that blown off, or value of EK as above, for 
degree of saturation given, and quotient will give number of volumes blown 
off to that evaporated. - 

‘ : . ‘ . 2.2 . 
InLustRATION.—Degree of saturation in a marine boiler is a ; what is volume 

32 

of water blown off? : 

E=1.25., Then 11.25 =.8 blown off. 

Proportional Volumes of Saline Matter in Sea-water, 
’ 

MBQCoinae ve lovee 1 in 152 | British Channel....1 in 28 | Atlantic, South. .x in 24 
Black Sea. --z “ 46] Mediterranean. ¥... res) Me North... ‘22 
Red Seay vs aece r,‘4 131 | Atlantic, Equator..1 ‘* 25.| Dead Sea....... tf e8G 

When saline matterat temperature of its boiling-point is in proportion of ro per 
cent., lime will be deposited, and at 29.5 per cent. salt. 

Temperature of water adds much to extent of saline deposits. 

STEAM-ENGINE. 

The range of proportions here given is to meet the requirements of 
variations in speed, pressure, length of. stroke, draught of water, ete., 
in the varied purposes of Marine, River, and Land practice. ; 

CONDENSING, 

For a Range of Pressures of from 30 to SO lbs. (Mercu- 
rial Gauge) per Sq. Inch, Cut Off at Half Strolxe. 

. Piston-rod. Cylinder or Airspump (Wrought Iron), .1 to .14 of its diam. ; 
(Steel), .8 diam, ; and (Copper or Brass), 11 and ,125. 

Condenser (Jet). Volume, .35 to .6 of cylinder, (Surface.) Brass tubes, 
16 to 19 BW G, .625 to .75 in diameter by from 5 to 10 feet in length, and 
.75 to 1.25 in pitch, condensing surfaces, .55 to .65 area of evaporating sur- 
face of boiler with a natural draught; .7 to .8 with a blower, jet, or like 
draught. Or, for a temperature of water of 60°, 1.5 to 3 sq, feet per TEP. 

With a very effective and suflicient circulating pump, areas may be reduced to 
-5 and .6. 

Effect of vertical tube surface, compared to horizontal, is as x0 to 7. 

Air-pimp (Single acting and direct connection). Volume from .15 to .2 

steam cylinder. Or, e ds 2.75. For Double acting put 4 for 2.75. Vandv 

representing volumes of condensing and condensed water per cube foot, and n strokes 
of piston per minute. : ‘ 

Foot and Delivery Valves. Area, .25 to .5 area of air-pump. 

Delivery Valve (Out-board). With a Reservoir. Area from .5 to .8 Foot 
valve. , : 
Nore.—Velocity of water through these yalyes should not exceed 12 feet per 

second. 
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- rile Ent ; asn Steam and Exhaust Valves.—(Poppet), 2g000 rea Jor steam, ee he 

exhaust ; (Slide), = for steam, and “*" Jor exhaust. a representing 
30 000 22750 

wea of steam cylinder in sq. ins., s stroke of piston in ins., and n number of revolu- 
tions per minute. 

Injection Pipes.—One each Bottom and Side to each condenser; area of 
each equal to supply 7o times volume of water evaporated when engine is 
working at a maximum; and in Marine and River engines the addition of 
a Bilge, which is properly a branch of bottom pipe. 
Nore 1.—Proportions given will admit of a sufficient volume of water when en- 

gine is in operation in the Gulf Stream, where the water at times is at temperature 
of 84°, and volume required to give water of condensation a temperature of 100° is 
7o times that of volume evaporated. 

2. Velocity of flow of water through cock or valve 20 feet per second in river or at shallow draught, and 30 feet in sea or deep draught service. 

Feed Pump.*—(Single acting, Marine), Volume, .006 to .or steam cylinder. 
(River and Land), or when fresh water alone or a surface condenser is used, 
+004 to .007. * 

NON-CONDENSING. 

Hor a Range of Pressures of from 50 to 150 Ibs. (Mercu- 
rial Gauge) per Sq. Inch, Cut Off at Half Strole. 

Piston-rod.—( Wrought Iron), Diam., .125 to .2 steam cylinder. (Steel), 
8 diam. 

Steam and Exhaust Valves.—Area is determined by rules given for them in a condensing engine, using for divisors 30000 and 22 750. 
, A decrease in volume of cylinder.is not attended with a proportionate decrease 
of their area, it being greater with less volume. 

\ Feed-pump.*—(Single acting, Marine), Volume, .oo8 to .016 steam cylin- der, (ver and Land), or where fresh water alone is used, .005 to .orr. 

General Rules. 

Hngines. 
: eh Aes Dp 2 Dp Cylinder, Thickness.— (Verticad), om t; (Horizontal), 000 = f# | (In- 

clined), divide by 2000 in a ratio inversely as sine of angle of inclination, 
D representing diameter of cylinder, p extreme pressure in lbs. per sq. inch that it may be subjected to, and t thickness in ins. 

Shafts, Gudgeons, Journals, etc. To-resist Torsion. See rules, pp. 790, 796. 
D ‘ D 

Coupling Bolts. =) agama % representing number of bolts, D diameter 
of shaft, a’ distance of centre of bolts from centre of shaft, and d diameter of bolts, all in ins, 

Ss : 1 Cross-head, Wrought-iron. (Cylinder), 2 = §, and wh S= dior - any; 
a representing area of cylinder in sq. ins. , L length of cross-head between centres of its Journals in fect, and S product of square of depth d, and breadth, b, of section, both foes, . a inins, (Atr-pump), —-=8, and as above for d and 8. 

U 

18 

If section of either of them is cylindrical, for § put Vv SxX.17. 
Diam. of boss twice, and of end journals same as that of piston-rod. Sec- tion at ends .5 that of centre, 

* See Formulas, page 736, 
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_ Sleam-pipe.—its area should exceed that of steam-valve, proportionate to 
its length and exposure to the air. 

Connecting -vod. — Length, 2.25 times stroke of piston when it is at all 
practicable to afford the space; when, however, it is imperative to reduce 
this proportion, it may be twice the stroke. 
Comparative friction of long and short connécting-rods is, for length of stroke of 

piston, r2 percent. additional; twice, 3 per cent,; and for thrice, 1.93. ae 

Neck. — Diam. 1 to. 1.1 that of piston-rod. Centre of body (Horizontal), 
1.25 ins.; (Vertical), .o6 inch per foot of length of rod. 

. With two connecting-rods or links, area of necks .65 to ,75 area of attached rod, 
When a second set of rods is uscd, as in some air-pump connections, area of 

necks, in a ratio, inversely as their lengths to that of first set. y 

_ Straps of Connecting-rods, Links, etc, — (Strap), area at its least. section 
.65 neck of attached rod; (Gib and Key), .3 diam. of neck, width, 1.25 times, 
(Slot) 1.35 times (Draft) of keys .6 to .8 inch per foot. Distance of Sloé 
from end of rod .5 diam, of pin. ; 

é PL - 
Pins (Cranks, Beams, etc.). 3 /—.355=d. P representing pressure or thrust ? t) 6] 

of rod or beam, 1 length of jownal in ins., and C, for Wrought iron = 640, Cast, s€0. 
Puddled steel, 600, and Cast, 1200. 

Length, 1.3 to 1.5 times their diam., and pressure should not exceed 750 
Ibs. per sq. inch for propeller engine, and 1000 for side-wheel. 

Cranks (Wrought-iron).—Hub, compared with neck of shaft, 1.75 diam., 
and 1 depth. ye, compared with pin, 2 diam., and 1.5 depth. Wed, at pe- 
riphery. of hub, width, .7 width, and in depth .5 depth of hub; and at periph- 
ery of eye, width, .8 width, and in depth, .6 depth of eye. : 

(Cast-iron.) Diameters of Hub and Eye respectively, twice diam. of neck 
of shaft, and 2.25 times that of crank pin. 
- ‘Radii for fillets of sides of web .s width of web at end for which fillet is designed ; 
for fillets at back of web, .5 that at sides of their respective ends, 

* Beams, Open or Trussed.—Length from centres 1.8 to 2 stroke of piston, 
and depth .5 length. If strapped, Strap at its least dimensions .9 area of 
piston-rod, its depth equal to .5 its breadth. Had centre yournals each 1, and 
main centre journals 2.5 times area of piston or driving-rod, 

This proportion for strap is when depth of beam is .5 length, as above; conse- 
quently, when its depth is less, area of strap must be increased; and when depth of 
strap is greater or less than.s width, its area is determined by product of its bd, 
being same as if its depth was .5 its width. 

; fer Dx ba=2 é 
(Cast-iron). Area of Section of Centre. sh =A. p representing 

extreme pressure upon piston in ibs., d depth in ins., and L length in feet. 

Depth at centre .5 to .75 diam. of cylinder, and, when of uniform thick- 
ness, a thickness of not less than .1 of depth. 

Vibration of End Centres.—l = 2—vV (l= 2)? — (8 = 2)? = vibration at each 
end; s representing stroke of piston, in feet. 

p hee be 
Plumber Blocks (Shaft).—Binder d A 7 c= depth. d@ representing diam. 

of bolts when two to binder, 1 distance between bolts, b breadth of binder, all in ins., 
and © for wrought tron x, steel .85, and cast tron .2, “ , 

Holding-down Bolts, P--3C=area at base of thread of each bolt. C for mild 
-sleel for small and large bolts 6000 and 7000, for wrought iron 4500 and Goon, if but 
two are used. Z i 

. ry tid. 1 “ ‘ 

Binder (Brass). i af z= depth. 
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Cocks.—Angles of sides of plug from 7° to 8° from plane of it. 

Pumps.—Velocity of water in pump openings should not exceed 500 feet 
per minute. 

Fly-wheels and Governors.—See Rules, pages 451 and 452. 

Water-wheels. 

Water-wheels (Arms).—Number from .75 to .8 diam. of wheel in feet, 
(Blades) Wood.—For a distance of from 5 to 5.5 feet between arms, thick- 
ness from .og to .1 inch for each foot of diam. of wheel. 

Area of blades, compared with area of immersed amidship section of a 
vessel, depends upon dip of wheels, their distance apart, model and rig of 
vessel. 

In River service, area of a single line of blade surface varies from .3 to .4 
that of immersed section; in Bay or Sound service, it varies from .15 to .2; 
and in Sea service, it varies from .o7 to «1. 

Norr.—A wrought-iron blade .625 inch thick bent at a stress withstood by an 
oak blade 3.5 ins, thick. 

Radial and Weathering. 

Radial.—Loss of effect is sum of loss by oblique action of wheel blades 
upon the water, their slip, and thrust’and drag of arms and blades as they 
enter and leave the water. 

Loss by oblique action is computed by taking mean of square of sines of 
angles of blades when fully immersed in the water. 

Loss by oblique action of blades of wheel of steamer Arctic, when her wheels 
were immersed 7 feet ¢ ins. and 5 feet 9 ins., was 25.5 and 18.5 per cent., which 
was the loss of useful effect of the portion of total power developed by engines, 
which was applied to wheels. 

Feathering.—Loss of effect is confined to thrust and drag of arms ard 
blades as they enter and leave the water. 

Comparative Eifects.—In two wheels of a like diameter (26 feet, and 6 feet immer- . 
sion), like number and depth of blades, etc., the losses are as follows ; 

Radial. Arosisiaisriecs 26.6 per cent. | Feathering......... 15.4 per cent, 

Loss of effect by thrust and drag in a feathering wheel, having these elements 
and included in the above given loss, is computed at 2 per cent. 

Relative loss of effect of the two wheels is, approximately, for ordinary immer- 
sions, 20 and x5 per cent. from circumference of wheel. 

d3—d’s 
Centre of Pressure, sore —d=c. d and d’ representing depths of blades 

below surface of water, and c centre of pressure, all in like dimensions, from bottom 
edge. 

In the cases here given, centres of pressure are as follows: 

IRONS 5 Gag po CansaCbosbs 6.4 ins. | Feathering....... seieee ewe 8.5 ins, 

Propellers. 

Propellers (Screw). — Pitch should vary with area of circle described by 
screw to area of midship section of vessel. ' g 

AREA, TWO-BLADED. 

Area of disk of propeller to noe 6 
ship section being x to........ 3 AS bt lash pulens Maem) ila 

‘Ratio of pitch to the diameter of 8 
propeller is r t0..........0005 Siig | Aa eeR LS Ao? Ch S27 ee Nag, 
For Four-bladed screws, multiply ratio of pitch to diam, as given above, 

by 1.35. Length, .166 diam. : 

7 a 
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' Skip.—Slip ef a screw propeller is directly as its pitch, and» economical 
effect of a screw is inversely as its pitch; greater the pitch less the effect. 

An expanding pitch has less slip than a uniform pitch, and, consequently, 
is more effective. 

To Compute Thrust of a Propeller. 

1 ed =T. S representing speed of vessel in knots per hour. 

SLIDE VALVES. 

All Dimensions in Inches. 

To Compute Lap required on Steam Find, to Cut-off at 
any given Part of Stroke of Piston. 

Rvuve.—From length of stroke subtract length of stroke that is to be made 
before steam. is cut off; diyide remainder by stroke, and extract. square 
root of quotient. 

Multiply this root by half throw of valve, from product subtract half lead, 
and remainder will give lap required. 
EXxamPLe.—Haying stroke of. piston 60 ins., stroke of valve x6 ins,, lap upon ex- 

haust side .5 in. = one thirty-second of valve stroke, lap upon steam side 3.25 ins., 
lead 2 ins., steam to be cut off at five sixths stroke; what is the lap? 

IBFop6g = yOu BO Flan 8 60— ra 60 = 10. Jaen #8 -408 X % = 3.264, and 3.264 5 = 2.264 ins. 

To Ascertain Tap required on Steam End, to Cut-off 
at various Portions of Stroke. 

Distance of piston from end of its stroke when steam is cut off, 
Valve in parts of length of its stroke. 

without Lead. 1 5 if, 7 a 5 1 1 1 1 
3 1? B BE) 4 | 24 6 8 12 BE 

Lap in) parts of 
Rtroka mee } 954 | .323 | 286 | 27 125 | -228 +204 | .177 | .144 | .102 

InLusrRAaTION.—Take elements of preceding case. 

Under + is .204, and .204 X 16 = 3.264 ins. lap. nt 

When Valve is to have Lead.—Subtract half proposed lead from Jap as- 
certained by table, and remainder will give proper lap to giye to valve. 

If, then, as last case, valve was to haye 2 ins. lead, then 3.264 —2-> 2 = 2.264 ins. 

To Compute at what Part of Stroke any given Lap on 
Steam Side will.Cut off. 

Rute.—To lap on steam side, as determined above, add lead; divide sum 
by half length of throw of valve. From a table of natural sines (pages 390- 
402) find the arc, sine of which is equal to quotient; to this are add go°, 
and from their sum subtract arc, cosine of which is equal to lap on steam 
side, divided by half throw of valve. Find cosine of remaining are, add x 
to it, and multiply sum by half stroke, and product will give length of that 
part of stroke that will be made by piston before steam is cut off, 

ExampLe.,—Take elements of preceding case. 

2.2644 2 

Oma 

. ; 6 , é 
+ 90° cos: = #4) +1X 2 = COS. (32° 13” + 90° —73° 34’) 

16552 
Cos. (sin. 

t 

= 48° 39’, and cos. 48° 39’-++ 1 X ee = 1.66 X 30= 49.8 ins. 

To Ascertain Breadth of Ports. 

Half throw of valve should be at least equal to lap on steam side, added to breadth 
of port. If this breadth does not give required area of port, throw of valve must be 
increased until required area is attained, ' 
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Portion of Stroke at which Exhausting Port is Closed 
a ' and Opened. ’ j od) 

Lap on ! Lap on | I 
Exhaust | Portion of Stroke at which Steam Exhaust | Portion of Stroke at which Steam 
Side of is cut off. \| Side of | is cut off. i €4 
Valve in salve 2 | 
Parts of 1 | , Parts 0 4,4 gee soely 1 4 1 

its Throw.| | # = Fe & | & | az||tts Throw.) [ye F | Fe 6 1.8 | 12 
ae ; Seyler, pi = 18 
+125 -178].161).143].126]. 109|.093'.074)| .125 |.033].026 .019|.012].008!.004|.001 
+0625 |.13 |.118].r |.085].071|.058|.043||".062/5  |.06 |os2!.o4 -03 -022|.015 -008 
+031 25 |.113|.10r|.085|.069 .053|-043|.033| +031 25 -073|-066 +051 |-042|.033).023].013 

° -092|.082].067|.055 o41|-0331.0241| ° |.092}-082|.067|.055|.044|.033|-022 

» Units in columns of table A express distance of piston,-in parts of its stroke, from 
end of stroke when exhaust port in advance of it is closed; and those in columns 
of table B express distance of piston, in parts of its stroke, from end of its stroke 
when ‘exhaust port behind it is opened. ; 

InLusTRATION.—A slide valve is to be cut off at one sixth from end of stroke, lap 
on exhaust side is one thirty-second of stroke of valve (16 ins.), and stroke of piston 
is 6o ins. At what, point of stroke of piston will exhaust port in advance of it be 
closed and the one behind it open. i 

Under one sixth in table A, opposite to one thirty-second, is -053, Which xX 60, 
length of stroke = 3.18 ins. ; and ‘under one sixth in table B, opposite to one thirty-* 
second, is .033, which X 60 = 1.98 ins. é 

If lap on exhaust side of this valve was increased, effect would be to cause port in 
advance of valve to.be closed sooner and port behind it opened later, And if lapon 
exhaust side was removed entirely, the port in advance of piston would be shut, 
and the one behind it open, at same time. . 

Lap on steam side should always be greater than that on exhaust side, and differ- 
ence greater the higher the velocity of piston. 

In fast-running engines, alike to locomotives, it is necessary to open exhaust valve 
before end of stroke of piston, in order to give more time for escape of the steam, _ 

To Compute Stroke of a Slide Walwe. 
Rute.—To twice lap add twice width of a steam port in ins., and stim will give strake required. vee 
Expansion by lap, with a slide valve operated by an eccentric alone, cannot be extended beyond one third of stroke of a piston without interfering with efficient” operation of valve; with a link motion, however, this distortion of the valve is somewhat compensated. When lap is increased, throw of eccentric should also be increased. ; 
When low expansion is required, a cut-off valve should be resorted to in addition to main yalve. : 

To Compute Distance of a Piston from End of its” 
Stroke, when Iead produces its Effect. 

Ruiz. — Divide lead by width of steam port, both in ins., and term the quotient sine; multiply: its corresponding versed sine by half stroke, and product will give distance of piston from end of its stroke, when steam is ad- mitted for return stroke and exhaustion ceases, 
Kxampie,—Stroke of piston is 48 ins., width of port 2.5 ins., and lead .5 inch; what will be distance of piston from end of stroke when exhaustion commences? 

-5 2.5 =.2= Sine, ver. sin. of .2— -0202, and .o202 X = =.~4848 ins. 
2 

To Compute Lead, when Distance of a Piston from 
the Hind of Stroke is given. 

Ruxr.—Divide distance in ins. by half stoke in ins., and term quotient versed sine; multiply corresponding sine by width of steam port, and prod- uct will give lead. : : ’ 
_ EXampiy,—Assume elements of preceding case. Ta% {) Viste 

. 48 v4 sa C " i ej 4848 e = 0202 = ver. sin., and sine of Ver. sin, .o202 =.2, and .2 X 2.5.5 inch. 
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‘To Compute Distance of a Piston from End of its Strolxe, 
when Steam is admitted for its Return Stroke. 

Ruxe.—Divide width of steam port, and also that width, less the lead, by 
-5 stroke of slide, and term quotients versed sines jirst and second. Ascer- 
tain their corresponding ares, and multiply versed sine of difference between 
Jirst and second by .5 stroke, and product will give distance. 
EXAmPLE.—Assume elements of preceding case. lap =.s inch, and stroke of 

- slide 6 ins. 

2.5 az 

Gan 
= .8333, and .667 and ver. sin. 809 24” w 70° 33” x a2 = .3528 inch. 

To Cornpute Lap and ILead of Locomotive Walves. 

To cut off at .33, .25, and .r25 of stroke of piston, lap = 289, .25, and .177 ¢, outside 
lead =.07 ¢, and inside lead =.3 t. t representing stroke of valve, all in ins. 

HORSE-POW ER. 

Horse-power is designated as Nominal, Indicated, and Actual. 

Nominal, is adopted and referred to by Manufacturers of steam-engines, 
in order to express capacity of an engine, elements thereof being confined 
to dimensions of steam cylinder, and a conventional pressure of steam and 
speed of piston. 

Indicated, designates full capacity in the cylinder, as developed in opera- 
tion, and without any deductions for friction. 

Actual, refers to its actual power as developed by its operation, involving 
elements of mean pressure upon piston, its velocity, and a just deduction for 
friction of operation of the engine. 

To Compute Horse-power of an Eingine. 
2 2 = - D?v b D?v 

Wominal.— Non-condensing, ——, and Conclensing, Tyente EB. D repre- 
1000 

senting diameter of cylinder in ins., and v velocity of piston in feet per minute, 

Non-condensing is based upon uniform steam-pressure of 60 lbs. per sq. 
inch (steam-gauge), cut off at .5 stroke, deducting one sixth for friction and 
losses, with a mean velocity of piston, ranging from 250 to 450 feet per 
minute. ; , 

Condensing is based upon uniform steam-pressure of 30 Ibs. per sq. inch 
(steam-gauge), cut off at .5 stroke, deducting one fifth* for friction and 
losses, with a mean velocity of piston of 300.feet per minute for an engine 
of short stroke, and of 400 feet for one of long stroke. 

é A Pt CFE 14-7) 28r UES , 
Actual.—WNon-condensing. — ( a ais z i =P. A representing 

area of cylinder in sq. ins., P mean effective pressure upon cylinder piston, inclusive 
of atmosphere, f friction of engine in all its parts, added to friction of load, both in 
lbs. per sq. inch, s stroke of piston in feet, and r number of revolutions per minute. 

Sum of these resistances is from 12.5 to 20 per cent., according to pressure of 

steam, being least with, highest pressure. 

* This value may be safely estimated at 2.5 lbs. per sq. inch for friction of engine in all its parts, and 
friction of load may be taken at 7.5 per cent. of remaining pressure. 

+ This value is best obtained by an Indicator; when one is not used, refer to rule and table, pp. 710-12. 
In estimating value of P, add 14.7 lbs,, for atmospheric pressure, to that indicated by steam gauge or 
safety-valve. Clearance of piston at each end of cylinder is included in this estimate. 

+ This value may be safely estimated in engines of magnitude at r.5 to 2 Ibs. per sq. inch, for friction 
of engine in all its parts, and friction of load may be taken at 5 to 7.5 per cent, of remaining pressure, 
Sum of these resistances in ordinary marine engines is from xo to 20 per cent., according to pressure 

of steam, exclusive of power required to deliver water of condensation at level of discharge or load-line 
of a vessel. For pressure representing friction for different designs and capacities of engines as esti- 
mated by English authority, see pp. 473-5 and 662. 

3Q 
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ItLustRATION. —Diameter of cylinder of a non-condensing engine is ro ins., stroke 
of piston 4 feet, revolutions 45 per minute, and mean pressure of steam (steam 
gauge) 60 lbs. per sq. inch. 

A=78.54 sq. ins. P 60-++14.7=74.7 lbs. f=2.5-+4+(604 14.7—2.5) X -075=7.92 lbs. 

78.54 % (Go F 14-2 7.92 fF 147) KAR AK 4S gee, 
33 000 

Note 1.—Power of a non-condensing engine is sensibly affected by character of its 
exhaust, as to whether it is into a heater, or through a contracted pipe, to afford a 
blast to combustion. 

2.—If an indicator is not used to determine pressure of steam in a cylinder, a 
safe estimate of it, when acting expausively, is .g of full pressure, and when at full 
stroke from .75 to .8. 

Then 

Condensing. 
2e8e2) 

Power required to work the air-pump of an engine varies from .7 to .9 lbs. per sq. 
inch upon cylinder piston. 

ILLUSTRATION. —Diameter of cylinder of a marine steam-engine is 60 ins., stroke 
of piston ro feet, revolutions 15 per minute, pressure of steam 50 lbs. per sq. inch, 
cut off at .25 stroke, and clearance 2 per cent. 

A = 2827.4 sq. ins. P (per Ex., page 713) = 28.62 lds. f=1.5-+428.62—1.5 X.05 
= 2.467 lbs. 

2827.4 X 28.66 — 2.856 X '2:X 10 X £5 

33 cco 

From which is to be deducted in marine engines power necessary to discharge 
water of condensation at level of load-line, which is determined by pressure due to 
elevation of water, area of air-pump piston, and velocity of its discharge in feet per 
second. 

Then = 662.23 BP. 

APe2sr 33 
Indicated. ah B, and ee = 

33 000 Pur 

a a ees 7AD D2 
British Admiralty Rule.— Nominal. or = PR. 

¢ 

French.—(Force de Cheval.) 1.695 D? Lr = EP. D and L in meters. 
ILLUSTRATION,— Assume a diameter of cylinder of .254 meters, with a stroke of 

piston of .3 meters and 250 revolutions per minute. 

1.695 X .2547 X .3 X 250 = 8.18 BP. 

A Force de Cheval = 4500 kilometers per minute = 32 549 foot-Ibs. =.987 57 FP. 
One EP = 1.0139 Force de Chevaux. 

Dig ee 
Compound Indicated. ALr (ee x hyp. log. R’” — 0) +000 053 = BP, 

L representing length of stroke in feet, R’’ combined ratio of both cylinders, and b 
back pressure. 

ILLUSTRATION.—Assume area of cylinder 3 sq. ins., stroke 6 feet, one stroke of 
piston, and steam 60 lbs. per sq. inch, cut off at .25. 

A= 3 sq.ins., L=6 feet, n=x stroke, P=6olbs.,, R”=5.969, b=3 lbs. 
per sq. inch, andx—.s5, and1-+hyp. log. R’%=1+ 1.7865. \ 

60 
Then’ 3X6 5x (asx 13.7865 —3) X .000 053 = 9 X 10.052 X 2.7865 —3 

X .000053 =.011 93 EP, which, x 2 for x revolution, =.023 86 EP per revolution. — 

To Compute Volume of Water required to be Evapo- 
rated in an Engine. 

Ruve.—Multiply volume of steam expended in cylinder and steam-chests 
by twice number of revolutions, and multiply product by density of steam 
at given pressure, 

+ { For reference see 2d and 3d foot-note on previous page. 
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EXAMPLE.—What volume of water will an engine require to be evaporated per 
revolution, diam. of cylinder being 7o ins., stroke of piston xo feet, and pressure of 
steam 34 lbs. per sq. inch, including atmosphere, cut off at .5 of stroke? 

Area of cylinder = 3848.5 ims. 10 12-2 = 60 ins., 60 X 3848. 5 = 230910 cube ins. 

Add, for clearance at one end, volume of nozzle, steam-chest, etc., 17 317 cube ins. 

Then pees 17 317 + 1728 X 2 = 287.3 cube feet, which, X .oor 336, density of 
steam at 34 lbs. pressure (see Note 2), =.3838 cube feet. 

Nore 1.—This refers to expenditure of steam alone; in practice, however, a large 
quantity of water ‘‘ foaming,’ differing in different cases, is carried into cylinder in 
combination with the steam; to which is to be added loss by leaks, gauges, etc. 

2.—Volume of steam is readily computed by aid of table, pp. 708-9. Thus, den- 
sity or weight of one cube foot of steam at above pressure = .0835 lbs... Hence, as 
62.5 lbs. : x cube foot :: .0835 lbs. : .cor 336 cube foot. 

To Compute Volume of Circulating Water required by 
an Hngine. 

1114 -+.3 T—# 
vt 

denser, t, t’, and t’” temperatures of feed water, of water of condensation discharged, 
and of circulating water, all in degrees. 

ILLUSTRATION. —Assume exhaust steam at 8 lbs. per sq. inch, temperatures of dis- 
charge 100°, feed water 1209, and sea-water 75°. 

1114+ .3 X 183— 120 

100 — 75 

=V. T representing temperature of sleam upon entering the con- 

Temperature at 8 lbs. pressure = 183°. = 41.95 limes. 

To Compute Volume of Flow through an Injection Pipe. 

Ruve.—Multiply square root of product, of 64.33 and depth of centre of 
opening into condenser, from surface of external water, added to height of a 
column of water due to vacuum in condenser, all in feet, by area of opening 
in sq. ins.; and .6 product, divided by 2.4 (144 + 60) will give volume in 
cube feet per minute, 
ExampLe.—Diameter of an injection pipe is 5.375 ins., height of external water 

above condenser 6,13 feet, and vacuum 24.45 ins.; what is volume of flow per min,? 

.45 ins. 
Area of 5.375 ins. = 22.69 ins.,c=.6. Vacuum ae = 12 IbS.; 12 X 2.24 

feet (sea-water) — 26.88 fect, and 26.88-+ 6.13—= 33.1 feet. 
V 64.33 X 33-1 X 22.69% .6 628.15 

2.4 ey) 
Then = 261.73 cube feet. 

To Compute Area of an Injection Pipe. 

Rue.—Ascertain volume of water required by rule, page 706, in cube ins, 
per second, multiply it by number of yolumes of water required for con- 
densation, by rule, page 707, divide it by velocity due to flow in feet per 
second, and again by 12, and quotient will give area in sq. ins. 

EXxAmpPLE,—An engine having a cylinder 7o ins, diam., stroke of piston xo feet, 
revolutions per minute x5, and steam 19.3 Ibs,, mercurial gauge cut off at .5; what 
should be area of its injection pipe at its maximum operation? 

Volume of cylinder 267.25 cube feet, cut off at .5 = 133.625 ins. 
Density of steam at 34 Ibs. (19.3 -+ 14.7) =.001 336. Velocity of flow of injected 

water (computed from vacuum and elevation of condensing water) 33 feet per second. 

Then 133.625 X15 X 2 X 1728 + 60 = 115452 cube ins, steam per second, and 
II5 452 X .001 336 = 154.24 cube ins. water per second. 

Maximum yolume of water required to condense steam is about 70 times volume 
of that evaporated, which only occurs in the Gulf of Mexico; ordinary requirement 
is about 4o times. 

154.24 + 11.59 (=7.5 per cent. for leakage of valves, etc.) = 165.83, which, X 70 

as above, = 11 608.1 cube ins., and 11 608.1 + 33 X12 = 29.31 9g. ins. 
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Coefficient of velocity for flow under like conditions =.6; hence, 29.31 >+.6 = 
48.85 sq. ins. 

Norr.—This is required capacity for one pipe. It is proper and customary that 
there should be two pipes, to meet contingency of operation of one being arrested. 

To Compute Area of a Heed Pump. (Sea-water.) 

Rurz.—Divide volume of water required in cube ins. by number of single 
strokes of piston, both per minute, and divide quotient by streke of pump, in 
ins.; multiply this quotient by 6 (for waste, leaks, ‘running up,” etc.), and 
product will give area of pump in sq. ins. 
EXAMPLE.—Assume volume to be 5 cube feet and revolutions of engine 15 per 

minute, with a stroke of pump of 3.5 feet. 

5 X 1728 

15 

Nore.—In fresh water, this proportion may be reduced one half. 

= 576, which + 3.5 X 12=13.72, and 13.72 X 6 = 82.32 sq. ins. 

STEAM-INJECTOR. "William Sellers & Co. 

Self-adjusting. 
Volume of Water Discharged per Hour. 

Pressure of Steam in Lbs. 

60 ] 80 100 120 

Cub. feet. | Cub. feet. | Cab. feet. | Cub. feet. 

Pressure of Steam in Lbs. Hoe 
No. 60 80 100 120 i No. 

|| Cub. feet. | Cub, feet. | Cub. feet. | Cub. feet. 
3 28.12 31.66 35-2 38.75 || 7 | 162.65 | 182.1 201.55 | 221 
4 52.16 58.44 64.72 71 8 | 213.2 238.8 264.4 290 
5 82.18 92.02 | 10z.86 | 111.7 9 | 269.97 | 302.28 | 334.59 | 366.9 
6, | x19.09 | 133.33 | 147-57. | ‘161.82 || x0 333-64 | 373-57 | 413.49 | 453-42 

Highest temperature admissible of feed water 135°. ; 

To Compute Size of Injector required. 

One nominal EP per hour will require one cube foot of water per hour, 
When the Ibs. of coal burned per hour ean be ascertained, divide them by 

7-5, and quotient will give the volume of water in cube feet per hour. 
When the area of grate-surface is known, multiply it by. 1.6 for B. 
In case of plain cylindrical boilers, divide the number of sq. feet of heat-) 

ing-surface by 10 for the . In case of flue boilers, divide by 12, and with 
miulti-tubular boilers, by 15, for the nominal PP. 

Minimum capacity of Injectors, about 50 per cent. of Tabular capacity. 

To Compute Volume of Injection Water required per 
IEP per Hour. 

OPERATION.—Assame temperature of water 80°, and of condensation 100°. Vol- 
ume of cylinder per JEP as per formula, page 716, and illustration, page 717, = 2.76 
feet per minute. ' 

1146.1 — 100 
Then, as per rule page 707, = 52.3 cube ins. per cube foot of steam. 100 — 80 

ESE sodas ahah onc. = es ee 1728 

To Compute Net Volume of Feed Water required per 
ITEP per Hour. , 

Oruration.—Assume elements of formula, page 716, and illustration, page 717s 
Then .1154 X 2.76 X 60= 19.11 dbs. 

: d : d Feed Pipes. so VY = diameter for small, and 53 V », for large pumps. 
d representing diameter of plunger in ins., and v its velocity in feet per minute, > 



. STEAM-ENGINE. 737. 

Results of Operations of Steam-engines. (D. K. Clark.) 

Actual | Steam Initial 
ConpEnsine ENGINE. as ee pet prentare ete 

sion. |cut-off,| } cut-off, | Pe hour. 

SINGLE. Lbs. | Lbs. |. Lbs. Lbs. 
Corliss, Saltaire, cis <jeis orole-s 016 oielereiociom siaiasinn | 5.2 14.5 | 2. ‘ é 
Pumping Crossness...... Sento. akc pees a ie ae yi ra 

wy Pasi eondone chee otc 3.62 ae ts eae oaee 
Sulzer, Corliss valves....... neeleleteranisieteine/sieLO. —s ests 50 19.6 

WSupetheated, HigMs vice cs cin saeco sce e eeee] 4.132] — _ 60 18.62 

COMPOUND. 
t Receiver..... alee BO5- lords J. Elder & Co........... { farine, fackotoal 822 | cae | FOr) 58 Be 

1 COLYER. srieiereieiln 4.0 ; Tide. Wood........000. {etrnary 0000” tore | eget | a4 [P83 | = 
DONKIN, «co sneciets denne 4 WOOM, Stationary |" 2: 486')'x3.18 | — |. 50-5 a 

pn potent 3-221 | 13.87] — _ 22.51 

American, Woolf........ ae Inder. sss Ae oo = |e 15.37 
c 1st cylinder..... i & “© jacketed sib, eeu ee 20.71 | — | go 14.5 

NON-CONDENSING. 

Marshalls Sens G00: 00% voecerecceccescces| 4.8 16.8 — 6 25. 4 Zi ef 5-9 
Davey, Paxman, & Co......... Bistate’ sinks Satsicisss 5 14.93] — 73 29.6 
Locomotive ‘‘Great Britain’”’..............| 1.45 | 31-36] — | x02 31.36 

= id wi Migtaia sephals sesee| 2:94 | 21.24] — 87 21.24 

Practical Efficiency of Steam-engines. Initial Volume=t. 

#, |= 2° [8 
end| 23 zoel gs 

CYLINDERS, S S32 et CYLINDERS, | ar £3 
gozl| 25 esa! 8% 
Bae So, 2am Se, 

CONDENSING. Lbs. Lbs. 
: Compound, jacketed, Woolf| 10 | 20.5 

Single cylinder, jacketed. . 6 | 19-5 || Compound, Woolf. hao 7. | 23 
Single cylinder......... 4 24 

ee superheated 4 18.5 NON-CONDENSING. 
Compound, jacketed, Re- 6 Single cylinder,t jacketed...) 4 | 24 

DOLVEM SS wisp aejeeis onesies =o Single cylinder,¢.........- 3 kes 
* From boiler. + 70 lbs. pressure. $ 90 lbs. pressure. 

Standard Operation of a Portable Engine. 
Grates cece ss LEGGAOR. MatstiimElet feet. Water evaporated from Bye as 
Heating surface...... Weto2O eee and at 212° per hour. f “**** 45 
Coal per EP per hour.. 6.25 lbs. ‘© per HP perhour 62.5 “ 

te «gq, foot of grate. 9 ‘“ “ or he) Sqr Toot a 81.8 
Semin DIVO trescss oie) es ae SO mm grate..... Bech Bey necou net 4 

Ratio of heating surface of grate........ 40 tor 

MIXTURE OF AIR AND STEAM, 

Water contains a portion of air or other uncondensable gaseous matter, and when 
it is converted into steam, this air is mixed with it, and when steam is condensed 
it is left in a gaseous state. If means were not taken to remove this air or gaseous 
matter from condenser of a steam-engine, it would fill it and cylinder, and obstruct 
their operation; but, notwithstanding the ordinary means of removing it (by air- 
pump), a certain quantity of it always remains in condenser. 

20 volumes of water absorb x volume of air. 

3 Q* 
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STEAM-ENGINE.—BOILER, 739 

BOILER. 

Its efficiency is determined by proportional quantity of heat of com- 
bustion of fuel used, which it applies to the conversion of water into 
steam, or it may be determined by weight of water evaporated per Ib. 
of fuel. : 

In following results and computations, water is held to be evaporated from stand- 
ard temperature of 2122. { 

Proportion of surplus air, in operation of a furnace, in excess of that which is’ 
chemically required for combustion of the fuel, is diminished as rate of combustion 
is increased; and this diminution is one of the causes why the temperature in a 
furnace 1s increased with rapidity of combustion. 

When combustion is rapid, some air should be introduced in a furnace 
above the grates, in order the better to consume the gases evolved. 

Natural Draught. 

Grate (Coal) should have a surface area of 1 sq. foot for a combustion of 
15 lbs. of coal per hour, length not to exceed 1.5 times width of furnace, and 
set at an inclination toward bridge-wall of 1 to 1.5 ins. in every foot of length, 

When, however, rate of combustion is not high, in consequence of low ve- 
locity of draught of furnace, or fuel being insufficient, this proportion of area 
must be increased to one sq. foot for every 12 lbs. of fuel. 

Width of bars the least practicable, spaces between them being from .5 to 
-75 of an inch, according to fuel used. Anthracite requiring less space than 
bituminous. Short grates are most economical in combustion, but generate 
steam less rapidly than long. 

Level of grate under a plain cylindrical boiler gives best effect with a fire 
5 ins. deep, when grate is but 7.5 ins. from lowest point. 

Depth, Cast-iron, .6 square root of length in ins. 

(Wood), their area should be 1.25 to 1.4 that for coal. 
Automatic (Vicar’s).— Its operation effects increased rapidity in firing 

and more effective evaporation. 

Ash-pit.—Transverse area of it, for a combustion of 15 lbs. of coal per 
hour, 2 to .25 area of grate surface for bitumineus coal, and .25 to .3 for 
anthracite. Or 15 to 20 ins. in depth for a width of furnace of 42 ins. 

Furnace or Combustion Chamber.—(Coal) Volume of it from 2.75 to 3 cube 
feet per sq. foot of grate surface. (Wood) 4.6 to 5 cube feet. ae 

The higher the rate of combustion the greater the yolume, bituminous 
coal requiring more than anthracite. Velocity of current of air entering 
an ash-pit may be estimated at 12 feet per second, 
Volume of air and smoke for each cube foot of water converted into steam is, 

from coal, 1780 to 1950 cube feet, and for wood, 3900. 

Rate of Combustion. —Yn Ibs. of coal per sq. foot of grate per hour, 
Cornish Boilers, slowest, 4; ordinary, 10. Stationary, 12 to 16. Marine, 
16 to 24. Quickest: complete combustion of dry coal, 20 to 23; of caking 
coal, 24 to 27; Blast or Fan and Locomotive, 40 to 120. 

Bridge-wall (Calorimeter).—Cross-8ection of an area of 1.2 to 1.6 sq. ins, 
for each lb. of bituminous coal consumed per hour, or from 18 to 24 sq. ins. 
for each sq. foot of grate, for a combustion of 15 Ibs. of coal per hour. 

Temperature of a furnace is assumed to range from 1500° to 2000°, and 
volume of air required for combustion of 1 lb. of bituminous coal, together 
with products of combustion, is 154.81 cube feet. which, when exposed to 
above temperatures, makes volume of heated air at bridge-wall from 600:to 
750 cube feet for each lb. of coal consumed upon grate. 
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Hence, at a velocity of draught of about 12 feet per second, area at bridge- 
wall, required to admit of this volume being passed off in an hour, is 2 to 2.5 
sq. ins., and proportionately for increased velocity, but in practice it may be 
4.2 to 1.6 ins. 

When 20 lbs. of coal per hour are consumed upon a sq. foot of grate, 20 X 1.2 or 
1.6 = 24 or 32 Sq. ins. are required, and in a like proportion for other quantities. 

Or, When area of flues is determined upon, and area over bridge-wall is 
required, it should be taken at from .7 to .8 area of lower flues for a natural 
draught, and from .5 to .6 for a blast. 
When one half of tubes were closed in a fire-tubular marine boiler, the evapora- 

tion per Ib. of coal was reduced but 1.5 per cent. 

Firing.—Coal of a depth up to 12 ins. is more effective than at a less 
depth. Admission of air above the grate increases eyaporative effect, but 
diminishes the rapidity of it. 

Air admitted at bridge-wall effects a better result than when admitted at 
door, and when in small volumes, and in streams or currents, it arrests or pre- 
vents smoke. It may be admitted by an area of 4 sq. ins. per sq. feot of grate. 

Combustion is the most complete with firings or charges at intervals of 
from 15 to 20 minutes. : 

With a fuel economizer (Green’s) an increased evaporative effect of 9 per 
cent. has been obtained. 
When external flues of a Lancashire boiler were closed, evaporative power was 

slightly increased, but evaporative efficiency was decreased; and when 25 per cent. 
of like surface in setting of a plain cylindrical boiler was cut off. evaporation was 
reduced but 1.5 per cent. When temperature at base of chimney was 630°, with a fire x12 ins. in depth, it was decreased to 556° with one g ins. in depth, and to 539° 
with one 6 ins. 

Tligh wind increases evaporative effect of a furnace. 
Stationary or Land.—Set at an inclination downward of .5 inch in ro feet, 
Smoke Preventing.—A test of C. Wye Williams's design of preventing smoke, at Neweastle, 1857, as reported by Messrs. Longridge, Armstrong, and. Richardson, gave an increased evaporative effect with the ‘“practical prevention of smoke.”? 

Honce it was concluded, ‘That by an easy method of firing, combined with a due . admission of air in front of furnace, and a proper arrangement. of grate, emission of smoke may be effectually prevented in ordinary marine multi-tubular boilers, with suitable coals, 2d. That prevention of smoke increases economic value of fuel and evaporative power of boiler. 3d. That coals from the Hartley district have an evaporative power fully equal to that of the best Welsh steam-coals.’? 

Heating Surfaces. 

Marine (Sea-water),— Grate and heating surfaces should be inercased 
about .o7 over that for fresh water, 

Relative Value of Heating Surfaces. 
Horizontal surface above the flame =x | Horizontal beneath the flame..... =N 
Verticals cn Wiss vss sye recess gees a | Tubes and fines 

Minimum Volumes of Fuel Consumed per Sq. Foot of 
Grate per Hour, for given Surface-ratios. (D. K. Clark.) 
Descriprion oF Surface-ratios of Heating Surface to Grate. - 

BorLer, pe) 15 20 30 | ¥ 40 50. | 60 75 90 100 

Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | bbs. | Lbs, | Lbs. | Lbs Stationary........) .7 | m7 13 6.8 | 12.1 | 18.9 | 26 — — Marine.... +7. | 1-6 | 28 | 63 | x1.2 | 17,5 | 24 o5 — — Portable 2... 2 AyiimtOp|) 26) | Sez 5 = a — _ See 
Locomotive (coal).| .3 | .7 *3 2.9 | 5.2 8.x | x17 | 183 | 26.3 | 32.5 “ (coke).| .4 | x 8) 4 7 Ir 16 25 36 44 

At extreme consumption of fuel (120 lbs.) coke will withstand disturbing effect of a blast better than coal. 
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A scale of sediment, one sixteenth of an inch thick will effect a loss ‘of 14.7 rer 
cent. of fuel. 

One sq. foot of sire surface is held to be as effective as three of heating. 

Relation of Grate, Heating Surface, and Fuel. 

When Grate and Heating Surface are constant, greater the weight of fuel 
consumed per hour, greater the volume of water evaporated; but the volume 
is in a decreased proportion to fuel consumed. 

_ In treating of relations of grate, surface, and fuel, D, K. Clark, in his valuable 
treatise, submits, that in 1852 he investigated the question of evaporative perform- 
ance of locomotive-boilers, using coke; and he deduced from them, that, assuming 
a constant efficiency of fuel, or proportion of water evaporated to fuel, evaporative 
effect, or volume of water which a boiler evaporates per hour, decreases directly as 
grate-area is increased; that is to say, larger the grate, less the ev aporation of water, 
at same rate of efficiency of fuel, even with same heating surface. 

2d. That evaporative effect increases directly as square of heating surface, with 
same area of grate and efficiency of fuel. 

3d. Necessary heating surface increases directly as square root of eflect—viz., for 
four times effect, with same efficiency, twice heating surface only is required. 

4th. Necessary heating surface increases directly as square root of grate, with same 
efficiency ; that is, for instance, if grate is enlarged to four times its first area, twice 
heating surface would be required, and would be sufficient, to evaporate same vol- 
ume of water per hour with same efficiency of fuel. 

Result of 40 experiments with a stationary boiler (fresh water), with an 
evaporation of g lbs. water per lb. of fuel consumed, the coefficient .co2z 22 
was deduced. 

kh? 5 F 5 
Hence, (=) .00222 = W. W representing volume of water in cube feet, and g 

and h areas of grate and heating surfaces in sq. feet. 

ILLusTRATION.—Assume a heating surface of go feet, and a grate of 3; what will 
be the evaporation? 

Then 90+ 3 A 002 22 = 1.998 cube feet. 

Notr.—A Galloway stationary boiler, with a ratio of grate area of 34.3 and a con- 
sumption of 21.8 lbs. coal per hour, ey aporated 2.9 cube feet of water per sq, foot of 
grate. Hence the coefficient in this case would be .oo2 466. 

To Compute Areas of Grate and Heating Surfaces, 
Volume of Water, and Weight of KMuel. 

| For a Temperature of 281°, or Pressure of 50 lbs. per Sq. Inch. 

| To Compute Weight of Fuel. 

When Water per Sq. Foot of Grate per Hour and Surface Ratio are Given. 
W—z2x R? 

Cc 

ILLUSTRATION. —Assume elements as preceding. 

=F, and «R?=>(E—C) F. 

a a Ge 
| Br 2 KES so nd 02x $0? = (22 10) 1550 
| 10 15 

To Compute Ratio of Heating Surface to Area of Grate, 
and to Effect a Given Hwvaporation. 

‘ W—-CF 
When Water and Fuel per Sq. Foot of Grate are Given. ts 

W representing water evaporated per sq. foot of grate, and F fuel consumed, both 
in Ibs, per hour. C and x specific constants for each type of boiler, and R (a= 9) 
ratio of heating surface to grate. 

In.usTRATION.—Assume W = 200, C= 10, F=15, and # =.02. 

Ja 5 sh 200. 02) Xi Os (£3.33 — 10) X 15 
- co) a S153 and = = 50, 
.02 593 10 23 02 5 
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When Efficiency of Fuel and Fuel consumed per Sq. Foot of Grate per 

Hour are given. == E or efficiency of fuel or weight of water evaporated per Ib. 

of fuel. Ns a3 =k : 

To Compute Fuel that may be consumed per Sq. Foot 
of Grate per Hour, corresponding to a Given Effi- 
ciency. ; 

When Efficiency of Fuel, that is, Weight of Water evaporated per Lb. of 
Fuel, and the Surface Ratio, are given. 

aR?2+CF a R? a R2 
a » C+ -=E, and 5 —G=F. 

ILLUSTRATION. —Assume elements as preceding. 

.02 X 502+ 10 X 15 -02 X 50? -02 X 50? 
aA Pe? = 13.333 10+ ———— = 73.33, and == 15 lbs. rr 13.33} 10-> zs 13-33; ea 

Combustion of Coal per sq. foot of grate.—Natural Draught, from 20 to 25 lbs. can 
be consumed per hour.—Steam-jet, 30 lbs., and Exhaust-blast 65 to 80 Ibs. 

From Results of Experiments upon Marine Boilers, see Manual of D. K. Clark,, 
page 808; he deduced the following formula, as applicable to all surface ratios in 
such boilers. 

Newcastle .o21 56 R?-+- 9.71 F, and for Wigan .or R?+-10.75 F = W in lbs. 

And the general formulas he deduced from all the various experiments are as 
follows. 

From and at 212°. 

Portable..... 7008 R?-F8o W—W."| Marine. .......5. .016 R?+- 10.25 F= W. 

Stationary... .o222 R?-+9.56 F=W. | Locomotive, coal, .oog R?-+ 9.7 F=W. 

Locomotive, coke........ 0178 R?+-7.94 F=W. 

As the maximum evaporative power of fuel is a fixed quantity, the preceding 
formulas are not fully applicable in minimum rates of its consumption and evapo- 
rative quality. 

With coal and coke the limits of evaporative efficiency may be taken respectively 
at 12.5 and x2 lbs. water from and at 212°. 

ILLUSTRATION I.—Assume a marine fire-tubular boiler with a surface ratio of heat- 
ing surface to grate of 30 and a consumption of coal of 15 lbs. per sq. foot of grate 
per hour, what will be its evaporation per sq. foot of grate? 

.016 X 307+ 10.25 X 15 = 168.15 lbs. 

2.—Assuine a like boiler, using fresh water, to have a ratio of heating surface to 
grate of 30 and an evaporation of 165 Ibs. water per sq. foot of grate per hour, what 
would be consumption of coal per sq. foot of grate per hour? 

165 —.o16 X 302 

10.25 

de Surface (ron) per 1b. of coal 1.58, per sq. foot of grate 32, and per IEP 4.27 
sq. feet. 

Locomotive Boiler has from 60 to go sq. feet per foot of grate, and consumes 65 
Ibs. coal per sq. foot per hour, 

= 14.69 lbs. 

Evaporative Capacity of Tubes of Varying Length. 
Total Length of Tubes 12 Feet 3 ins. (M. Paul Hevrer, 1874.) 

Furnace and TUBES, 
Surrace anp WATER. 3 ins.in Length 3.02 3.02 3.02 .02 

of Tubes. Feet. Feet. Feet. eet. 

Surface in sq. feet......... ABB 34 76.43 179 17 I I 
Water evaporated per gq. 8 2 ? m2 

foot per hour in lbs.....f °***| 745 he 4342 23g 1:68 



STEAM-ENGINE.—BOILER. 743 

Results of Operation of Boilers under Varying Propor- 
tions of Grate, Area,and Length of Heating Surface, 
Draught of Furnace, and Rate of Combustion. 

¢ Coal per Evaporation of 
} eater ating | Grate to 4 Water from 212° 

DESCEIERION: Grate. ede @ ening of Grete per sq. ft.) per Ib. Furn. 
P EILacee per Hour.| of grate. | of Coal. 

Fire-tubular. Sq. Feet. | Sq. Feet.| Ratio. Lbs, Lbs, Lbs. 

Agricultural and Hoisting] 4.7 158 34 13 119 9-33 | Welsh. 
es se 30 gee 220 69 12.8 151 11.83 s 

Locomotive........... \ {acs 963.5 | 36.7 30.86 | 327 10.6 ui 
5 OF 9 St) ate acide OF a 16 818 51 38 375 10.47 sf 

SS oe eta Malas 10.5 788 75 45 419 II.04 oe 
PO elec MBE 10.6 | 1056 I00 157 140 10.4 Sf 
BENT: Boe Ane are Soe eee beer 748 34 24.3 265 10.7 ub 

Coe - ScundtBar Goodre mess) 749 41.6 | 23.6 264 11.2 eo 
SZ AL). awe pis melissa} 1. tOr 3 915 50 41-25 | 468 11.36 “i 
SEIT caer te «isis aterreist| PLO. 3 508 49-3 | 27,63 | 309.8] 11.54 |Lanc’r 
EOE PAT avi elaijene ae | LOO. 151.2| 14 27.76 | 205 7-39 |Anth’e 

Stationary 477. 0c. eae | 305 945 30 28.87 | 293.7 | 10.17 | Welsh. 
a Peis ialalae ae a neef, 9925 767 24-4 14 141.4 | 10.1 a 

x New Castle. 2and 4 Wigan. 3 Experimented at New York, 

* Effect of reducing the tube-surfaces was tried by stopping one half the number of tubes in alter- 
nate diagonal rows, so that the tube surface was reduced 206.5 sq. feet. Theresults with fires 12 ins, 
deep were as follows: 

Tubes open. Tubes half closed. 
. 25° Ibs. 24 Ibs. 
a eked 12.23 ‘f 

2.8 minutes. 8 minutes. 

Coal per sq. foot of grate per hour 
Water from 212° per Ib. of coal 
Smoke per hour, very light... 

Evaporative Effects of Boilers for Different Rates of 
Combustion, and Surface Ratios. (D. K. Clark.) 

Water from and at 212° per Hour. 

Surface Ratio 3O. 

; Sravronary. MaRineE, PoRTABLE, Locomotive, 
Fuel per Coal. Coke, $4.1 Foot Water Water Water Water Water 

: er er Ib. per er Ib. per er Ib. per | per Ib. per per Ib, 
pen aouse sq) foot. df Coal. Sq. foot, Jat Coal, |Sq. foot. lat Coal. Sq. foot. |of Coal. |Sq. foot. | of Coal. 

LuasailiyTibactnl) Ebel) |! Leayh!|). Loe. pestis pe,4feabss libs of Lbas | Cobas 
10 116 1.6 | 117 | 11.7 3 9-3 105 10.5 95 0-5 
15 163 10.9 /| 268 | 112 136 9 154 | 10.3 135 9 
20 2Ir | 10,6 | 219 10.9 179 9 202 10.1 175 8.7 
30 3°7 10.2 | 322 10.7 265 8.8 299 10 254 8.5 

£5 ith 387 12.5 | 187.5 | 12.5 149 9-9 168 11.2 164 10.9 
20 247 12.3 | 248 12.5 192 9.0 217 10.9 203 10.2 
30 342 11.4 | 348 11.6 278 9-3 314 10.4 283 0.4 
40 438 10.9 | 450 113 364 Q.1 411 10.3 362 9 
50 534 10.7 | 552 II 450 9 508 10,1 442 8.8 

Surface Ratio 75. 

| Fuel per Sq. Foot of Grate per Hour in Lbs. 
30 40 50 60 75 90 100 

Lbs, | Lbs. | Lbs. | Lbs. | Lbs. |. Lbs. | Lbs. 
Locomorive, coal..| Per sq. foot.| 342 | 439 | 536 | 633 | 778. | 927. | 1020 

“ce oe 

Water. 

“Ib. coal.) xx.4) 2x 10.7| 10.7| 10.4] 10.3 10.2 
se coke.| ‘ sq. foot.| 338 | 418 | 497 |576 | 6095 | 815 894 
‘é Hones [ono Vb, Coal} 2x. 3°)" 20:4 9:9)! 9:6) Or 3s\un.) mill eee 

When a heater is used, and temperature of feed-water is raised above that ob- 
tained in a condensing engine, the proportions of surfaces may be correspondingly 
reduced, ‘ 
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Results of Operation of various Designs of Boiler, un- 
- der varying Proportions of Grate, Calorimeter, Area 

and Length of Heating Surface, Draught, Firing, and 
Rate of Combustion. 

Pe ae Water Evaporated 
Grate |Sxs5| 22 | Coal per 

Area . |, Heat- to z= g £2 - Foot | from 212° |per Sq. Foot StaTIoNaRy. we $ ae Heating | ==] Z= | of Grate | per Ib. of | of Grate Grate. |Surface. Surface. 5 ma —EO per Hour.| Coal. | per Hour, 
aS 

Sq. Ft. | Sq.Ft. | Ratio. | Feet.| © | Lbs. Lbs, Lbs. 
Lancashire double 

internal and ex- ’ ene 20.5 | 612 29.8 79 | 51x} 15.35. 8.32 1254 ernal flued?.., 
CEE NS Jo tte pore 767 36.5 80 | 505 | 21.5 10.88 204 4 al i 

: a eee 21 719 22.8 79 | 505 | 22.7 10.77 2124 
ce ODE ciel SEG a | SOE 34-3 | 80 | 630 | 18.3 10.17 162 4 Fairbairn? I017 49-5 — | 387] 25.27 8.67 133 Mrenunt Hee Se 607 30-3 | = | 510 | 16.42 8.12 133 “Cylindrical flued3...| 14.2 377-5! 26.8 56 | 292-1 . 7.43. |.. 9.08 595 - 

Marinn. At Pressure of Atmosphere. 
Horizontal fire-tub.?| 10.3. | 508 49-3 

“ ve 2 4} 10.3 | 508 49-3} — | —. | 41.25 11.36 469 8 ee mr @x0.3 | 302 30 —|{|— | 2%4 12.23 268 9 ss FS 19-3 | 749 39 _ — | 21 10 182 10 ms ee 28.5 | 749 26.3 = a rae 8.94 164 70 3 ss 28.5 | 749 26.3 = | —, iekO II-13 335 72 oe ae 

(C. Wye Williams) \ 15:5 | 749 | 483 | — | 600 | 37.4 | 10.63 | 398 
‘ 

i ¥ } 22 749 34 — | 600} 17.27 1.7 202 12 
ch oc 

“ “« 42 749 | 17.6 | — | — | x6 9-65 | 15473 
* © 3 | 10.8 150 THOL| Sig fr 10.99 8.95 8g 74 
- ale STA eaa 85) lust 27258 7:24 40 74 * Trial in France. 2? At Wigan, 1866-68, height of chimneys zoo feet. 3 Navy- yard, Washington, U. S., chimney 61 feet. 4 At pressure of atmosphere, fires 12 ins, - deep, at 40 lbs, pressure, evaporation was reduced 12 percent. 5S Bituminous coals, 6 Anthracite, at pressure of 6.5 Ibs. above atmosphere. 7 Fires 14 ins. deep, air ad- mitted through furnace-doors. 8 Ditto do., jet blast. 9 Half tubes closed up. to Air through grate only. 1 Air through grate and door, no smoke. 12 Qne open- ing in door, temp. 625°, with two 633°, with four 638°, and with six 600°, 33 Long grates, air spaces fully open, no smoke. 14 One furnace, anthracite coal, 5 ins. deep, 

Draught. 
Draught of Furnace—Volume of gas varies directly as its absolute tem- perature, and draught is best when absolute temperature of gas in chimney 

is to that of external air as 25 to 12, 
T + 461.29 ¥; ” 7 OV? 4? pronase y Er a Ga Vv, V,V’, and V” representing absolute temperatures at T 

or temperature given, and at 32°, in degrees and volume of furnace gas at tempera- ture T in cube feet. 

ILLUSTRATION.—Assume temperature of furnace or T 
Ib, of fuel. 

SoS AGEs 8, and as 150 cube feet is volume of gas per Ib. of fuel at %429-h yop aon 3-90, 5 gas p ERIE 12 
lbs. supply of atr, 150 X 3.98 = 507 cube feet. 

ue =C. W representing weight of fuel consumed in Furnace per second in 1bs., 
v volume of air at 32° supplied per Ib. of fuel in cube feet, t absolute temperature of gas discharged by chimney in degrees, a area of chimney in sq. feet, and C velocity of current in chimney in feet per second. “ee 

== 1500°, and x2 lbs. air per 
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_ InLusTRATION.—Assume W=.16, v=150, t= 10009, and a= 5: 

Tor ~ ak6 X\ 150 X 1000. 24000) | \ 

7 5X 493-29 2466. 
e .084'to .087 =D.  D representing weight of a cube foot of gas discharged by 

chimney, tn, lbs... ILLUSTRATION. ae X .086 ='.0424 Ib. 

5Ges 3 . " é 
£ 39 (: +G+ a) =H. G representing a coefficient of resistance and friction of 

air through grate and fuel,* f coefficient of friction of ‘gas through fines and over 
sooty surfaces, tl length of flues and chimney, m hydraulic mean depth,t and H height 
of chimney, all in feet. 

ILLUSTRATION I,.—Assume C = 9.73, l= 60, and m=.72, all in feet. 
2 , BIS (ap 0p PEON) 081 14 = 20.6 fet Cav _w. 

9-73 feet. 

64.33 72 iW 64.33 vt 
‘ fo} 

2,-—Assume preceding elements. 9-73 X § X 493.2" = 110.00. 
150 KX 1000 

When His given. Je 29> +642) = 

ILLUSTRATION. —Assume preceding elements. V/20,6 X 64.33--14 =9.73 feet. 

-192 X pressure in lbs. per sq. foot = head in ins. of water. 

Temperature at base of smoke-pipe or chimney, or termination of flues or 
tubes, is estimated at 500°; and base of chimney, or its calorimeter, should 
have an area of 1.3 to 1.6 sq. ins. for every lb. of coal consumed per hour. 
With tubes of small diameter, compared to their length, this proportion may 
be reduced to x and 1.2 ins. 

Admission of air behind a bridge-wall increases temperature of the gases, 
but it must be at a point where their temperature is not below 800°. 

oss of Pressure by Flow of Air in Pipes. 
Length 3280 Feet, or 1000 Meters. 

Velocity at Entrance of Diameter of Pipe in Ins. 
Ripe. 6 8 

* Feet Meter ae | | 1o, atevogd 12 | 14 

per Second, | per Second, Loss of Pressure in Lbs. per Sq. Inch, 

3.28 I <II4 -076 1057 057 038 038 
6.56 2 “5 +343 +25 +21 172 153 

9.84 3 1.183 8 +592 +477 +394 “343 
13.12 ’ 2.06 1.374 1.03 84 +687 6 
16.4 5 + 32 2.16 1.61 I.29 I. 023 
19.68 6 4.446 2.964 2.223 1.778 1.482 1.28 

At Mount Cenis Tunnel, the loss of pressure from 84 lbs. per sq. inch, in a pipe 
7.625 ins. in diameter and x mile 15 yards im length, was but 3.5 per cent. 

Artificial Draught. 
Tn production of-draught in an ordinary marine boiler, from 20 to 33 per 

cent. of total heat of combustion of fuel is expended. ; 

Blast.—By experiments of D. K. Clark and others it was deduced that the vacnum 
in back connection is’ about .7 of blast pressure, and in the furnace from .33 to .5 
of that\in back connection; that rate of evaporation varies nearly as square root of 
yacuum' in back connection; that best proportions of chimney and passages thereto 
are those which enable a given dratight to be produced with greatest diameter of 
blast-pipe; for the manifest reason, that the greater that diameter, the less the back- 
pressure due to resistance of orifice, and that these proportions are best at all rates 
of expansion and speeds. 

_% Which, in’ furnaces consuming from 20 to.24 ibs, coal per % foot. of grate per hour, is assigned by 
Peclet at 12. + Estimated by same authority at ore, 
{ For a square or circular flue is .25 its diameter. : 

3R 
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Velocity of Draught. Locomotive. 36.5 VH(T—) =V. Hi representing 
height of chimney or pipe in feet, T and t temperatures of air at base and top of chim- 
ney, and V velocity in feet per second. 

Sectional area of tubes within ferrules ,............ «es .2. grate. 
“ “ of smoke-pipe.......... BPA -066 “« 

Area of blast-pipe (below base of smoke-pipe)...... eae e085 VS" 
Volume of back connection..............6. 3 feet x area of grate. 
Height of smoke-pipe 4 times its diameter. 

Steam-jet.—Rings set above base of smoke-pipe, and should equally divide 
the area; jets .o6 to .1 inch in diameter, 3 ins. apart at centres. 
A Steam-jet, involving 50 per cent. increased combustion of coal, produced 

45 per cent. more evaporation at nearly same evaporation per Ib. of coal. 
Fan Blowers.—See page 447. 

Comparative Result of Experiments with a Steam-jet in a Marine Boiler, 
; with Bituminous Coal. (Nicoll and Lynn, Eng.) 

Without Jet. With Jet. 

AESH OL STAC ns wos wesc = so aialnew ao x BU ACCU or snce's -'= 10.3 10.3 
Coal per sq. foot of grate per hour.... lbs........... 27.5 41.25 
Water $ ed x ler SOG eh CE 293.1 419.37 
‘from 212° per Ib. of coal gtk bt Ae 11.9 11.36 

Dae ae NRO saints teil 1 

Comparative HKiffect of Draught and Blasts. 

By late experiments in England, with boilers of two steamers, to. deter-' 
mine relative effects, of the different methods of combustion, the results were: 
Natural draught 1, Jet 1.25, and Blast 1.6, 

Flow of Air. (Hawksley.) 

7 i . hd v2l h ds ge | 
In Cylindrical Pipes. 396, /—-=V, “hia = h, sir, /~— =, 

Vath v3 a2t . 
d 135 21200000 _ 

< peed = ah v7 Cl 
mduits 0 wrious Sections. 6° /—= —$— In Conduits of Vo ctions 79 Us v, Sasa 

arh Vah Qh V3Cl ; . : 
796 Ties rob 306? "4 Eso coo = P+ In Which x inch water is 
taken as equivalent to a pressure of 5.2 Ibs. per sq. inch for any passage. 
V representing velocit y in feel per second, h head of water in ins., d diameter of 

pipe, L length, and © perimeter, all in Jeet, a area of section in sq. feet, Q (V a) volume 
of air discharged per second in cube feet, and EP horse-power. 

Safety Valves. 

Up to a pressure of roo Ibs. per sq. inch, area in, sq. ins. equal product of 
weight of water evaporated in Ibs. per hour by .006.° : 
~ Act of Congress (U. S.).— For boilers having flat or stayed surfaces, 30 ins. for 
every 500 sq. feet of effective heating surface; for cylindrical boilers, or cylindrical 
flued, 24 sq. ins. 

Board of Trade, Eng.—Two of .5 inch area per sq. foot of grate: Or, Ne eas 
: F bi 2 pe 

diameter. G representing area of grate in sq. ins. ‘ 

Locked Safety-valves.—Eflective heating surface, less than 700 §q. feet, valve 2 ins.; 
in diameter; less than 1500, 3 ins. in diameter; less than 2000, 4 ins. in diameter; 
less than 2500, 5 ins. in diameter; and above 2500, 6 ins. in diameter. 

Or, (.o5 G+ .005 8) eh > = area of each of two valves. G representing sq. inch, 

per sq. foot of grate, and S sq. inch, per sq. foot of heating surface.- ws 
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ILLUSTRATION.—Assume G = 50 sq. feet, S= 1600 sq. feet, and P= 80 Ibs. (m. g.). 

~ Then, (.05 X sob. 005. X 1600) X V100+ 80 = 2.548 X 1.118 = 11.73 sg. ins. 

Pipes. 

Area. .25G+.01S > G representing area of grate and S area of heat- 

ing surface, both in sq. feet, and P pressure per mercurial gauge in lbs, 

: dp ; dp 
(Copper), Thickness. Steam, .125 + Suc 1 Meedy 125 -+-5——} Blow (Bottom 

dp d . da Pe 
and Surface), .125 God 3 Supply, .x aes ; Discharge, .x Bares 3 Feed, Suction, 

d 
and Bilge discharge, .og ae and Steam Blow - off, .05 eg d representing 

“internal diam. of pipe, and p internal pressure per sq. inch in lbs. 

Flanges. — Of brass, thickness 4 times that of pipe; breadth, 2.25 times 
diam, of bolt; olts, diam, equal to and_pitch 5 times thickness of flange. 

For lower pressure or stress, pitch of bolts 6 times. 

Flues and Tubes. 

~ Flues and. Tubes.—Cross section, for 15 lbs. of coal consumed per’ hour, 
an area of from .18 to .2 area of grate, area being measurably inverse to 
diameter, and directly increased with length. Thus, in Horizontal Tubular 
Boilers, area .18.to..2-area per sq. foot of grate, and in Vertical Tubular .22 
to .25, area decreasing with their length, but not in proportion to reduction 
of temperature of the heated air, area at their termination being from .7 
to .8 that of calorimeter or area immediately at bridge-wall. 

Large flues absorb more heat than small, as both volume and intensity of heat is 
greater with equal surfaces. 

Tubes.—Surface 1 sq. foot, if brass, and 1.33, if iron, for each Ib. of coal 
consumed per hour; or 20 of brass and 27 of iron for each sq. foot of grate, 
and 2.6 sq. feet of brass and 3.7 of iron per IPP. 

_. Set in vertical rows, and spaces between them increased in width sbith 
number of the rows. 

Temperature of base of Chimney or Smoke-pipe, or termination of the 
flues or tubes, is estimated at 500°; and base of chimney, or its calorimeter, 
with natural draught, should have an area of 1.33 sq. ins. for every lb. of 
coal consumed per hour, With tubes of small diameter, compared to their 
length, this proportion may be reduced to 1 and 1.2 ins, 

When combustion in a furnace is very complete, the flues and tubes may 
-be shorter than when it is incomplete. 

Evaporation, 

1 sq. foot of grate surface, at a combustion of 15 lbs, coal per hour, will 
evaporate 2.3 cube feet of salt water per hour. 

A sq. foot of heating surface, at a like combustion of fuel, will evaporate 
from 5 to 6.2 lbs. of salt water per hour; and at a combustion of 4o lbs. coal 
per hour (as upon Western rivers of U.S. ), from ro to x1 Ibs. fresh water, 
exclusive of that lost by being blown out from boilers. 

13.8 to 17.2 sq. feet of surface will evaporate 1 cube foot of salt water per 
hour, at a combustion of 15 lbs. coal per hour per sq: foot of grate. 

. Relative evaporating powers of Iron, Brass, and Copper are as 1, 1.32, and 1.56. 

Notr.—Boilers of Steamer Arctic, of N. Y., vertical tubular, having a surface of 
33-5 to x of grate, consuming 13 Ibs. of coal per sq. foot of grate per hour, evapo- 
‘rated 8.56 Ibs. of salt water per Ib. of coal, including that lost by blowing out ob 
saturated water. ‘ 
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Water Surface. ~ 

At low evaporations, 3 sq. feet are-required for each sq. foot of grate sur- 
face, and at high evaporation 4 to 5 sq, feet. 

Steam Room. 

From 15 to 18 times volume that there are cube feet of steam expended 
for each single stroke of piston for 25 revolutions per minute, increasing 
directly with their number. Or, .8 cube feet per IEP for a side-wheel engine, 
and .65 for an ordinary and .55 for a fast-running screw-propeller. 

Space is required proportionate ‘to yolume of steam per stroke of piston. 
Thus, with like boilers, the space may be inversely as the pressures. 

Steam-drums and steam-chimneys, by their height, add’ to the effect of 
their volume, by furnishing space for water that is drawn up mechanically 
by the current of steam, to gravitate before reaching the steam-pipe. 

Grate. — Area in sq. feet per Ib. of coal per hour for following boilers, 
Width, 1.5 diameter of furnace: 

Cornish and Lancashire, slow Portable, moderate forced .. .03 sq. foot. . 
combustion...........20%¢ .2 8q. foot.-| Locomotive and like, strong 

Marine, tubular ...... a5 to 066 ‘ . S DIDSE a. . aiarars' beans h - Sx sorsfiy 

: Thickness of Tubes per BW G. 

-External diameter in ims, ...........2.... 2 .))9.28'[ 295 Mempgt 3° §:28" Sigh a 7B, 
Thickness for pressure-of 50 lbs. number..12 z2. xr xr xrz0. IO. 10. 9 

; se i tis OO) } Se fax Rio 9.9 9 8 8 8 7 

Smoke-pipes and Chimneys. 

Area at their base should exceed that of extremity of flue or flues, to 
which they are connected. 

In Marine service smoke-pipe should be from .16 to .2 area of grate. In 
Locomotive, it should be .x to .083. ; 

Intensity of their draught is as square root of their height. Hence, rela- 
tive volumes of their draught is determined by formula: ; 
Vh.ra== volume in sg. feet. h representing height of pipe or chimney in feet, and 

a ils area in sq. Jeet. 

When wood is consumed their area should be 1.6 times that of coal. 

Chimneys (Masonry).—Diameter at their base should not be less than from 
I to.1r of their height. 

Batter or inclination of their external surface .35 inch to a foot, which is 
about equal to x brick (.5 brick each side) in 25 feet. 

Diameter of base should be determined by internal diameter at top, and 
necessary batter due to height. : 

Thickness of walls should be determined by internal diameter at top ; 
thus, for a diameter of 4 feet and less, thickness may be 1 brick, but fora 
diameter in excess of that 1.5 bricks, i 

< 

C c i : ? Area. 15 re a. C representing weight of coal consumed per hour in Ibs., and 

a area of ditto at top, in sq. ins, 

(Brick masonry.)—25 tons weight per sq. foot of brickwork in height is 
safe if laid in hydraulic mortar, ae eae 
., Less the height ofa smoke-pipe or chimney, the higher the temperatiire of 
its gases is required. “ENB DOT MNES 
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>. Velocities of Current of Heated Air in a Chimney 100 Feet in Height. 

In Feet per Second. 
Air at Base of Chimney. | Reternal Ase. als at Base of Chimney. 

External Air. 150° 250° 350° 450° 150 250° 350° 450° 

f Feet. |, Feet, | Feet, | Feet. - | Feet. | Feet. | Feet. | Feet. 
10° 24 3° 33 35 60° 19 26 |) 29 33 
32° 22 28 31 34 70° 18 25 29 32 
50° 20 27 30 33 80° 17 24 28 32) 5 

When Height of Chimney is less than 100 JSeet.—Multiply velocity as ob- 
tained for temperature by .1 square root of height of chimney in feet. 

. Draught consequent. upon a steam-jet in a smoke-pipe or chimney. is 
hearly equal to that of a moderate blast. 

.- The most effective draught is when absolute temperature of heated air or 
gas is to that of external air as 25 to 12, or nearly equal to temperature of 
melting lead. 

In chimneys of gas retorts, ovens, and like furnaces, the draught is more 
intense for a like height of chimney than in ordinary furnaces, in con- 
sequence of the great mass of brick masonry, which, becoming heated, adds 
to intensity of draught. i 
n 

Chimneys. Lawrence Manufacturing Co., Mass. Octagonal. 

, Height above ground arr feet. Diameters 15, and 10 feet x.5 ins. Wall at base 
23.5, and at top 11.5 ins. . Shell at base r5 ins., at top 3.75 ins. a 

- Foundation 22 feet deep. 

England. —Square.—Height........ 190 feet. Diameter at base........ 20 feet. | 
oe ce vc 4c iad ce teceeees 300 se eeee ee 2Q 

Round, TOE Cadet BIZ iow £6 pig RECOOTR OD 30ame 
He RonsOnntel 300 * ue SR GES 20% 

Diameter at base usually .1 of height above ground. 

Vacuum at base of chimney ranges from .375 to .43 ins. of water. 

Circulating Pumps. 

Single-acting. —.6 volume of single-acting air-pump and .32 of double- 
acting. 

Double-acting. —.53 volume of double-acting air-pump. 

Volume of Pump compared to Steam Cylinder or Cylinders. 
Engine, Pump. Volume. \ 

Expansive, 1.5 to 5 times........ Single-acting ......... :08 tO .045% 
COMPOUN. oye doce ecg enced LON on bie: eof tighs,« 2 1045 t0’.035. 
Expansive, 1.5 to 5 times........ Double-acting......... .045 tO .025, 
Compound..... Fr Pe OARS CE eRe Go COT Bon h ccercrasesd .025 tO .o2. 

' Valves.— Area such as to restrict the mean velocity of the flow to 450 feet 
per minute. 

PLATES AND BOLTS. 

“Wrought-iron.—Tensile strength ranges from 45,500 to 70000 Ibs. 
per sq. inch for plates, and 60000 to 6500 Ibs. for bolts, being increased 
when subjected to a moderate temperature. 

English plates range from 45 000 to 56000 lbs,, and bolts from 55000 to 
‘9 000 Ibs. 

| D.K. Clark gives best quality of Yorkshire 56 ooo lbs., of Staffordshire 44 800 Ibs. 

Test of Plates. (U. S.)—All plates to be stamped at diagonal corners at 
about four ins. from edge, and also in or near to their centre, with name of manu- 
facturer, his location, and tensile stress they will bear. q 

Plates subjected to a tensile stress under 45000 Ibs. per sq. inch, should contract 
- in area of section x2 per cent., 45000 and under 50000, 15, alld so0oo and over, 25, 
| at point of rupture. Caos fe 15a : ah 

2 r 
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Brands. (C No. 1) Charcoal No. 1.—Pilates, will sustain a stress of 40 000 Ibs. per 
sq. inch; hard and unsuited for flanging or bending. 

(C No. x R H) Reheated, hard and durable, suited for furnaces, unsuited for con- 
tinued bending. 

“(CH No.18) Shell, will sustain a stress of 50000 to 54 000 Ibs. in direction of fibre, 
and 34000 to 44000 across it: hard and unsuited for flanging or even bending with 
a short radius. 

(C H No. x F) ee will sustain a stress of 50000 to 54000 lbs., soft and suited 
tor flanging. 

(C H No. x.F B) ‘Juana and (CH No.1 F FB) Flange Furnace. The first is 
‘hard, but capable of being flanged, the other is hard, and suited for flanging, 

The especial brands are Sligo, Eurelca, Pine, etc. 
' The best English plates known are the Yorkshire, as Low Moor, Bowling, Farnley, 
Monk Bridge, Cooper & Co., etc. (See Steam-boilers, W. H. Shock, U.S. N., 1880.) 

, Steel.—Tensile strength ranges from 75000 to g6000 Ibs. Mr. Kirkaldy 
gives 85 966 lbs. asa mean, : 

When used in construction of boiler-plates should be mild in quality, containing 
but about .25 to.33 per cent, of carbon; for when it contaims a greater proportion, 
although of greater tensile strength, it is unsuited for boilers, from its hardness and 
consequent shortness.in its resistance to bending. 

‘ Crucible steel may be used, but that obtained by the Bessemer or Siemens- Martin * 
process is best adapted for boiler-plates. Its strength becomes impaired by the 
processes of punching and shearing, rendering it proper thereafter to submit it to 
annealing. 

Steel rivets, when of a very mild character and uniformly heated to a bright red, 
are superior to iron in their resistance to concussion and stress. 

Copper.—Tensile strength is 33 000 lbs., being reduced when subjected 
to.a temperature exceeding 120°. At 212° being 32 000, and at 550° 25000 lbs. 

Wrought-iron Shell Plates. 

Pressure and Thiclxmmess, (U.S. Law.) 

Based upon a Standard of One Sixth of Tensile Strength of Plates. Iron or Steel. 

Results with a Tensile Strength of 50000 Lbs. 

Diameters in Ins, 

36 38 40 42 44 | 46 48 54 6 | 6,] 7 78 

“Inch. | Lbs. | Lbs. | Lbs, | Lbs, | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. Lbs. . 
+25 116 | 110 | ro4 99 95 gr 87 77 69 63 58 53 
3125 | 145 | 137 |.130 | 124 | xx8 | x13 | tog 96 87 79 72 67 
+375 174 | 165 | 156 | 149 | 142 | 136 _| 230 | x16 | x04 95 87 80 
5 232 |. 220 | 208:| 198 | 190 | 182 | 174 | 154}. 138 | 126 | 116 | 106 

84 90 96 102 roS |] x14 120 126 132 135 140 144 

Inch. Lbs. Pe aun ae | Lbs. Lbs. Lbs. Lbs. | Lbs, Lbs, Lbs. ,} Lbs. 

+375 | 74 | * 69 5 Fine DehlronD2. | 52 [ny AOe ly Ala AOalim saat. AS 
+4375) 80°) Soi; 76°t' 7x | 68 | Og) 6x} 57 | 55°) 153, 5m 
5 BOL fr Gul Oey. Steal) 27% ail 299 A) 6g 1 ohO5. |) 63. 3), SOne| Sonimaam 
+5625] r1r | 103 98 or 87 82 73 73 qi 69 67 |) 64 
+75 148 | 138 | 130 | r2x | x15 | 10g | 103 97 94 (ope 88 85° 
.875 | 172 | 160 | 152 | 142 |,136 |, 128 | x22 |,114 | x10 | 106 | 102 | 100 

I 198 | 184 | 174 | 162 | 154 | 146 | 138 | 130 | 126 | x22 | 3118 I14 

To which 20 per cent. is to be added for double riveting and drilled holes, 

Tron plates .375 inch in thickness will bear, with stay bolts at 4, 5, and 6 ins, 
apart from centres, respectively 170, 150, and r2o0 lbs. per sq. inch. 

Iron plates, as tested by Mr. Phillips at Plymouth Dockyard, .4375 inch in thick- 
ness, with screw stay bolts 1.375 ins. in diameter riveted over heads, 15.75 and 15.25 
ins. fr om. centre = 240 sq. ins. of surface for each bolt; bulged between bolts and 
drew from bolts at a pressure of 105 lbs. per sq. inch of plate, 

Iron plates .5 inch in thickness, under like conditions with preceding case, bulged 
and drew from bolts at a pressure of r4o lbs. per sq. inch of plate. ‘Hence, it ap- 
pears, resistances of plates are as squares of their thickness. 

When nuts were applied to ends of bolt through .4375 inch ulate, its resistange in- 
creased to x65 lbs. per sq. inch of plate. 

Thick- 
ness. 

+3 
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tet)" “Cylindrical Shells.° (v. 8 Law.) 
To Compute Pressure for a Given’ Thickness ‘and 

Diameter, or Thickness for a Given Pressure and 
Diameter, i : 

For Pressure. Rute.—Multiply thickness of plate in ins. by one sixth 
of tensile strength of metal, and divide product by radius or half diameter 
of shell in ins, ; 1 j 
When rivet-holes are drilled, and longitudinal courses are double riveted, 

add one fifth to result as above attained. 

ExampPiLy. — Assume boiler 8 feet in diam., and plates .5 inch thick; what work- 
ing pressure will it sustain, tensile strength of plates equal to a stress of 60000 Ibs.? 

2 8 

-5 X 60000 + one sixth + Bas aS a 104.16 lbs. 
2 

For Thickness. _RuLe.—Multiply pressure by radius. of shell, and divide 
product by one sixth of tensile strength of metal. 
EXAMPLE.—Assume pressure, radius, and tensile strength as preceding. 

x04-70 X 96 +'2 REO ee 5'tneh, 

60000 + One SiIXth 10000 

. For Evaporation of Salt Water.—Add one sixth to thickness of plates and sec- 
tional area of stay bolts. 

Hor Mreight and River Steamboats. 

Standard. — 150 lbs. pressure for a boiler 42 ins. in diameter and plates 
.25 inch thick. 

For Pressure. RuLe.—Multiply thickness of plate by 12600, and divide 
result by radius of boiler in ins. 
Examp.e.—Assume a boiler 42 ins. in diameter, and plates .25 inch in thickness; 

what working pressure will it sustain? 

.25 & 12600 + 42 + 2=150 lbs. 

Proof.—All boilers by U. S. Law to be tested to.a hydrostatic pressure of 50 per 
cent. above that of their working pressure, 

Relative Mean Strength of Riveted Joints compared 
; to that of Plates. 

Allowances being made for Imperfections of Rivets, ete. 

Plates, 100; Triple, .72 to .75; Double or Square, .68 to .72; Double 
with double abut straps, .7 to .75; Staggered, .65; Single, 56 to 6. 

Board of Trade, England. 

Coefficient or Factor of Safely. — When shells are of best material and 
workmanship, rivet-holes drilled when plates are in place, abut: strapped, 
plates at least .625 inch in thickness and double riveted, with rivets com- 
puted at a resistance not to exceed 75 per cent. over the single shear,* the 
coefticient is taken at 5. Boilers must be tested by hydrostatic pressure to 
twice that of working pressure. 

Tensile strengths of plates are taken, with fibre 47000 lbs. per “ inch, 
across it 40000 lbs., and when in superheaters from 30000 to 22 400 lbs, 

amuses a =P, tr eeieahie =t. P representing pressure that shell will sus- 
DC y 47,000 B 2 

tain per sq. inch in lbs., B least per cent. of strength of rivet or plate (whichever i8 
least) at lap, D diam. of shell and t thickness of plate, both in ins., and C coefficient 
of safety. fi ; : F ; ) 

| * Shearing or detrusive resistance of wrought iron is from 70 to 80 per cent, of its tensile strength, 
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ILLUSTRATION. —Assume T = 50 000 /bs. tensile strength of plate, B= 75 per cent., 
D=r120 ins., C=5, and t=.5. What pressure will shell sustain, and what should 
be thickness of plates for such pressure and diameter? C 

eee ere = 62.5 lbs., and bowl ted 9:h 
brome ice 50000 X .75X2 ; 

For all practicable deficiencies in drilling, punching, and riveting in trans- 
verse courses, if existing, this coefficient is increased up to 6.75, and in lon- 
gitudinal courses to 8.75, and when courses are not properly broken, an 
addition is made to above of .4. 

Diameter of rivets should not be less than thickness of plates. 

=.5 inch. 

Molesworth. 
t Pd 

ee 2 c= , and st= t. d representing diameter and t thickness of 
2 = 

metal, both in ins., P working pressure in Ibs. per sq. inch, and C as follows : ? ’ 

Single riveted. Double riveted, 
Best Yorkshire plates...... F . C=6200 and 7800 
“Staffordshire plates... § O2° es { ‘€ —= 5000 6200 

Ordinary plates............ eye lea 3000 *§ 3700s 
Working stress not to exceed .2 tensile strength of joint or riveted plate. 
Then for a pressure of rro Ibs., and a diameter of 42 ins., as given for a standard 

U.S. boiler. 
110 X 42 

Taking C as above for best single-riveted plate at 6200, KC: 372+ ins. 
2 200 

im thickness, or .x22 inch in excess of U. S. Law for a plain cylindrical boiler, single 
riveted. 

Lloyd’ s. 
Thickness of shells to be computed from strength of longitudinal joints, < 
#sc PD tJC p—a 

= P. = = 

D ak es] , P a 
ness of plate, D diameter of shell, p pitch and d diameter of rivets, all in ins. 3 J per 
cent. of strength of joint or rivets, the least to be taken; © a constant as per table ;. 
P working pressure in lbs. per sq. inch ; n number and a area of rivet ; x per cent. 
of strength of plate at joint compared with solid plate, and z per cent. of strength of 
rivets compared with solid plate. i 
When plates are drilled, take .o of z, and when rivets are in double shear, 

put 1.75 a for a, 

=a, and oS =z. t representing thick- 

Constants. 

Tron Puates, Srrex Piates. 4 

«5 inch | .75 inch | +375 inch| .5625 | .75 inch 
Torn and fang aye oe d ins and | ie nak Above 

under. | under. |*75'®°%// ander. | under. | under, |-75inch. 

punched holes....... 155 165 170 200 ars | 230 240 
Lap res @oid.e ui. 170 | 180 | x90 ||) — eS ice ae 
Double abut {punched holes} 170 180 190 215 230 250 260 

Strap (driized do, 180 190 200 —_ Pe, ee. Zs 

When plates, as in steam-chimneys, superheaters, etc., are exposed to direct ac- 
tion of the flame, these constants are to be reduced . 33, 

ILLUSTRATIONS. — Assume pitch 4 ins., diam. of rivet 1.375 ins., and thickness of 
plate x inch, both single and double riveted. Area 1.375 — 1.48 sq. ins. 

aries = .656 per cent. strength of joint compared to solid plate, were = 

per cent. strength of rivet to solid plate when single riveted, and 2s Kae = 85) 

per cent. when double riveted. Rivets at Joint. me X 100 with punched holes and. 
by. 90 with drilled. ue : ; 
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Plates: 

To Compute Thickness of Plates for a Given Pressure 
and Pitch, and Pressure and Piteh for Given Thick- 
ness. ' : 

720 \ t2.C i : : re =P, + =P and Je =. trepresenting thickness of metal in 

sixteenths of an inch, p pitch of stays on distance apart at centres in ins., P working 
pressure in lbs. per sq. inch, and C a constant, as follows ; ‘ 

For a Tensile Strength of Metal of 50.000 Lbs. per Sq. Inch. 

Screw Stay-bolts with Riveted Heads.—Plates up to .4375 inch in thickness C = 90, 
and above that roo. 

Screw Stay-bolts with Nuts. — Plates wp to .4375 inch in thickness C = 110, and 
above that x20. 

Screw Stay-bolts with Double Nuts and Washers. — Up to 4.375 ins. in thickness 
C= 140, and above that 160. : , r 

When stay-bolts‘are not exposed to corrosion, these constants may be reduced .2, 

Resistance of a flat surface decreases in a higher ratio than space between 
stays. Hence, C must be decreased in proportion to increase of pitch above 
shat of ordinary boiler-plates. 

ILLUSTRATION I.—Assume pressure rio lbs. per sq. inch, and pitch of stays 5 ins. 
what should be thickness of plate for screw-bolts and riveted heads? 

2 - 

C=os. Then pe OEE fel 5.38— stwteenth. 
95. 95 

2. — Assume thickness of metal 5 sixteenths inch thick, stay-bolts screwed and 
riveted over its threads, and working pressure of steam 80 Ibs. per sq, inch. 

C=o5... Then eras ant Mri ins, pitch. 

Abut Straps, 

Double Abuts should be at least .625 thickness of plate covered. Single, 
.125 thicker than plate covered, and Double, .625..-» 

Stays. 

Direct. — Tensile stress shoufd not exceed 5000 lbs. per sq: inch for Iron, 
and 7000 for Steel. 

Diagoral or Oblique. — Ascertain area of direct stay required to sustain 
the surface; multiply it by length of diagonal stay, and divide product by 
length of a line drawn at a right angle to surface stayed, to end of diagonal 
stay, and quotient will give area of stay increased to that which is required, 

Stress upon an oblique stay is also equal to stress which a perpendicular 
stay supporting a like surface would sustain, divided by cosine of angle 
which it forms with perpendicular to surface to be supported. 

ILLUSTRATION. — Assume pressure rz0 lbs. per sq. inch, area of supported surface 
36 sq. ins., and angle of stay 45°; what would be pressure or stress upon stay ? 

Cosine 45°=.70711. Then 110 X 36.707 11 = 5600 lbs, 45 OF. 
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Proportions of Eyes of Stays, Rods, etc. 

No. 1- No. 2. No. 3. 

Dimensions. Forcrep anp WELDED. Dzi1_Ep FRoM Bar. 

‘No. 1.aanda@=r1_ inch, 
= 9 “ 

Cee aie 

No.2.aanda=1 es 
b=7.65 £ 
C= 075) 

No.3.@anda=1 ae 
Vien RoR oy 
e= .875 ‘ 

When drilled from upset bar, dimensions same as for No.1. Pins when of steel 
.66 neck of rod. 

Stay-bolts.—Iron, are not to be subjected to a greater stress than 
6000 lbs. per sq. inch of section; Steel, 8000 lbs., bcth areas computed from 
weakest part of rod, and when of steel they are not to be welded. 

To Compute Diameter and Pitch of Stay -bolts, and 
Resistance they will Sustain. . 

P. d 2 
Screwed. pee =d, Je =p, and (=*) =P. Socket. re =d 

2 

aoe SP and (25") =P. drepresenting diameter in ins. . 

ILLUSTRATION.—Assume pitch of stay bolts 6 ins., and working pressure roo Ibs. 
per sq. inch; what should be diameters of bolts, both screw and socket? I 

oe = .857 inch Screwed, and wee = 63-+inch Socket. 

Girders. (Lloyd’s.) 

Cdzt P(L—p) DL P(L—p) DL gb 
Loppirts Giga ia ma t, s Ct brs representing 

length of girder, d its depth, t its thickness at centre or sum of its thicknesses, D its 
distance apart from centre to centre, and p pitch of stays, all in ins., and C a constant 
as per following. : 

One stay to each girder, C=6000. If two or three=go0o. If fowr= 10200. 

ILLUSTRATION.— Assume triple stayed girder, 24 ins. in length, 3 ins. in depth, x 
inch thick, and stayed at intervals of 6 ins.; what working pressure will it sustain? 

gooo X 67 Xx __- 324.000 . 
C=g000. Then =- 

(24—6)X6X24 2592 
=125 lbs. 

Mlues, Arched or Circular H'urnaces. U.S. Law. 

©, «3125 inch for each 16 ins, of diameter. English iron, being harder than 
American, is better constructed to resist compression, and consequently .a 
less thickness of metal is required for like stress. 

Lloyd's. 

89 600 1? | PLD, 89600 72 89 600 12 Be ip = B ge z, “pEC= D, and “pp = L. D representing 

external diameter of flue or furnace, and t thickness of plate, both in ins., L length 
of flue or furnace between its ends or between its rings, in feet, and P working press- 
ure in lbs. per sq. inch. ; : 

ILLuSTRATION.—Assume diameter of flue 16 ins., length 6 feet, and working press- 
cuse of steam 8o lbs. per sq. inch. i 

Then 80 X 6 X 16 

.. 89 600 
8000 # 
D~ = 0857 =-29 inch. Furnace.—P not to exceed 
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ILLUSTRATION.—Assume diameter of a circular furnace or width of a semicircular 
one 48 ins., working pressure of steam 80 lbs., and length 6 feet. 

80 X 6 X 48 
Then Me ar eon V.257 = .507 inch thickness, 

RIVETING. 

Plates.—The strength of a joint is determined by ascertaining which 
jof the two, the plate or the rivets, has the least resistance; the stress on, the 
rst being tensile and the latter detrusive. ; 

| BS 
| The tensile strength is to be taken from that of the article under consider- 
ee, , making due allowances for construction and location of the joint, and 
he consequent variation of stress, as with or across the fibre of the metal, 

jor exposed to high heat as in a superheater. 

ie With or Across the Fibre.—¥rom experiments. of Mr. D, Kirkaldy an 
‘others, the difference in strength of Iron plates is ascertained to be from 6,5, 
ito 18 per cent., the average 10 per cent. 

| Steel Plates.—The relative strength of plates with or across the fibre, as 
determined by Mr. Kirkaldy, for ‘‘Fagersta” is g per cent., and for “‘Siemens”’ 
fit is without material difference. 

FToles. — The relative strength of plates when subjected to drilled or 
»anched holes, as determined by the experiments of Mr, Kirkaldy, is shown 
‘9. be 15 per cent. 

In Riveted Joint exposed to a tensile stress, area of rivets should be equal _ 
| area of section of plates through line of rivets, running a little in excess 
‘p.to .5625 inch diameter of rivet, and somewhat less beyond that, area be- 
ng determined by relative shearing and tensile resistances of rivet and 
late, 

Nore.—For Riveting of Hulls of Vessels, see pp. 828-30. 

Essentially by Nelson Foley. 

Single Lap Riveting. 

| p—d na 4 5 d 3 Pp = =bd for plate, wt =0' for rivets, Sparee? pio=d, . and ’ 

f:27 : t=d. p representing pitch, t thickness of plate, and d diameter of rivets, 
i) I 

Win ins., a sectional area of rivets in sq. ins., n number of rivets, and b and b! per 
ent. of ‘plate between holes and of section of rivels to solid plate, i. e. plate before 
eing punched. 

ILLUSTRATION.—Assume p= 3 tns., d=1inch, G@=.7854 inch, and t=.5 inch. 

fees =.66 per cent. strength of lap, ae =.523 per cent. of rivet to solid plate, 
| SANs ; 

—*% ZA x .5 = 1 inch. 3X -5 X -523-+ = .7854 area, 

‘When Shearing Strength of Rivet is not Equal to Tensile Strength of Plate. 
Then diameter of rivet must be increased in ratio of excess of strength»of 

late over rivet. 
; vb’ T 

| Or, Scares 

fe ‘talon “at 5 and 4 for Iron and 7 and 6 for Steel. 

When full value of’ rivet section is not allowed as by’ Lloyd’s rulés for drilled 
ee bo = 67 X.9; 

=3 ns., and 

t=d. TandS representing tensile and shearing strengths, which si 
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~ | Pitches as Determined by Diameter of Rivets. ~ 

Plate “ Plate 2. =f > Plats Plate 0 
staroan Pitch = between | Pitch = | “between Pitch = between Pitch = 
Edges Diam. of Edges -| Diam. of es Diam. of 28 Diam. of 

of Holes. Rivet X ||" of Holes. Rivet X H of Holes. | Rivet x of fe les. Rivet X 

Per Cent. Per Cent. Per Cent. Per Cent. 
50 2 58 2.38 65 2.86 72 3-57 
52 2.08 60 2.5 | 68 3-13 75 4 
55 2.22 62 2-63 “|| 70 3-33 78 4-55 

OPERATION. —If distance between edges of holes, or 'p—d, = 65 per cent. of Sond 4 
plate, and diam. of rivet x inch, then 2.86 X 1= 2.86 ins. pitch. 

When Plate and Rivets are of equal strength in ultimate tension, b’ = 5, =B 
B 

‘Hence, : i t=d.. In illustration of B, assume p= 3, d=1.1, and f=.5. 

‘Then 3 —1.1= 1.9, and a -633 = b, or per cent. of strength of punched to 
2 

C +95 
solid plate. Area 1.1.95, and alid plate TEs" 95; Ae 

solid plate. Hence, B= .633. 

ILLUSTRATION. —Assume as Shown, B = .633. 

= .633 = 0’, or per cent. of section of rivet to 

27 <6: 
Then aS SO -5 = 1.095 Or 1.1 ins. diam. 

1 —.633 

Diameter of Rivets as Determined abe Plate. 

B B Diam, = Thickness Diam, = Thickness | = 

Opetoing |, ofPlate x. a Sorang| "of Plate x or see oot Plate x 
.9 per cent,, |.9 per cent. | +9 per cent, 

Per Cent. | T=S. | of Section || Per Cent, | T=S, oFSection | Per Cent. | T=S. | of Section 
of Rivet. of Rivet. of Rivet. | 

52 1.38 153 55 1.56 1.73 58 | 1.76. }.. 195 - 
53 1.44 1.59 50 1.62 1.8 60 1.91 2.12 
54 1.5 1.66 — 57. | 2-69 1.87 62.) 2O8i aaa 

OpERATION.—If thickness of plate =.5 inch and plate and rivet have equal resist: 
ance, or B = 62 per cent., then .5 X 2:08 = 1.04 ins. diameter. 

Double Tap Riveting 

Preceding formulas for single lap riveting apply to this, with substitution 
of 2a for a and .64 for-1.27. 

ILLUSTRATION. —Assume p = 3 ins., £=.5 inch, and b’ =.589. 

BS aS80 4418 area of d, 264 X -589 
2 oy fe, 

+4418 X 2 589 0”. 

3X:5 

Diameter of Lb as Determined by Plate. 

X5=-754, =.75 b, and 

B = B = B tows 
Or Strength Diam. “Thickness lor Strengt| Diam, — Thickness Or Strength Diam. — Thickpess 
AGA of Plate X Be sont. of Plate xX KtToint, of Plate X 

-9 per cent. +9 per cent, -9 per cent, | 
Per Cent. | T=S. | of Section ||, Per Cent. | .T=S, | of Section || Per Cent. | T=S. | of Section 

of Rivet. of Rivet. of Rivet. 
68 1.95 re 91 1.56 1.73 74 1.81 awl 
69 1.42 1.57 72 1,64 1.82 75 TQZ, |. 2.12), 
7° 1.48 1.65 73 1.92 1.91 76 ar oe 2.25 

OPpERATION.—Assume t=.5 inch and B= 7o per cent., tensile strength aoa 
to shearing ey as7to6, What should be diameter of the rivets? 

+5 X 1.48 X z = ‘863 inch. . When rivets are in double shear, put 1.9.4 for a. 
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Triple Lap Riveting 

Preceding formulas for single lap riveting apply to this, with Se eenon 
of 3 a for a ; and 42 for 1.27. 

ILLUSTRATION. —Assume p= 3 tns., t.5 inch, and b’=.883. _ 
3.5 xX 7883 . 4a. 883 3—-75 

=.4417 area ofd, aEeayit X-5=-74 in. diam., 
=.750, 

and “478 X3 _ 'gg, 57 
3X-5 

Diameter of HEY Bh? as Determined by Plate. 

Or Strength Diam. = Thickness lor str Strength Diam. = Thickness B ‘ 
eipiata e Or Strength Diam. = Thickness 

at Joint. at Joint. SEEDS at Joint, of Flate x 

9 per cent, i 19 per cent. 
Per Cent. | T=S, of Section Per Cent. | T=S. 5 Section Per Cent. | T=S. Section 

(i of Rivet. of Rivet. of Rivet. 
7° “99 | "°3.¥ 73 1.15 1.27 76 1.34 1.49 
71 1.04 Te15 74 1.21 1-34 77 1.42 1.58 
72 1.09 I.21 75 1.27 1.41 78 1.5 1.67 

OPERATION,—As shown by preceding tables. 

General HWormulas and Illustrations. 

Ge ae 4 1.27 BT as 
Rivets in Single Shear, (1—B)8 t=d,and ptt = 0". 

5 .27 BT 758 
Rivets in Double Shear. ; oa Ht gree e P =v 

. a ee anes CRED Sis tee 
Rivets in Triple Shear. 250 —B)5 t=d,and —— =". 

Zigzag Riveting. Strength of plate between holes diagonally is 
equal to that horizontally between holes, when diagonal pitch = .6 aad hor- 
izontal = diameter of rivet + .4. 

Thus, .6 p+ .4 p = diagonal pitch. 

Duty of Steam-engines. 

The conventional duty of an engine is the number of Ibs. raised by it x 
foot in height by a bushel of bituminous coal (112 lbs.). 

Cornish Engine.—Average duty, 70 000 ooo Ibs.; the highest duty ranging 
from 47 000 000 to 101 900 000 lbs. 

A condensing marine engine, working with steam at .75 Ibs. (mercurial 
gauge), cut off at .5 stroke, will require from 1.75 to 2 Ibs. bituminous coal 
per per hour. 

Relative Cost of Steam-engines for Kqual Effects. 

- In Lbs. of Coal per EP per Hour. 

A theoretically perfect engine..... aati d Rginivid dala bic elttalheta'slold sie.dje¥laltane 
A Cornish condensing encine .......e.ceseececcerees 
A MArine CONdENSINE ENYINE.. ..seesse ne ccenecrewesedsceseccseves 

Evaporative Power of Boilers. 

The Evaporative power of a boiler, in lbs. of water per lb, of fuel consumed, 
is ascertained approximately by formula 

d Ss , A 
1.833 (re) e= Ibs. S representing total heating surface in sq. feet, F fuel 

consumed in lbs. per hour, and e theoretical evaporative power of the fuel. 

ILLUSTRATION. — Assume evaporative power of the fuel at 15, consumption = 
hour 800 lbs., and heating surface 1600. 

1600 ¥ 
Then 1.833 (aces) X15 = 10.448 lbs. 

38 
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; 600 
Efficiency of boiler. 1.833 (SS =a a 

The evaporative power of different fuels, from and.at 212°, is, for coals, from 14.5 
to 16.8 lbs., the average of Newcastle being 15.3, for patent fuels 15.66, Lignite 13.5, 
Coke 13.3, Peat 10.3, and Woods, when dry, 8.1. See A. E. Seaton, London, 1883. 

Notes on Horse-power. 

A Lancashire boiler with a heating surface of 610 sq. feet and a grate-area of 25 
will evaporate in ordinary operation 50 cube feet of water per hour; 3.12 sq. feet of 
“horizontal section per cube foot of water, and .5 sq. foot of grate-area per cube foot. 

Nominal. Flue Boilers.—Usually computed at 5.5 to 6 sq. feet of horizontal 
section, r5 sq. feet of heating surface, and x sq. foot of grate-area. 

The I of such boilers will range from 3 to 4 times that of the nominal. 

Multitubular Boilers. —.75 sq. foot of grate-area and 2.5 of heating surface. S 

Weights of Steam-engines. 
Side-wheels.—American Marine (Condensing). 

Water- Cylinders. Weight per 
ENGINE. Frame. wheels. | No. Volume. Cube Foot. SERVICE. 

Cube Feet, Lbs. 

Vertical beamwi te eee Wood.* | Wood. |r‘ }’*°* 63 1100 River. 
Oe boanae: oo Wood.* | Wood. | 2 216 1040f Coast. 
C3 AOR IOS Wood.* | Wood. | x 4390 1225 Coast. 
SL eat Seae Wood.* | Wood. | 2 253 1480t Coast. 
CC Ra teeeats Wood.* | Iron. I 725 1089t Sea. 

Oscillating. ......... 50 Iron. Iron. 2 540 850 Sea. 
Bee kas eeielelee cies aad Iron. Iron. 2 1502 550§ | Sea. 

Tnelinedieeniecs'= -1e N socren i EEORE Iron, 2 535 II00 Sea. 
* Without frame. + With frame r1o9. t Including boilers. § Single frame. 

Screw Propellers.—American Marine (Condensing). 
| Cylinders. WeEIcuHTs. 5 

5 SER- 

TEES No. | Volume. | Engine. | Boilers. Srituders VICE. S Bae “ 

, Cube Feet. Lbs. Lbs. Lbs. 
Vertical direct, Jet Condens’g..| 4 22040] 12100] 8535 | Sea 

6 ‘Surface Cond’g.| x 12.5 59000] 32000] 7280 | Sea. 
aS Jet GE Sk I 12.5 48130} 35000] 6650: | Sea. 
YY ce ne fs I 33 120450| g8000| 6620 | Coast. 
‘ ‘babe Slant 506 1523060] 985600] 4958 | Sea. 

Horizontal back-action........ 2 68 289 680} 200800 | 7212 | Sea. 
Hs Gineet.ss, Bane ene lilt 67 201 000] 200 593 | 6009 | Sea. 

Vertical compound.,.., ( ak 4.8 24705| 26372] 10641 | Coast. 
, ‘ Rennie. g q 2 24.3 94196] 88050] 7500 | Sea, 

; poles! 2 425 1022 400] 840000] 4380 | Sea. 
SO CINOCE:. fen e sntek ie aes 3-6 30534), 27301 | 16.066. | Coast. 
et Sal eta exnfotstatsiace is) r 35 172028) 100065 | 7774 | Sea. 
se *¢ Non-Condensing. I 1.86 14410] 22481 | 19834 | River. 
M: se 58 33 I 2:77 14759] 22417 | 13421 | Coast. 

English Marine (Condensing). 
Cylinders. WEIGHTS. 

Denoaremard Propeller | Boilers Pp Per 
’ : ines, an and oF 

BST nenet | eee es Shafting. | Water. eo laate Oylieden: 

CubeFt.| Tons, Tons. Tons. | Tons. |Lbs.| Tons, 
Trunk spies week Poh ts eae 230 12 47 257 425 | 465} 1.85 
Horizontal direct....... 2 382 223 85 303 6rr, || 338] 1.6 
Vertical direct .....% bs pay} 393 165 48 144 357. |.78r|  -9 
Oscillating........ ro 440 117 43 135 295 | 560 4 
Vertical compound.....| 2 24 4.25 “75 7.25) 12,25) 60 152) 

ue heer 6 707 497 167 656 |1320 | 368| 1.87 
Horizontal compound...} 2 52 55 15 Ir0 180 |351| 3.44 

G3 ge all 2 143 130 27 162 319 |309| 2.23 

Se 
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Iuand-engines.—(Won-condensing. ) 

Engine per 5 Volume | Spur-wheel |, Saat ‘ 
ENGINE. of Engine. and Sh Sire Pi ee Cube Foot 

Cyl’r. Connections, | “OMPlCtes | Grates, etc.) op Cylinder. 

Lbs. ‘Lbs. Lbs. Lbs. 11°" Lbs. 
Vertical 18 ins. <4 feet 67200 | 37 800 89 600°} 26880 9600 7 

beam f 30 ins. x5 feet) 24.5 | r05000 | 137179 | 265879 75000 4290 
Horizon’l, r4 ins. X2feet| 2.2 | rogr4 | = — — 8 200 5100 

x 22 ins. X4 feet! 10.6 | 56000 _ oa 30 140 5600 

To Compute Weight of a Vertical Beam and Side-wheel 
Jet Condensing Engine. (7. F. Rowland, A:S.C.E.) 

Including all Metals, Boiler and Attachments, Smoke-pipe, Grates, Iron Floors, 
and Iron in Wooden Water-wheels, omitting Coal-bunkers. 
For a Pressure per Mercurial Gauge of 40 lbs. per Sq. Inch, 

‘For surface condenser add 10 to 15 per cent. 

Rourtz.—Multiply volume of cylinder in cube feet by Coefficient in follow- 
ing table corresponding to length of stroke, and product will give rough 
weight in lbs. For finished weight deduct 6 per cent. 

Stroke. | Coefficient. Stroke. | Coefficient, || Stroke. Lpeticlept Stroke. | Coefficient. 

Feet. Feet, Feet. Feet. 
5 2467 7 2213 9 1865 Ir 1619 
6 2340 8 2000 10 1730 12 1540 

EXAMPLE I.—What are the rough and finished weights of a vertical beam engine, 
cylinder 80 ins. in diameter and 12 feet stroke of piston? 

Area of 80 ins.= 5026.56, which X 12 feet = 419 cube feet, and X 1546 for re feet 
stroke = 647 774 lbs. rough weight. 

Then 647774 X .06 = 38 866, and 647 774 — 38 866 = 608 908 Ibs. finished weight. 

WEIGHTS OF BOILERS. 

Weights of Iron Boilers (including Doors and Plates, and exclusive of Smoke- 
pipes and Grates) per Sq. Foot of Heating Surface. 

Surface Measured from Grates to Base of Smoke-pipe or Top of Steam Ciimney. 

Bower. For a Working Pressure of 40 Lbs. Weight. 

Lbs, 

Single return, FlU@*.. 22... cee eee cs cess cesecaces water bottom....| 25.6 to 32.9 
6 &t ee ee nye par aetereeernat 7 eta ReER eyo t —_ fee] 24 '10"90 
6 poses SM bbiiwek Jail Hall cise tl as water bottom....| 27 to 45 
ee as us RoMMMMMISID cLataie eink cara) eit ¢.ar8) o/s _— ooee| 25/1 0043 

Horizontal return, Tubulart........cesceennees ove water bottom....| 22.5 to 35 
eS a Ee DLO DOO COLO OEE — sereell| BEEN LOuQs 
Uo BS Be Pi ae oi aele ascii Tee sad — srsiealy) X77 utOlaara 

Vertical fe US oe ie DRC Een eet CODD OOIEOe water bottom....| 18.5 to 26.5 
Horizontal direct, Tubular*... 0. ccc cece ee cee | {Sidowes | 19/8'to 23,8 

BS . fe Pilentd came at Adel iaiela ola —_ fe IZ0 Wier 
Cylindrical, external furnace, 36 ins. in diam.,.25 inch thick,,..... 23.5 to 24 

& Flue Creal tHGOM 4 Si ie ie 25 ny deceit sercaceeeian 18.1 to 18.6 
Horizontal direct, Tubular... seescereceeees ve ee LOCOMOLIVE... «0. 16.3 to 17.3 
Vertical Cylinder direct, Tubular..............000. — é 24 to 26 

Weight of Cylindrical Furnace and Shell Boilers, all complete for Sea Service and 
for a pressure of 60 lbs. steam, 200 Ibs. per [HP. 

* Section of furnace square. Shell cylindrical. + Section of furnace and shell square. 
+ Wrought-iron heads, .375 inch thick, flues, .25 inch, and surface computed to half diameter of shell. 

Nores.—r. The range in the units of weight arises from peculiarities of construc- 
tion, consequent upon proportionate number of furnaces, thicknesses of metal, vol- 
ume of shell compared with heating surface, character of staying, etc. 

2. If pressure is increased the above units must be proportionately increased. 
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Boiler-power. ; 

The power of a boiler is the volume or weight of steam alone (indepen- 
dent of any water that it may hold in suspension) that it will generate at its 
operating pressure in a unit of time. 

Marine boilers of the ordinary type and proportions, with natural draught, burn- 
ing anthracite coal, produce 3.5 to 5.5 IEP per sq. foot of grate per hour; with a 
free burning or a semi-bituminous coal, 5 to 7.5 IH; and with a forced draught, 
with 25 to 30 lbs. best coal per sq. foot of grate per hour, 8 to 10 TEP. 

Marine engines, operating with a steam-pressure of 35 Ibs. (m. g.), and with mod- 
erate expansion, consume 30 Ibs. steam per [EP per hour, and with a high rate of 
expansion, under a pressure of 70 Ibs., 20 lbs, steam. 

With a blast draught and consuming 30 to 4o Ibs. of a fair quality of coal per sq. 
foot of grate per hour, 7 to 10 FP per hour can be attained. 

In locomotive boilers, having from so to go sq. feet of heating surface per sq. foot 
of grate, and at a rate of combustion of from 45 to 125 lbs. of coke, an average evap- 
oration of 9 lbs. of water per lb. of coke has been attained at ordinary temperatures 
and pressure, 

To Compute Volume of Air and Gas in a Furnace. 

When Volume at a Given Temperature ts known. RuLe.—Multiply given- 
volume by its absolute temperature, and divide product by the given abso- 
lute temperature. 

Notre.—Absolute temperature is obtained by adding 461° to given or acquired 
temperature, 

EXxaMPLe,—Assume volume of air entering a furnace at 1 cube foot, its tempera- 
ture 60°, and temperature of furnace 1623°; what would be the increase of volume? 

1 X 1623°-+ 4619 2084 

609-4619 sar 
= 4 times. 

Volume of Murnace Gas per Tub. of Coal. (Rankine) 

Tempera- Air Supplied. | Tempera- Air Supplied. 
ture. 12 Lbs. 18 Lbs. 24 Lhs. ture. | x2 Lbs. | 18 Lhs. | 24 Lbs. 

32° 150 225 300 752° 369 553 738 
68 161 241 322 1112 479 718 957 

104 172 258 344 1472 588 882 1176 
212 205 307 409 «|| «1832 607 1046 1305 
572 314 47 628 || 2500 go6 1357 1812 

Temperature of ordinary boiler furnaces ranges from rs500° to 2500°. 

The opening of a furnace door to clean the fire inyolves.a loss of from 4 to 7 per 
cent. of fuel. 

For other illustrations, see ante, page 744-6. 

Rate of Combustion. 

The rate of combustion in a furnace is computed by the Ibs. of fuel consumed per 
sq. foot of grate per hour. 

In general practice the rate for a natural draught is, for anthracite coal from 7 to 
16 lbs., for bituminous, from ro to 25 lbs., and with artificial or forced draught, as by 
a blower, exhaust-blast, or steam-jet, the rate may -be increased from 30 to 120 lbs. 

The dimensions or size of coal must be reduced and the depth of the fire increaséd 
directly, as the intensity of the draught is increased. 
Temperature of gases at base of chimney or pipe should be 600°, and frictional 

resistance of surface of chimney is as square of velocity of current of gases. 
Ordinarily from 20 to 32 per cent. of total heat of combustion is expended in the 

production of the chimney draught in a marine boiler, to which is to be added the 
losses by incomplete combustion of the gaseous portion of the fuel and the dilution 
of the gases by an excess of air, making a total of fully 60 per cent. (Steam-boilers, 
Wm. H. Shock, U. S. N., 188r.) A 
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STRENGTH OF MATERIALS. 

_ Strength of a material is measured by its resistance to alteration of 
form, when subjected to stress and to rupture, which is designated as 
Crushing, Detrusive, Tensile, Torsion, and Transverse, although trans- 
verse is a combination of tensile and crushing, and detrusive is a form 
of torsion at short lengths of application. 

ELASTICITY AND STRENGTH. 

Strength of a material is resistance which a body opposes to a per- 
manent separation of its parts, and is measured by its resistance to 
alteration of form, or to stress. 

Cohesion is foree with which component parts of a rigid body adhere to 
each other. 

Elasticity is resistance which a body opposes to a change of form. 

Elasticity and Strength, according to manner in which a force is exerted 
upon a body, are distinguished as Crushing Strength, or Resistance to Com- 
pression; Detrusive Strength, or Resistance to Shearing; Tensile Strength, 
or Absolute Resistance; Torsional Strength, or Resistance to Torsion; and 
Transverse Strength, or Resistance to Flexure. 

Limit of Stiffness is flexure, and limit of Resistance is fracture. 

Neutral Axis, or Line of Equilibrium, is the line at which extension ter- 
minates and compression begins. 

Resilience, or toughness of bodies, is strength and flexibility combined ; 
hence, any material or body which bears greatest load, and bends most at 
time of fracture, is toughest. 

Stiffest bar or beam that can be cut out ofa cylinder is that of which 
depth is to breadth as square root of 3 to 1; strongest, as square rout of 2 to 
1; and most resilient, that which has breadth and depth equal, 

Stress expresses condition of a material when it is loaded, or extended in 
excess of its elastic limit. 

General law regarding deflection is, that it increases, ceteris paribus, di- 
rectly as cube of length’ of beam, bar, ete., and inversely as breadth and cube 
of depth. 

Resistance of Fleaure of a body. at its cross-section is very nearly .9 of its 
tensile resistance. 

Coefficient of Hlasticity. 

Elasticity of any material subjected to a tensile or compressive force, 
within its limits, is measured by a fraction of the length, per unit of force 
per unit of sectional area, termed a constant, and coeflicient of elasticity is 
usually defined as the weight which would stretch a perfectly elastic bar of 
uniform section to double its length. 

Unit of force and area is usually taken at one'lb. per sq. inch. E represent- 
ing denominator of fraction. 

Exampie.—If a bar of iron is extended one 12 000co0oth part of its length per Ib, 
of stress per sq. inch of section, . a 

12000000 Wi” 

The bar would, therefore, be stretched to double its normal length by a force of 
12000000 lbs. per sq. inch, if the material were perfectly elastic. 

3 8* 
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The same method of expressing coefficient of elasticity is applied to re- 
sistance to compression. ‘I'hat is, coefficient, in weight, is expressed by de- 
nominator of fraction of its length by which a bar is compressed per unit of 
weight per sq. inch of section. 

Ultimate extension of cast iron is sooth part of its length. 

Extension of Cast-iron Bars, when suspended Vertically. 

1 Inch Square and 10 Feet in Length. Weight applied at one End. 

Weight. |Extension. Set. | Weight. |Extension.| Set. || Weight. | Extension.) Set. 

Lbs. Ins. Ins. Lbs. Ins. | Ins. |} Lbs. | Ins. Ins. 
529 0044 — 2117 +0190 | .c00059|| 8468 | .087z .00855 

1058 .0092 |.coo0Ts || 4234 +0307 | -00265 ! 14820 | .1829 |! .o2555 

Woods.—MM. Chevaudier and Wertheim deduced that there was no 
limit of elasticity in woods, there being a permanent set for every extension. 
They, however, adopted a set of .cooos5 of length as limit of elasticity. 
This is empirical. 

MODULUS OF ELASTICITY. 

Modulus or Coefficient of Elasticity of any material is measure of its - 
elastic reaction or force, and is height of a column of the material, 
pressing on its base, which is to the weight causing a certain degree of 
compression as length of material is to the diminution of its length. 

It is computed by this analogy: As extension or diminution of length 
of any given material is to its length in inches, so is the force that pro- 
duced that extension or diminution to the modulus of its elasticity. 

iB ; 
Ox;,.0.:P ts. 1 Nie representing length a substance 1 inch square and x foot 

in length would be extended or diminished by force P, and w weight of modulus in lbs. 

To Compute Weight of Modulus of Elasticity. 

Rute.—As extension. or compression of length of any material 1 inch 
square, is to its length, so is the weight that produced that extension or com- ° 
pression, to modulus of elasticity in Ibs, 

Examrie.—lIi a bar of cast iron, 1 inch square and ro feet in length, is extended 
-co8 inch, with a weight of rooo Ibs., what is the weight of its modulus of elasticity ? 

.008 : 120 (10 X 12) 3} 1000 : 15000000 Ibs. 

To Compute Modulus of Elasticity. 

When a Bar or Beam is Supported at Both Ends and Loaded in Centre. 
Rui«.—Multiply weight or stress per sq. inch in lbs. by length of material 
in ins., and divide product by modulus of weight. 

LW tw EM 
a= E; eS M; fat W. J representing length in ins., M modulus, 

W weight in lbs. per sq. inch, and E compression or extension. 

EXAMPLE 1.—If a wrought-iron rod, 60 feet in length and .2 inch in diameter, is 
subjected to a stress of 150 lbs., what will it be extended? 

Modulus of elasticity of iron wire is 28 230 500 lbs. (see following table), and area 
of it .2? X .7854—=.314 16. f : 

150 

+314 16 

720 «343.7712 
28230500 28230500 

2.—Take elements of preceding case under rule for weight of modulus, 
120 X 1000 __ é -008 X 15 000 000 

== ).008 Deh.) =a 
15 000 009 120 

Or 

= 477.46 lbs. per sq. inch, and 60 X 12= 720 ins. 

Then 477.46 X = .012 18 inch, 

== 1000 lbs, 
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‘Modulus of Elasticity and Weight of Various Materials. 
SUBSTANCES, Height. Weight. SuBsTANCES.| | Height. Weight. 

Feet. Lbs.’ Feet. Lbs. 
INS aeenniasaroc 4970000} 1656570 | 4415000] 1074000 
Beech... \-cas +++| 4600000} 1345200]| Lead, cast......2.| 146.000 720.000 
Brass, yellow..... 2460000} 8464500 ]| Lignum-vite..... 1850000} 1080400 

KC PYE WING ia arate sts 4112000 | 14632 720}| Limestone........ 2400000 | 3300000 
Copper, cast......| 4 800000 | 18240960 |} Mahogany........ 6570000]. 2071 000 
BINS craeceaeteletete 5680000} 1499500 || Marble, white..... 2150000] 2508000 
LU et Ware cic Onc 8330000] 2016 500]| Oak...s. 2.64.00 4750000 |. 1.710000 
[CC Ran Raa oer | 4440000] . 5 550200 || Pine, pitch....... 8.700000] 2430000 
Gun-metal........ 2790000} 38844300 Be WIG. Fa cesete a 8970000 | 1 830000 
Hempen fibres....| 5000000 170 900 || Steel, cast ........ 8 530000 | 26 650000 
CCHS Sono taddnia 6000000 | 2370300 PR WIEC a etetefetets | 9 000 000 | 28 689 000 
Tron, cast.........'|'5 750000 | 17 968590 || Stone, Portland ...| 1672000 | 1718800 

‘© wrought..... 7.550000 | 25 820900 || Tin, Cast.......... 1053000] 3510000 
oe WE Okatoretteiciela 8 377 000 | 28230500 || Zine...........6.- 4 480 000 | 13 440000 

Weight a Material will bear per Sq. Inch, without 
Permanent Alteration of its Length. 

MATERIAL. { Lbs. | Marteria. | Lbs. MATERIAL. . Lbs. 

Metals. Stones, ete. | Woods. 
Brass.....4 Ye bepiae 6,700; }|| Marble ,.....,.. 4900, |) Beech,....... : 
Gun-metal...... 10000 || Limeston --| 2000 || lm. 
Tron, cast... 2.5 15000 || Portland........ 1500 || Fir, red 
1‘ cwnrought.../| 17 800 Larch 
Reddit seas ass 1500 Woods. Mahogany 
Steel ...35..6 SPH E E145 0007 a WAS aL canitins tome 3540. || Oak 

* Tensile strength 2800. 

Comparative Resilience of Woods. 

ASTI. So de rateicts I Chestnut...... ‘ TOBY CH y'2'¢.<.oyspo10 «84 | Spruce.....+.- 64 
E *e 763 | Teak. oe. ets. 59 

Pitch Pine..... .57 | Yellow Pine... .64 

MODULUS OF COHESION. 

To Compute Length ofa Prism ofa Material which would 
be Severed’ by its own Weight when Suspended. 

Ruiv.—Divide tensile resistance of material per sq. inch by weight of a 
foot of it in length, and quotient will give length in feet. 

ILLusTRATION.—Assume tensile resistance of a wrought-iron rod to be 60000 lbs. 
per sq. inch. Weight of x foot = 3.4 lbs, 

Then 60000 3.4 = 17 647.06 Jeet. 

Length in Feet required to Tear Asunder the following Substances: 

Rawhide...... 15 375 feet. | Hemp twine... 75 000 feet. | Catgut........ 25 000 feet. 

Elasticity of Ivory as compared with Glass is as .95 to 1. 

When Height is given. Rute.—Multiply weight of, 1 foot in length and 
r inch square of material by height of its modulus in feet, and product will 
give weight. 

To Compute Height of Modulus of Elasticity. 

Ru.e.—Divide weight of modulus of elasticity of material by weight of 
1 foot of it, and quotient, will give height in feet. 
ExampLr. —Take elements of preceding case (page 762), weight of x foot being 

3 Ibs.; what is height of its modulus of elasticity? 

15 006.000 + 3 = 5 000000 feel, 
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From ‘a séries of elaborate experiments by Mr. E. Hodgkinson, for the 
Railway Structure Commission of England, he deduced following formulas 
for extension and compression of Cast Jron: 

2 

Extension : 13 934040 + — 290743 200 3 ==. } 

— 

Compression : 12931 560 5 — 522979 200 S =W. eandc representing extension 

and compression, and 1 length in ins. 

ILLUSTRATION.—What weight will extend a bar of cast iron, 4 ins. square and ro 
feet in length, to extent of .2 inch? 

2 

= 23 223.4 —8076.2=15 147.2, Which X 4 ins. 
2 

2 

13 934.040 X —— — 290 743 200 
= 60 588.8 lbs. 

120 

CRUSHING STRENGTH. 

Crushing Strength of any body is in proportion to area of its section, 
and inversely as its height. 

In tapered columns, it is determined by the least diameter. 

When: height of a column is not 5. times its side or diameter, crushing 
strength is at its maximum. 

Cast Iron.—Experiments upon bars give a mean crushing strength of 
100 000 lbs. per sq. inch of section, and 5000 lbs. per sq. inch as just sufficient 
to overcome’elasticity of metal; and when height exceeds 3 times diameter, 
the iron yields by flexure. When it is ro times, it is reduced as 1 to 1.75; 
when it is 15 times, as 1 to 2; when it is 20 times, as 1 to 3; when it is 30 
times, as 1 to 4; and when it is qo times, as 1 to 6. 

Experiments of Mr. Hodgkinson have determined that an increase of 
strength of about one eighth of destructive weight is obtained by enlarging 
diameter of a column in its middle. 

In columns of same thickness, strength is inversely proportional to the 

1.63 power of length nearly, 

A hollow column, having a greater diameter at one end than the other, 
has not any additional strength over that of an uniform cylinder. 

Wrought Iron.—Experiments give a mean crushing stress of 47000 Ibs, 
per sq. inch, and it will yield to any extent with 27000 Ibs. per sq. inch, 
while cast iron will bear 80000 ibs. to produce same effect. 

Effects —A wrought bar will bear a compression of gj of its length, with- 
out its utility being destroyed. 

With cast iron, a pressure beyond 27000 lbs. per sq. inch is of little, if 
any, use in practice. 

Glass and hard Stones have a crushing strength from 7 to 9 times greater 
than tensile; hence an approximate value of their crushing strength may be 
obtained from their tensile, and contrariwise. 

Various experiments show that the capacity of stones, etc., to resist effects 
of freezing is a fair exponent of that to resist compression. 

Seasoning —Seasoned woods have nearly twice crushing strength of un- 
seasoned, 

Elastic ILimit compared to Crushing Resistance. 

Pann eee Commerce....... aie} e545 OPSE-BlCCle pa csja cess Fda G0 clo Sie bieidivis o'> 82 
essemer steel ........ Bos demesne nOLe +2. 

Cast steel, atic sen eer RO RRANGA Gripen 4) ee aad meta aa tas Le 
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Crushing Strength of various Materials, deduced from 
Experiments of Maj. Wade, Hodgkinson, Capt. Meigs, 
U.S.A., Stevens Institute, and by G. Nets Vose.. 

Reduced to a Uniform Measure of One Sq. Inch. 

Cast Iron. 

Figures anp MaTerraL Crushing Ficurrs anp M Crushing Bly Weight. ; S AND MATERIAL. Weight, 

J Lbs, + Lbs. 
Gun-metal, American......... 174 803 || Clyde, average, English.:...... 82 000 

Tae ss oe ede 85000 | ‘Stirling, mean of all, English...| 122395 
SH EGS 125 000 fe extreme, English.....| 134400 

cs Meanie? «| 00000 |} pL : 53 760 
ans Moor, No.1: English. Gane Extreme, English....., «in» ees 

No.. e FC 92 330 }| Average (Hodgkinson), English} 84240 
Clyde, No. 3 ee 106 039 |; Blaenavon No, 2...... +s de eieesl] OQ 700 

Wrovucut Iron. 

American, extreme..:....... { "Bakon Wt RUBHSU cocteer at caesar tars { 657200 
3 500 40.000 

ss Inean. ote... oi. 47 040 | St 1AVETALC sn ws ene sists |? 137850 

VArI0Uus METALS. ; 

Aluminium bronze, 95 cop..... 129 920 || Steel, BeSSOMeCI tutes. 5... tee 50.000 
WIOUDT ABS. =. eI, SUSI, 164 800 ve ‘ 5 66 200 
Cast copper. . +++] 117000 4. tempered 5.t dah 5 6.0: tiore 335 000 

105 000 So DIOMENS. «5. Heels 5 0 20 
Steel, cast...- 2+... +... . +2 { 250.009 |! Tin, Cast... .ciniil oie .letidic. yes ces 15 500 
WOE CH APOYVBLA.« cecicveay se eves E54 5OO MALCALs. a0 ariiola ale ofS « diel 012 +.» 7730 

Elastic Crushing Strengtb of Wrought Iron and Crucible Steel is equal to its ten. 
sile, of Bessemer Steel, 50 per cent. of its transverse strength. 

Woops. 

ASH.-S oa). Sot Stnecartishetmsey 6 663 { 8 100 
BS COCIe sriettarwetnae eo ainmetaes aid ¢ 6 963 Maple sncnsa cn ctardereanes U} 10000 
Birch 3 300 || Oak, American white..........]. 7500) 
OVER ES tp a hao 7.900 “~ Canadian white.,........ 5 982 

BOK 2!- Eainaa ee keds) 44 Fe osork'< aya <\ 10513 a &s HIV Oetiat ators ciel sle 6850 
MCUAY, VOC crcisre -fec1v eine se Saiciens ¢ 5968 oP 9 500 

1 Rie ras Gro Gee REL LISI iF 8 54/4 pig! p]ia">iele | 6 484 

Chestnut.... ae 5 350 Kb Dantate, RDEV Alois eletass o't stores 7700 
PAAR el efcicwirevsts = HAE one atcnede 6 831 || Pine, pitch, 8947 

‘* seasoned... 10 000 ‘¢’- white 5775 
‘“ English...-+«: 10.300 “yellow. 8 200 
Hickory, white.............+, 8925 ** Deal, Christiana ; 5 850 
Tach 3 200 || Spruce, white. 5.959 

piesa in siavelsi aia stloyaere ae % bod || Teak: oceceu.: ae 

LG Gus bis 5 S54 bold nehi79 ofp 010 ocho sFp 0 9113, || Walnut, oo osc ceeeee sep cere on 6645 
Mahogany, Spanish........... 8198 || Willow, seasoned 6 000 

Crosswise of Fibre. 
Oak........eeseeee 2300 -| Larch tic. oeeee 1300 | Pines...... sheeeae 550 

Increase in Strength of Cubes of Sandstone, per Sq. Inch (under Blocks 
of Wood), as Area of Surface is increased. (Gen'l Gillmore, U.S. A.) 

INCHES. 

Stone. 5 I 1.5 2 2:25) | 2675 3 4 

Lbs. Lbs, Lbs. Lbs. Lbs. | Lbs, Lbs. Lbs. 
Yellow Berea BBDAStOnS : 6080 | 6990 | 8226} 8955| 9130) 9838] 10125! rr Ey2° 
Blue ++| — | 9500 | 10730| 12000 12 500|13200| — 
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feleirs> Stones, Cements, ete. (Per Sq. Inch.) ” 

Fieures anv Materiat.- was Ficuzes snp Materian.— - Wore 

Lbs, Lbs. 
Basalt, SCORCH cream tete oe Apoaaes 8300. |) Granite, Patapsco, Md.......... 5340 

Widlsli cr. cronies eernare 16 2 “ Portland, Eng....... { E Es 

Beton, N. Y. S. Concreting Co { 1 400 “ Quincy, Mass.......... 15 000 
Brick, pressed........... a | 8 ae Cxpeastane; i Sas tall 

«Gloucester, Mass..-..... 14 216* Se a ee { 9g 000 
0° chard burnedi.o... gs 21, 3 630 es compact, Eng....... 7 800 

; i ss Magnesian, “) 2.2.2... 
OS COMMON. + 446s ee seas Fe “ Pr sts ge a re 

“«  yellow-faced burned,Eng.| 1440 we Irish i Anan 14000 
“Stourbridge fire-clay, 1650 - 8057 “Staffordshire blue, Lier ee Marble, Baltimore, Md....... 8068 

‘¢ stock, English.......... 2250 ‘c, East Chester, N. Y.+....| 13.917 
“Fareham, English.......| 5600 ss Hastings, N.Y... ..cccce 18 941 
(CSO TOESENSHSH soo ste oe aes he 808 Beet APIS 5%. ~ S50 0s actuate 17 440 
Sydney, N.S ---| (2228 Papen MOA ESS TS c's cc ore ee 12624 

Caenr France ss sesaeracdevaees 1543 §¢ k yi a white. .Giace.<. 9630 
é {| 17000 ae CC, MASS. ....... eens 22702 

Cement, Hydraulic, pure, Eng. epee ‘ Montgomery Co. Pa. 8950 

“Portland, sand x....... 1280 se Statuary ............6, 3 360 
a sand 3....... 600 «Stockbridge, Mass.¢....| 10382 
S$ S$. + 3)MOSHGS sees 3 800 «c . Symington, large ...... rr156 
es {{.  asand,3 most... 2464 $e ‘c fine crystal..aus 18 248 
st ff. . QMOSreeeeiihieu 5,980 st ‘« strata horizontal! ro 124 
“ ‘ vi 

“ + i a Sy canes ,*| 233° || Masonry, brick, common.,... Pees 
12 mos. 2650 e ‘« in cement..... 760 

I sand and gravel DIGITAL SOOGL.. co’ tosiriae ae sii 240. 
« x wt ».| 1800 a lime and sand......... 400 
Oe PROBRNAN arene ocsieetactysexcs 342 M Me beaten... 595 
st ay EVD) oa 750 Sry COMMON TC ceteris erie 120 
tS  RROSONTAIO: ties vase oe 3270, || Oolite, Portland................ 3 850 
“¢ Sheppey, Eng... ..2.. 1280 |/ Pottery-pipe, Chelsea.......... 12000 

; 460 Sandstone, Aquia Creek §....... 5 340 Concrete, lime-r, gravel 3.... 795 Arbroath, Eng.e.+... 7 B50) 

Freestone, Belleville, N. J...... 3522 se Connecticut......... 3110 
Mw Connecticut. .... sail p43: 30 i Craigleth, Eng......, 5 825, 
“ Dorchester, Mass 3,069 oY Derby grit OO oni 3136 
0 Little Falls, NUNS j2. 99x ss Holyh’d quartz, Eng.| 25 540. 

GIBSB. | CLOWNS, <leretslsiselei Seiaucis/-iakes 31 000 ec Heweca: |. aa wiles 
Gboies. Us eee es bank 19 600 a Yorkshire, Eng 
Granite, Aberdeen, Eng........ 10 760 a : 13 890 i Cornish, ” Stet Stay a 6330 Slate; Irish sscccsneeds deaees { 23 944 

ES Dublin, Sp thts Bos5o> || Terra Cotta... 6 wc cs steivelicis 5,000, 
ee Newry, DESI SS 12850: || Whinstone, Seotch...... 6.66. -«e| 8300 

* Tested, by author at Stevens” Institute, N.J. + Post-office, Wash. + City Hall, New York, 
§ Capitol, Treasury Department, and Patent Office; Washington, D.C... |. Smithsonian Institute. | 

Safe Load of Hollow, Cylindrical, and Solid ae 
Arches, Chords, etc., of Cast Iron. 

Hollow Columns. Per Sq. Inch. (F. W. Shields, M. I. C. E.) 

Length, |ThCK-| Toad, || Length. | TBI) Lona. || Length. Thick-| Toad, Length. eee Téa 

Inch. | Lbs, Inch. eae Inch, be Tnche Lbs. 
20 t0 24] .375 | 2800 ||20 to 24 | .625 | 3920 ||25 to 30] .375 | 2240 25 t0 30} .625 | 3360 
diam’s.| .5 3360 ||diam’s.| .75 | 4480 ||diam’s.| .5 2800 |} diam’s.|.75 | 3920 

Solid Columns, ete.—3360 lbs, per sq. inch. (Brunel.) 

Arches.—s600 Ibs. per sq. inch. : Ate 



STRENGTH OF 

Chords and Posts.—x inch 
length .2 of breaking weight of metal. 

-625 inch diameter and not more 
of metal, and when more than 25 

MATERIALS.—CRUSHING.. 

than 25 diameters in 
diameters in length from .x to .o25 

weight of metal, (Baltimore Bridge Co.) 

767 
diameter and not more than-zs ‘diameters in 

length .5 of breaking weight 
of breaking 

Wrought-iron Cylinders and Rectangular Tubes, 

irr External Int 1 : Crushing Weigh: 
Leneotn. Tilamcter, Distetor: Thickness, Area. ee Sa. ee 

CYLINDERS. Ins. Ins. Ins, Sq. Ins. Lbs. 

10 feet 1.495 1.292 <I +444 14 661 
10 2.49 2.275 -107 -804 29779 
romps 6.366 6.106 +13 2.547 35 886 

RECTANGULAR TUBMS. 

1o feet 4. Kear -03 ~504 10 980 
, ie y 4-1 Ko 4er +03 -504 II 514 

BO. of S 4.1 DC doh -06 1.02 19 261 
Op St” Ves 4.25 VIX 4ie5 +134 2-395 21585 
hy ll = 4259 xX v425 “134 2.395 23 202 

ons & 8.4 xX 425 ee 6.89 29 981 

OL SAVE HAE 8.x x! 98.r .06 2.07 13 276 
7.66 * 8.1 x Ss 06 2.07 13 300 

Od ta internal 8.1 x Sis -0637 3-551 19 732 
Braade diaphrag’s} 8.x xX Six -0637 3.552 23 208 

Strength per Sq. Inch of 2-Inch Cubes under Blocks 
of Wood. (Gen’l Gillmore, U.S. A.) 

Surfaces Worked to a Clear Bed. 

GRANITE. Lbs. | LIMESTONE. Lbs. 

Staten Island blue! ./........ 22250| Bardstown, Ky., dark......... 16 250 
IR GRVTLO A S.\7s'«, sroce iors vo ses elale wiekere 15000] Cooper Co., Mo., dark drab..... 6650 
VAI C YS ATIC hs ossle.ctvisield dee oy 17 750 Erie. Co., N. Ye, DUMCL fic. .ce 12250 

“ Nght? ASE 14750 Caen; Frances! ite .cnTeOik eee 3 650 

Westchester Co., N. Y.uw.scises 18250 | Warpin. 
Millstone Point, Conn.......... 16 187 
New London, Conn............ 12500] , East Chester, N. Yew sereeseees 

2 7 H Italian, CcommMOD........-.+4+- 
Richmond, Vani AAG OTe CLIOAtr 21.250 Morest, Vt 

¢ SOl, Vos cw nwsseevvces 

; EME Ajo, | Mill. Creek, Iil,, drab... 
Cape Ann, Mass...... Her ang { r9hee North Bay, Wis., drab 

Westerly, R.T., gray....50.4..% 14 937 | SANDSTONE, 
Fall River, Mass, gray........ 15937] Tittle Falls, N. Y., brown...... 9 850 

Garrisons, Hudson River, gray.. 13370] Belleville, N. J., gray..-+++-++. II 700 
Duluth, Minn., dark....-...... 17750 Middletown, Conn., brown..... 6 950 
Keene, N. H., bluish gray....., 12875 Haverstraw, N. Y., ved....+.+.. 4.350 
Used in Central Park, N. Y., red 17 500 Medina, N. Y., pink........... 17 725 
Jersey City, N. J., soap........ 20750 7 250 
Passaic Co,“  gray........ ddcjor WS Hores, O8drabi ... sc.) 7. { Ee 

; Vermillion, 0., drab........... 8850 
LIMESTONE. j Fond du Lac, Wis., purple..... 6 250 

Glen’s Falls, N. Yew svoe + see 11475 Marquette, Mich., bt 7.450 
Lake Champlain, N. Y......... 25000 | Seneca, O., red brown... ,. 9 687 
@anajoharie NY. Jel. 20700 Cleveland, O,, olive green...... 6 800 
Kangstomyie i860) 2G tk eek 13900] Albion, N. Y., brown..../..... 13 500 
Garrisons, A ee atstalatettiatfataaie 18 500 Kasota, Minn., pink.....+... +. 10700 
Marblehead, 0., white......... 12600], Fontenac, Minn., light buff,... 6.250 
Joliet, Ill, white. ........+..4- 16900} Craigleth, din piteee agi ager ne 12 000 

‘ F 18000] Dorchester, N. B., freestone.... 9150 
Lime Island, Mich. .drab.. ..- { 25.000 | Massillon, O., yellow drab...... 8750 
Sturgeon Bay, Wis., bluish drab 21500] Warrensburg, Mo., bluish drab. 5.000 
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To Compute Crushing Weight of Columns. Sa 

Deduced by Mr. L. D. B. Gordon from Results of Experiments of various Authors. — 

Cast Iron. (Hodgkinson.) 

Round Solid or Hollow. 36 “ z=W. For rectangular put soo. 

rE a 

Rectangular Solid or Hollow. aad =W. 'For L, T, U, etc., put ia 

500 goo 

Wrought Iron. (Stoney.) 

Round Solid. ee = We Rectangular Solid. aa =. 

Biase Ses 
Steel. (Baker.) 

Round Solid.—Strong steel, oa >=W; mild steel, re =i 

Se © ait 
Rectangular Solid.—Strong steel, a =W; mildsteel, a == Wi 

r+ =650 iat 2480 

a representing area of metal in sq. ins., r ratio of length to least external diameter 
or side, and W crushing weight in tons. 

ILLUSTRATION.—What is the crushing weight of a hollow cylindrical column of 
cast iron ro ins. in diameter, 24 feet in length, and x inch in thickness? 

Area of ro ins. = 78.54. Bare = 28.8, and 28.8?= 829.44. Area of ro ins = 
Io 

80640 X 28.28 2280 499.2 

mn? 829.44 1-+ 2.07 

400 

78.54 —area x X 2 ins. =50.26. Then, = 742 833.6 lbs. 

Weight borne with Safety by Solid Cast-iron Columns. 

In 1000 Lbs.—(New Jersey Steel and Tron Co.) 
: DIAMETER. ; 

Lengths 2 4 5 Oy | dae 8 9 Io Ir 12 13 14 15 
Feet. | Inis.'| Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins, | Ins. | Ins. | Ins. | Ins. | Ings 

5 | 12.4} 44 | 102 | 184 | 288°] 414 | 560 |. 728 | 916 | 1126 | 1354| — | — | — 
6 9-4| 36 | 88 | 164 | 264 | 386 | 532 | 698 | 884 | 1082 | 1320] 1570] — _ 
7 7-2} 30 | 76 | 146 | 242 | 360 | 502 | 660 | 850 | ros6 | 1282 | 1530| 1798 | 2086 
8 | — | 24 | 66 | 130 | 2x8 | 332 | 470 | 630| 812 | ror6 | 1240| 1486 | 1754 | 2040 
9 | — |} 20} 56] rrq] 198 | 306 | 440 | 596 | 774) 974] 1296 | 1440 | 1706 | 1992 

10 — | x8 | 48 | 102 | 180 | 282 | 410 | 560| 739] 932 | 1152 | 1392 | 1656 1949 
12 — | — | 38) 80 | 136 | 238°) 354 | 494] 658 | 846 | 1056 | 1292 | r550| 1828 
14 = | =| 28) 64 | 122 | 200°} 304 | 432|.586-| 774] 966 I1Q2| 1440) 1712 
16 —'| =] — | 52] 100 | ‘170 | 262 | 378) 520) 686) 878] 1094 | 1332| 1596 
18 — || — | 44) 84) 244 | 1226 | 332 | 462] 616} 796 | 1000} 7228 | 1482 
20 — |1—1|1—|— | 72,).124 |.196 |] 292] 410| 552] 720] 912] 11301 1372 

For Tubes or Hollow Columns, a 
Subtract weight that may be borne by a column, of diameter of internal 

diameter of tube from external diameter, and remainder will give weight 
that may be borne, Thickness of metal should not be less than one twelfth 
diameter of column. 

ae 
ILLusTRATION.—Required the safe load of a solid cast-iron column 6 ins. in diam. 

eter and 20 feet in length. ; 5 
Under 6 and in a line with 20 is 72, Which X 1000 = 72 000 Ibs. 

Notr.—This is about one sixth of destructive weight. 
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Safe Loads as determined by Preceding Formulas. 

Cast Iron, one fifth to one sixth. Wrought Iron, one fourth to one fifth. 
Woods, one seventh to one tenth. E : ‘ 

ita WOODS, 5 

To Compute Destructive Weight of Column. 
; d4 .6 4 

Cylinder. iz C= We Rectangle. o C=W. Short Columns, or less 

than 30 diameters in length, ————_—___—W. d representing diameter and's 
‘ W +.75 a8 / 

side in ins., a area of section in sq. ins., l length in feet, S crushing strength of ma- 
terial, C coefficient of material, and W’ destructive weight, as ascertained by compu- 
tation for a long column of like dimensions in lbs. ; 

Coefficients. 
JESSE OS AA eee a-< 22.000] Bltn rock.) 24... 26000 | Red Pine........ ++ 17.500 

** Canadian...... 17000 | Fir, Dantzic....... 22000 | Yellow pine...../. 12000 
MOGehr Ais ss iis8. 17 500 | Oak, white........ 20000] White ‘ .......) go0o 
WOGAY ereis sinisieicie stants DA OCG: | lay ge TIS alo: sisinisiain.e 23000 | Spruce...........- 14000 
BDL eteta, oraveiel ssciisiyieers 17 500 | Pitch Pine......... 2000 | Walnut,........006 12500 

ILLUSTRATION.—What is destructive weight of a column of yellow pine ro ins. 
square and 12 feet in length or height? 

age 2000 = ~~ X 000 = 8 lbs. aa FAs ARO FES B83 14 

For long square columns of the following: Hodgkinson put C = Dantzic oak, dry, 
24528; red deal, dry, 17 472; and French oak, dry, rs 456. 

To Compute Safe Weight in Tons.* . 

Rectangular Oak Columns. Secured at Both Ends, RuLe.—Diyide length 
of column by thickness or least dimension, multiply unit in column C, cor- 
responding to quotient of length of column, divided by this least dimension 
and by width of column, all dimensions in ins. 

i L r L é L 1, y | Pa ce el ate co Ce ae Cc T T T Cc T Cc 

I +43 7 +36 13 +26 19 -18 25 22, 3x | 4093 
2 +43 8 +35 14 +24 20 17 26 12 32 | .089 
3 “42 9 +33 15 +23 21 17 27 +11 33° | 084 
4 4 10 +31 16 +21 22 15 28 I 34 |.08 
5 -39 II +29 17 32 23 14 29 .098 || 35 | |.077 
6 +38 12 +27 18 +19 24 +13 30 -097 36 |.073 

- Iniustration.—Assume a white-oak column, secured at both ends, x2 by 8 ins., 
and 20 feet in length. 

20X%12+8=30. C for which=.097. Hence, 12 X 8 X .097 = 9.312 tons. 

For other woods take the values in following table. Thus, if an oak column, as 
above, will sustain 9.312 tons, the strength of one of yellow pine is thus obtained: 
AS 5.8: 9,312 223: 4.816 tons, 

Relative Value of various Woods, their Crushing 
Strength and Stiffness being Combined. 

Beaks . wifes os Po LOnw (FEM Ws rien ba «8 5 Mahogany..... 3.7 | Yellow pine... 3. 
English oak... 5.8} Beech,....... 4-4] Spruce... «+. 3.6 | Sycamore..... 2.6 
ASD... eeseeee 5-1 | Quebec oak.... 4.1 | Walnut....... 3.4, | Cedar..... AGGIE : 

Comparative Value of Long Solid Columns of various 
Materials. (Hodgicinson.) 

Cast Iron..... z000 | Cast Steel.... 2518 | Oak......... YOG,9 CPD One aij c ates + 78.5 

Hence, To compute destructive weight of an Oak or Pine column, take weight for 
one of Cast iron of like dimensions, and if for Oak divide by 9, and for Pine by 12.7. 

* All tons, except when otherwise designated, re 2240 Ibs. 

3 T 
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DEFLECTION, 

Deflection of Bars, Beams, Girders, ete. 

Experiments of Barlow upon deflection of wood battens determined, 
that deflection of a beam from a transverse strain varied directly as 
breadth, and as cubes of both depth and length, and that with like beams 
and within limits of elasticity it was directly as the weight. 

In bars, beams, etc., of an elastic material, and having great length com- 
pared to their depth, deductions of Barlow will apply with sufficient accu- 
racy for all practical purposes ; but in consequence of varied proportions of 
depth to length, of varied character of materials, of irregular resistance of 
beams constructed with scarphs, trusses, or riveted plates, and of unequal 
deflection at initial and ultimate strains, it is impracticable to deduce any 
exact laws regarding degrees of deflection of different and dissimilar figures 
and proportions. 

From an experiment of Mr. Tredgeld it was shown that deflection of cast 
iron is exactly proportionate to load until stress reaches a certain magnitude, 
when it becomes irregular. : 

In experiments. of Hodgkinson, it was further shown that sets from de- 
flections were very nearly as squares of deflections. 

In a rectangular bar, beam, etc., position of neutral axis is in its centre, 
and it is not sensibly altered by variations in amount of strain applied. In 
bars, beams, etc., of cast and wrought iron, position of neutral axis varies in 
same beam, and is only fixed while elasticity of beam is perfect. When a 
bar, beam, ete., is bent so as to injure its elasticity, neutral line changes, and 
continues to change during loading of beam, until its elasticity is destroyed, 

When bars, beams, etc., are of same length, deflection of one, weight being 
suspended from one end, compared with that of a beam Uniformly Loaded, 
is as 8 to 3; and when bars, etc., are supported at both ends, deflection in like 
case is as 5 to 8. Whence, if a bar, etc., is in first case supported in middle, 
and ends permitted to deflect, and in second, ends supported, and middle 
permitted to descend, deflection in the two cases is as 3 to 5. 

Of three equal and similar bars or beams, one inclined upward, one down- 
ward, at same angle, and the other horizontal, that which has its angle up- 
ward is weakest, the one which declines is strongest, and the one horizontal 
is a mean between the two. 

When a bar, beam, ete., is Uniformly Loaded, deflection is as weight, and 
approximately as cube of length or as square of length; and element of de- 
flection and strain upon beam, weight being the same, will be but half of that 
when weight is suspended from one end. 

Deflection of a bar, beam, ete., Fixed at one End, and Loaded at other, 
compared to that of a beam of twice length, Supported at both Ends, and 
Loaded in Middle, strain being same, is as 2 to 1; and when length and 
loads are same, deflection will be as 16 to x, for strain will be four times 
greater on beam fixed at one end than on one supported at both ends; there- 
fore, all other things being same, element of. deflection will be four times 
greater; also, as deflection is as element of deflection into square of length, 
then, as lengths at which weights are borne in their cases are as x to 2, de- 
flection is as 1:2? x 4=1 to 16, 

Deflection of a bar, beam, ete., having section of a triangle, and supported 
at its ends, is .33 greater when edge of angle is up than when it is down, _ 

In order to counteract deflection of a beam, etc., under stress of its load, 
where a horizontal surface is required, it should be cambered on its upper 
surface, equal to computed deflection. 
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Safe Deflection.—One fortieth of an. inch for each foot of span, with a 
factor of safety for load of .33 of destructive weight = z7'¢q, but for ordinary 
loads and purposes, 

Cast Iron, z¥q9y tO zog05 and Wrought Iron, zéyy to gety or zesp, 
after beam, etc., has become set. 

When Length is uniform, with same weight, deflection is inversely as 
breadth and square of depth into element of deflection, which is inversely as 
depth. Hence, other things being equal, deflection will vary inversely as 
breadth and cube of depth. } 

ILLustRaTIoN.—Deflections of two pine battens, of uniform breadth and depth, and 
equally loaded, but of lengths of 3 and 6 feet, were as x to 7.8. 

Deflection of different bars, beams, ete., arising from their own weight, 
having their several dimensions proportional, will be as square of either of 
their like dimensions. 

Norre.—In construction of models on a scale intended to be executed in full di- 
mensions, this result should be kept in view. 

When a continuous girder, uniformly loaded, is supported at three points 
by two equal spans, middle portion is deflected downwards over middle bear- 
ing, and_it sustains by suspension the extreme portions, which also have a 
bearing. on outer bearings. Middle portion is, by deflection, convex up- 
wards, and outer portions are concave upwards; and there is a point of) 
“contrary flexure,” where curvature is reversed, being at junction of con- 
vex and concave curves, at each side of middle bearing. This point is dis- 
tant from middle bearing, on each side, one fourth of span. Of remaining 
three fourths of each span, a half is borne by suspension by middle portion, 
and a half is supported by abutment. Hence, distribution of load on bear- 
ings is easily computed, as given above. Deflection of each span is to that 
of an independent beam of same length of span as 2 to 5, 

In a beam of three equal spans, deflection at middle of either of side spans 
is to that of an independent beam as 13 to 25. 

In a long continuous beam, supported at regular intervals, deflection of 
each span is to that of an independent beam of one span as 1 to 5, 

Cylinder.—If a bar or beam is. cylindrical, deflection is 1.7 times that of a 
square beam, other things being equal. 

HWormulas for Deflection of Beams of Rectangular Sec- 
tion, etc. 

13 W b6da3CD 
Fixed Loaded at One End. baa D; and a= W. 

at IW 8bd3CD ine ep iecngy wags 0 97.0 D One End. : Uniformly. 8ba3C fan D; and 3 13 =W. 

13 W bda3CD 
Fived © ( Loaded in Middle. > 7yq=5 and te =W. 

at 13 W 8X 240 d30D 
Both Ends. “Uniformly. ro Gate = ee 5 13 et 

13-W 6bda3CD ( Loaded in Middle, eq =D; and 7 —— = W. 
Supported 3W 8% 16b d3 OD 
a “Uniformly. aes =D; and ze = W, 

8x 16bd3C 5 U8 
Both Ends. 2n2W 1ba3CD a 

cc a Pe a 1 meee L at any one Point. 1basG and I 

Supported in Middle. 
woul 313 W 5X 160a3C 

, ; and =W. Ends Uniformly loaded. oe base D; an 318 

Lrepresenting length, b breadth, and d depth, all in ins., W weight or stress in Ibs, or 
tons, m n distances of weight from supports, C a constant, and D deflection, in ins, 
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Deflection of Beams of Rectangular Section. 

Fixed at is W Pay 313 W 
a indeed 5) J ly, >. = D. Dne Bad. Loaded at One End. bate D; Uniformly, FoaeG D. 

Fixed at rarer, 1I3W 513W wy 
Bath Ends. Loaded in Middle. 4b asc 4 Vatformly, txa base = Da, 

Linded Be Mpddig soca DacU eral, wae ee = Ni Supported \ Loaded in BparEm Di Uniformly, SEF aTO= 
at m? n? W 7 

Both Ends. “at any one Point. tiaie D. W weight in tons. 

C a Constant as follows. 

Cast Iron. Rectangular Bars.—Loaded at One End...... 875. 
‘© at the Middle. .,. 28 coo. 

Round Bars.—Loaded at One End........... 594. 
“ at the Middle,........ 19 000. 

Wrought Iron. Cast Iron. 

Rectangular. —For tons and J in ins. put C = 47 000. 28 o00, 
oi can eete ie 27. 16. 

Round. ty cei Can Wis. 1G =—8a2 OOO. IQ 000. 
tuoTein feet “ere 18. 10.7. 

Hence, in order to preserve same stiffness in bars, beams, etc., depth must_ 
be increased in same proportion as length, breadth remaining constant, 

Woods. 

Mean of Laslett’s, Barlow, etc. (D. K. Clark.) 
i 13° W 

Supported at Both Ends. Loaded in Middle. ba207 

Cc Cc 
Tron-wood.......... 4228 | Oak, French........ 2656 
ARCH sii Jaleo use ete 2xoo |, ))$, savhitess Sosc2t 2114 
Mahogany, Honduras 2118 | Pitch pine wpieh Ssie +++ 2968 

Mexican. 3608 | REQ. i obs wsicnisiepisiers 2434 
Rt Spanish. . 3360 Rock-elm....... «904 23kQ) 

Norway spar........ ; 
Oak, Baltimore..... 

“«” Canadian:..... 
‘  Dantzic....... 
$5 esi hivithde J 

Application of Table: To Compute Deflection of a Rectangular Beam of Wood. 

ILLUSTRATION. —What is the deflection of a floor beam of yellow pine, 3 by x2 ins., 
x2 feet between its supports, under a uniformly distributed load of 3000 Ibs. ? 

5 X 128 X 3000 __—«r5. 000 A 

8X 3X 123 X 2084 50016 1200 nee 

Hence, To compute weight that may be borne by a given deflection of such a beam, 

8 X3.X 123 X 2084 X +2909 __ 14.955 
5X 128 a 

Deflection of Continuous Girders or Beams. 

Beams of Uniform Dimensions, Supported at Three or More Bearings, 

C= 2084. 

= 2991 lbs. 

(D. EK. Clark.) 

1. Two Equal Spans or 3 Bearings. 2. Three Equal Spans or 4 Bearings. 
Weight on rst and 3d beprineie = .375 Wl} Weight on rst and 4th bearing = .4 WU 

tr -‘tsod bearing. . ee NN el lst bo ey “wy yr Wl 

3. Four Equal Spans or 5 Bearings. 

Weight on ist and sth bearing =.39 WZ | Weight on 2d and 4th bearing = 1.14 WU 
Weight on 3d bearing =.93 W Ul. 

ae 13 d4*CcD. 
Cylindrical Beam. EN =p; and > == W. ry 
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To Compute Maximum Ioad that may be borne by a 
Rectangular Beam. 

Deflection not to exceed Assigned Limit of one hundred and twentieth of an 
Inch for each Foot of Span. 

Supported at Both Ends, Loaded in Middle. 
b ds 
PG =W. 6 and d representing breadth and depth in ins., 1 length in feet, C con- 

stant, and W weight or load in Ibs. 

Constants. 

Cast: Irons... «isin -0003 | Oak, white.......... 027 | Oak, reds... 4)... Ehse'si 3 080) 
Wrought Iron...... -oo21 | Ash, white...... sieve: (603 » |) FLEMNIOCK stcra1ajain Meteo « +039 
Hiekory ¢)....-0.-....018/ | Pine) :pitch........... +033 | Pine; WHIP... 2%... -039 
Teak, ....: Ores 06 024 SS GxVClOW4. 51. stace% -036 | Chestnut, horse..... :O51 

ILLUSTRATION.—What is maximum load that may be borne by a beam of white 
pine, 3 by x2 ins., 20 feet between its supports, and loaded in its middle? 

3% 123 5184 
———— == 3 lbs. 
207) 89 2 15.0 FEES 

C=.039. Then 

WROUGHT IRON. 

Deflection of Wrought-iron Bars. 

Supported at Both Ends, Weight applied in Middle. 

4 a3 is} 
2 Weight and Deflection 2S ll 
a ne 2E S {A 

No. Form.| @%| 2 | Z 1 Seal 
a8 2 ‘e at one sixth | ® path of a3yae a a a by Actual of Destrue- | an Inch for | 62 2 
8 Observation, | tive Weight, | each Foot of | OZ % 8 
re Span. a? 13 

Feet. | Ins. | Ins. | Lbs. | Ins. | Lbs, | Ins, | Lbs. | Ins. Cc 

x. American. Xr OSA] eee 600 | .06 266 | .027| 148 | .o15 

2, English... ‘ |2.75|2 |2 | 4480] .08 | 1310 | .022 | 1310 | .o22 1.29 
4 

8: ee l 2.75 | 1-5 | 2.5 | 8960 | .r04 | 2128 | .o25 | 1873 | .o22 1.25 

4: i seee “ | 2,75 12-5] 3 | 8960 | .088 | 3800 | .037 | 2259 | .022 88 

To Compute Deflection of,and Weight that may be borne 
by, a Rectangular Bar or Beam of Wrought Iron. 

W 13 oy Ww ii3 t 60000 bd? CD _ yn 

60000 6. d3' Di. 1" 60000b d3 C7 presi 

IntustrRation.—What weight will a beam 2 ins. in breadth, 5 ins. in depth, and 
15 feet between its supports, bear with safe deflection of ahs of an inch for each 
foot of space, or +sy of its length? 

C from table=.88. D=z}_ of15 =.12 inch. 

60000 X 2X 53 X .88 X +12 _ 1 800000 

a8 1.3875 
D, K. Clark gives for Elastic deflection, 47 000 for Rectangular bars, and 32 000 for 

Cylindrical. 

Norx.—Deflection of ;4, to z4, of the length may be allowed under special cir- 
cumstances; but under ordinary loads the deflection should not exceed one fourth 
of these, as +255 tO azo: 

Practice in U.S. is to allow woo after girder has taken its permanent set. 

In small bridges there is a slight increase in deflection from high speeds, about 
166 or .144 of the normal deflection, with the same load moving at slow speed. 

In large girders there is no perceptible difference between the deflection at high 
and low speeds. 

Le 

= 533-33 lbs. 
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Deflection of Wrought-iron Rolled Beams. 

Supported at Both Ends. Weight applied in Middle. 
i : 

pimieteel ey 2. =C at Reduced Weight and Deflection. 
70000 d? (4 a@+1.155 4’) D 

Flanges. Weiglit and Deflection 
= 4 

No. Form. > ca at Le Web. | Depth-| gy 4 tal | amone agi Cc 
y Ese Observation. Weight. 

Feet. | Ins. Inch. | Inch. |° ‘Ins. Lbs. Ins. | Lbs. | Inch. 

id Be 10 3 +485 5 7 I2000 “4 | 3800 .| .127 | 1-05! 

2: es 20 4.6 8 oi 9-85 | 16.000 | 1-15 6300 |.453,} -921 
3: ss 20 HF +643 -6 | 11.75 | 20000 | ~.85 |. 8000 | -34 -98 

To Compute Deflection of,and Weight that may be borne 
by,a Wrought-iron Rolled Beam of Uniform and Sym- 
metrical Section. 

Supported at Both Ends. Weight applied in Middle. (D. K. Clark.) 

wis D qoooo d? (4a+1.155 a’) D 

qoooo d? (4 a+ 1.155 a’) 2 
1 representing span in feet, d reputed depth, or depth less thickness of lower flange 

in ins., a area of section of lower flange, a’ area of section of web for repyted depth 
of beam, both in sq. ins., and W weight or stress in Lbs. 

W. 

ILLUSTRATION. —What is deflection of a wrought-iron rolled beam of New Jersey 
Steel and Iron Co., ro.5 ins. in depth, flanges 5 by .5 ins., and width of web -47 
inch, when loaded in its middle with Sooo Ibs., and supported over a span of 20 feet? 

d@=10.5—.5==10is., @=5X.5=—2.5 sg. ins.,and a’ =10X.47 = 4.7 8g. ins. 

3 6 Then 8000 X 20 _ 54,000.000 

70000 X 10? X (4 X 2.5 + 1-155 X 4-7) 107 899 500 

If weight is uniformly distributed, divide by rr2 500 instead of 70000. 

A like beam 6 ins. in depth, loaded with 2608 Ibs., and supported over a span of 
12 feet, gave by actual test a deflection of .3 inch, and by above formula it is also 
-3 inch, , 

Norr.—-Deflection for such a beam, for a statical weight or stress of 17 100 Ibs., 
uniformly distributed, by rules of N. J, Steel and Iron Co., would be .54 inch, which, 
with difference in weights, will make deflections alike. 

= .59 inch. 

Deflection of Wrought-iron Riveted Beams. 
Supported at Both Ends. Weight applied in Middle. 

Wis 

ata’ a 
168 000 (: +) d?D 

C at Reduced Weight and Deflection. 

2 

“ Weight and Deflection 

No. Form.| Length. |Flanges.| Angles. Web. | by Actual at one sixth paper fae RE “ & | Observation, of Destructive 

Feet. Ins. Ins. Inch. | Ins. Lbs. Inch, | Lbs, | Inch. 
2.125X2 : 

X.28 2 
Tre f 7 omy ttlignioe sed 25,4 7 4216] .1 4062|.096| .63 

x29 |] . 
45X|2 X 2 ol Gee 
fF X.312 : 

2. I 11.66 ene by Gitar +25. |12.5| 77280) .46 | 12880)|.075] 1.96 

+375, X-3125 ‘ 

AS Seok ' F : 
Bist! 22.5 fs 3 ge +375 | 16.5) 115584] .875| 19265 |.148| 3.86 

{ 5 X.4375 | J en 
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To Compute Deflection of,and Weight that may be borne 
by,a Riveted Beam of Wrought Iron. 

Wis - " \ ’ tl 

ae =D. 168 00 (2+ 4 7) d20D 
see 2 . > 168.000 ( 5 + --) a Cc Ta W. 

a, a’, and a” representing areas of upper and lower flanges with their angle pieces, 
and of web for its entire depth, all in sq. ins. 

-Nore.—If there are not any flanges, as in No. 1, angle piéces alone are to be computed for flange 
aréa. . 

ILLUSTRATION. —What weight will a riveted and flanged beam of following dimen- 
sions sustain, at a distance between its supports of 25 feet, and at a safe deflection 
of.2 inch or reat of its length? ; 

Top ange ...-. gens.» Bets Teel SI WGD rests. «gees nace ele nee eun a ates: 
Bottom flange......... OE 5 fi DODUN ego <criacrcentatere Rj 

ANSCS a ihe6 date ox 2.25 X 2.25 X.5 ins. 

aand a’ each=6 X .5=3+2.25+2.25—.5X.5 X2=7 Sq. ms. 
a” =.5 X17 = 8.5 sg.ins. C,as per No. 2,=.43, but inasmuch as flanges in this 

case are much heavier, assume .5. 

Tate yd: 5) 168 000 (2 —)177X.2X.5 
i Fy Nig __ 44 303 720 

253 +15 625 

Strength of a Riveted beam compared to a Solid beam is as x to 1.5, while for 
equal weights its deflection is 1.5 to 1. 

Then = 2835.4 lbs. 

Tubular Girders. Wrought Iron. 

Supported at Both Ends. Weight applied in Middle. 

Jase 
: Depth. 2 5 548 A 

No. SEcTION. =. 2 = a g Sie, Bie 
BOG Ff Inter- | Ex- iC BS |Sege.mie 
eo a ue bt 2 o 

HA Fea] nal. | ternal. = A laos 2 

“Feet. Ins. Ins. Ins, Lbs. Ins. | Inch. Cc 

¥ Thickness .o3 inch | 3.75} 1.9. | 2-94 | 3 448) «1 03 «| 288 

eel ae +525 Sf 1 30) | 5.5 22.95 | 24 33.685) .56 | -24 | 473 
top ig72 St ) 

ess bottom .244 ‘* 30 16 23.28 | 24 32 538) x.1x 24 | 224 
sides ere5i eS § 

4 ‘* Thickness 75 ‘* | 45 24 134-25 | 35-75 |128 850) 1.85 -36 «| 362 

sO) Thickness .0375* | 17 12 1I.925| 12 2.755| -65- |. .»136 | 62.8 

6. Gs .0416* |} 97 9-25 }13-535| 13.62 |" 2262] 62) 136 | 47.9 
We ce mages 17 9-25 |14-714] 15 16 800] 1.39* | .136 | 119 

* Destructive weight. 

To Compute Deflection of, and Weight that may be 
borne by, a Wrought-iron Tubular Girder. 

16bd3CD W 13 
= St Dp; 

13 dhe 16bd3C 

ILLUSPRATION.—What weight may be safely borne by a wrought-iron tube, alike 
‘to No. 3 in preceding table, for a length of 4o feet, and a deflection of .32 inch? 

16 X 16 X 243 X 224 X .24 _ 190253 629 

yan ST ET Ke) 

Flanged Rivets. 
‘Deflection ‘of fron and Steel Flanged Rails within their elastic limit, compared 

with their transverse strength, is as 17 to 20, and with double-headed it is as 11 to 23, 

= 7046 lbs...) 
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RAILS. | er het 
Supported at Both Ends. Weight applied in Middle. 

Iron. 

N, Sue eee aoe | Weight 4 hess ere. - gate 

1B ag ay g "ae werkt z | SP lh. Deflection; “| ek ee 

Feet. Ins. Ins. Lbs. | ins. (Squina| “Lbs | Ine | Lbs | Sal 

2.75 |2-25X1 |2.25Xx 60 5 | 6.166.) 13.440 | .034 | 26 680] .065 

AS [23m 23 65 |6.68 | 1r200].1r | 24640] .204 

5 2.3 Xr 2.3 Xr 82 
5 
418.25 |25760].2 |51520).378 

a“ 

“ 

4: 2.75 |3-5 X .8|2.25Xr 60 |4 |6.7 | 11200] .035 | 26 680 | .065 

ey 2.58 |2.23X1 |3.5 X -6| 57 | 3-5} 5-85 |11200].097 | 20160 -128 

Steel. 

‘ 2 Depth. Destructive a wl os _ Observed . 

No. Form. Best 3 | Bottom. Sst Web. Contes @ |Area.| Weight and Weigitt 

Spee = et Henas. & | Deflection, |/ Detection. 

Feet. | Ins. Ins, Lbs. |Inéh.| Ins. ‘| Ins, |S.Ius.} Lbs. | In. | Lbs. | Inch. 

6. 4 5 — _— 78 |.75| 4-2 | 5-4 | 7-67 | 36.086 |.25 | 80192] .55 

ue = = —} = 4 i 2 : Bosstnak 3-62 86 5.5 | 8.43 | 22 400 | .14 | 26 680] .165 

8. ! 5 ae 6.378X 84 | .65 | 3.37 | 4-5 | 8.24 | 27 290 | .24 | 27 290] .24 

To Compute Deflection of Douwble-headed Rails within 
Elastic Tuimit. (D. K. Clark.) 

Supported at Both Ends. Weight applied at Middle. 

IRON. 

wis 

57000 (4 ad’? +- 1.155 ¢d3) 
taining to web, d whole depth of rail, d’ vertical distance between centres of heads, 
t thickness of web, all in ins., l length in fect, and W weight in lbs. 

=D. arepresenting area of one head, less portion per- 

STEEL, 

For 57 000 put 67 400. 

InLusTRATION, —Take case No. 3 (Iron), in preceding table, with a weight of 26 coo 
Ibs. ; what will be its deflection between bearings 5 feet apart? 

Ofex9rt- Wi = 4.2, Pea5.4. b= .82. : 
3 

Then S$ er ees pa yl cc Ss) =.2 inch. 
57.000 (4 X 1.911 X 14.2? + 1-155 X 82 X 5.48) 97 000 X 284 

To Compute Deflection of Iron and Steel Rails of Un- 
symmetrical Section within Hlastic Limits. 

Elastic Deflection of Steel Flanged Rails of Metropolitan Railway of London, as 
determined by Mr. Kirkaldy, ‘at a span of 5 feet, and loaded in a iadiey Was .02 inch 
perton. (See Manual of D, K. Clark, pp. 667-670.) q 
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' CAST IRON. 
Deflection of Rectangular Bars and Beams of various 

Sections, etc., by U. S. Ordnance Corps, Barlow, 
Hodgkinson; and Cubitt. 

Supported at Both Ends. Weight applied in Middle. 

4 ‘ 3 Seo 
2 : Weight and Deflection. 3s 1) 

N F ¢ = a : 1 233 a : js te = 2 
eg AL $ ey a Atul At one sixth aN Pe pot $332 ne 

eS |e} a mt SE rng of Breaking | aninch for |& Hats 
a Observation. Weight. each foot of [G3 & 
Re span, 22 ho 

Feet.{Ins.| Ins. | Lbs. | Ins. | Lbs. | Ins. | Lbs. | Ins. Cc 
5 Y 

x. American.... Y 1.66} 2 | 2 |5000] ,036)1666| .o12]1805] .o13| 3.81 

2. English;....< A h4 I I 212| .32 80] .12 22| .033|- 4.12 
Ce Pep Geant S| ean it 4 | 1008! .4 |5333| 2-11 | 3370| 1.33 3.89 

1 a cs fi 4.5 | 3 |~ (3G) Tr120)4. 42004 '2F5 | «27 30] -037| 2.37 

gen, OO ee 45 | 1 bee S237 SY Ml uAs2 |, ok 156)| .637 1. 2183 

To Compute Deflection of, and Weight that may be 
borne by, a Rectangular Bar or Beam of Cast Iron. 

Wi/8 ma Ww i3 104006d3 CD _ 

ro4goobd3? DD” ~ 10400.6.d3 C7" 13 ra 

ILLustTRATION.— What weight will a beam 2 ins. in breadth, 5 ins. in depth, and 
16 feet between its supports, bear with safe deflection of xk0 of an inch for each 

foot of span, or =7;5 of its length? 

W. 

C from table=3.89. D= ats of 16 = 1.33 ins. 

10 400 X 2 X 5% X 3.89 X 1.33 13.451 620 

163 ~ 4096 
Clark gives C uniform for Rectangular bars of 2.69, and 1.85 for Cylindrical. 

= 3284 lbs. 

FLANGED BEAMS. Cast Iron. 

Supported at Both Ends. - Weight applied in Middle. 

To Compute Deflection of, and Weight that may be 
borne by, a Wlanged Beam of Cast Iron of Uniform 
and Symmetrical Section. 

wis —p 27 000 dl? (4 a+ 1.155 4)D _ 

27000 d?(4a+1.155a’2) 13 ’ 

Intustration.—What is deflection of a cast-iron beam (Hodgkinson’s) 7.15 ins., 
flanges 2.6 X .86 ins. and 5 x 1.6 ins., and width of web x inch, when loaded in its 
middle with 11 200 Ibs., oyer a span of 15 feet? 

d€=7.15—1.6=5.55 ims, a=5 % 1,6=8 ins., and a’ =7.15 —1.6=5.55 ins. 
3 

Then JEAN 15 ig BY Sogo? 1.48 ins. 
27 000 5.557 (4 X 8-+ 1.155 X 5.557) ~ 27.000 30.8 (32 + 35-57) 

Nortr r.—The observed deflection of this beam was 1.28 ins., at one sixth of its de- 
structive weight it was .3, and at thy of an inch for each foot of span it was 
+125 inch. 

2.—The mean ratio of elastic to destructive stress is 73 per cent. 

Formulas for value of deflection signify that deflection varies directly as weight, 
and as cube of length; and inversely as breadth, cube of depth, and coefficient of 
elasticity. j ; ; 
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Elastic Strength of Beams of Unsymmetrical Section.—Flastic strength is 
approximately deducible from ultimate strength, according to ordinary ratio 
of oné to the other, ascertained experimentally. Elastic strength and de- 
flection of a homogeneous beam of any section is same, whether in its nor- 
mal position or turned upside down. 

Comparative Strength and Deflection of Cast-iron 
Flanged Beams. 

Description of Beam. strench. Description of Beam. seen 

Beam of equal flanges......... +58 Beam with flanges as x to 4.5 -78 
‘¢° with only bottom flange.| .72 sai ae S 1t0 5.5 .82 
$e ‘flanges asx to2....] .63 is % 1to6 I 
et ne gs 1 10.4.35 shir 673 Be Se 1 to 6.73 -92 

SHAFTS. 

To Compute Deflection and Distributed Weight for 
Limit of Deflection. } 

Wrought Iron. 

Deflection. Weight. 

Supported at Ends. Fixed at Ends. Supported at Ends. Fixed at Ends. 

Wi/3 wis 664 d# 1330 d4 
oo —>——; = D. and = = 

tong ‘66 400 d4 and 133 000 a4 2 3 Me 
Wis wis 975 s# 1950 s* 

' —— ————_ =f); and —=—_ = Square. Pr and as a 12 12 W. 

Cast Iron. 

wis wis 304 d4# 790 d4 
Round. Howe and je ae Ts Dz. [aT and ais 

W138 Wis 580 st 1160 s# 
. mo and ——— —), = W. 

Us 58 000 s* 116.000 s# 12 Hing 42 

Steel. 

wis Wis 88 d4 1576 d4 = and See fiat ne 57 ee 
eur 78 800 d# 158.000 d4 D, 2 an ¢2) Ji 

a Wis Wis 1160 bt 2320 bt Square. Sea and parents: Tag and a= W. 

d representing diameter and s side of shaft, in tins., Llength between centres of bear- 
ings, in feet, and W weight tn lbs. 

Deflection of a Cylindrical Shaft from its Weight alone, 
when Supported at Both Ends. 

1 , 007 318 aon D.. U representing length in feet, d diameter in ins., and © con- 

stant, ranging from 475 to 550. 

The greatest admissible deflection for any diameter is .oor 67 i= D. 

Admissible Distances between Bearings. 9128 d C= he 
Distance. | Distance. Dee Diam. eae Diam. i Distance. 

of Shaft. | WrOUsh! | Steet, |] of Shaft. | Wrowght | iy H opgnaiy, Wrought | seat 
Ins. Feet. Feet. Ths. Feet, Feet, Ins. | Feet. Feet. I 12.27,,..| » 12.6% 5. 20.99 21.57 9: | 25.53. 26.24 2 15-46 15.84 6 22,3 22.92 Io, | 26.44 27,18 3 17-7 18.19 7 23.48 24.13 II 27.3 28.05 4 19.48 20.02 8 24.55 25.23 12 28.1 28.88 

When Ends of Shaft are rigidly connected at Ends. 
Barlow gives D = .66 of results obtained by above formula; but: a i of attached length is considerable, Navier gives D — 125 of above. sete inch 
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Deflection of Mill and Factory Shafts. 

13 W i j ( f ’ 
@bued =D. Lrepresenting length between supports in ins., W weight at middle 
us . , ie 

in lbs., d diameter of shaft in-ins., and C as follows : 

Bessemer steel.......... 3800000 | Wrought iron... 0.2.0... + 3500000 

To Compute Defiection of a Cylindrical, Shaft. 

- Ruie.—Divide square of three times length in feet by product of follow- 
ing Constants and square of diameter in ins., and quotient will give deflection. 

Cast iron, cylindrical -1500 | Wrought iron, cylindrical......4. 1980 
or git hsquaneyss hs bio sidtideiTbles » 2560 $s “ SQUATCL 2 sigienidviters hie 3360 

Exampre.—Length of a cast-iron cylindrical shaft is 30 feet, and its diameter in 
centre 15 ins. ; what is its deflection? 

2 

30X3 __, 8100 

1500 X 157 — 337500 
= .024 ins. 

SPRINGS. 

Flexure of a spring is proportional to its load and to cube of its length. 

Deflection of a Carriage Spring. 

A railway-carriage spring, consisting of 10 plates .3125 inch thick, and 2 
of .375 inch, length 2 feet 8 ins., width 3 ins., and camber or spring 6 i ins., 
deflected as follows, without any permanent set : 
BP ALOD  aiaretsvareleia ep ACI aa ch CONS: erate cteinie aty 1.5 ins. | 3 tons soenexooconnd 3 ins, 

I < 2 Bae atin ere teratota a Be ee PRL Ne oie) sie Wloinisielateie es 

Compression of an India-rubber Buffer of 3 Ins. Stroke. 

2 LONG. eer base ins, | 5 LOMB 0 pees ee 2.75 ins. Bh, BOD veseyere x vip oe I.3, ins, 
Bek Relea 6 sit 23751 ho 

General Deductions, 

Deflection depends essentially upon form of Girder, Beam, ete. 

A continuous weight, equal to that a beam, ete., is suited to sustain, will 
not cause deflection of it. to. increase. unless. it is subjected to considerable 
changes of temperature, 

Heaviest load on a railway girder should not exceed .16 of that of de- 
structive weight of girder when laid on at rest. 

Semi-girders or Beams.—Deflection of a beam, ete., fixed at one end and 
loaded at other, is 32 times that of same beam supported at both ends and 
loaded in middle. 

Deflection consequent upon Velocity of Load.—Deflection is very much in- 
creased by instantaneous loading; by some authorities it is estimated to be 
doubled. 

Momentum of a railway train in deflecting girders, etc., is greater than 
effect from dead weight of it, and deflection increases with velocity. 

When motion is given to load on a beam, etc., point of greatest deflection 
does not remain in centre of beam, etc., as beams broken by a travelling load 
are always fractured at points beyond their centres, and often into several 
pieces. 

Heaviest running weight that a bridge is subjected to is that of a lodo- 
motive and tender, which is equal to 2 tons per lineal foot. 

Girders should not, under any acta trace, be deflected to exceed: .oz5 
- inch to a foot in length. 
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A carriage was moyed ata velocity of to miles per hour ; deflection was 
.8 inch, and when at a velocity of go miles deflection was 1.5 ins. 

In this case, 4150 Ibs. would have been destructive weight of bars if ap- 
plied in their middle, but 1778 Ibs. would have broken them if passed over 
them with a velocity of 30 miles per hour. 

Relative Elasticity of various Materials. (T7rumbull.) 

Ashiat tii 2.9 | Cast Iron...... I Pine, white.... 2.4 | Pine, pitch..:./2.9 
Beech..:-..<-. 2.1 {Elm and Oak..2.9| ‘‘ yellow... 2.6] Wrought Iron. .86 

Cast Iron.—Permanent deflection is from .33 to .5 of its breaking weight, 
and deflection should never exceed .125 of ultimate deflection, and it is not 
permanently affected but by a stress approaching its destructive weight. 
By experiments of U. S. Ordnance Corps (Report, 1852), set or permanent deflec- 

tion was .38 of its breaking weight, ultimate deflection .133 ins. Jeflection for 
zh Of span =.013, or .1 of ultimate deflection. 

By experiments of Mr. Hodgkinson (See Rep. of Comm’s on Railway Structures, 
London, 1849), set for English iron bore a much greater proportion to its breaking 
weight, ; 

A beam, ete., will bend to .33 of its ultimate deflection with less than .33 
of its breaking weight, if it is laid.on gradually, and but .16 if laid on 
rapidly. 

Chilled bars deflect more readily than unchilled. 

Results of Experiments on the Subjection of Casteiron 
Bars to continued Strains. 

(Rep. of Comm’s on Railway Structures, London, 1849.) 

Cast-iron bars subjected to a regular depression, equal to deflection due to 
a load of .33-0f their statical breaking weight, bore 10000 successive de- 
pressions, and when broken by statical weight, gave as great a resistance as 
like bars subjected to a like deflection by statical weight. 

Of two bars subjected to a deflection equal to that carried by half of their 
statical breaking weight, one broke with 28602 depressions, and the other 
bore 30000, and did not appear weakened to resist statical pressure. 

Hence, Cast-iron bars will not bear continual applications of .33 of their 
breaking weight. 

Mr. Tredgold, in his experiments upon Cast Iron, has shown that a load of 300 
lbs., suspended from middle of a bar x inch square and 34 ins. between its sup- 
ports, gave a deflection of .16 of an inch, while elasticity of metal remained unim- 
paired. Hence a bar x inch square and x foot in length will sustain 850 lbs., and 
retain its elasticity. 

Wrought Tron.—All rectangular bars, having same bearing, length, and 
loaded in their centre to full extent of their elastic power, will be so deflect- 
ed that their deflection, being multiplied by their depth, product will be a 
constant quantity, whatever may be their breadth or other dimensions, pro- 
vided their lengths are same. 

A bar of Wrought Iron, 2 ins. square and 9 feet in length between its sup- 
ports, was subjected to 100000 vibratory depressions, each equal to deflec- 
tion due to a load of .55 of that which permanently injured a similar bar, 
and their depressions only produced a permanent set of .o15 inch. 

Greatest deflection which did not produce any permanent set was: due to 
rather more than .5 statical weight, which permanently injured it. . 

A wrought-iron box girder, 6 X 6 ins. and 9 feet in length, was subjected 
to vibratory depressions, and a strain corresponding to 3762 lbs., repeated 
43 370 times, did not produce any appreciable effect on the rivets. 
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Deflection of Solid rolled beams compared to Riveted beams is as.1 to 1.5, 

_ Wrought-iron Girders of ordinary construction are not safe when sub- 
jected to violent impacts or disturbances, with a load equal to .33 of their 
destructive weight. 

Wood.—In consequence of wood not being subjected to weakening by the 
effect of impact, a factor of safety of 5 for single pieces is held to be suffi- 
cient, but for structures, in consequence of loss of strength in its connecticns 
a factor of from 8 to 10 becomes necessary. 4 

Working Strength or HWactors of Safety.* 

Elastic strength of materials is, in general terms, half cf its ultimate de- 
structive or breaking strength. Ifa working load of .5 elastic strength, or 
.25 of ultimate strength, be accepted, equal range for fluctuation within 
elastic limit is provided. But, as bodies of same material are not all uni- 
form in strength, it is necessary to observe a lower limit than .25 where 
material is exposed to great or to sudden variations of load or stress. 

Cast Iron.—Mr. Stoney recommends .25 of ultimate tensile strength, for 
dead weights; .16 for bridge girders; and .125 for crane posts and machin- 
ery. In compression, free from flexure, cast iron will bear 8 tons (17920 
Ibs.) per sq. inch; for arches, 3 tons (6720 lbs.) per sq. inch; for pillars, 
supporting dead loads, .16 of ultimate strength; for pillars subject to 
vibration from machinery, .125; and for pillars subject to shocks from 
heavy-loaded wagons and like, .1, or even less, where strength is exerted in 
resistance to flexure, 

Wrought Iron.—For bars and plates, 5 tons (11 200 lbs.) per sq. inch of 
net section is taken as safe working tensile stress; for bar iron of extra 
quality, 6 tons (13 440 Ibs.).. In compression, where flexure is prevented, 
4 tons (8960 lbs.) is safe limit ; in small sizes, 3 tons (6720 lbs.), For col- 
timns subject to shocks, Mr. Stoney allows .16 of calculated breaking weight ; 
with quiescent loads, .25. For machinery, .125 to .1 is usually practised ; 
and for steam-boilers, .25 to .125. 

Mr. Roebling claims that long experience has proved, beyond shadow of 
a doubt, that good iron, exposed to a tensile strain not above .2 of its ulti- 
mate strength, and not subject to strong vibration or torsion, may be de- 
pended upon for a thousand years. 

Steel— A committee of British Association recommended a maximum 
working tensile stress of g tons (20160 lbs.) per sq. inch. Mr. Stoney rec- 
ommends, for mild steel,.25 of ultimate strength, or 8 tons (17920 lbs.) per 
sq. inch, Limit for compression must be regulated very much by nature of 
steel, and whether it be annealed or unannealed. Probably a limit of 9 tons 
(20 160 Ibs.) per sq. inch, same as limit for tension, would be safe max- 
imum for general purposes. In absence of experience, Mr. Stoney further 
recommends that, for steel pillars, an addition not exceeding 50 per cent. 
should be made to safe load for wrought-iron pillars of same dimensions. 

Wood.—One tenth of ultimate stress is an accepted limit. Piles have, in 
some situations, borne permanently .2 of their ultimate compressive strength. 

Foundations.—According to Professor Rankine, maximum pressure on 
foundations in firm earth is from 17 to 23 lbs. per sq. inch; and, on rock, it 
should not exceed .125 of its crushing load. 
Masonry. — Mr. Stoney asserts that working load on rubble masonry, 

brick-work, or conerete rarely exceeds .16 of crushing weight of aggregate 
mags; and that this seems to bea safe limit. In an arch, calculated pressure 
should not exceed .os of crushing pressure of stone. 

* Essentially from Manual of D. K, Clark, London, 877. 

3U 
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Ropes.—F or round, working load should not exceed .14 of ultimate strength, 

apd tos flat sa, Dead Load. Live Load. 
Perfect material and workmanship...... 2 RY: 

' é e . Metal. occ ccerd , 6} 6 
Dr. Rankine gives }Good ordinary material Espace ees 4tos Sitola 
following factors: and workmanship... Masonry... - 4 

A Dead Load is one that is laid on very gradually and remains fixed. _ 
A Live Load is one that is laid on suddenly, as a loaded vehicle or train 

passing swiftly over a bridge. 

DETRUSIVE OR SHEARING STRENGTH. 

Detrusive or Shearing Strength of any body is directly as its strength, 
or thickness, or area of shearing surface. 

Results of Experiments upon Detrusive Strength of 
Metals with a Punch. 

Di t Thick " Power required for a 
Merats. at: . 6 mnt Eow od | Surface of Fetal of One 

Punch, Metal. Repo ga Sq. Inch, 

Tus. Ins. Lbs. | Lbs. if 
IBYBSS rein sis < sini nioaesn I +045 5448 37.920 nn (ES 
CASS IPOD catalan emia ee gunn ny 9 — a 30 000 <j = = Z 

5 -08 3983 30 000 £233 Coppoketesbes wodAmemsles { is Es PeeaTe cas wee 

LEONE EG ete So ce piss boa vbal ere dhohe 25 25 34720 go 000 Sue i 

“Bessemer. 8 103 600 51 800 an a CSSCMET....-.. ea eee .875 75 184 800 savas aes 
ae} 17 11.950 45 000 Boe 

Wrought iron........... I 615 82870 43 900 S42 
2 1.06 297 400 44 300 Og 

To Compute Power to Punch Iron, Brass, or Copper. 

Rouve.—Multiply product of diameter of punch and thickness of metal by 
150000 if for wrought iron, by 128000 if for brass, and by 96000 if for 
cast iron or copper, and product will give power required, in lbs. ' 
Exampir,—What power is required to punch a hole .s5 inch in diameter in a plate 

of brass .25 inch thick? “5 X «25 X 128000 = 16.000 Ibs. 

Comparison between Detrusive and Transverse 
Strengths. 

Assuming compression and abrasion of metal in application of a punch of 
one inch in diameter to extend to .125 of an inch beyond diameter of punch, 
comparative resistance of wrought iron to detrusive and transverse strain, 
latter estimated at 600 Ibs. per sq. inch, for a bar 1 foot in length, is as 3 to 1. 

WOODS. 

Detrusive Strength of Woods. Per Sq. Inch. 
Lbs. : Lbs. Lbs. ‘Lbs. 

Spruce ....+.0.-. 470 | Pine, pitch... 510 |. ASh....2.. ++. 650 | Oak........ 780 
Pine, white...... 490 | Hemlock..... 540 | Chestnut..... 690 | Locust...... 1180 

To Compute Length of Surface of Resistance of Wood 
to. Horizontal Thrust. 7 

Rute.—Divide 4 times horizontal thrust in Ibs. by product of breadth of 
wood in ins., and detrusive resistance per sq. inch in lbs, in direction of fibre, 
and quotient will give length required. tans 

_Exampiy.—Thrust of a rafter is 5600 lbs., breadth of tie beam, of pitch or Georgia 
pine, is 6 ins.; what should be length of beyond score for rafter? ia 

? X 5600 22 400 . 
Assume strength S above. eevee eee Ee . gth 5ro as above, Then cos 66 7-32 Ins. 
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Shearing. 

Wrought Iron. 

Resistance to shearing of American is about 75 per cent., and of English 
80 per cent., of its tensile strength. 

Resistance to shearing of plates and bolts is not in a direct ratio, It ap- 
proximates to that of square of depth of former, and to square of diameter 
of latter. 

Results of Experiments upon Shearing Strength of 
Various Metals by Parallel Cutters. 

Wrought Iron.—Thickness from .s5 to x inch, 50000 lbs. per sq. inch. 

Made by Inclined Cutters, angle = 7°. 

PLATES. Thickness.| Power. Botts. Diam. Power. 

Ins, Lbs. Ins. Lbs. 
12521 SS an GAABSBN SOG Oe -05 540 Uy 29 700 
Coppek. ais cheeks. +297 11 196 775 TI 310 
Beeel ck es Aen Aae +24 14.930 -775 | 28720 

a +51 39 150 +32 3093 
Wrought iron....... { ‘ 44 800 1.142 35 410 

Result of Experiments in Shearing, made at U.S. Navy 
Yard, Washington, on Wrought-iron Bolts. 

Stress. Stress. 

Diam. | Minimum. / Maximum. |PérSq.Inch.|| Di@™ | Minimum. | Maximum. Per Sq.Inch. 

Inch. Lbs. Lbs. Lbs. Inch. Lbs. Lbs. Lbs. 

‘S 8.900 9400 | 44149 875. | 25500 | 27600 | 41503 
+75 18 400 19650 | 39553 I 32900 | 35800 | 40708 

Mean 41 033 lbs. 

Result of HKxperiments on .875 Inch Wrought-iron 
Bolts. (E#. Clark.) 

Lbs. Tons, Lbs. | Tons, 
Single shear..... 54096 | 24.15 || Double shear of two .625-inch plates 
Double er oes 46.904 | 22.1 riveted together (one section) .... 45696 | 20.4 

Tensile strength........ 50 176 lbs. 

Riveted Joints. 

Experiments on strength of riveted joints showed that while the plates 
were destroyed with a stress of 43 546 lbs., the rivets were strained by a 
stress of 39 088 Ibs. 

Cast Iron. 

Resistance to shearing is very nearly equal to its tensile strength. An 
average of English being 24 000 lbs. per sq. inch. 

Steel. 

Shearing strength of steel of all kinds (including Fagersta) is about 72 per 
cent. of its tensile strength. 

Treenails. 

Oak treenails, x to 1.75 ins. in diameter, have an average shearing strength 
of 1.8 tons per sq. inch, and in order to fully develop their strength, the planks 
into which they are driven should be 3 times their diameter. 

W oods. 

When a beam or any piece of wood is let in (not mortised) at an inclina- 
tion to another piece, so that thrust will bear in direction of fibres of beam 
that is cut, depth of cut at right angles to fibres should not be more than .2 
of length of piece, fibres of which, by their cohesion, resist thrust. 
ABBY: dideias sista # 650ilbs.i|\Deald. ace. e628 lbs PPiney22.07 clea 650 Ibs. 
Chestnut....... eh OCOS AGT WORK. stevia plas din ss 2g00 ‘f; | Spruce... .i..ess 625, 
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TENSILE STRENGTH. 

Tensile Strength is resistance of the fibres or particles of a body to 
separation. It is therefore proportional to their number, or to area of 
its transverse section, and in metals it varies with their temperature, 
generally decreasing as temperature is increased. In silver, tenacit; 
decreases more rapidly than temperature; and in copper, gold, and plat- 
inum less rapidly. 

Cast Iron. 

Experiments on Cast-iron bars give a tensile strength of from 4000 to 
5000 Ibs. per sq. inch of its section, as just sufficient to balance elasticity of 
the metal; and as a bar of it is extended the 12 zooth part of its length for 
every 1000 lbs. of direct strain, or one sixteenth of an inch in 64.06 feet per 
sq. inch of its section, it is deduced that its elasticity is fully excited when 
it is extended less than the 24ooth part of its length, and extension of it at 
its limit of elasticity, which is about .5 of its destructive weight, is esti- 
mated at 1500th part of its length. 

Average ultimate extension is sooth part of its length. 

A bar will contract or expand .000 006 173 inch, or the 162 000th of its 
length, for each degree of heat; and assuming extreme of moderate range 
of temperature in this country 140° (— 20° 4 120°), it will contract or ex- 
pand with this change .ooo 864 2 inch, or the 157th part of its length. 

It follows, then, that as 1ooo Ibs. will extend a bar the 12 300th part of 
its length, contraction or extension for 1157th part will be equivalent to a 
force of 10648 lbs. (4.75 tons) per sq. inch of section. It shrinks in cooling 
from one eighty-fifth to one ninety-eighth of its length, 

Mean tensile strength of American, as determined by Maj. Wade for U.S. 
Ordnance Corps, is 31 829 Ibs, (14.21 tons) per sq. inch of section; mean of 
English, as determined by Mr. E. Hodgkinson for Commission on Applica- 
tion of Iron to Railway Structures, 1849, is 19 484 lbs. (8.7 tons) ; and by Col, 
Wilmot, at Woolwich, in 1858, for gun-metal, is 23257 lbs. (10.35 tons). 
varying from 12 320 lbs. (5.5 tons) to 25 520 lbs. (10.5 toms). 

Mean ultimate extension of four descriptions of English, as determined 
for Commission above referred to, was, for lengths of 10 feet, .1997 inch, 
being 6ooth part of its length; and this weight would compress a bar the 
775th part of its length. 

Tensile strength of strongest piece ever tested—45 970 Ibs, (20.52 tons), 
This was a mixture of grades 1, 2, and 3 from furnace of Robert P. Parrott 
at Greenwood, N. Y., and at 3d fusion. 

At 2.5 tons per sq. inch it will extend same as wrought iron at 5.6 tons. 

From experiments of Maj. Wade he deduced the following mean results: 
Density. Tensile, Transverse, Torsion. Crushing. Hardness. 
7.225 31 829 8182 8614 144.916 22.34 

Tensile per sq. inch of section; Transverse per sq. inch, one end fixed, 
load applied at other end at a distance of x foot; and Yor'scon per sq. inch, 
stress applied at end of a lever 1 foot in length. . 

Green sand castings are 6 per cent. stronger than dry, and go per cent, 
stronger than chilled; but when castings are chilled and annealed, a gain of 
115 per cent. is attained over those made in green sand, 

Resistance to crushing and tensile stress is for American as 4.55 to 1, and 
for English as 5.6 to 7 to 1. Strength increasing with density. ; 



STRENGTH OF MATERIALS.—TENSILE. y 8 5 

Remelting.—Strength, as well-as density, are increased by repeated re- 
meltings. The increase is the result of the gradual abstraction of the con- 
stituent carbon of the iron, and the consequent approximation of the metal 
to wrought iron. 

~ Result of the 4th melting of pig iron,.as determined by Major Wade, was 
to increase its strength from 12880 lbs. (5.75 tons) to 27888 Ibs. (12.45 
tons), and its specific gravity from 6.9 to 7.4. 

Three successive meltings of Greenwood iron, N. Y., gave tensile strength 
of 21 300, 30 100, and 35 700 lbs. 
_ Result of 5th melting by Mr. Bramwell was to increase strength of Acadian 
iron from 16 800 Ibs. (7.5 tons) to 41 440 lbs. (18.5 tons). 

Remelting increases its resistance to a crushing stress from 70 to 80 tons 
(4 per cent.) per sq. inch of section. 

Hot and Cold Blast. 

Mr. Hodgkinson deduced from experiments that relative strength of 1.2 
and 3 ins. square was as 100, 80, and 77, and that hot blast had less tensile 
strength than cold blast, but greater resistance to a crushing stress. 

Captain James ascertained that tensile strength of .75 inch bars, cut out 
of 2 and 3 inch bars, had only half strength of a bar cast 1 inch square. 

Mr. Robert Stephenson concluded, from experiments of recent date, that 
average strength of hot blast was not much less than that of cold blast; but 
that cold blast, or mixtures of cold blast, were more regular, and that mixt- 
ures of cold blast and hot blast were better than either separate, 

Stirling’s Mixed or Toughened Iron. 

By mixture of a portion of malleable iron with cast iron, carefully fused 
in a crucible, a tensile strain of 25 764 lbs. has been attained. This mixt- 
ure, when judiciously managed and duly proportioned, increases resistance 
of cast iron about one third; greatest effect being obtained with a propor- 
tion of about 30 per cent. of malleable iron. 

Malleable Cast Iron. 

Tensile strength of annealed malleable is guaranteed by some Manufact- 
urers of it at 56000 lbs.; it is capable of sustaining 22 400 lbs. without pers 
manent set. 

Wrought Iron. 

Experiments on English bars gave a tensile strength of from 22000 Ibs. 

to 26 4oo lbs. per sq. inch of its section, as just sufficient to balance elasticity: 
of the metal; and as a bar of it is extended the 28 oooth part, of its length 

for every 1000 lbs. of direct strain, or one sixteenth of an inch im 116,66 feet 

per sq. inch of its section, it is deduced that its elasticity is fully excited 
when it is extended the toooth part of its length, and extension of it at its 
limit of elasticity, which is from .45 to .5 of its destructive weight, is esti- 

mated at r520th part of its length. : 

A bar will expand or contract .000 006 614 inch, or 151 200 part of its length 

for each degree of heat; and assuming, as before stated for cast. iron, that 

extreme range of temperature in air in this country 1s 140°, it will contract 

or expand with this change .oo0 926, or 1080th of its length, which is equiva- 

lent to a force of 20 740 lbs. (9.25 tons) per sq. inch of section. 

Mean tensile strength of American bars and plates (45.000 to 76.000), 

60 500 Ibs. (27 tons) per sq. inch of section; as determined by Prof. Johnson 

in 1836, is 55.900 Ibs.; and mean of English, as determined by Capt. Brown, 

Barlow, Brunel, and Fairbairn, is 53 900 Ibs. ; and by Mr. Kirkaldy, bars and 

plates (47 040 to 55.910) 51475 lbs. Sel tons). 
3 U 
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Greatest strength observed 73 449 lbs. (32.79 tons). 
Ultimate strength, as given by Mr. D. K. Clark, 59 732 Ibs. (26.66 tens), 
Average ultimate extension is 60oth part of its length. 
Strength of plates, as determined by Sir William Fairbairn, is fully 9 per 

cent. greater with fibre than across it. 

Resistance of wrought iron to crushing and tensile strains is, as a mean, 
as 1.5 to 1 for American; and for English 1.2 to 1. 

Reheating.— Experiments to determine results from repeated heating and 
laminating, furnished following : 

From 1 to 6 reheatings and rollings, tensile stress increased from 43 904 
Ibs. to 61 824 lbs., and from 6 to 12 it was reduced to 43.904 again. 

Effect of Temperature.—Tensile strength at different temperatures is as 
follows: 60°, ©; 114°, 1.14; 212°, 1.2; 250°, 1.32; 270°, 1.35; 325°, 1.413 

435°) 1-4. 
Experiments of Franklin Institute gave at 

SOW Peseisee tele 5G oco bad IzacChye ese 55000 Ibs. | r240°.......... 22000 Ibs, 
LyeseOnmeene: or 66500» fi, [TOSCO cease g2ic00) “Hii ] rax7? Hosa ee gooo * - 

Annealing.—Tensile strength is reduced fully 1 ton per sq. inch by an- 
nealing. 

Cold Rolling.—Bars are materially stronger than when hot rolled, strength 
being increased from one fifth to one half, and elongation reduced from 21 
to 8 per cent. , 

Hammering increases strength in some cases to one fifth. 

Welding.—Strength is reduced from a range of 3 to 44 per cent. 20 per 
cent., or one fifth, is held to be a fair mean. 
Temperature.—From 0° to 400° strength is not essentially affected, but at 

high temperature it is reduced. When heated to redness its strength is re- 
duced fully 25 per cent. 

Tensile strength at 23° was found to be .o24 per cent. less than at 64°. 
Cutting Screw Threads reduces strength from x11 to 33 per cent. 
Hardening in water, oil, ete., reduces elongation, but does not essentially 

increase the strength. 

Case Hardening reduces strength fully ro per cent. 

Galvanizing does not affect strength of plates. 
Angled Bars, etc.—Their strength is fully ro per cent. less than for bolts 

and plates. 

Elements connected with Tensile Resistance of various 
Substances, 

«0 , | 3 oo 293) Ze 
HES | SS Gee |'s, 
eae BS) | Bit 

SuBsTances, a5 3 Sa SuBsrances. aS ay, Toes 2, 

g.W | Soc $28 |228 
Bien |e ac ore 
Hae | es was |g 
Lbs. Lbs. 

Beech: osha Peeieeeen 3355| -3 || Wrought iron, ordinary....| 17600] .3 
Cast iron, English....... 4000] .22 || ““ Swedish....| 24400] .34. 

te American 5000] .2 rey Paamah nec 18850] .35 
Oaks... Gb emann eins oe} 2856] .23 English..... eae +35 Steel plates, .5 inch...... 52000] .62 us ““ American...| 15000] .26 By WUTC. ose eee ee «+ -0|.75 700 |. 5 ‘wire, No.9, unannealed! 47532] .46 Yellow pine...........4. 3382 | +23 eat “annealed ..| 36300] .45 
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TIE-RODS. 

Results of Experiments on Tensile Strength of Wrought- 
iron Tie-rods. 

Common English Iron, 1.1875 Ins. in Diameter. 

Description oF CONNECTION. | Breaking Weight, 

Semicircular hook fitted to a circular and welded eye............. Rie 
Two semicircular hooks hooked together. :...............cccseees 16 220 
Right-angled hook or goose-neck fitted into a cylindrical eye...... 29 120 
Two links or welded eyes connected together. ........,.c.eeeee008 48 160 
Straight rod without any connective articulation................. 56 000 

Ratio of Ductility and Malleability of Metals. 

In order of In order of In order of In order of In order of In order of 
Wire-drawing Laminable Wire-drawing Laminable Wire-drawing Laminable 

Ductility. Ductility. Ductility. Ductility. Ductility. Duetility. 

Gold. Iron. Tin. Gold. Tin. Zinc. 
Silver. Copper. Lead. Silver. Platinum, Tron. 
Platinum. Zine. Nickel. Copper. || Lead. Nickel. 

Relative resistance of Wrought Iron and Copper to tension and compres- 
sion is as 100 to 54.5. : 

Steel. 

Experiments of Mr. Kirkaldy, 1858-61, give an average tensile strength 
for bars of 134400 lbs, (60 tons) per sq. inch for tool-steel, and 62 720 lbs. 
(28 tons) for puddled, Greatest observed strength being 148 288 lbs. (66.2 
tons). Plates, mean, 86 800 lbs, (32 to 45.5 tons) with fibre, and 81 760 lbs, 
(36.5 tons) across it. 

Its resistance to crushing compared to tension is as 2,1 to 1. 

Hardening.—Its strength is very materially increased by being cooled in 
oil, ranging from 12 to 55 per cent, 

Crucible.—Experiments by the Steel Committee of Society of Civil 
Engineers, England, 1868-70, give a tensile strength of 91 571 Ibs. per sq. 
inch (40.88 tons), with an elongation of .163 per cent., or 1 part in 613, and 
an elastic extension of .000 934 7th part for every 1000 lbs. per sq. inch, or 
I part in 28 818. 

Bessemer.—Experiments by same Committee give a tensile strength 
of 76653 lbs. per sq. inch (34.22 tons) with an elongation of .144 per cent., 
or I part in 695, and an elastic extension of .oco 034 82d part for every 1000 
Ibs. per sq, inch, or x part in 28 719. 

Result of Hxperiments by Committe of Society of Civil 
Eingineers of England, 1868-70, and Mr. Daniel Kir- 
kaldy, 1875. 

Per Sq. Inch. 

Elastic Extension Fatle of 

: i Destructive STEEL. Elastic Strength. | aia Tee atone Weight. 

Length, | 200° Lbs: | Strength. 

Lbs. Tons, Per Cent. In Length. Per Cent, | — Lbs. Tons. 

Prucible se piers. seal! 49 840 | 22.25 +225 000 5 58.2 | 86464 | 38.6 
Bessemer hye. ys) steal 44 800 | 20 204 1000 45 59° 75757 | 33-82 
Fagersta, unannealed .| 48608 | 21.7 — = 59-2 78176 | 34/9 

‘ oe annealed....} 39200 | 17.5 51-5 72576 | 32.4 
Siemens, unannealed..| 32080 | 14.56 a — 46.4 69 888 | 31.2 

«  ~annealed....|. 28784 | 12.85 _ _ 44.4 | 64512 | 28.8 
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Average Tensile Elasticity of Steel Bars and Plates. 
(Com. of Civil Engineers, 1870.) - 

Elastic Exten- | Ratio of Elas- 
DescRIPTIoN. Elasticity Per | sion in Parts of | tic to Destrne- 

Sq. Inch. Length. tive Strength. 

Bars. Lbs. Parts. Per Cent. 
Crucible, hammered and rolled.......... 50557 1 in 485 58.2 
Bessemer, ee bit Ber ty of gsise 43814 x in 675 55 
Pagersta, rolled! 6. . cca aleievns css se sees 56 560 — 64.8 

46 UNADNEAEM | «25,05, n:0ja5:0 053 ia, 0,01 01 34.048 — 55-6 
vid hammered and rolled.......... 55574 — 64.7 
Os “ «* ‘annealed....... 40 858 —_ 54 
Mt plates, unannealed............ 30710 z in 980 59-2 
ss SC SN eAled.,.. caetsleat ian 26 940+ 1 iD 1020 56.5 

Siemens; ~‘‘~" unannealed. 2.5 ...20. 32 500 — 46.4 
sf sc yannealed <. 25. eee, a3 28780 — 44.4 
BS PIT OS systole reid toieid elo aiele Sevetesete. << 40174 — 58.8 

Krupp aisha, ..- jess «ial ace rae tame 42112 z in 185 _— 

Tensile strength of steel increases by reheating and rolling up to second 
operation, but decreases after that, 

Tensile Strength of Various Materials, deduced from 
Eixperiments of U. S. Ordnance Department, Wair-= 

bairn, Hodgixinson, Kirkaldy, and by the Author. 

Power or Weight required to tear asunder One Sq. Inch, in Lbs. 

METALs. Lbs. METALS. Lbs. 
AMUIMMODY, CAStiue «ae cicivvcpieyis's.c'e 1053 | Steel, Pittsburgh, mean......... 04.450 
Digmiath cast: Nl. \.c. Pel Sheets 3243 ce 76 650 
Cast Iron, Greenwood.......... 45970 Pe eemce, tolled - =~ | 125 000 

es mean, Major Wade... 31 829 rs $5 hammered..... 152900 
iS gun-metal, mean..... 37 232 SC) MEDS. Casts Jc ca: . as tluaoe 134.000 
U2 malleable, annealed... 56 cco re s “plates, mean.... 93500 
ss Eng., strong......... 29 000 sf DIB RES 505 cin ae Serta 86 800 
ay ee WORN aterateatare care 13 400 oe ‘t  puddled plates. ...,. 62720 
be FY: . { 15 600 * eo OPUCIOIO LS. .aeeee 1570 

Pee re 21 280 ce ** homogeneous....... 96 ete 
sf te" gun-metal...... 23 257 .s t bUsteted, bars......... 104 000 
a Or eehiate tv wh Aeris 19 484 «c Fagersta bars. 0.0. 89 600 
ae *¢ Low Moor, No.2 14076 ce 4 ae plates..... 98 560 
“ Clyde, No. r....° 1612 te ee , 4 89 600 «“ + ax a NE a eraG 168 Whitworth eters { ieee 

es “Stirling, mean.. 25 764 a ee ; ey 64 900 
Copper, wrought.........0.0085 34 000 PASMens Ss DAEs { 69 880 

cs MOLed.. dep. Ceehbeaiie wee. ci 36 000 a ‘c  Krupp’s shaft... ... 02 243 
is CAS.) days sels very aks D2 Go\}|) LIB HCASL 35. a4. cre ie jeoye ACE IS 5 000 
Pe DOM. iss ca apes spin see BE'SO0uI- ESBATICAD ca: 'stsss aiaiava ote eaniers 2100 
bi WING i ie'are sla oeiiemtetnte eee s 61 200 | Wire rope, per Ib. w’t per fathom 4 480 

GOMES Oe sa ceiare lol chasn Oe eoaeree ole 20 384 «galvanized steel, “« 6720 

ee papel LIILIIIEESE, 2393] Wrought tron, boiler plates... { 45309 
$8 MJ ORCABGO .'. nee mee een 3759 ES rivets ea sath anhiee 65 oco 
Ss ‘rolled:SheOb.ic;. .s\sicteabrevente 3320 a 

Platinum: wires 4. ..nayensreens 53000 aS 
Silver, Cast sics cciehvaleble pastes 40 000 ie 
Steel, cast, maximum........... 142000 sf 

ee ARTE lag aa «+. 88560 <% 
“puddled, maximum... 173 817 Be 
‘Amer. Tool,Co..... Hite 179 980 65 
ck hd 210000 ge 

Wineteec antes HOO TIDUS { go0!a006 tc 

‘* plates, lengthwise......... 96 300 ee Eng., heavy forging. 33600 
cs ‘t= (CFOSSWISC..4.. “sae 93 700 eg ‘* plates, lengthw’e 53 800 
“« Chrome bar....... +2 +e4es 180000 Oy “ *€ crosswise 48 800 

* By Comm’s on application of Iron to Railway Structure. 
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: METALS. Lbs. Woops. Lbs. 
Wrought Tron, Eng., mean,....,.. 51.000 ho "Bag. Low Moors. 5. 37 600 | LATOR soe veeeeeeee ee sheiseietieet { oan 

A he Lancashire, b¥iRs, 40 S00 | TAPMUM VIC! visieinasliaidinene dee ec 11 800 
GMCS: oe scene © 65.920 6 or it larinon fees ne ee TEOCUSD, canines asmusetinn conchice. Jee 

i“ MO ieee eo 1. £ 32300 Mahogany, Honduras............ 21.000 
‘ 6 000 “ s ish. 8 000 

4s “ “ charcoal..... 63 00 PADISD. » oeveescciee TP 00O 

Ce ¢- rivet, scrap..2..: 51 760 | Oak, Pa., seasoned 
ee Russian, bar, best.... 59500} ‘“ Va., 
Ls 3 CT) sage coo PW ite 8 oe eee 6 a 
S Swedish, ‘‘ best Waco EENMINE Ala, 504 swee pe ee eaueee 
sf g bieriab sides s'e MSigood MAME ROG. <6.c once eoeepairen tina 

Pat eubeeaietiseee cis seine siate oie aie BEOOU etn AEMICHIT © | ener e ence ee 

te COU Behn" errs stot os { DECOM BRE a EM BIS! core es cen 16.000 
PRETVANtZC.so/ ators steak eaten 

ALLOYS oR Compositions. Lke DS ASA SNA AGABEID ama Ge Hae bo 
Alloy, Cop. 60, Iron 2, Zinc 35,Tin 2. 85120 | Pine, Va 
RI XO, Antimony 1 seacniner Ir 0co (Riga 

Aluminium, (3) 92.0 oh AS dete abode 716co| “ yellow, 
maximum.,.......... 96320| ‘* white 

red 
Poon..... 
Poplar 
Redwood, Cal. 

q 10 290 

$6 pane aa client abatoore ity 23,500 SPEUeP, WHO «/a i tis? { 12 ee 
“ j - Cop. ro, Tin : BOR IoRee Grin aris IS YiCAI OL Grete mrctotetein’violeieisi ale rrayelers { gee 

yt Tew ecvesccess 38 080 13 000 
oe ig 3 Bs ont enact upee BOOS | TCAKS TIMED eysivie cic n oin\e'sis ela 9-0/9 sieves 15 000 
a BERD 225: CATO ales arctotalole's « ZOD) Nig e HAILICAIN. sete clstoloians nie sisiae te 21 000 

Gun- metal, OT.GIDATYinsieinie 6idis:,0,0,06 58,0n0, | WEINUL, TUNG. sa acc .e.se.ciaele,s7esleo> « 7. 800 
MLC AM aan eiriiatelnig sia. < 33 600 ee ACK ate itatae dies a¥e ater nalel en 16 633 

- PALS eit rate ones flee 42.040 ze i nh 
Speculum metal................+ 7 000 | Willow 
PVellow metal; . <i. 2/!Jsle/cis tle ddi'ele’s 48 700 | Yew 

Woops Oak 

PRONG UICC tater aid c'einlofalsioisie(sio’e\a 16 14000 | Pine 
BE AMICTICAN Tn ces casecacees g 500 
GA Bo glishist. 2. ybkid oeaislscciald 16 000 MISCELLANEOUS. 

PPAR OO' Sh. « yisrcinisi a) skteAyin.ere ead sie) 61300) |) RASA SCOCD 5:85 ois dias Tse ale deers 1 469 
RAV Noha od be sdb bikie note bisleleisl es 14 000 ‘ 300 
Beech, English.......... Goemedes IE 500 eat Be one Con's U (500 
SUG dod cedars leatherette 15000 | BIUG BION. 6... sccpeceecce sions te 77 

Mee VATVET!, WIACK Yt fo c's ce ee esis 7000 || BYICK, CXtTEMe:'..... cs eceseceese 750 
GS ASPICAN ci.ctiss tapie'cladaciealavie 23,000 (phiey { 100 
Bullets w. wets pip owas te e4+ 19.000 eae ae ae Die Aa 290 
Cedar, Lebanon.,... Pra eiacieiiacdivie’» 11.400 400 

“© West Indian. ....... 0.0.0, LAS ee on ttl hgh aad Met pe IS { 860 
EMR STNGMICHIN sta ai0 acca sie's\siera auxs 11 600 Ss eV DATO, x MO. cin arate 393 

HOSEN sf aree cls saints de cleelelainels's's 12500 ae ‘¢ ‘sand 2, 320 days.. 713 
SAS 9, DOUSOz wis org spain olcin to + +e LO000 of ff hat sf «« 54.948 

COV DI OBES « cnpetapiel«aslaln gha/sisleideic s010.0; 0,000 i PUTS, lit oe L452 
Deal, Christiana.............. +++ 12400 gS “sand 1, in water \ ve 
DONNY - coe cees aires ade asia « 27 000 F 7 ep mo. 

6 000 be San ie i Picsamale 0 
EOI Gala 31s afao nie.e.e aie =. vialvi= sioe.cia' { 13,000 iG “a “6 3, 1 year.: 310 

Gum, blue.......-6+ a sh ayetater sitet 18 000 ec PR oa Ty 3 214 
CaM ATA DAIIAic (a+: eletelalstess ev ebigst 5 S00! ae Seles Rea ng SerOS 

NIACKMIALACK su) atcisie acc savsieasane est £2.0CO OD Na TED VLAN Capote cleat oo cet 284 
Hickory 22.2.0... 0. Sle cieisisieve ses LX 000 is Rosedale, Ulst.Co.,7 days 104 
Holly..... Miraicist ies sinialelalelotaisleele(4, << L0\ OOO Se ity sand1, 30 ‘“ 102 

17 350 “ “ 560 PANCC Ka c/ceie s:4:0 a niesie hs em BES QMOEB....6... { oo 
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MISCELLANEOUS. Lbs. MISCELLANEOTS. ‘wr 
Cement, Roman, In wie om ¢ a4 Mortar, 1 year........ weno Oe £ { bbs 

A ae oe ryear. 286 “ : { 85 
“ 73 sand 1, 42 days. = 284 hydraulic Bio's eats w dail Sioa 130 

ee ee yen Sia 199 €C  OTEIDETY, «coe harold whateoa ays = 35 
Oy sé OE aed) CSIRO, ede cists pees, soap mie ae 6 300 

1G): Se ASO SECON EE BEE ORF Ee 25000 | Rope, Manila. ...--..<.....ccee0s g 000 
GIASS, \QrOWiE wis cativecducdseccss 2546 Se CHIT OR AMID in. wa «ols bimte cinie 15 000 
Gor erpntreteiaic'c cleiatstatarepeapieeter = St £0004 SAHASUONG, « cpiwwiow'sn cei oo sic ell 150 

GEAMILC oe nena cetaiietsiaiesadienisls a ‘ 578 r BNE: STOON s0:cieieinice'oas1- 3 1260 
Gutta Percha’...... crn ee 3.500 «“ Aabrosth. ete { 563 

Hemp rope saree sewer { 12.000 Hie .c cient aeth 1 268 
15'600 ©, ~. @aithness .:.'.0..0500% | 473 EVOL Revel salve sik e etovsieerovele’s easisatelea 1000 I oot 

Leather belting...... eiaieleis ainjateiniols 30 57 eee 8 { ee eee Portland). - 5.002. - ae Be 
BUIOSUON © ars orc a(atorecelfaiole\sisielarciste piaGon ec Craigieth.............. 453 

MAnbl6, StatUa4y’. «.. «cess csiscse ses 3200 | Silk.dibrewst paGi sind Stes 52.000 
SE PEWS in eas ere kre! 5200 | grate { 9 600 

MATDIOpWItitOctcm cleists ca bie > soggy 90001 2e> eats. =o Steemiierdce aacm 12 800 
aT Se ol lomw ccs nex thay 47600 || WRALEDONE. ©... 20:3 «ce oe waite = see + 7000 

TORSIONAL STRENGTH. 

SHAFTS AND GUDGEONS. 

Shafis are divided into Shafts and Spindles, according to their mag- 
nitude, and are subjected to Torsion and Lateral Stress combined, or to 
Lateral Stress alone. 
A Gudgeon is the metal journal or Arbor upon which a wooden shaft 

revolves. 

Lateral Stiffness and Strength.—Shafts of equal length have lateral stiff 
ness as their breadth and cube of their depth, and have lateral strength as 
their breadth and square of their depths, 

Shafts of different lengths have lateral stijfness directly as their breadth 
and cube of their depth, and inversely as cube of their length; and have 
lateral strength directly as their breadth and as square of their depth, and 
inversely as their length. 

Hollow Shafts having equal lengths and equal quantities of material have 
lateral. stiffness as square of their diameter, and have lateral strength as their 
diameters. Hence, in hollow shafts, one having twice the diameter of an- 
other will have four times the stiffness, and but double the strength; and 
when having equal lengths, by an increase in diameter they increase in stiff- 
ness in a greater proportion than in strength, 
When a solid shaft is subjected to torsional stress, its centre is a neutral 

axis, about which both intensity and leverage of resistance increase as radius 
or side; and the two in combination, or moment of resistance per sq. inch, 
increase as square of radius or side. 

Round Shaft.—Radius of ring of resistance is radius of gyration of sec- 
tion, being alike to that of a circular plate revolving’ on its axis, viz., .7o71 
radius. The ultimate moment of resistance then is expressed by product 
of sectional area of shaft, by ultimate shearing resistance per sq. inch of 
material by radius, and by .7071. ; 

Or, .7854 d27S X .7071 =.278 d3 S—=R-W. (D. K. Clark.) 
a representing diameter of shaft and r radius, S ultimate shearing stress of mate- rial in lbs. per sq. inch, R radius through which stress is applied, in ins., and 

moment of load or destructive stress, in Ibs. 
278438 RW RW 
Tp eee NG ec Das and 3 [—s~& 1534=d. ie Hence, 
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_ Round Shaft.—Strength, compared to a square of equal sectional area, 
is about as x to .85. Diameter of a round section, compared to side of 
square section of equal resistance, is as 1 to .96. 

Square Shaft.—Moment of torsional resistance of a square shaft exceeds 
that of a round of same sectional area, in consequence of projection of cor- 
ners of square; but inasmuch as material is less disposed to resist torsional 
stress, the resistance of a square shaft, compared to a round one of like area 
of section, is as r to 1.18, and of like side and diameter, as 1.08 to 1. 

3 suctay 
pe se ae Mai) Hollow Round Shafts. Bal se al Hence, R Ba 

1.57 43tS 

R 

Wag 

When Section is comparatively Thin. =W. 8s representing side, 

d and d’ external and internal diameters, and t thickness of metal in ins. 

Torsional Angle of a bar, etc., under equal stress, will vary as its length, 
Hence, torsional strength of bars of like diameters is inversely as their 
lengths. 

Stress upon a shaft from a weight upon it is proportional to product of the parts 
of shaft multiplied into each other. Thus, if a shaft is ro feet ip. length, and a weight 
upon centre of gravity of the stress is at a point 2 feet from one end, the parts 2 
and 8, multiplied together, are equal to 16; but if weight or stress were applied in 
middle of the shaft, parts 5 and 5, multiplied together, would produce 2s. 

When load upon a shaft is uniformly distributed over any part of it, it is consid- 
ered as united in middle of that part; and if load is not uniformly distributed, it is 
considered as united at its centre of gravity. 

Deflection of a shaft produced by a load which is uniformly distributed over its 
length is same as when .625 of load is applied at middle of its length. 

Resistance of body of a shaft to lateral stress is as its breadth and square 
of its depth; hence diameter will be as product of length of it, and length 
of it on one side of a given point, less square of that length. 

ILLusTRATION.—Length of a shaft between centres of its journals is ro feet; what 
should be relative cubes of its diameters when load is applied at x, 2, and 5 feet 
from one end? and what when load is uniformly distributed over length of it? 

1X —13=4d3; and when uniformly distributed, d3-2—= dt, 

10 X 1=10—12=9=cube of diameter at 1 foot; 10% 2=20—27= 16 =cube 
of diameter at 2 fect ; 10% 5 = 50—5?—= 25 =cube of diameter at 5 feet. 

When a load is uniformly distributed, stress is greatest at middle of length, and 
is equal to half of it; 25 +2—12.5 cube of diameter at 5 feet. 

Torsional Strength of any square bar or beam is as cube of its side, and 
of a cylinder as cube of its diameter. Hollow cylinders or shafts have great- 
er torsional strength than solid ones containing same volume of material. 

To Compute Diameter of a Solid Shaft of Cast or 
Wrought Iron to Resist Lateral) Stress alone. 

When Stress is in or near Middle. Ruie.—Multiply weight by length of 
shaft in feet; divide product by 500 for cast iron and 560 for wrought iron, 
and cube root of quotient will give diameter in ins. 
ExampPLe.—Weight of a water-wheel upon a cast-iron shaft is 50 000 Ibs., its length 

30 feet, and centre of stress of wheel 7 feet from one end; what should be diameter 
of its body ? 

3/ (ex) = 14.42 ins., if weight was in middle of its length. 
500 

Hence diameter at. 7 fect from one end will be, as by preceding Rule, 30 x 7— 
72=161=relative cube of diameter at 7 feet ; 30 X 15 — 157=225—relative cube 
of diameter at 15 feet, or at middle of its length. 

Then, as {225 : 14.42 11 /x16x + 12.91 ins., diameter of shaft at 7 feet from one end. 
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For Bronze, 420; Cast steel, 1000 to 1500; and Puddled steel, 500. 

When Stress is uniformly laid along Length of Shaft. Rui. — Divide 

cube root of product of weight and length by 9.3 for Cast iron and 10.6 
for Wrought iron, and quotient will give diameter in ins. 

(a a 

ExampLe.—Apply rule to preceding case. Pag i wm = 12.31 Ms. 
"2D 

For Bronze, 8.5 ; Cast steel, 18.6 to 27.9; and Puddled steel, 9.3. } 

When Diameter for Stress applied in Middle is given. Rute.—Take cube 
root of .625 of cube of diameter, and this root will give diameter required. 

Exampiy.—Diameter of a shaft when stress is uniformly applied along its length 
is 14.42 ins. ; what should be its diameter, stress being applied in middle? 

¥Y625 X 14.422 = ¥.625 X 3000 = 12.33 ins. 

To Compute Diameter of a Solid Shaft of Cast Iron to 
Resist its Weight alone. j 

RuLe.—Multiply cube of its length by .oo7, and square root of product 
will give diameter in ins. 
ExaMPLe.—Length of a shaft is 30 fect; what should be its diameter in body? * 

V (30? X .007) = 189 = 33.75 ins 

HOLLOW SHAFTS. 

To Compute Diameter of a Hollow Shaft of Cast Iron 
to Sustain its oad in Addition to its Weight. 

When Stress is in or near Middle. Rutr.—Divide continued product of 
.or2 times cube of length, and number of times weight of shaft in lbs., by 
square of internal diameter added to 1, and twice square root of quotient 
added to internal diameter will give whole diameter in ins. 
ExAMpLe.—Weight of a water-wheel upon a hollow shaft 30 feet in length is 2.5 

times its own weight, and internal diameter is 9 ins.; what should be whole diam- 
eter of shaft? 

.o12 X 303 X 2.5 10 ‘ 2 
2, | (PEE) pg ma, [go = 6.28 ins, and 6.28 + 9 = 15.28 ins. 

To Compute Diameter of a Round or Square Shaft to 
Resist Combined Stress of Torsion and Weight. 

RutE.—Multiply extreme of pressure upon crank-pin, or at pitch-line of 
pinion, or at centre of effect upon the blades of a water-wheel, ete., that a 
shaft may at any time be subjected to; by length of crank or radius of 
wheel, eté., in feet; divide the product by Coefficient in following Table, and 
cube root of quotient will give diameter of shaft or its journal in ins. 

or, 3 [=a 

EXAMPLE.—What should be diameter for journal of a wrought-iron water-wheel 
shaft, extreme pressure upon crank-pin being 59 400 Ibs., and crank 5 feet in length? 

C= 120. sues = 2475, and 8/2475 = 13.53 ins. 
120 

When Two Shafts are used, as in Steam-vessels, ete., with One Engine. 
Ruir.—Divide three times cube of diameter for one shaft by four, and 
cube root of quotient will give diameter of shaft in ins. 

9 d3 

Or, 3/3 ¢ =f, 
4 

Exanpie.—Area of journal of a shaft is 113 ins.; what should be diameter, two 
shafts being used ? 

3 

Diameter for area of 113 = 12. Then ees 1296, and 3/1296 = 10.9 ins. 
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Torsional Strength of Various Metals. 

(aj. Wm. Wade, U. S. Ordnance Corps, 1851, Steel Committee [England, 1868], and 
Stevens Institute, N. J., 1878.) 

Reduced to a Uniform Measure of One Inch in Diameter or Side. 
Stress applied at One Foot from Axis of Body and at Face of Axis. 

Destructive Stress | Torsional Coefficient Cds 
= Wi 

Bars anp METALs. Tensile at |Computed ee 
Strength. Be THE t tad nee 2 5 to | 15 | 20 

SMS | ro Ins, | a3 “| Ins, | Ins. | Ins. | Ins. | Ins. 

Cast Tron. Lbs. Lbs. Lbs, 

O Diam, {73 '2s. ; 
+05 In. 5 000 20 1082 

Area x sq. inch - . 492, | 100) 95] 90] 85] 80 

Daw. re ins., 
“ 2.61 “ “ 800 0. stdh 3 gy te: a 7994 230 45| 4°] 35], 30] 25 

Diam. ) Least...| gooo] 1550 3664 530 
7) =1.97 Mean ...| 31829] 2145 4462 650? | 130 | 125 | 120] 115 | 110 

ins. Greatest.| 45000] 2840 5997 ,| 850 
Ky Side xinch.... ie 
~ ‘Area 1 sq. inch 350 728 728 |225| x20] 115 | 110! 105 

Wrovcut Iron. 

Diam. (ie «++| 38027] 1250 2600 376 
=1.9 )Mean....| 56300] 1375 2860 416 > | 120] 115 | 110 | 105 | 100 
ins. Greatest.) 74592] 1500 3120 452 
Area 2.83 sq. ins, 

BRONZE. 

«, Diam. = pees -++| 17698] 500 1040 152 30} 28] 26; —|— 
1.9 ins. (Greatest.| 56786] 650 1352 197 38| 36] 34) —}] — 

Area 2.83 sq. ins. 

Cast STEEL. 

« Diam.= fees 42000} 2600 5408 788 |160)155|550| — | — 
1.9 ins. | Greatest.) 128000] 7760 | 16140 2353. |475|470|465| — | — 
Area 2.83 sq. ins. 

BESSEMER STEEL. 

«¢ Diam. =1.382 ins. 
Area 1.5 Sq. ins, 

36.960} 1568 3261 1236 | 245 | 240 | 235 | 230 | 225 

To Compute Diameter of Shafts of Oak and Pine. 

Multiply diameter ascertained for Cast Iron as follows: Oak by 1,83, 
Yellow Pine by 1.716. 

Metals and Woods. 

Ultimate Torsional Strength.—Of Cast Iron may be taken as equal to its 
transverse strength for American and .9 for English, or as .26 of its tensile 
strength for American and .23 for English. Of Wrought Iron, as .7 to .8 of 
its transverse strength for American and .7 to x for English, and of Steel, as 
.72 of its tensile strength. 

Elastic Torsional Strength.—Of Cast Iron may be taken as equal to its 
transverse strength, of Wrought Iron 4o per cent. of its ultimate torsional 
strength, of Steel 44 per cent. of its tensile strength, and 45 per cent. of its 
ultimate torsional strength, 

Bessemer Steel.—Has a torsional strength of 6670 lbs. per sq. inch at a ra- 
dius of one foot, being somewhat less than that of Cast Iron, Fagersta has 50 
per cent. of its ultimate transverse strength, and Siemens 44.5 per cent. of 
its ultimate tensile. 3X 
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Norz.—Examples here given are deduced from instances of successful practice; 

where diameter bas been less, fracture has almost universally taken place, stress 

being increased beyond ordinary limit. 

2.—When shafts of less diameter than 12 ins. are required, Coefficients here given 

may be slightly reduced or increased, according to quality of the metal and diame- 

ter of shaft; but when they exceed this diameter, Coefficients may not be increased, 

as strength of a shaft, decreases very materially as its diameter increases. 

Order of shafts, with reference to degree of torsional stress to which they 
may be subjected, is as follows: 

x. Fly-wheel, | 2. Water-wheel. | 3. Secondary shaft. | 4. Tertiary, etc. 

Hence, diameters of their journals may be reduced in this order. 

To Compute Diameter of a Wrought-iron Centre Shaft 

for connecting TW wo Engines at a Right Angle. 

Conditions of such a shaft are as follows: 

Greatest stress that it is subjected to is when leading engine is at .75 of 

its stroke, and following engine .25 of its stroke; hence, position of each 

crank is as sin. 22° 30° X 2—=.7071 of length of crank or radius of power. 

P.707 R : : 
Consequently, 3/ ra =d. P representing extreme pressure on piston. 

12 

Nore.—In computing P it is necessary to take very extreme pressure that piston 
may be subjected to, however short the period of time. Average pressure does not 
meet requirement of case. 

ILLUSTRATION. —Extreme pressure upon each piston of two engines connected at 
a right angle was rrr 592 lbs., and stroke of pistons 10 feet; what should have been 
diameter of centre shaft ? and what of each wheel or driving shaft? 

III 592 X 2X -70 10 < 
3/ ( = a *) — 3 / ESS = 18.48 ins. centre shaft. 

125 125 

For ordinary mill purposes, driving shafts should be as cube roots of .25 of 3 
times cube of centre shaft. /x8.488 X 3 

Thus 3 / —~—~~ = 16.79 ims. 
Vo .25 

To Compute Torsional Strength of Hollow Shafts and 
Cylinders. , 

Rutr.—From fourth power of exterior diameter subtract fourth power of 
interior diameter, and multiply remainder by Coefficient of material; divide 
this product by product of exterior diameter and length or distance from axis 
at which stress is applied in feet, and quotient will give resistance in Ibs. 

at—ad’4C 

i dl 

EXxAmpPLe.—What torsional stress may be borne by a hollow cast-iron shaft, hay- 
ing diameters of 3 and 2 ins., power being applied at one foot from its axis? 

Or. =i 

4 8. 
C=130. 34—2*X 130= 8450, which+3 X1= c = 2816.6 lbs. 

To Compute Torsional Strength of Round and Square 
Shafts. 

RuLE.—Multiply Coefficient in preceding Table by eube of side or of 
diameter of shaft, etc., and divide product by distance from axis at which 
stress is applied in feet; quotient will give resistance in lbs. : 
ItLvsTRATION.—What torsional stress may be borne by a cast-iron shaft of best 

material, 2 ins. in diameter, power applied at 2 feet. from its axis. é 

130 X 29 1040 
eres 

For steamers, when from heeling of vessel or roughness of sea the stress may be 
confined to one wheel alone, diameter of journal of its shaft should be equal to 
that of centre shaft. ; 

C from table = 130. = 520, lbs. 

aad 



STRENGTH OF MATERIALS.—TORSION. 705 

GUDGEONS. 

To Compute Diameter of a Single Gudgeon of Cast 
Iron, to Support a given Weight or Stress. 

Rure.—Divide square root of weight in Ibs. by 25 for Cast iron, and 26 
for Wrought iron, and quotient will give diameter in ins, 

EXxAmPLEe.— Weight upon a gudgeon of a cast-iron water-wheel shaft is 62 500 lbs. ; 
what should be its diameter ? 

62500 250 

ZS eae 
= 10 ins. 

To Compute Diameter of Two Gudgeons of Cast Iron, 
to Support a given Stress or Weight. 

Rue.— Proceed as for two shafts, page 792. 

To Compute Ultimate Torsional Strength of Round and 

Square Shafts. (D. K. Clark.) 
.278 438 v 

Cast Iron. Round. SETREE ety 1534/4; ane WR te 

R 278 d3 
4838 WR .278 (d4 —d’4)§ 

= 4 5) ao. = WW. Square. R W, and 1.36 3/ 3 s Hollow. Ra WwW. 

S representing ultimate shearing strength, and W moment of load, both in Ibs., s side 
of square shaft, and R radius of stress, both in ins. 

ILLustRATION.— What is ultimate torsional strength of a round cast-iron shaft 
4 ins. in diameter, stress applied at 5 feet from its axis? 

-278 X 43 X 20000 

5 X12 

By experiments of Major Wade, ordinary foundry iron has a torsional strength 
of 7725 lbs., or 644 lbs. per sq. inch at radius of one foot. 

Assume S = 20000 lbs. Then = 5930 lbs. 

x 3 

Thus, take preceding illustration. Then 1725 HL 8240 lbs. 
5 12 

.2204 138 32.538 
Wrought Iron. Round. ea =W. Square. a = 

When Torsional Strength per sq. inch for radius of x inch is ascertained, 
substitute C for .278, .4, .2224, or .32. 

Stress which will give a bar a permanent set of .5° is about .7 of that 
which will break it, and this proportion is quite uniform, even when strength 
of material may vary essentially. 
Wrought Iron, compared with Cast Iron, has equal strength under a stress 

which does not produce a permanent set, but this set commences under a less 
foree in wrought iron than cast, and progresses more rapidly thereafter. 
Strongest bar of wrought iron acquired a permanent set under a less strain 
than a cast-iron bar of lowest grade. 

Strongest bars give longest fractures. 

lls Mid 2438 When § is not known, substitute for 
Steel. Round. a A S 72 s= 72 per cent. of tensile strength, 

Torsional Strength of Cast Steel is from 2 to 3 times that of Cast Iron. 

Following rules are purposed to apply in all instances to diameters of 
journals of shafts, or to diameter or side of bearings of beams, etc., where 
length of journal or distance upon which strain bears does not greatly ex- 
ceed diameter of journal or side of beam, ete. ; hence, when length or distance 
is greatly increased, diameter or side must be correspondingly increased, 

Coefficients for torsional breaking stress of Iron, Bronze, and Steel, as de- 
termined by Major Wade, are: Wrought [ron, 640; Cast Iron, 560; Bronze, 
460; Cast Steel, 1120 to 1680, - Puddled Steel does not differ essentially from 
that of cast iron.. 
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Formulas for Minimum and Maximum Diam. of Wrought-iron Shafts. 

(A. E. Seaton, London, 1883, and Board of Trade, Eng.) 

D2 p d215. 
Compound Engines. 3/ ae oe S=diameter. D and d representing diam- 

eter of low and high pressure cylinders, and S half stroke, all in ins., p pressure of 
steam in boiler, in lbs. per sq. inch, and C a coefficient, as follows : 

Angle Shafts. Angle Shafts. | Angle Shafts. I Angle er 

f Pro- . | Pro} of i Pro- || of Tro- 

Gans Crank. peller.|| Crank. Cosk: [peter || comme. | Crank. | plier. | Crank. ) Crank: | potter. 

| Se | | | | } 

o | $2468 | 2880 oul {2279 2659 || 5400 | {au 2487 } S60 jane 2352 

90° | 4000 | $400 || 7°°° | 1 4000 | 5400 || 220° | 1 gooo | 5400 |} 72°" | 14000 | 5400 

3/ ae C= diameter. A. E. Seaton, London, 1883. 

Side-wheel Engines, Sea Service.—One cylinder crank journal, C= 80; outboard 

x00; Two cylinder crank journal 50; outboard 65; and centre shaft 58. 

Propeller Engines.—One cylinder crank journal 150; Tunnel 130; Two cylinder 
compound crank 130; Tunnel rr0; Two cranks, crank 100; Tunnel 85; Three cranks, 
crank go; and Tunnel 78. 

River Service.—C may be reduced one fifth. E 

ILLUSTRATION.—With a compound propeller engine, steam cylinders 20 and 40 
ins. in diameter, by 4o ins. stroke, operating under a pressure of 80 Ibs. steam 
(mercurial gauge), what should be the diameter of the shafts of wrought iron? 

2 FRCS er BPs, Gye 
(oie X 4o= [ee X 40 = 8.24 ins. crank shaft; 

gr fS09°9 = ; ler sha, and 3/ nich X 40 = 7.46 ins. propeller shaft. 

Journals of Shafts, etc. 

Journals or bearings of shafts should be proportioned with reference to 
pressure or load to be sustained by the journal. Simplest measure of bear- 
ing capacity of a journal is product of its length by its diameter, in sq. ins. ; 
and axial area or section thus obtained, multiplied by a coefficient of pressure - 
per sq. inch, will give bearing capacity. 

Sir William Fairbairn and Mr. Box give instances of weights on bearings of 
shafts, etc., from which following deductions are made, showing pressure per sq. 
inch of axial section of journal : 

Crank pins, 687 to 1150 lbs. per sq. inch. 

Link bearings, 456 to 690 lbs. per sq. inch. 

Pressure on bearings, as a general rule, should not exceed 750 Ibs. per sq. inch of 
axial area, 

Length of Journals should be 1,12 to x.5 times diameter. 

Journals of Locomotives or Like Axles are usually made twice diameter, and to 
sustain a pressure of 300 Ibs. per sq. inch of axial area, or ro sq. ins. per ton of load. 

Solid Cylindrical Couplings or Sleeves. 

d+/5.5d=D; 3d=L; .8d=l; .25d4-.12=k. d representing diameter, 
and L length of sleeve, l length of lap or scarf of shafi, k breadth of key, its depth be- 
ing half its breadth, and D diameter of coupling or sleeve, all in ins. 

Flanged Couplings. d 

d+/35d=D; 3d4+1=F; .3d+.4=1; d+1=3 l+4=>s. D repre- 
senting diameter of body of coupling, ¥ diameter of flanges, 1 thickness of both flanges, 
I, length of each coupling, s projection of end of one shaft and retrocession of other 
from centre of coupling, and d diameter of shaft, all in ins. 

Supports for Shafts. (Molesworth.) 

5 Vd?=L. Lrepresenting distance of supports apart, in feet. 
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: LW 
To Resist Lateral Stress. 3/ == D. W representing weight or pressure 

at centre of length in lbs., and D diameter or side, if square, in ins. 

Value of C.—Wrought Iron, 560; Cast Iron, 500; Cast Steel, ro0o to 1500; Bronze, 
420; and Wood, 4o. When Weight is distributed put 2 C. 

Values of © for Shafting of Various Metals, as observed by different 

Authorities, and deduced from Formulas of Navier. = ae 
Tv 

Ultimate Resistance. 

Mera. Merat. fee CF ir MErTAt. Cc 

Wrovucut Iron. Cast Iron. STEEL. 

American, Pemb®, Me.| 61 673 36846 || American, Conn..| 82926 
oe Ulster....| 61815 || American, mean 4 | 38 300 Bi Spindle} ro2 131 
& mean..... 66 436) 42 821 “ ~Nash.L.Co.} ‘93 213 

English, refined..... 49 148 Hy 18 trials) 44.957 || English, Shear....] 11x 191 
oe oe ease 54585 ss 22132 060 Seieaicth ee ae English, mean.. j 38.217 || Bessemer... { ba i 

Mill and Wactory Shafts. (J. B. Francis.) 

Cylindrical. Square. 
16WR rd3T 3V2WR saute SEN st MS =W. eat Ge 3) + Va=W. 

Mean value of T. 

Cast Iron........ { é- ooo | Wrought Iron... { BOON STOOL a5 Peer { 76.000 
5 000 94.000 ILI 000 

Sh.) Medes chats 35 000 CO TDESD .~ +» « BOCs) cS MCAN hs sia 86 000 
- te Eng. 30.000 Mh ‘+ Eng. 45000| ‘* ‘* Bessemer 78000 

ILLUSTRATION,—What is the ultimate or destructive weights that may be borne 
by a Round Cast-iron shaft 2 ins. in diameter, and by a Square shaft 1.75 ins. side, 
stress applied at 25 ins. from axis? Assume T = 36 ooo. 

Round. Square. 

3.1416 X 23 X 36.000 (17 eer ) 2 
Fee ee ‘ lbs. 5 Tet > = 1837. a mage 2261.95 lbs x B /2 = 1837.8 lbs. 

Their lengths should be reduced, and diameter increased, in following cases : 

ist. At high velocities, to admit of increased diameter of journals, thereby 
rendering them less liable to heating. 2d. As they approach extremity of a 
line of shafting, 3d. Attachment of intermediate pulleys or gearing. 

Prime Movers of Power. Transmitters of Power. 

Wrought, « /J00Ne _— genaiorn ati.’ $)/ 32 F d, and .o2 n d3?= TEP. 
Tron. n y n 

Steel. Wye as +d, and .o16'n d3 = TP. Flee =d, and .o32nd3= TIP, 

Cast , /167 IP 83.5 TE 
Iron, n n 

TEP representing horse-power transmitted, n number of revolutions, and d diameter 
of shaft in ins. 

ILLUSTRATION 1.—What should.be diameter of a wrought-iron shaft, to simply 
transmit 128 EP at 100 revolutions per minute? 

3/SX = 3 oe ins. 
100 roo 

2.—What EP will a steel shaft of 4 ins, diameter transmit at roo revolutions per 
minute ? 

=d, and .oc6 nd’ =TEP. 3 =d, and .o12 n d3 = TEP. 

1032 X 100 X 43= 204.8 horses, 

a 
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TRANSVERSE STRENGTH. 

Transverse or Lateral Strength of any Bar, Beam, Rod, ete., is in propor~ 

tion to product of its breadth and square of its depth; in like-sided bars, 

beams, etc., it is as cube of side, and in cylinders as cube of diameter of 

section. 

When One End is Fixed and the Other Projecting, strength is inversely as 

distance of weight from section acted upon ; and stress upon any section is 

directly as distance of weight from that section. 

When Both Ends are Supported only, strength is 4 times greater for an 

equal length, when weight is applied in middle between supports, than if one 

end only is fixed. 

When Both Ends are Fized, strength is 6 times greater for an equal length, 

when weight is applied in middle, than if one end only is fixed. 

When Ends Rest merely upon Two Supports, compared to one When Ends are 

Fixed, strength of any bar, beam, etc., to support a weight in centre of it, is 

as 2 to 3. 

When Weight or Stress is Uniformly Distributed, weight or stress that can 

be supported, compared with that when weight or stress is applied at one end . 

or in middle between supports, is as 2 to 1. 

Metals. 

In Metals, less dimension of side of a beam, ete., or diameter of a cylinder, 

greater its proportionate transverse strength, in consequence of their having 

a greater proportion of chilled or hammered surface, compared to their ele- 

ments of strength, resulting from dimensions alone. 

Strength of a Cylinéer, compared to a Square of like diameter or sides, is 

as 5.5 to 8, Strength of a Hollow Cylinder to that of a Solid Cylinder, of 

same area of section, is about as 1.65 to 1, depending essentially upon the 

proportionate thickness of metal compared to diameter, 

Strength of an Kquilateral. Triangle, Fixed at One End and Loaded at the 

Other, having an edge wp, compared to a Square of the same area, is as 22 to 

27; and strength of one, having an edge down, compared to one with an edge” 

up, is as 10 to 7. 
Nore.—In Barlow and other authors the comparison in this case is made when 

the beam, etc., rested upon supports. Hence the stress is contrariwise. 

Strongest rectangular bar or beam that can be cut out of a cylinder is one 

of which the squares of breadth and depth of it, and diameter of the cylinder, 

are as I, 2, and g respectively. 

Cast Iron. 

Mean transverse strength of American, as determined by Major Wade, is 
68x lbs. per sq. inch, suspended from a bar fixed at one end and loaded at 
the other; and mean of English, as determined by Fairbairn, Barlow, and 
others, is 500 lbs. 

Experiments upon bars of cast iron, 1, 2, and 3 ins. square, give a result 

of transverse strength of 447, 348, and 338 lbs. respectively ; being in the 

ratio of 1, .78, and .756. 
Woods. 

Beams of wood, when laid with their annular layers vertical, are stronger 
than when they are laid horizontal, in the proportion of 8 to 7. 

. 
Relative Stiffness of Materials to Resist a Transverse 

Stress. 

ASH. ..esseees .0o89 | Cast Iron.... x Oakercame nests .og5 | Wrought iron 1.3 
Beech, 21.5). .073 | Elm,........ -073 | White pine... «1 Yellow pine.. .087 



STRENGTH OF MATERIALS.—TRANSVERSE. 799 

Strength of a Rectangular Beam in an Inclined position, to resist a vertical 
stress, is to its strength in a horizontal position, as square of radius to square 
of cosine of elevation; that is, as square of length of beam to square of dis- 
tance between its points of support, measured upon a horizontal plane. 

Transverse Strength of Various Materials. 

(U.S. Ordnance Department, Hodgkinson, Fairbairn, Kirkaldy, and by the Author.) 

Power reduced to uniform Measure of One Inch Square, and One Foot in Length ; 
Weight suspended from one End. 

METALS. 
STA SSieteetaie tele sain alle eerie srareislelnie >< 260 
Cast Iron, mean of 4 grades..... «+ 660 

a COS (MAS. Wade)i. 05cm. (68x 
x QEOUADY yo wpe ofelsia ccc’ s.cie 575 
os extreme, West P’t F’dry 980 
se gun-metal,* ‘‘ ce 740 
‘¢ Eng., Low Moor,cold blast.. 472 
ue “«Ponkey, KY 581 
ce “« Ystalyfera ce 77° 
i ‘* mean, 65 kinds...... 500 
Lf nS ‘* y5 kinds,coldblast 641 
Me eplaned: DAY: .\srajsvinsves't 
ie ‘© yough bar.. ce 

COPPER .opitatawonkich sikls 
Stecl, hammered, mean........... 

EP (CASE HOM es « Melsts Saale «dase ne 
- COM RALC UM elseet iene cists oe.e 
‘“ hematite, hammered 
“« Krupp’s shaft....... 
‘*  Fagersta, hammered. sis 

Wrought Iron, mean...:.......... 
Me EPMO TIS site iui0 are > 5 
66 Wi Bwedisli pis: 0 f25: 

: Woops. 

EA SH ase oldetatatareteie/oipisislaicnceraisigiain sraceis > 6: 168 
POM RUNTPUAR oolal sree eiale « stgiate aussie 4. «29% 160 
Sia ricihay eas aie eels « siesiaraa teeny ss o's 120 

Balsam, Canadas...25ccccccc0..see- 87 
Becetiovecstek a aeemieeaiss ds ae cena = 130 

SPO WiMLOvesndad merci ae es sate oad « 112 

TSANG) o'0aleea MW ole Riofoielataih ps 0 nse\e iene { x60 
IIs 

Pada WHILE. Aoi. iter wteicicinleibielete nce = @'s 160 

Sites CULAGAae Puy oseurese eta = { ae 
GHESHHULEY SAcis cilticeinctetd dina wees eee 160 

UIDs hy 4:9,0ctstsOe alelele Maia ta eurnoWN Greate 125 
PE MIOATIAGE OAs. «:s:a\eie!e,aiai0'pe\ baie wiald 170 

Fir, Baltic, mean......... 02% ce eene 153 
“s 58 Canada, yellow........+.++..- { 139 
be 4c 

“Norway 
PS DaritZiga aes Ale afeta/ainja,0/aye 0,0 <0) 6s 
** Riga 
“ Memel 
ce oe 

Greenheart, Guiana... 5 
GWM, DUO! ia<)a:cisseiaiorotalere seis a 30 
Hackmatack........ sfeisieis sab ate. aje ali 102 
Blenaloekigs is cassie sicielplolsiciaiede Misa ere’ si ale + 100 

Woops. 

HICK OLY 0:00 06 ore etd nee a ‘ { 

Iron wood, Burmah,... . .\5 devas. noe 28 
Tareb. RUSSIAN). a) «.ajeteisi5)¢j otal eistaistn 
TARTMUM V1 sy.) ale cle sci sisisieeie aieieihsiae 
Locust s......- acetariter ata ial ofefatiginla's'ale lp 
MANO SAN sie ate'aiwie/a vis aielaloeeiae 
ME SIELAM Orisa sini a are since blcniole olga 
DLO a ce aio pnmasarieae inate 
Oak, white 
MOLI yt ten eles uisiginl elalo\ alesnyol ete ate 
‘red, black 
S°RUMEPICATL, o's(afeeleistice-ale'e s alste 

SR TARTISHL, » cigie/s s  0:n-*'n nialsintalarencie 

ROR MOLOTION) ys sale esis let nie eraleisietee 
SMU DTAUZIC. «cre clajaiscsiers aiaie Fs/ni aerate 
MDC ANAAR An ss tet ace des 7° boinirgesticyc| 
Ch Hardiniai... 0. cacisccvicceeiccizee 
“ce 

Spruce, Canada 
sf MUAH ce wiviaisitale.se's <piacel<e(egie 

Sycamore 
TAMAVACK 2... ccerereersceeseceenes 

StTonrs, BRICKS, ETC. 

Brick, common, Mecan.........+6. 20 
“ pressed, be ete Wee atalvigyslele 40 
¢. English, stock........+.++-+ 11.8 
e¢ i FNC «1... ee eeeeeee 14 

Brick arch......eseeeeceeeeverees 15 
Cement, MCAD .....sesesereeenees 15 

es ce ADA. seeeeeee noe Portland { (ap 

“ i" Shoppey.. cee sce sane 5 
fe “hydraulic, Portland. 5 
ue (Roman ..,...++20s- 2 
se Puzzuolana .....s.sseeee 4:5 
CG Portland, x year...... Br t= 
He Roman, eA Ce 2.5 

Concrete, Eng., fire-brick beam, | 
cement...... eae fous" 

* This was with a tensile strength of 27 000 lbs. 
+ With 840 lbs. the deflection was x inch, and the elasticity of the metal destroyed. 
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Sroves, BRICKS, ETO. nel SToxEs, BRICKS, ETC. 
Concrete, Eng. , fire-brick, sand 3, Marble, Adelaide ....... Rid Saee ae ges 

tacts See epee ye 7 Ttaliany, 2:20. sia sieve ea 
ce Eng., clay and chalk.... 5.4 | Mortar, lime, 60 days........ 25 

Flagging, blue, New York. ec <x lime, x sand. FSS rae 
Freestone, Const sti, ee ae i Se ak ns ee (5-75 

ce Dorchester . ./. £03.02445 - AI + weer et 1.25 
oe New Jersey, mean..... 19 Oolite, English, Portland.......... 21.2 
_ New YOrk... 2 ccennenels 24 Paving, Scotch, Caithness......... 68 
ce Eng., Craigleth........ are si Ireland, Valentia.......... 68.5 
ie «Darby, Victoria... 1.3 Cee BUR SISE. ',.. 5s obo tonee nian 157 
Ke «Park Spring. : oy English, Yorkshire, blue.. 10.4 

Glass, flooring.....-......... Er “Arbroath 17 
Granite, blue, Coarse, .0+- 60> E11 piece og ee ps ites 8x 

ne Quincy see nececasees ES. Bab Zr. cs, eipse sod p os chacense’ 90 
aS MHEAID Sateeieerice vee car ite ‘¢ English, Liangollen.......... 43 
se Hig *COrnishss sae. Stones, English, Les Se mete ae Sea 5.2 

Limestone Kentish, Rag..... 35-8 
es ve se Yorkshire, landing 22.5 

ALD eiaeasecs ssa cles eniass ele cee MCSE... a Seeagsroeeniteae seers 12.5 

Elastic Transverse Strength of Woods, compared with their Breaking Weight, 
is as follows : 

Per Cent. Per Cent. Per Cent. 
29 Norway Spruce.... 30 29 
25 Oak, Dantzic ...... 30 

: 32 CR -FURZUSM leer Gisi0 33 32 
Darcie. scence vas 38 PHCHIPING. | .a55 534 24 30 

Increase in Strength of several Woods by Seasoning. 

Per Cent. 

Ash......44.7 [ Beech. 5... .. 61.9 | Elm...... 12.3 | Oak..... 26.1 | White pine....g 

Concretes, Cements, ete. 

Marenrats. Wane MarERIALS. rane 

CONCRETES (English). Lbs, BRICKS (English). Lbs. 

Fire-brick beam, Portl’a cement} 3.x || Best stock.............. vides ree. 8 
«sand 3 parts, lime x part Je ebive-brick.. . sees cecescmh Beier, 2 | ele 

CEMENTS (English). i 10.7 
Blue clay and chalk............ Ley 9.x 

] 37-5 5.8 
POTtADG. 6:c:eie erecerelere ere ete cieie'e'e \ > = inferior, burned... ne 

SHODPOV sc since aleve Raisins (6 cais\ Telit 5 

Transverse Strength of Various Figures of Cast Iron. 

Reduced to Uniform Measure of Sectional Area of One Inch Square and One Foot in 
Length. Fixed at one End; Weight suspended from the other. 

Breaki i 
Form of Bar or Beam. Weight. Form of Bar or Beam. Weane 

Lbs. R 1 Lbs. 
TTA « N ectangular prism. 

Square ......... pits aisieic tai = 673 N 2X.5 ins.indepth...| 3456 
co 3X.33 “ indepth...) 2302 

4X:25° “in depth. .|. 2652 2 

Square, diagonal vertical...} 568 Equilateral triangle, an 

rN CBO UP: oa cansen deniers } 560 

Cylinders... 6 8egse ts vel 573 eS ee hee 
T 2 ins. in depth X 2 ah ae 

Hollow cylinder; greater .268 inch in width... 
O diameter twice that of 794 Aa 2 ins. in depth x 2 aI 

lesser is ladsn reacts isieate oe .268 inch in width .. 555 
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Solid and Hollow Cylinders of various Materials. 

One Foot in Length. Fixed at one End; Weight suspended from the other. 

External| Internal | Breaking External | Internal | Breaking 
MATERIALS. “|"Diam. | Diam. |. Weight. MATERIALS: Diam. | Diam. | Weight. 
woopDs. Ins. Inch. Lbs, METAL. Ins, Ins. Lbs, 

JAE Abin e Be _ 685 Cast iron, cold * 
Ser atotetee Store 2 I 604 DUASt de sicraje'oit - age ba eee. 

FDA, Se iites si eee — 772 STONE-WARE. 
White pine.. I — 75 Rolled pipe of 8 

ey 3S kel Bye - 610 fine clay..... \ 2aT iya-028 oe 

* An inch-square batten, from same plank as this specimen, broke at 139 Ibs. 

Formulas for Transverse Stress of Rectangular Bars, 
Beairns, Cylinders, etc. 

Fixed at One End. Loaded at the Other. 

tw S bd? S bd? Uw TW 

Rae ye age \ Eg stand 
- LW 

and Cylinder 3/ 3 = bandd. 

Bars, Beams, etc. 

Fixed at Both Ends. Loaded in Middle. 

LW 48 bd2 6S bd? LW 
Bars, Beams, etc. eyqem 33 = emai W ie Sy a2 3 

Uw LW 
—— =d; i 3/—- = d d. 656 d; and Cylinder 6S ban 

Fixed at Both Ends. Louded at uny Other Point than in Middle. 
2mnW _ 3lba?s _ 2mnWw ‘ 2mnW i 

Bars, Beams, etc. 3 lb a? ao) Ti Se ibda aSlqe = 

2mnW 2mnW 
—_—___ = sy li 3 —— = dd. Mi 3816 =d; and Cylinder 3/ 381 ban 

Supported at Both Ends. Loaded in Middle. 
S b d? 45 bd? tw 

Bars, Beams, ete. poate) 4 qa W =; 78ers 

LW LW aie ; Si) eset al Fae d; and Cylinder 7S b and d. 

Supported at Both Ends. Loaded at any Other Point than in Middle, 
B B t mnW a, Sit.de ee maw é mn W ; 

2 ek ee et ai Oe RO? |). Beare 
m 2 W ’ mn W 
—— = 4; 3 Pah ‘. STb =d; and Cylinder a/ ST band d 

1 Ww WwW 
In Square Beams, etc., for b and d put 3 ist ae =d, In Cylinders, for 

b d? put d as above. 

When weight is uniformly distributed, same formulas will apply, W repre- 
senting only half required or given weight. 

S representing stress in a Bar, Beam, or Cylinder, one foot in length, and one inch 
square, side, or in diameter ; and W weight, in lbs.; 6 breadth, and d depth, in ins. ; 
l length, m distance of weight from one end, and n from the other, all in fect. 

Brick-work. 

A brick arch, having a rise of 2 feet, and a span of 15 feet 9 ins., and 2 
feet peer with a depth at its crown of 4 ins., bore 358 400 lbs. laid along 
its centre. 
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. Coefficient or Factor of Safety. ) 

Coofficient or factor of safety of different materials must be taken in view 

of importance of structure, or instrument, probable or required period of du- 

ration of it, and if it is to bear a quiescent, vibratory, gradual, or percussive 

stress, and to meet these varied conditions, it will range from .125 to .3 of 
the maximum or ultimate strength here given or ascertained. 

To Compute Transverse Strength of a Rectangular Bar 

or Beam. 

When a Bar or Beam is Fired at One End, and Loaded at the Other. 
RuLe.—Multiply Coefficient of material in preceding Tables, or, as may be 
ascertained, by breadth and square of depth in ins., and divide product by 
length in feet. 

Nore. —When a beam, etc., is loaded uniformly throughout its length, result must 
be doubled. 
EXxaMPLE.—What weight will a cast-iron bar, 2 ins. square and projecting 30 ins. 

in length, bear without permanent injury? 

Assume strength of material at 660, and its elasticity at one fifth or .2 of its 
strength. 

ez 

Then So max SXs = zane = 422.4 lbs. 
2.5 2.5 

If Dimensions of a Beam or Bar are Required to Support a Given Weight 
at its End. Ruwe¥.—Divide product of weight and length in feet by Coefji- 
cient of material, and quotient will give product of breadth and square of 
depth. 
EXAMPLE.—What is the depth of a wrought-iron beam, 2 ins. broad, necessary to 

support 576 lbs. suspended at 30 ins. from fixed end? 

Assume strength of iron at 150. 

2.5 X 576 9-6 : 
Th ee —=2, : 3 en ig g.6, and re 2 ee t9 ins. depth. 

When a Beam or Bar is Fixed at Both Ends, and Loaded in the Middle. 
Ruie.—Multiply Coefficient of material by 6 times breadth and square of 
depth in ins., and divide product by length in feet. } 
5 lh Lg beam is loaded uniformly throughout its length, result must be 
oubled, 

ExampLe.—What weight will a bar of cast iron, 2 ins. square and 5 feet in length, 
support in middle, without permanent injury? 

Assume strength of material as in a previous case at .2 of 660. 

660 X.2X2X6X2?__ 6336 
: = 

If Dimensions of a Beam or Bar are Required to Support a Given Weight 
in Middle, between Fixed Ends; Rute.—Divide product of weight and 
length in feet by 6 times Coefficient of material, and quotient will give prod- 
uct of breadth and square of depth. 
EXAmMPLy.—What dimensions will a square cast-iron bar, 5 feet in length, require 

to support without permanent injury a stress of 2160 lbs. ? 

Assume strength of material at .2 of 660 or 132, as preceding. 

2160 X5 10800 A pte ' : 
Then “Tye ib. = wh = 13.64, which, divided by 2 for assumed breadth = 6.82, 

and /6.82= 2.61 ins. depth. 

When Breadth or Depth is Required. Rute.—Divide product obtained 
by preceding rules by square of depth, and quotient is breadth; or by 
breadth, and square root of quotient is depth. : 
EXAMPLE.—If 128 is the product, and depth is 8; then 128+ 82=2, breadth. 

Also, 128 + 2—=64, and 1/64=8, depth. 

Then = 1267.2 lbs. 
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When Weight is not in Middle between Ends. Rui.—Multiply Coefficient 
of material by 3 times length in feet, and breadth and square of depth in 
ins., and diyide product by twice product of distances. of weight, or stress 
from either end. 

EXAMPLE.—What weight will a cast-iron bar, fixed at both ends, 2 ins. square and 
5 feet in length, bear without permanent injury, 2 feet from one end? 

Assume strength of material at .2 of 660 or 132, as preceding. 

132 X3X5X2X2?_ 15840 

2X(2X 3) Seon 

When a Beam or Bar is Supported at Both Ends, and Loaded in Middle. 
Rure.—Multiply Coefficient of material by 4 times breadth and square of 
depth in ins., and diyide product by length in feet. 
4 i beam is loaded uniformly throughout its length, result must be 
oubled, 
EXxAmPLe.— What weight will a cast-iron bar, 5 feet between the supports, and 2 

ins. square, bear in middte, without permanent injury ? 

Assume strength of iron at 132, as preceding. 

Then 132 X 2X 4 X 22 = 4224 5 = 844.8 lbs. 

If Dimensions are Required to Support a Given Weight. Rute.—Divide 
product of weight and length in feet by 4 times Coefficient of material, and 
quotient will give product of breadth, and square of depth. 

When Weight is not in Middle between Supports. Rute.—Multiply Coef- 
Jicient of material by length in feet, and breadth and square of depth in ins., 
and divide product by product of distances of weight, or stress from either 
support. 

ExamMPLe.—What weight will a cast-iron bar, 2 ins. square and 5 feet in length, 
support without permanent injury, at a distance of 2 feet from one end, or support ? 

Assume strength of iron at 132, as preceding. 

Ree LOTION 
2X (5 —2) 6 

Then = 1320 lbs. 

Then 

To Compute Pressure upon Einds or upon Supports. 

Rue 1.—Divide product of weight and its distance from nearest end or 
support, by whole length, and quotient will give pressure upon end or sup- 
port. farthest from weight. 

2.—Divide product of weight and its distance from farthest end, or sup- 
port, by whole length, and quotient will give pressure upon end or support 
nearest weight. 
ExamMpLe.—What is pressure upon supports in case of preceding example? 

P ; 880 X 3 
eee = 352 lbs. upon support farthest from the weight ; or = 528 lbs, upon 

support nearest to weight. 

When a Bar or Beam, Fixed or Supported at Both Ends, bears Two 
Weights at Unequal Distances from Ends. 

mW, lw nu VW 
—— + — = pressure , —— ++ —_— = pressure at W end, 7 TL a bressune at.w end, and L, -+ L pr 

m and n representing distances of greatest and least weights Srom their nearest 
end, W and w greatest and least weights, L whole length, 1 distance from least weight 
to farthest end, and V distance of greatest weight from farthest end. 

ILLUSTRATION.—A beam zo feet in length, having both ends fixed in a wall, bears 
two weights—viz., one of ro0o Ibs., at 4 feet from one of its ends, and the other of 
2000 Ibs., at 4 feet from the other end; what is pressure upon each end? 

426 2°98 one BH SOW ag. 1400 lbs. at w ; 4X 1000 4 0% 2008 = 1600 lbs, at W. 
10 } Io 
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When Plane of Bar or Beam Projects Obliquely Upward or Downward. 
When Fixed at One End and Loaded at the Other. RuLtE.—Multiply Co- 

efficient of material by breadth and square of depth in ins., and divide product 
by product of length in feet and cosine of angle of elevation or depression. 
Notr.—When beam is loaded uniformly along its length, result must be doubled. 

ExampLE.—What is weight an ash beam, 5 feet in length, 3 ins. square, and pro- 
jecting upward at an angle of 7° 15’, will bear without permanent injury ? 

Assume breaking weight of ash at 160, and its elasticity at .25 of its strength, and 
cosine of 7° 15’ =.992. 

2 

Then 180 X. 25 %3:X 37 
5 X -992 

To Compute Transverse Strength ofan Equilateral Tri- 
angle or T Beam. 

Ruir.—Proceed as for a rectangular beam, taking following proportions 
of Coefficient of material : . 

= 1080 = 217.74 lbs. 

- : . ( Equilateral triangle, edge up............ 6x d?x.2 C 
Fixed at One or Equilateral triangle, edge GOWH St S3'85 OSC 354 

Both Ends. 7] Deam flange Up ins seep cu o aoe Mas bX d2X .42 “ 
Equilateral triangle, edge up..... ichiln win OX? x54 

ay anal pe Equilateral triangle, edge GOWN hs. aac DSC ee 
Both Ends. [peek eHoe D:. 5s cnse es ceahee Gees bx d?X.42 © 

To Compute Transverse Strength of a Solid Cylinder. 

Rure.—Proceed as for a rectangular beam, and take .6 of Coefficient or 
of product. 
A mean of 18 results with cold blast gun-metal, gave a coeflicient for 740 lbs. 

When Fixed at One End, and Loaded at the Other. Rute.—Multiply 
weight to be supported in Ibs. by length of cylinder in feet; divide product 
by .6 of Coefficient of material, and cube root of quotient will give diameter. 
Norre.—When cylinder is loaded uniformly throughout its length, cube root of 

half quotient will give diameter. 

EXAMPLE.—What should be diameter of a cast-iron cylindrical beam of gun-metal, 
8 ins. in length, to break at 15 000 Ibs. ? , 

3 BOOS teresa = a [om 2.6 ins. 
: 444 

When Fixed at Both Ends, and Loaded in Middle. Rute.—Multiply 
weight to be supported in Ibs. by length of cylinder between supports in 
feet; divide product by .6 of Coefficient of material, and cube root of one 
sixth of quotient will give diameter, 
Norr.—When cylinder is loaded uniformly aleng its length, cube root of half the 

quotient will give diameter. 

EXAMPLE. —What is the diameter of a cast-iron cylinder of gun-metal, 2 feet be- 
tween supports, that will break at 35 964 lbs. ? ’ 

35.964 Xe2 

-6 X 740 

Mean results of cylinder and square bars gave 444 and 740 lbs. Hence, strength 
of a cylinder compared to a square is as 444 to 740 or .6 to x. 

Then 4X 33% 444 
I 

6 
= 162, and 3 = =a eas 

= 47 952 lbs. 

To Compute Diameter of a Solid Cylinder to Support 
a given Weight. 

When Supported at Both Ends, and Loaded in Middle. Rute.—Multiply 
weight to be supported in Ibs. by length of cylinder between supports in 
feet ; divide product by .6 of Coefficient of material, and cube root of one 
fourth of quotient will give diameter, 
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Nore.—When cylinder is loaded pica niet i along its length, cube root of half the 
quotient will give diameter. 

Exampie.—What is diameter of a cast-iron gun- -metal eypaers: x foot between its 
supports, that will break at 48 000 Ibs. ? 

48000 X 1 108 : 
peat re ete Pe 3 f/— = 364 5 OATS 108, and . 3.61 IMs. 

Rectangular. (D. K. Clark.) 
¢ 8 bd? 26d? 

(x) Loaded at Middle. a W. = (2) Loaded at One End. i= w. 

Cylindrical. . 
2 2 

(3) Loaded at Middle. 2 =W. (4) Loaded at One End. a ay, 

W representing ultimate stress in tons. 

Above Coefficients are for iron of a tensile strength of 7 tons per sq. inch. 

® ® ® ® @ @ 6 @® 
Hence, for 8tonsput 9.2 2.3 63 1.6 | Forz2tonsputi38 3.4 9-4 2.4 

“6 10.4 2.6 7.4 1.8 13 aC 14-5 3:6 10.2 2.6 
no ep TH5| \2197-7.9°°9 rae 16. 4 | ‘xeebe.8 
EEyh TS 12.7 3.2 8.6 2.2 15 cr 17-2 4.3 11.8 3 

To Compute Destructive Weight, or Loads that may be 
borne by Wrought-iron Rolled Beams and Girders, 
or Riveted Tubes of various Wigures and Sections. 

Supported at Both Ends. Load applied in Middle. 

When Section of Beam or Girder is that of any of the Figures in follow- 
ing Table. Rutw.—Divide product of area of section, depth, and Coefficient 
for girder, etc. from following Table, by length between supports in feet, 
and quotient will give destructive weight in lbs. 
Nore.—The Coefficients given are based upon experiments with English iron. 

Solid Beams. 

ILLUSTRATION.—What load will destroy a wrought-iron grooved beam of following 
dimensions, ro feet in length between supports, and loaded in its middle? : 

Flanges, 5.7 X .64 inch; Web, .6 inch; Depth, 11.75 ins.; Area, 13.34 Sq. ins. 

Assume Coefficient 4638 as for like case (12) in following table, page 806. 

13-34 11.75 X 4638 726 82 

10 iy s “10 

Ultimate stress for such a beam by experiment was estimated at 97 997 Ibs. 

= 72 682.1 lbs. 

Formulas of Various Authors give following Results : 

D. K. CLark. ee =W. a representing area of section of lower 

flange, a’ area of section of web, less one flange, d depth of beam, less average depth 
of one flange, all in ins., 1 lengtir in feet, and W ultimate dest’ uctive weight in tons. 

This formula is based’ upon the assumption that the beam has lateral support, 

11.75—.6 (4% 5.7X 61.155 X 11.75—-6 X.6) _ 238.69 

6 X 10 6 
= 39.78, which X 2240 

= 88 107 lbs. 
2 

‘Motuswortn. 4 obs =W. C=7616 lbs., and for bd? put bd’—2 0 d’?. 

band d representing exterior and b’ and d’ interior dimensions, and 1 length in ins. 

5.7 * 11.752 — [5.7 —.6 X 11.75 — (.64 X 27)] = 786.6 — 558.9 = 227.7. 

4 X 7616 X 227.7 693 665 

ro X 12 7. 120 

Fairbairn’s formula would give a result less than half of the first, and a dad 
son’s alike to that of Molesworth. 

Bayi 

Then = 57 805.4 lbs. 
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WROUGHT IRON. 

Transverse Strength of Wrought-iron Rolled 

and Girders. (Barlow, Fairbairn, Hughes, Kirkaldy, etc.) 

Reduced to Uniform Measure of One Foot in Length. 

Supported at Both Ends ; Stress or Weight applied in Middle. 
Destructive Weight. | 

Beams 

j. Area pein oes Ssonon, | Manger | Web. [Depth (@/Ditnee| 45% | For. | Lanehel G=G 
’ Ins, * Ins. Tus. |Feet.Ins.|Sq.Jns.| Lbs. Lbs. (W). 

Hy — I I I I 2 500 2500| 2500 
{ — 2 2 2 9-/ 4 6 600 18150] 2266 

2 es 3 2 grt 5 10 080 27720) 2053 

I 3 3 3 7050 21159} 2350 

I I 78 474 2370] 2370 

8 3:5 2 7| 5.65 |. 20160 52480| 2654 

\ +325 7 2 9} 5-9 | 44000 121 000] 2.930 

85 5 4 6 |. 7-44] 19000 85500] 2208 

5 7.07 | 10 5.87 | 24200 242000] 5830. 
5 9.85 | 20 115 38 080 761 Goo} 6 724° 
6 11.75 | 10 13-34 | 72:688 726 880} 4638 

31 2.5 4 1.75 3150 12600] 2880 

} 38 16.5 22 6|18.9 | 49280) 1108800] 3556 

} 38 14.25 | 16 5 |.10.5 | 47000] . 775500] 5183 

\ +25 7 7 6.35 | 24380| 170660), 3840 

\ +13 6 7 6| 262] 90976 74820| 4766 

} 53 24 30 41.4 |128885| 3866550] 3896 

ae | } 35:75 | 45 87.38 | 257 080] 11 568600} 3703 

12.4 «131 te te tro 5.05,| 17885 178850| 2856 

+143 { 15 tro 5:56 | 26250 262500] 3 147 
9-75 

STPEL, 

Tt — 75 5.2 5 7.72 | 102 480 532.400] 12760 

These results are very conclusive of the correctness of above formula, as 
will be seen in cases given, and they are deduced from beams and girders 
varying from 1 to 45 feet in length; bence, when length of a beam or girder 
of any of the sections given is less, relative breaking weight may be in- 
creased, in consequence of increased stability of beam or girder. 

For full experiments on Tubes and Tubular Girders 
Railway Structures, London, 1849. 

Tensile strength of iron assumed at 45 000 lbs. per sqiinchuis a: 

, etc., see Rep. of Comm’s on 
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Elements of Rolled) Wrought-iron Beams and 
Channel Bars. i 

With Safe Load Uniformly Distributed. For Length of One Foot. 
The New Jersey Steel and Iron Coe Trenton, N. J. 

(Beams Supported Sidewtse,) 

Dertu. 

inch, 
6c 

ia) 

“ 

Hee 9909000 MOY DADAUNALA UL ULDur 

12.25 
12.25 

HoH uu 

oN 

OM DWDONN DAAAUE WwW 
19.57 0% 
12.25 
12.25 
15 
15 

Width. Area. Weight 
Designation. per Load, 

Web, | Flange. | Web. | Flange. |, Total. Foot. 

I Beams. Inch, Ins Sq. Ins. | Sq. Ins. | Sq. Ins, | Lbs, Lbs. 

Extra Light. | .1875 | 2 +75 | 1.02 | 3.77 6 18 000 
Light. +25 2.75 I i.9r | 2.91 | 10 30 100 
Heavy. 3425 4° 3 1.25 2.41 3.66 | 12.3 36 800 
Light. ALT 2-75 ine 1.79 | 2.99 | 10 38 700 
Heavy. PSEaR IS 1556-17 2734 4723 Fo 13.3 49 100 
Light. +25 3 1.5 2.51 4.01 | 913.3 62 600 
Heavy. 13 3.5 1.8 25% 4.91 | 16.7 76 800 
go lbs cs 5 3 57 8.7 30 132 000 

120 ‘t 625 5.25 3-75 | 8.09 | 11.84 ] 40 172000 
i ee 3 3:75 2.1 3-4 5.5 18.3 | 101000 

Light. 383 4 2.4 3-97 | 6.37 |. 21-7 | 135000 
Heavy. Eye NV Sh 2.96 | 5.07 | 8.03 | 26.7 | 168000 
Light. “4 4 2.7 Ane 7 23.3 | 167000 
Heavy. +375 4:5 3.38 5.12 8.5 28.3. | 199000 

Extra Heavy. | .57 4.5 5-13 | 7-2 | 12.33.| 41.7 | 268000 
Extra Light. | .3125 | 4.5 3-281 |5.62"| 8.9 30 250000 

Light. +375 4:5 3-94 6.5 10.44 | 35 286 000 

Heavy. “47 5 4:93 | 8.43 | 13.36 | 45 360.000 
Light. ‘47 4.8 5-75 | 6.58 | 12.33°] 41-7 | 377.000 
Heavy, -6 5.5 7-39 9-38 | 16.77 | 56.7 | 511000 
Light. 5 5 7-59 | 7:45 | 15:04 | 50 551 000 
Heavy. 6 5:75 9.07 | 10.95 | 20.02 | 66.7 | 748000 

Deck BEAMS. 
31 45 247°) (3-185) 16.35 | 18.5 63 500 
-38 4:5 3:04 | B.25'| 6.29 | 217 gt 800 

CHANNELS. 
Extra Light. | .2 1.5 -6 85 1.45 5 10 500 

ae 58 2 1.5 8 85 1.65 Ils} 15700 
as cr 2 1625] | x -92 | 1.92 6.3 22 800 
ot ui «18 1.875 1.08 | IZ | 2.25 7-5 33 680 
Light. -28 2.25 1.68 1.52 3.2 II 45 700 
Heavy. 4 2.5 2.4 1.92..| 4.32: 15 58 300 

Extra Light. | .2 2 1.4 1.14 | 2.54 8.5 39 500 
Light. 125 2.5 1.75 1.85 3.6 12 62 000 

Extra Light, a2 2.2 1.6 L7 ays Ir 65 800 
Light. 26 2.5, 2.08 2.4 4-48 | 15 88 950 

se 133 2.5 2.97. | 2.11 5.08 | 16.7 | 104000 
Heavy. +43 3.125 3.87 3.15 ‘|' 7.02 | 23-3 |. 146.000 
Light. 375 2.75 3:94 | 2.06 |) 6 20 134750 

es a0, 3 4.04 | 2.96 | 7 23-3 | 200 100 
Heavy. 68 4 8.33 Sungei tae x 46.7 | 381x000 
Light. ats 4 75 Zid ie 3 40 401 000 
Heavy. 75 4.75 | 11.25'| 7.6 | 18.85 | 63.3 | 625 000 

The loads given in the table are such as will effect a maximum sfrain 
upon the metal of 12000 lbs, per sq. inch. For permanent stress, absolutely 
free from vibration, a greater strain would be allowable, and, contrariwise, 
if the stress is mainly that of a live load the loads here given should be re- 
duced. 
A difference of 25 per cent. in either direction should be made, according 

to the character of the load to be supported or stress to, be borne. 

Steel beams have greater estimated strength than iron, but their stiffness 
is not materially greater. © 
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| Elastic: Transterse Strength of Wrought-iron Bars is about 45 per cent. of 
their transverse strength, and of Plates 55 per cent., or 48 per cent. of their 
tensile strength; of solid rolled beams, 50 per cent.; and of double-headed 

rails, 46 per cent. of their transverse strength; of Fagersta Steel, 56 per cent, 
of its transverse strength ; of double-headed Steel rails, 47 per cent.; of Bes- 
semer Steel, 37.5 to 48 per cent.; of Steel flanged, 68 per cent.; and of 
Wrought-iron Steel flanged, 62 per cent. of its transverse strength. 

Transverse strength of Solid Cast-iron Beams or Girders is about so per cent. 
of ultimate strength; of double-headed or flanged rails, 46 per cent. ; and of single- 
flanged rails, 62 per cent. of its tensile strength. 

Nore.—The actual breaking weight of a 10.5 ins. beam of New Jersey Steel and, 
Iron Co., weight 35 Ibs. per foot, for a length of span of 20 feet, is 30000 Ibs. 

Channel and Deck Beams and Strut Bars. 

With Safe Load Uniformly Distributed for Length of One Foot. 
(Beam supported Sidewise.) 

F p Width. Area. | Weigh Strength as Strut. 
Depth. | Designation. Web. | Flange. Section. | per ot. Load. | Sidewise. | Edgewise. 

Ins. CHANNEL. Inch. Ins. Sq. Ins. | Lbs. Lbs, Lbs. Lbs. 

3 Extra Light | .2 +55 1.45 5 10 500 51 341 
4 KS os +2 1-5 1-65 | 5-5 15 700 49 597 
5 s Be 12 1.625 1.92 6.33 22 800 57 93° 
6 ve: ch 18 1.875 2.25 7-5 33 680 77 1403 
6 Light 128 2.25 3 II 45700| 101 1343 
6 Heavy _— “4 2.5 4.32 | 15 58 300 | .. 123 1257 
7 Extra Light | .2 | 2 2.54 8.33 39 500 82 1700 
7 Oy es 25 2.5 3-6. 12 62 000 136 1883 ~ 
8 eg Bg +2 2.2 3-3 -| 4x 65800} -109 2493 
8 Light 26 2.5 4.48 | 15 88950] 142 2480 
9 yD Any) 2.5 5.08 | 16.33 | 104000 124 2892 
9 Heavy 43 3-125 7-02 | 23-33 | 146.000)| . 190 2925 
10.5 Light 1375. 275 6 20 134750 160 3685 
12.25 se +42 3 8.62 | 28.33 | 238000 172 5275 
12.25 | Heavy 68 4 14. 46.66 | 381000] 317 5170 
15 Light “5 4 12 40 401000} 301 7833 
15 Heavy “75 4:75 18.85 | 63.33 | 625000) 428 7702 
7 } Drck { <3 4-5 5-35 | 21.66 | 63500] 351 36 
8 BEAMs. -38 4:5 6.29 | 18.38 | 91800] 547 37 

Srrur Bars. 

5 Light, Single | — aad 1-55 5:33 9 100 44 457 
5 Heavy, “ = = 2.15 | 7-33 | 11900 48 433 

Operation of Table. 

To Compute Depth of a Beam to Support a Uniformly 
Distributed Load. 

Rute.—Multiply load in Jbs. by length of span in feet, and take from 
table the beam, the load of which is nearest to and in excess of the product 
thus obtained. 
Exampie.—What should be depth of a beam to sustain with safety a uniformly 

distributed load of 30000 lbs., over a span of 15 feet? 

30000 X 15 = 450000, Which is load for a heavy beam x2. 25 ins. in depth. 
Weight of beam should be added to load. 

Inversely.—If the load is required, divide load in table by span of beam in feet, 
and subtract weight of beam. _ , 

To Compute Deflection of Like Beams. 

Ruxe.—Divide square of span in feet by 7o times depth of beam in ins, 
ExaMpPLe,—Assume beam as preceding. j 

t 152 erEd225 

7oX12.25 857.5 
= .262 ins. 
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Comparative Strength and Deflection of Cast-iron 
ve Flanged Beams. 

Description or Beam. stents Dezscriprion or Bram. gears 

Beam of equal flanges......... +58 Beam with flanges as 1 to 4.5... -78 
“< ~~ -with only bottom flange. . “72 se“ with flanges as 1 to's5.5/:1 .82 
‘* with flanges as1to2....| .63 with flanges as 1 to6..... I 
“¢ with flanges as x to Aaa 73 ‘* with flanges as 1 to 6.73.. -92 

Dimensions and Proportions of Wrought-iron Flanged 
Beams. (D. K. Clark.) 

Ultimate 
Depth _ Breadth Thickness. Weight per Strength. aaa 

oe awe i ade: niform 
eo Mane ce: Web. Flanges. Dep eey in Middle. Distributed. 

Ins, Ins Inch. Inch, Lbs. Lbs. Lbs. 
7 2 -1875 2187 5.5 2 800 gio 
2 3 «25 3125 10 5 600 1 860 
3-125 1.625 1875 2187 5.5. 2490 830 
4 2 +25 3125 8 5.490 1 830 
4 3 +25 375 12 8510 2830 
4:75 2 25 +3125 8 6940 2310 

5 3 +3125 +4375 13 13 440 4480 
5 4.5 +375 5 23 19 270 6 420 
5.5 2 +375 +4375 10 11 880 3,960 

6 5 +4375 +5025 30 23 830 7949 
6.25 2 +3125 4375 II 13 440 4440 
6.25 2.25 3125 bey sy 18 13 000 4330 
6.25 3-25 +3125 +4002 12.5 17 470 5 820 
7 2.25 281 +375, 14 14790 4930 
7 2.25 +3125 4375 14 17 020 5670 
7 3.625 +3125 -4375 19 23 300 7 7690 
7 3.625 +3125 5 19 25 980 8 660 
8 2.375 +3125 4375 15 20 830 6940 

8 2.5 +375 “375 15 21 280 7 090 
8 4 +375 5 21 34 500 TI 500 
8 5 +375 +5625 29 44 800 14930 
8 5-125 +4375 5625 29 47 040 15 680 

9-25 3:75 +4375 “5 24 41 560 13,850 
9-5 4:5 +375 -6875 30 59 360 19 750 

10 4:5 4375 -5625 32 56.000 18 660 

0 4:75 4375 -5625 32 58240 19 410 
10 4-75 “75 625 36 in 76.160 25390 
12 5 5025 +8175 42 100 800 33 600 
12 6 +5625 9375 56 136 640 45 530 
14 5.5 5625 875 60 150020 50000 
14 6 5625 +8175 60 152 260 50750 
16 5.625 75 -8175 62 188 160 62720 

Wrought-iron Rectangular Girders or Tubes. (Riv'd.) 

" Supported at Both Ends. Loaded in Middle, 
Ad 
aie AG, W. A representing area of section in sq. ins., d depth in ins., 1 length be- 

tween supports in feet, and W destructive weight in lbs. 

ILLUSTRATION.—What is the destructive weight of a rectangular girder, 35.75 ins. 
in depth by 24 in breadth, metal .75 inch thick, and length between supports 45 feet? 

Assume C or coefficient = 37 000, as per case (17) in preceding table, page 806, 
and area = 87.375 1s. 

Then ©2:375 X 35:375 X 3700 __ 11 557 523 _ 4.6 3.,.8 Ibs, 
45 45, 

; e : PSB WaL UN's 
By experiment it was 257 080 (bs. By Inversion G7 = A, and 14 vine d. 

HopeKinson’s formula would give a result of 259 373 lbs., and MoLEswortH’s 
303 907 lbs. 

ke oe 
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Unequally Inoaded Beams, cte. p ; 

=w. IL representing length between supports, and m and n distances from 
mn 

points of support, all in like denomination, and W and w destructive and safe weights, 
also in like denomination. 

To Compute Destructive Weight and Area of Bottom 
Plate. 

AdC Wil Wnmn 
——=W; —=—A; and ——-—aA. i i m in sq. I W; Cd ; ated A. A representing area of plate in sq. 

ins., d and 1 depth and length, m and n distances of load at other points than in 
middle, all in feet, and W weight in Lbs. 

Nors.—Suflicient metal should be provided in sides to resist transverse and 
shearing stress, and in upper flange to resist crushing. 

ILLUSTRATION, —What area of wrought iron is necessary in bottom plate of a rec- 
tangular tubular girder, 3 feet in depth, supported at both ends, and loaded in middle 
with 130000 Ibs. ? 

C, ascertained by experiment for destructive stress, 180 coo Ibs., and area 7.1 sq.1ns. 
130000 X 30 n 
a re ae ce sq. ins. 

-Wrought-iron Cylindrical Beams or Tubes. 
Adc 

U 
12.4 ins. in diameter, .131 inch in thickness, and xo feet between its supports? 

Area of metal = 5.05 sq. ins., and C = 2856, as in the roth case of table, page 806. 

ich Se X 25 4 6G SE ee Ws. 
10 

3.14 d7¢S 

==. ILLUSTRATION.—What is destructive weight of a cylindrical tube, 

D. K. Cuark. 

Ulength, all in ins., S tensile strength of metal per sq. inch, and W weight, both in lbs. 

3:14 X 12.42 X.131X 45000 2846 250 

10 X 12 ~~ 23x20 

Mo eswortn’s formula gives a result of 23 286.x lbs. 

=W. d representing diameter, t thickness of metal, and 

S.= 45 000 lbs. = 23 718.7 lbs. 

Wrought-iron E.lliptical Beams or Tubes, 
Adc 

L 
-143 inch n thickness, and distance between supports to feet, 

A=5.56 sq. ins. C= 3147, as per Case (20) in preceding table, page 806. 

5:56 X 15 X 3147 __ 262 459.8 __ 
10 Io 

D. K. Crarx, 1.57 (0?) tS 

=W. Ir.usrration.— Assume diameter of tube 9.75 and 15 ins., metal 

Then 26 245.9 lbs. 

=W. bandd representing conjugale and trans- 
l 

verse diameter, 1 length between supports, t thickness of metal, all in ins.,§ tensile 
strength of metal per sq. inch, and W destructive weight, both in lbs. 

1.57 (9-75°-F 157) X -£43 X 44000 _ 3 161 840 erie eee 26 348.6 lbs. 

Notr.—B. Baker, in his, work on Strength of Beams, etc., London, 1870, page 26, 
shows that ordinary method of computing transverse strength of a hollow shaft by 
difference of diameter alone is erroneous, in consequence of Joss of resistance to 
flexure in a hollow beain. 

S = 44 000 lbs. 

Girders and Beams of Unsymmetriecal Section. 
Sd 

sr" =W 8 representing tensile resistance of metal, and W destructive weight, 

both in lbs., d distance between centres of compression and extension, or crushing and 
tensile resistances, in ins., and l length between supports, in feet. 

Norsz.—To ascertain d, see Rule, page 810, 
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ILLustRATION.—Dimensions of a rolled wrought-iron girder, rz feet in length be. 
tween its supports, is as follows : 

Top flange...... Pecebaistaletats 2.5 x z inch. | Bottom flange. ........... 4X .38 inch. 
Web .sibiesenananks teas. 1325 ef Depthisrcnc svete ates FA 

What is its destructive weight ? 

: 4 X 45000 X 5.22 
Ir 12 

Strength of Riveted Beams or Girders, compared with Solid, is less, and deflec- 
tion is greater. 

d=5.22 ins. S assumed at 45000 lbs. Then = 7138.18 lbs. 

Wrought-iron Inclined Beams, etc. 

ee =w. Landl representing lengths or inclination, and horizontal line, in like 

denominations, and W and w destructive and safe weights on horizontal line and in- 
clination, also in like denominations. 

Plate Girders. 
Adc 
Sie A representing section in sq. ins., d depth in ins., and | length be- 

tween supports in feet. 

ILLUSTRATION. —What load will destroy a wrought-iron plate girder or beam, of 
fullowing dimensions, ro feet in length between its supports? 

Top flange... 2... sesseee 4-5 X «375 inch. | Width of web... ..06....s06 -375 inch, 
Bottom flange.......... 4.5 (3756 50 Depth Of Wer. 0.5. ore. y leo aielo ns 13.5 ins, 
Angle piecesiv: 00's ose me xX Sgre5-*° Depth of beam............. 14.25,, 4h 

Area of Section = x3 sq. ins, 

Assume coefficient of 5180 as per case (14) in preceding Table, page 806, 

13 X 14.25 X 5180 960154 

10 a 10 
Then = 96 015.4 lbs. 

L 
MOLESWORTH. a =W. L~yrepresenting load equally distributed, and W destrue- 

tive weight, both in tons, and d effective depth of girder in feet. 

By actual experiment L = 48 tons for 16.5 feet between supports; hence, 
10; 16.5::48:79.2 tons = 39.6 when supported in middle, and 14.25 ins. = 1. 1875 feet. 

6X 10 6 ‘ 
Then =F goatee Sy = oe= = 41.68, which X 2240 = 93 363.2 Lbs. 

D. K. Ciark. ghas eee adie =e 

less depth of lower flange in ins., a and a’ areas of sections of bottom flange and of 
web, at its reputed ‘depth, both in 'sq. ins., and l length between supports in Jeet. 

j ='14/25'—' ays Seyarele anal a@=3, and a’ =5 sq. ins. 

13.875 (4 X 31-155 X 5) 246.63 
.6 X 10 6 

Mr. Clark assumes, however, that for girders of like construction the destructive 
stress should be taken at two thirds of that deduced by the formula. 

d representing depth of girder or beam 

Then = 41.105, which X 2240 = 92075.2 lbs. 

ILLUSTRATION. — Assume angles. 2.125 & .28 above, 2.125 X .3 below, web 
25, depth 7 ins., and length between supports 7 feet. 

Area of section = 6.35 sq. ins., and C = 3840, as per case (15) in preceding Table, 
page 806. 

Nf Girders or Beams without Upper and Lower Flanges. 

Then = 24 384 lbs. 
6.35 X 7 X 3840 170688 

ay ML 17 
a ca —+.e5aX5a 

Approximate. Seergr W. a representing area of sections of upper 

and lower angles, a’ area of section of web for total depth, both im sq. ins., d depth of 
girder in ins., and W load or stress vn lbs, 
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a= 4.6 sq. ins., and w=7 X .25 = 1.75 8g. is. 

Opaeck 
42422 x 5x7 90.81 : : 

Then 2 eg = 12.973, Which X.2240 =-29 059.5 lbs. 
7 

IRON AND STEEL RAILS. 

Symmetrical Section. 

To Compute Transverse Strength. (D. K. Clark.) 
72 

S(4a “ + 1.155 td? w 
d l cer re : 

i =W, and 7 az S representing ten- 

(4 aa r155t a) 

sile strength in lbs. or tons per sq. inch, a arca of one head or flange exclusive of cen- 
tral portion composing web, in sq. ins., d’ depth or distance between centres of heads, 
d depth of rail, t thickness of web, l distance between supports, all in ins., and W 
weight in lbs, or tons, alike to 8. 

ILLUSTRATION 1.—What is destructive weight of a wrought-iron double-headed 
rail, 5.4 ins. deep, having a web of .8 ins., an area of head of x.9 sq. ins., distance 
between centres of its heads 4.2 ins., and between its supports 5 feet? ta 

S$ assumed at 50000 lbs. 

627) —__________ 
50 000 (4x 1.9X ate x .8x 34°) 

Then = 

43 466.6 lbs. 

2.—What is destructive weight of a Bessemer steel double-headed rail, 5.4 ins. 
deep, having a web of .75 inch, an area of head of 2 sq. ins., and distance between 
heads 4.2 ins. ? 

50000 X (25.23 + 26.93) 

5X12 60 Pm 

S assumed at 80000 lbs. 
2 ee ee ee 

80 000 (4 x2x 4:35 gs 1.155 X-75 X 54?) 

Then 5:4. 
8 q 

= See = noe Xt 39 2 68 830 The. 

Nore.—Transverse strength of Bessemer Rails increases very generally, in direct proportion with 
the proportion of Carbon in it. 

Unsymmetrical Section. 

\ , : 2 . ° a =W. ad” representing vertical distance between centres of tension 

and compression, h height of neutral axis above base of section, and 1 length between 
supports, all in ins., and. A sum of products, obtained by multiplying areas of strips 
of reduced section under tensile stress, by their mean distances, respectively, that is, 
the distances of their centires of gravity, from the neutral axis, in ins. 

Bowstring Girder. 

To Compute Diameter of a Wrought-iron Tie-rod of an 
Arched or Bowstring Girder of Cast Iron. 

Y: i bu . ‘ames W representing weight distributed over beam in Ibs., 1 length 
500 

between piers or supports in fect, and h height between centre of area of section of . 
girder and centre of rod in ins. 1 

ILLUSTRATION.—Required diameter of tie-rod for an arched girder, 25 feet be- 
tween its piers, and 30 ins. between centres of its area and of rod, to safely support 
a uniformly distributed load of 25 000 lbs, ? 

'25 000 X 25 625000 _ fh . 
New Sec Jang Vebe 215 ins. 

If two rods are used. Then Yi ete = 1.52 ins. = diameter of each rod. 
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‘ CAST IRON, 

Transverse Strength of Girders and Beams. 

(Deduced from Experiments of Barlow, Hodgkinson, Hughes, Bramah, Cubitt, 
Tredgold, and others.) 

Reduced to a Uniform Measure of One Foot in Length. 

Supported at Both Ends. . Stress or Weight applied in Middle. 
Destructive Weight. 

Sxction. Flanges. Web. | Depth. |Distance.| Area. | For Dis- | Length |——_=¢ 
tance. jof One Foot.;Ad | 

Ins, Ins. Ins. |Feet.Ins.| Sq. Ins. Lbs. Lbs. 
ns = I I I I 2240 2240| 2240 
Y f — I I 46 I 500 2250| 2250 

oak zt 3 BiNlFt35:6 b~-9 5080 | 68580] 2s4o 
y { — I 3 4 6 3 5 100 22950] 2550 

= I 4 46 4 10 300 46350 | 2896 

x 32 2 4 5 12 6720 33 600 700 

Ti52 X) 078, 0: 56 4.07| 4 6 2.35 6 666 30000} 3136 

15 X «5 +5 3 3-2 2 5 208 16145 | 2676 

Xe Sed tcin 3 Bi ie 4536.| 14062] 2337 

Lassie thn 08 4 Bene] ox 7104 |" 22420] 5475 

OT Det A “S 4 2d I Ee 10267 | 2553 

1.53X1 5 2.04] 4 2.6 4004 16016 | 3019 

2S XX esr rt 2.02] 4 2.59 2569 10276 | 1963 

-— — 2.52| 5 4-98 4143 20715 | 1650 

as os Cereal aC} 4 2988 14940 | 1320 

2.28 X .53 Me } Sekai 6 2,28 9 503 42763 | 3656 

23:9 “K'3.12|- "3.29 36.1 | 20 183.5 | 403312 | 8066240| 1220 

- fs mk © IH Sf] j-o-- 

1.76 X «4 +29 S08 NAO 2.82 | 6678 30 512 | 2077 

‘ .26 
ee a } 3 Beta: 2,87 7 368 33200 | 2250 

spike ee \ 132 SEM Ayu 3.02 8270 37 215 2402 

1.54% .« 
eae } 134 |! 513] 4° 6 | 5.41 | 21009 | 94540] 3406 

seudene | 1.2 8.18 | rx 15 | 35620%| 39x 853 | «3193 
* Stirling iron, 

AdC 3 i i 
Hence, proce W. A representing area of section, d depth in ins., L length in feet, 

and W destructive weight in lbs. 

Nore.—When lengths are less than those instanced, breaking weight will be in- 
creased, in consequence of increased stability of girder, 
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To Compute Transverse Strength or Destructive Stress 
of Cast-iron Beams or Girders, of various Figures. 

Supported at Both Ends. Weight applied in Middle. ; 

When Section of Beam or Girder is alike to any of Examples given in 
preceding Table. Ruy 1.*—Divide product of area of section and depth 
in ins., and Coefficient for girder, etc., from preceding Table, by length be- 
tween supports in feet, and quotient will give breaking weight in lbs. 
ExamPLe.—Dimensions of a beam, having top and bottom flanges in proportion 

of 1 to 6, give an area of section of 25.6 sq. ins., a depth of 15.5 ins., and a length 
between its supports of 18 feet; what is its destructive weight? 

Notr.—In consequence of increased area of metal over case No. 21 in Table, Coef- 
ficient of 3402 is reduced to 3300. 

Dimensions.— Top flange, 3 X .75 ins. ; bottom, 18 X .75 a=13.5 Sg. is. ; web, 
15.5 X.7 @ =10.8 sq. ins. ; and d’ = 15.5 —.75 = 14.75 ims. 

Then 25-6 X 15-5 X 3300 _ 1 309440 
18 18 

d’ (6.5 a 5 
D. K. Cnark. eS =W. a representing area of bottom flange, a’ 

3 
of web at depih ad’ of beam, less depth of bottom flange in sq. ins., l length between 
supports in feet, and W destructive weight in tons. » 

Then 7475 a aS ed == a 31-71, Which X 2240 = 71 030.4 US. 

Hopexixson’s formula would give a result of 53 491.2 Jbs., and MoLEsworTx’s 
54 248.3 lbs. 

Ruy 2.— From product of breadth and square of depth in ins. of rec- 
tangular solid, the dimensions of which are the depth and greatest breadth of 
beam in its centre, subtract product of breadths and square of depths of 
that part of the beam which is required to make it a rectangular solid, and 
then determine its resistance by rule for the particular case as to its being 
supported or fixed, etc. 

This rule is applicable only in case referred to, viz., when area of section isgreat 
compared with area of extrqme dimensions, 

Mr. Baker, in case of a hollow cylindrical shaft, where thickness of metal is but 
one eighth of extreme diameter, computes result at but.4 of that of a solid beam. 
This is in consequence of resistance to flexure in hollow beam being more than 
proportionally greater than in solid. 

ExamPLe.—Take 7th case from preceding Table, page 813, for length of one foot. 

Coefficient for cold-blast iron = 500. 

= 72 746.6 lbs. 

Then 1.52 X 4.077— 1.52 X 2.517 X 4 X 500 = 25.17 —9.58 X 2000 = 31 180 Lbs, 

Result as by experiment, 30 000 Ibs. 

Nore 1,—These rules are applicable to all cases where flange of beam is as shown 
in Table, and beam rests upon two supports, or contrariwise, as to position of flange, 
when beam is fixed at one end only. 

2.—When case under consideration is alike in its general character to one in 
Table, but differs in some one or more points, an increase or decrease of metal is, ob- 
tained by an increase or reduction of the Coefficient, according as the differences may 
affect resistance of beam. - f 

3.—The Coefficients here given are based altogether upon experiments with Eng- 
lish iron. ‘ : 

* Utility of these rules in preference to those of Hodgkinson, Fairbairn, Tredgold, Hughes, and 
Barlow is manifest, as in one case the Coefficient of the metal is considered, and in the other cases the 
metal is assumed to be of a uniform value or strength, 
Only variable element not embraced in this rule is that consequent upon any peculiarity of form of 

section ; as, for instance, in that of a Hodgkinson, or like beam, where area of one flange greatly ex- 
ceeds the rest of section, and this flange is other than below, when beam rests upon two supports or is 
fixed at both ends, or than above, when beam is fixed at one or both ends. . 

This deficiency is met to some extent by the three cases in table, where proportion of flanges are x to 
2,1 to 3, and x to 6.5. i i 

+ For thick castings put 7, and put Coefficient same as tensile strength of metal in tons per sq. inch, 
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Flanged Hollow or Annular’ Beams of Symmetrical 
Sections. (D.K, Clark.) 

When Depth is Great Compared with Thickness of Flanges.—TVigs, 1, 2, and 3. 

dX8 (4 a+1.155 a’) 

1 
flange, a area of web or ribs, both in sq. ins., d depth of 
y beam, less depth of one flange, and 1 distance between sup- 
A ports, both in ins., S tensile strength of metal, and W 

weight between supports, both in lbs. Les 

re =W. arepresenting area of one 

When Depth of Flanges is Great Compared with Depth of Beam.—Figs, 
4 and 5. 

ce 3 (ie ee ee 
BE S (4a + 1.155 td?) 

l 
thickness of web, in sq. ins., t thickness of web, d’ reputed depth or 
distance between centres of flanges, and d depth of beam, all in ins. 

=W. a representing area of one flange less 

When Section of Circular or Elliptic Beam is Small Compared with Diam- 
eter.— Figs. 6, 7, and 8. 

31407 ES : ney Ot Gute oe 
Ww. 

b and d representing mean breadth and depth, 

ILLUSTRATION I.—Assume Figs. 1, 2, and 3, 20 ins. in depth, widtb of flanges on 
top and bottom ribs 5 ins., thickness of flanges and webs x inch, and of sides of 
Fig. 3 .5 inch; length between supports ro feet, and S 20000 lbs.; what would be 
breaking weight of each? ‘ 

Poe (4% 5-415 X 78) = proee WOT 79) = 129 168.4 lbs. 
10 X 12 120 

2.—Assume Figs. 4 and 5,6 ms. in depth, area of flanges 3 ins., widths of webs r 
inch, and length and S as in preceding case. 

ee} 

Ce 

Hig es (4x3 x eae ae x6") __ 20000 X 91.58 

Io X12 120 
= 15 263.3 lbs. Then 

3.—Assume Fig, 6 10 ins, in diameter, Fig. 7, 7.5 ins. in depth and x2 ins. in width, 
and Fig. 8, r2 ins. in depth and 7.5 ins. in width, and thickness of all metal x inch. 

14 107 X 1X 29.000 6.280000 __ 52 333-3* lbs., which is .4 of 
10 X 12 120 

Then, Fig. 6 3 

that of solid cylinder. 
j 1.57 X (122-+7.52) X 1 X 20000 Be 6 287 850 _ 3g 308.9500. 

10 X 12 120 

Norr.—For all ordinary purposes, operation of computing their strength, by first 
computing that of their circumscribing figure, and then deducting from it strength 
due to difference between it and section of beam under computation, will be suf- 
ficiently accurate. See Illustration, page 814. 

If greater accuracy is required, see page 810, or D. K. Clark’s Manual, pp. 513-17. 

Nore.—To compute location of neutral axis of beams of unsymmetrical section, 
see also D. K. Clark, pp. 514-15. 

Figs. 7 and 8 

* This result agrees with deduction of Mr. Baker, as given by him in his work on Strength of Beams, 
etc., pp. 26-7, for hollow or annular beams of small area of section inl iy with that of diameter, 
even up to a thickness of metal of one eighth of diameter. He assigns their strength so low as .4 of 
that of solid cylinder, in consequence of loss of resistance to flexure. 
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General Formulas for Destructive Weight of Solid 

Beams of Symmetrical Section. 

Supported at Both Ends. Weight applied in Middle. 

Line of Neutral Azis runs through centre of gravity of section. 

iin tsp Ona 1W 

l 2adar 

resenting area and depth of section, r radius of gyration (half depth of beam =1), 

1 length of beam belween its supports in ins., W destructive weight in tons or lbs., 

and § tensile strength of material in like tons or lbs. per sq. inch. 

ILLUSTRATION.—Assume dimensions of cast-iron beams, Figs. 1, 2, 3, 4, and 5, as 

follows, viz.: 1 and 2, 5 X 5 iMS.; 3, 2-5 X 10}; 4, 5.64 diameter; and 5, 7.25 X 4-39, 

or equal areas; distance between supports 60 ins., and tensile strength of iron= 

20000 lbs. 

=S. In square beams forad putd?. aand d rep- 

5 

Areas of each 25 sq. ins. Radius of gyration, No. 1, .5775; 2, .4083}; 3, -57753 m 

«53 and 5, 1.43: 
2X 25 X 10 X -5775 X 26.000 

60 

2X 25 X7.07* X . 4083 X 26 000 

60 

2X 58t X .5775 X 26.000 
Tre = 62 562 lbs. 

= 125 125 lbs. 

62545 lbs 

s 
4. For formula for square beams substitute _ "''h 

25 X 5.64 X 26.000 78546 d?S __ 

60 U cap 

.7854 X 4.39 X 7-257 X 26 000 
60 

These formulas give a result equal to a transverse strength for Cast tron of 550 for 

a tensile strength of 26 000 Ibs., and of Wrought iron of 600 Ibs. fora like strength 

of 50000 lbs. (as per table, page 788). 

Then 4. = 57766 lbs.; and for 5. Ww. 

= 78 532 lbs. 

6. 7 8. 9 10. 

[aA > \ G 

O 4» 
4C bd? ¥ , : 
= —W. C representing coefficient of strength of metal in lbs., b and da 

breadth and depth in ins., l length in feet, and W destructive weight in tons. 

Ri— rt ; 
| 6. R ub 4.7==b d%. Randr representing external and internal radius. 

| ba3s—d' a’3 ae ‘ ekg 2 
| nM Mame Daath bd?. 0d’ and d’ representing interior breadth and depth. 

bd? : . ‘ 
8. .38 R3=b a2. 9: mal =W. drepresenting depth or height. 

ro. bd2-+20/d’2=W. 6 and a representing breadth and depth of centre and 
vertical rib, and v’ and d’ breadth and depth of horizontal rib, external to central rib. 

Values of C sso for a tensile strength of Cast Iron of 26000 Ibs. per sq. inch, and 
of 600 for a like strength of Wrought Iron of 50000 Ibs., and pro rata. 

% Diagonal of square. + In square beams d3=aX @. 
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Flanged Beams of Unsymmetrical Section. (D. K. Clark.) 

ok ee Tk 
£80 ny S representing total tensile strength of section in lbs. per sq. inch, d 

l 

vertical distance between centres of tension and compression in ins., 1 length in ins. , 
and W weight in lbs. 

ILLusTRATION.—If the sectional area of a beam of cast iron is 5.9 sq. ins., the 
depth or distance between centres of tension and compression 5.6 ins., distance be- 
tween supports 5.5 feet, and tensile strength of metal 30000 lbs. per sq. inch. 

4X 5:9 X 30000 X 5.6 3.964 800 age: asia aadaad 60072.7 lbs. Then 

STEEL. 

To Compute Transverse Strength of Steel Bars. 

Supported at Both Ends. Weight applied in Middle. 

eile =W. S representing tensile strength in lbs., 1 length between supports 

tn ins., and W weight in lbs. 

ILLusTRaTION.—What is ultimate destructive stress of a bar of Crucible steel, 
2 ins. square, and 2 feet between supports? S = 90000 lbs, 

f 8 8316 
Then 7-753 Lae hres" ays ee 34 650 lbs. 

2X12 24 

To Compute Section of Lower Flange of a Girder or 
Cylindrical Shaft of Cast Iron to Sustain a Sate Load 
in its Middle. (Baker.) 

l ’ ‘ ae 
ee =M. Ul representing distance between supports in fect, d depth of girder, ete. , 

in ins., W weight in tons, C coefficient, and M moment of weight around support. 

ILLUSTRATION.—What should be section of a girder, 12 ins, deep, to sustain a safe 
load of ro tons in its middle, between supports 16 feet apart? 

6 
Stress assumed 2 tons per sq. inch, and Factor of safety 4. Sapa =480=M. 

And ins =a. S representing stress assumed in tons, and a area of section of 

Slange in sq. ins. Then 480 ied sq: ins. 

I2K2 

For Rectangular, Diagonal, or Circular Beam or Shaft, 
a3 SS a3 

Q fe €) £2 u. 

General Hormulas for Computation of Destructive 
Weight of a Beam or Girder of any form of Cross 
Section and of any Material. (B. Baker.) 

Load applied at Middle. 

gets 2) =W. S representing tensile strength of material per sq. inch in tons, 
4 * 

M moment of resistance of section = product of effective depth of girder or beam, ana 
effective area of flange portion of section, in sq. ins., Q resistance due to flexure, | dis- 
tance between supports in feet, and Q’ = Q x thickness of web of section, both in ing, 

Average Values of S for Various Materials. 
Tons. Tons. ; Tons, 

Cast Iron.......... pielelee 7 ORCCMaresla e clein:s 61.0 4o to 50 | Oak. .....0.0604 25 tO4.5 
Wrought Iron......... a1 Vy sda ae 35 Pin Garay sieloieasi Bie $63, 5 

3 
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Substituting Values of S and Qina General Equation. — 

Secrion.| Cast Iron. Wasug Steel. Oak. Pine. 

9 d2b d*b db d?b d?b 

N = gaia ees i =. .25——_|=. .2—— 
W=.875 I =175 I =3 05 T 1410.25 I 11 t0.2 i 

spcgtall a3 d3 | d3 as 

ZS =157 =2.625 to 4.25 + =I to .16 —- =.08 t0.14 7 

a3 ds a3 a3 a3 

FF 1.125 | =2 to 3.25 Z ema estes I =.06 to.11 > 

d representing depth of a rectangular bar, side of a square, or diameter of a round, 

b breadth of a vertical bar, all in ins., and l distance between supports in Jeet. 

Moment of Resistance. 

Moment of Resistance of a cross section is the static force resisting an ex- 

ternal force of tension or compression, and it is equal to moment of Jnertia, 

divided by distance of centre of effect of the area of fibres which are respec- 

tively the most extended or compressed from the reutral axis of the section. 

To Compute Moment of Resistance. ; 

=M. I representing moment of inertia, and d distance of centre 7 effect of 

alr 
area of fibres of extension or compressvon. 

Work of Resistance. 

Under a Quiescent Load.—Intensity of Elastic resistance increases uni- 

formly with total space through which action of stress operates ; hence, it 

may be defined by a triangular section. 

Consequently, .5sL=R. s representing space passed through, L load, and R re- 

sistance. 
To Compute Moment of Resistance. 

Bue and ri —=R. Ca coefficient=one sixth of destructive weight, 1 moment 

of inertia, h height of neutral axt 
M modulus of rupture. 

Nore.—Neutral axis, for all practical purposes, is at centre of gravity of any 

section. 

For Radius of Gyration, see Centre of Gyration, page 609. 

For other rule for computation of Moment of Resistance, see Strength of Beams, 

B. Baker, London, 1870. 

's from base of section, R moment of résistance, and 

Moment of Inertia. 

Moment of Inertia is resistance of a beam to bending, and moment of any 

transverse section is equal to sum of products of each particle of its area into 

square of their distance from neutral axis of section. 

A B Trivsrration.—If transverse section of a beam, A B CD, Fig. 1, is 

8 X 20 ins., its neutral axis will be at middle of its depth, 0 r; divide 

A B,o7, into any number of equal spaces, as shown, then each space 

will be 2X2—4 sq. ins., and the distances of the centre of each 

square from neutral axis will be as follows", - 

tm 2X2xX4xX c= 161 4) 4. 2X2X4X72= 784 

2,2 2X2X4X37=144 | 5) 5 2X2X4X92=— 1296 

f 3,3 2X 2X4X57=400 2640 X 2 for low- 

(6) D er half = 5280 = moment. 

Nore.—If the area of the figure in illustration had been more minutely divided, 

the result would haye approximated more nearly to the above result. 

_ For Moment of Inertia of a Revolving Body, see Centre of Gyration, page rae ri 
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To Compute Moment of Inertia of a Solid Beam.—Fig. 2) 

bas : 
M. : 

12 

ILLusTRATION.—Take elements of preceding case. 
3 

Then 8 X 208 24 64 000 
12 12 

Or, .3 18 n30=M. t representing breadth of vertical divisions, n number of hori- 
zontal divisions from plane of neutral axis, b breadth, and d depth of beam. 

ILLUSTRATION.—Take clements of preceding case. 

. kas, 5, and b=8, 

Then .3.X 25 % 53x 8 = 2400 X 2 for lower half = 4800 = moment. 

= 5333-33 moment. 

3: 4s 5. Beams of Various Figures.—Vigs. 3, 4, 5. 
bd3—b’ a’3 bd3—2b'a’3 sip im ate et oe dndlpinsta 27 23 Sho Me 

€--p--> b’ and d’ representing respectively breadth less 
thickness of web, and depth less thickness of flanges. 

4 3 
-7854 ¢ t3 = M. q =i 

» ate aa 

4 YUE 
O 7854 (r4— 94) SM, © Bh zig, Wt? = 

I2 “7? 

r representing radius, t transverse and c conjugate diameters, and s side. 

To Compute Common Centre of Gravity and Vertical 
Distance between Centres of Crushing and Tensile 
Stress of a Girder or Beam. 

Rue. — Multiply surface of section of each part or figure composing 
whole, by distance of its centre from centre of one of the two extreme parts 
or figures, as +; divide sum of their products by sum of surfaces of sec- 
tion, and result, will give distance of common centre of gravity from centres 
of each extreme part or figure. 

Examprie.—Take annexed figure. 

Bs Se TE =2,5) 0 TK) 

5.62 
+325 X (62+2)= +325 X 3-31 = 1.076 

Above + fi 
nf 38 

+38 X4X (24 5624+) = x50 X 6.31 = 9.5922 
2 

4-345 10.667 
Dividing 10.667 by 4.345 = 2.455 = distance of common centre from centre of upper 

part. 

1.52 Xo =152 XO = 1.0 

+325 X 5.62 X (24%) =1.826X3 = 5-478 

Below 2 : 

2:5 x (+5042) = 2.5 XX 6.31=15.775 

5-846 21.253 
Dividing 21.225 by 5.846 = 3,631 = distance of common centre from centie of lower 

part. 

Hence, 3.631 + :38 = 3.821 = distance of common centre from bottom, and 3.631 + 
2 

2.652 = 6.283 = distance between centres of gravity. 
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To Compute Neutral Axis ofa Beam of Unsymmetrical 

Section.—Figs-. 3, +, 5, 6, 7, 8, and 9- (D. K. Clark.) 

OpERATION.—Divide section as reduced into its simple elements, and 

assume a datum-line from which moments of elements are to be computed. 

Multiply area of each element by distance of its own centre of gravity from 

datum-line, to ascertain its moment. Divide sum of these moments by to- 

tal reduced area; and quotient is distance of centre of gravity of reduced 

section, or of neutral axis of whole section, from datum-line. 

ILLusTRATION.— Fig. 8 annexed is 12 ins. deep, 12 ins. wide, and 1 inch thick. 

Extend web, ¢ d, to the lower surface at d’ and d”, leaving 5-5 ins. 

8. ef of web, a d’ and a’ b, on each side. Reduce this width in the ratio 

of 1.73 to x, or to (5.5 = 1-73 =) 3.2 ins., and set off d’ a’ and a’” b’ 

cach équal to 3.2 ins. Then redticed flange, a’ b’, is (3.2 X 2= 6.4+ 

1=) 7.4 ins. wide, and reduced section consists of two rectangles, 

a’ b’ andcd, Assume any datum-line, as ef, at upper end of sec- 

tion, and bisect depths of rectangles, or take intersections of their 

diagonals at g and 0, for their centres of gravity. Distances of these 

(tote | from datum-line are 5-5 and 11.5 ins. respectively, and areas of the 

| aa@dd's & rectangles are 11 Xx =11 Sq. 0S., and 7.4 X 1=7-4 84. ins. 

Then, cd=ir° X 5-5= 60.5 

a b= 7-4 X11-5=_85-1 

18.4 145.6 = 7.91 ins. 

Showing that centre of gravity of reduced section, being neutral axis of whole 

| section, is 7.9x ins. below upper edge, in line it, Centre of gravity of entire section 

at « , it may be added, is 8.65 ins. below upper edge, or .74 inch lower than that of 

} reduced section. 

Neutral axes of other sections, Figs. 3 to 7, found by same process, are marked.on 

the figures. Section ofa flange rail, No. 7, which is very various in breadth, may be 

t treated in two ways: either by preparatorily averaging projections of head and 

flange into rectangular forms; or, by taking it as it is, and dividing it into a con- 

siderable number of strips parallel to base, for each of which the moment, with re- 

spect to assumed datum-line, is to be ascertained. First mode of treatment is ap- 

proximate; second is more nearly exact. 

To Compute Ultimate Strength of Homogeneous Beams 

of Unsymmetrical Section. 

Oprration.—Resuming section, Fig. 9, for which neutral axis has been 

ascertained, 

| To Compute Tensile Resistance, 

Divide portion below neutral axis i i, Fig. 9, with reduced width of 

flange, a’ b’, into parallel strips, say .5 inch deep, as shown, 

and multiply area of each strip by its mean distance from 

neutral axis for proportional quantity of resistance at 

strip. Divide sum of products, amounting in this case 

to 31.3, by extreme depth below neutral axis = 4.09 ins., 

and multiply quotient by 1.73 S (ultimate tensile resist- 

ance at lower surface). The final product is total tensile 

resistance of section ; or, 

: 735 
323K EIBP 13.24 S total tensile resistance. 

4-09 
| HF S representing ultimate tensile strength of material per sq. inch. , 

! Again, multiply area of each strip by square of its mean distance from neu- 

H tral axis, and divide sum of these new products, amounting to 104.64, by 

| sum of first products. The quotient is distance of resultant centre of tensile 

stress, d', from neutral axis. Or, resultant centre is, 

aa = 3.34 ins. below neutral axis. 
1.3 Z 

This process is that of ascertaining centre of gravity of all the tensile resistances. 
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By a similar process for upper portion in compression, sum of first products is 
ascertained to be same as for lower portion = 3r.3. 

- But maximum compressive stress at upper portion is greater than maximum 
tensile stress at lower portion, in ratio of their distances from neutral axis, or as 

OL £3 x 3.34.5 
1.735X ze = 3.34 S, and eure 

which is same as total tensile resistance, in conformity with general law of equal- 
ity of tensile and compressive stress in a section. 

Sum of products of areas of stress, divided by squares of their distances respec- 

= 13.24 & total compressive resistance, 

tively from neutral axis, is 164.9, and resultant centre c, Fig. 9, is 104-91 5.27 

ins. above neutral axis. an? } 

Sum of distances of centres of stress or of resistance from neutral axis, 3.34 + 
5-27 = 8.61 ims. = distance apart of these centres as represented by central line, c’ d’. 

Abbreviated Computation.—As upper part of section is'a rectangle, its resultant 

centre =% of height, or 7.9: X = 5.27 ins, above neutral axis, Average resist- 
ae is half maximum stress, yiz., that at upper portion, which is 3.34 8 per sq. 

Area of rectangle therefore = 7.91 X 1 7-91 sq. ins., and i les ss = 13,21.9 
2 

compressive resistance, as before determined. 
1 

Moment of tensile resistance = 13, 21 X 8.61 ins. = 113,76 S, also = ae , or ses = 

W. S representing total resistance of section in lbs., d vertical distance apart of 
centres of tension and compression, and 1 length between supports, all in ins. 

Strength of Beam Inverted.—When inverted, maximum tensional resistance of 
beam at its lower surface ¢, Fig. 8, is 1.73 S. 

Area of rectangle i 7 c—=7.9x sq. ins., and (LR Hk = 6.79 8 total tensile re- 
2 

sistance, or about one half of beam in its normal position. 
Norr.—For other rule for computation of centre of gravity, see Strength of Beams, etc, B. Baker, 

London, 1870. 

Comparative Qualities of Various Metals. Major Wade, 
Tensile 

Merats, Density. Compr °8-| Tensile. | Torsion. rane vt at pry 

Sq. Ins. | Sq. Ins. Sq. Ins. | Sq. Ins. 
Poe areal O10 84 529, 9 000 os 416 |1t09.4] 4.57 

‘Cast Iron.... } Greatest.| 7.4 174120] 45970} — 656 Ix! 3/8: leanne 
{ Mean....| 7.225 | 144916 | 31829 | 8614 | 680 | 1 2 4.6 | 22.34 

Least....| 7.704 | 40000| 38027] 20915] 542 |1° 1 10.45 
Wrought Iron Greatest.| 7.858 | 127720 | 74592| 3643| — |1-‘‘ 17 | 12.14 

Least....| 7.729 | 198944 _— _ = rm — 
Cast Steel... { Greatuet. 8.953 | 391985 | 128.000 | 28 280 | 1916 | x to 3.4 — 
Brons} Leasti...| 7-978 =— 17698 | 1852] — — 4:57 

ee Greatest.| 8.953 _ 56786 | 2656) — _ 5.94 

Factors of Safety. 

Girders, Beams, etc., of cast iron should not be subjected to a greater stress 
than one sixth of their destructive weight, and they should not be subjected 
to an impulsive stress greater than one eighth. 

The following are submitted by English Board of Trade, Commission- 
ers, efc. 

Structure. Stress. Factor. SrRucTURE. Stress. Factor. 

Cast Iron, Wrouaut Iron. 

bee (7 ae Ri ee Dead 3 to 6 GiT ders, sacs elene'= Dead 3 
Columns..........+| Be 6 ACT Sale cee ols Antetere Live 6 
Manksiesttesseaenee Hai 4 Bridgesieisemetaecies Mixed 4 
Machinery.......0. lw Live 8 STEEL. 

Hor deaeeceelelShoek of Jiao u}) Bridgess.....c.0i]) Mixed 4 
3 * 
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Girders, Beams, Lintels, etc. 

Transverse or Lateral Strength of any Girder, Beam, Breast-summer, 

Lintel, etc., is in proportion to product of its breadth and square of its 

depth, and area of its cross-section. 

Best form of section for Cast-iron girders or beams, etc., is deduced 

from experiments of Mr, E. Hodgkinson, and such as have this form of 

section 1, are known as Hodgkinson’s. 

Rule deduced from his experiments directs, that area of bottom flange 

should be 6 times that of top flange—flanges connected by a thin ver- 

tical web, sufficiently rigid, however, to give the requisite lateral stiff- 

ness, tapering both upward and downward from the neutral axis; and 

in order to set aside risk of an imperfect casting, by any great dispro- 

portion between web and flanges, it should be tapered so as to connect 

with them, with a thickness corresponding to that of flange. 

As both Cast and Wrought iron resist compression or crushing with a 

greater force than extension, it follows that the flange of a girder or beam 

of either of these metals. which is subjected to a crushing strain, according * 

as the girder or beam is supported at both ends, or fixed at one end, should be 

of less area than the other flange, which is subjected to extension or a ten- 

sile stress. 

When girders are subjected to impulses, and sustain vibrating loads, as in 

bridges, etc., best proportion between top and bottom flange is as 1 to 4; as 

a general rule, they should be as narrow and deep as practicable, and should 

never be deflected to more than .oo2 of their length. 

In Public Halls, Churches, and Buildings where weight of people alone 

are to be provided for, an estimate of 175 lbs. per sq. foot of floor surface 

is sufficient to provide for weight of flooring and load upon it. In comput- 

ing other weight to be provided for it should be that which may at any time 

bear upon any portion of their floors; usual allowance, however, is for a 

weight of 280 lbs. per sq. foot of floor surface for stores and factories. 

In all uses, such as in buildings and bridges, where the structure is ex- 

posed to sudden impulses, the load or stress to be sustained should not ex- 
ceed from .2 to .16 of breaking weight of material employed ; but when load 
is uniform or stress quiescent, it may be increased to .3 and .25 of breaking 

weight. 

An open-web girder or beam, ete., is to be estimated in its resistance on 

the same principle as if it had a solid web. In cast metals, allowance is to 

be made for loss of strength due to unequal contraction in cooling of web 

and flanges. 

In Cast Iron, the mean resistances to Crushing and Extension are, for 
American as 4.55 to x, and for English as 5.6 to 7 to1; and in Wrought Iron 
are, for American as 1.5 to 1, and for English as 1.2 to 1; hence the mass of 
metal below neutral axis will be greatest in'these proportions when stress is 
intermediate between ends or supports of girders, etc. 

Wooden Girders or Beams, when sawed in two or more pieces, and slips 
are set between them, and whole bolted together, are made stiffer by the 
operation, and are rendered less liable to decay. 

Girders cast with a face up are stronger than when cast on a side, in the 
proportion of x to .96, and they are strongest also when cast with bottom 
flange up. 
Most economical construction of a Girder or Beam, with reference to at- 

taining greatest strength with least material, is as follows; The outline of 
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top, bottom, and sides should ‘be a curve of various forms, according as 
breadth or depth throughout is equal, and as girder or beam is loaded only 
at one end, or in middle, or uniformly throughout. . 

Breaking Weights of Similar Beams are to each other as Squares of their 
like Linear Dimensions. 

By Board of Trade regulations in England, iron may be strained to 5 tons’ 
per sq. inch in tension and compression, and by regulation of the Ponts et 
Chaussées, France, 3.81 tons. ! 

Rivets .75 and x inch in diameter, and set 3 ins. from centre in top of 
girder, and 4 ins, at bottom, 

Character of fracture, as to whether it is crystalline or fibrous, depends 
upon character of blows; thus, sharp blows will render it crystalline, and 
slow will not disturb its fibrous structure. 

For spans exceeding 4o feet, wrought iron is held to be preferable to 
cast iron. 

Riveting, when well executed, is not liable to be affected by impact or 
velocity of load. 

A Coupled Girder or Beam is one composed of two, fastened together, and 
set one over the other. 

Trussed Beams or Girders. 

Wrought and Cast Iron possess different powers of resistance to tension and com- 
pression; and when a beam is so constructed that these two materials act in uni- 
son with each other ad stress due to load required to be borne, their combination will 
effect an essential economy of material. In consequence of the difficulty of adjust- 
ing a tension-rod to the stress required to be borne, it is held to be impracticable to 
construct a perfect truss beam. 

Fairbairn declares that it is better for tension of truss-rod to be low than high, 
which position is fully supported by following elements of the two metals : 

Wrought Iron has great tensile strength, and, having great ductility, it undergoes 
much elongation when acted upon by a tensile force. On the contrary, Cast Iron 
has great crushing strength, and, having but little ductility, it undergoes but little 
elongation when acted upon by a tensile stress; and, when these metals are re- 
leased from the action of a high tensile stress, the set of one differs widely from 
that of the other, that of wrought, iron being the greatest. 

Under same increase of temperature, expansion of wrought is considerably great- 
er than that of cast iron; 1.81* tons per sq. inch is required to produce in wrought 
iron same extension as in cast iron by 1 ton. 

Fairbairn, in his experiments upon English metals, deduced that within limits 
of stress of 13 440 Ibs. per sq. inch for cast iron, and 30240 lbs. per sq. inch for 
wrought iron, tensile force applied to wrought iron must be 2.25 times tensile force 
applied to cast iron, to produce equal elongations. 

‘Relative tenable strengths of cast and wrought iron being as x to 1.35, and their 
resistance to extension as r to 2:25, therefore, where no initial tension is applied to 
a truss-rod, cast iron must be ruptured before wrought iron is sensibly extended, 

Resistance of cast iron in a trussed beam or girder is not wholly that of tensile 
strength, but it is a combination of both tensile and crushing strengths, or a trans- 
verse strength; hence, in estimating resistance of a trussed beam or girder, trans- 
verse strength of it is to be used in connection with tensile strength of truss, 

Mean transverse strength of a cast-iron bar, one inch square and one foot in 
length, supported at both ends, stress applied in the middle, without set, is about 
goo Ibs.; and as mean tensile strength of wrought iron, also without set, is about 
20000 Ibs. per sq, inch, ratio between sections of beams and of truss should be in 
ratio of transverse strength per sq. inch of beam and of tensile strength of truss. 

Girders under consideration are those alone in which truss is attached to beam 
at its lower flange, in which case it presents following conditions: 

* Elongation of cast and wrought iron being 5500 and 10000, hence 10 000 > 5500 = 3.81. 
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4. When truss runs parallel to lower flange. 2. When truss runs at an inclination 

to lower flange, being depressed below its centre. 3. When beam is arched upward, 

and truss runs as a chord to curve. 

_ Consequently, in all these cases section of beam is that of an open one with a 

cast-iron upper flange and web, and a wrought-iron lower flange, increased in its re- 

sistance over a wholly cast-iron beam in proportion to the increased tensile strength 

of wrought iron oyer cast iron for equal sections of metals. 

From various experiments made upon trussed beams, it is shown : 

x. That their rigidity far exceeds that of simple beams; in some cases it was from 

7 to 8 times greater... 2. That when truss resists rupture, upper flange of beam be- 

ing broken by compression, there is a great gain in strength. 3. That their strength 

is greatly increased by upper flange being made larger than lower one. 4. That 

their strength is greater than that of a wrought-iron tubular beam containing same 

area of metal. 

Comparative Value of Wrought-iron Bars, Hollow 

Girders, or Tubes of Various Figures (English). 

Circular tubes, riveted ........-++-+ I Circular, uniform thickness ......... 1.7 

Flanged beams.,...- se ble s'slae dele slate x.2 | Plate beamS.. 5.2.2... 6.0.0 eseee seen 1.7 

Elliptic tubes, riveted..........++-- 1.3 | Elliptic, uniform thickness.......... 1.8 

Rectangular tubes, riveted.......-- x.5 | Rectangular, uniform thickness...... 2 

General Deductions from Experiments of Stephenson, F' airbairn, Cubitt, } 
Hughes, etc. 

Fairbairn shows in his experiments that with a stress of about 12 320 Ibs. per sq. 

inch on cast iron, and 28000 Ibs. on wrought iron, the sets and elongations are 

nearly equal to each other. 

A cast-iron beam may be bent to .3 of its breaking weight if load is laid on grad- 

ually; and .16 of it, if laid on at once, will produce same effect, if weight of beam 

is small compared with weight laid on. Hence, beams of cast iron should be made 

capable of bearing more than 6 times greatest weight which will be laid upon them, 

In beams of cast or wrought iron, if fixed or supported at both ends, flanges 

should be in proportion to relative resistances of material to crushing or extension. 

Breaking weights in similar beams are to each other as squares of their like linear 

dimensions; that is, breaking weights of beams are computed by multiplying to- 

gether area of their section, depth, anda Constant, determined from experiments on 

beams of the particular form under investigation, and dividing product, by distance 

between supports. 

Cast and wrought-iron beams, having similar resistances, have weights nearly as 

2.44 tor, 

A box beam or girder, constructed of plates of wrought-iron, compared to a single 

rib and flanged beam 2, of equal weights, has a resistance as 100 to 93. 

Resistance of beams or girders, where depth is greater than their breadth, when 

supported at top, is much increased. In some cases the difference is fully one third. 

When a beam is of equal thickness throughout its length, its curve of equilibrium, 

to enable it to support a uniform stress with equal resistance in every part, 

should be an Ellipse, and if beam is an open one, its curve of equilivrium, for a uni- 

form load, should be that of a Parabola.. Hence, when middle portion is not wholly 

removed, its curve should be a compound of an ellipse and a parabola, approaching 

nearer to the latter as the middle part is decreased. 

Girders of cast iron, up' toa span of 4o feet, involve a less cest than of wrought 

iron. 

Cast-iron beams and girders should not be loaded to exceed .2, or subjected to a 

greater stress than .166 of their destructive weight; and when the stress is attendéd 

with concussion and vibration, this proportion must be increased. 

Simple cast-iron girders may be made so feet in Jength, and best form is that of 

Hodgkinson; when subjected to a fixed load, flanges should be as 1 to 6, and when 

to a concussion, etc., as x to 4. 

Forms of girders for spaces exceeding limit of those of simple cast iron are vari- 

ous; principal ones adopted are those of straight or arched cast-iron girders in 

separate pieces, and bolted together —Trussed, Bowstring, and wrought-iron Box 

and Tubular. 
tt 
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Straight or Arched Girder, formed of separate castings, is entirely dependent 
upou bolts of connection for its strength, . ‘ ; 

Trussed or Bowstring Girder is made of one or more castings to a single piece, 
and its strength depends, other than upon the depth or area of it, upon the proper 
adjustment of the tension, or the initial strain, upon the wrought-iron truss. 

Box or Tubular Girder is made of wrought iron, and is best constructed with 
cast-iron tops, in order to resist compression: this form of girder is best adapted to 
afford lateral stiffness. 

When a girder has four or more supports, its condition as regards a stress 
upon its middle is essentially that of a beam fixed at both ends. 

The following results of the resistances of materials will show how they 
should be distributed in order to obtain maximum of strength with minimum 
of dimensions: 

|To Tension. ee Crushing. To Tension.| To Crush’g, 

: 21 000 go300 || Oak, white, mean.| 11000 7.500 
Ca8t: AROR. «+ oe nsien es 000 140 500 Bid English ‘Soa 6 500 3.100 

“ : 13,000 58.000 : ; 45 000 47.000 English.. vere ieee Wrought iron..... ‘a —_ heow 

GtANNC pe taewiclae.< 578 15 000 t< Ruclien te, 000 40.000 
; 670 4000 7 53,000 65 000 

PAINE RRONG Fo yc < { 2800 gooo || Yellow pine...... 10 000 4.000 

The best iron has greatest tensile strength, and least compressive or crushing. 

Conditions of Worms and Dimensions of a Symmetrical 
Beam or Girder. 

When Fixed at One End, and Loaded at the Other. 

1. When Depth is uniform throughout entire Length, section at every point 
must be in proportion to product of length, breadth, and square of depth, and 
as square of depth is in every point the same, breadth must vary directly as 
length; consequently, each side of beam must be a vertical plane, tapering 
gradually to end. 

2. When Breadth is uniform throughout entire Length, depth must vary 
as square root of length; hence upper or lower sides, or both, must be deter- 
mined by a parabolic curve. 

3. When Section at every point is similar, that is, a Circle, an Ellipse, a 
Square, or a Rectangle, Sides of which bear a fiaed Proportion to each other, 
the section at every point being a regular figure, for a circle, the diameter 
at every point must be as cube root of length; and for an ellipse or a rec- 
tangle, breadth and depth must vary as cube root of length. 

ItLustRation.—A rectangular beam as above, 6 ins. wide and x foot in depth at 
its extreme end, and 4 feet in length, is capable of bearing 6480 lbs.; what should 
be its dimension at 3 feet? 9/4 — 1.587, and /3=1.442. 

Then 1.587 : 1.442 11 x 1 -g086, and 6 and 12 & .g086 = 5.452 and 10.9. 
2 2 

Hence 2-452 X 10-9" _ 216, and : +. = 210. 
3 

When Fixed at One End, and Loaded uniformly throughout its Length. 

1. When Depth is uniform throughout its entire Length, breadth must in- 
crease as the square of length. 

2. When Breadth is uniform throughout its entire Length, depth will vary 
directly as length. 

3. When Section at every point is similar, as a Circle, Ellipse, Square, and 
Rectangle, section at every point being a regular figure, cube of depth must 
be in ratio of square of length. 
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Iutustration.—Take preceding case. 

Then 4? : 32:: 12% : 972, and #/972=9.9 in depth. 

When Supported at Both Ends. 

1. When Loaded in the Middle, Coefficient or Factor of Safety of the beam, 

or product of breadth and square of depth, must’ be in proportion to distance 

from nearest support ; consequently, whether the lines forming the beam are 

straight or curved, they meet in the centre, and of course the two halves are 

alike. 

2. When Depth is Uniform throughout, breadth must be in ratio of length. 

3. When Breadth is Uniform throughout, depth will vary as square root 

of length. 

4. When Section at every point is similar, as a Circle, Ellipse, Square, and 

Rectangle, section at every point being a regular figure, cube of depth will 

be as square of distance from supported end. 

When Supported at Both Ends, and Loaded uniformly throughout its 
Length. 

1. When Depth is Uniform, breadth will be as product of length of beam. 

and length of it on one side of given point, less square of length on one side 

of given point. 

2. When Breadth is Uniform, depth will be as square root of product of 

length of beam and length of it on one side of given point, less square of 

length on one side of given point. 

3. When Section atevery point is similar, as a Circle, Ellipse, Square, and 

Rectangle, section at every, point being a regular figure, cube of depth will 

be as product of length of beam and length of it on one side of given point, 

less square of length on one side of given point. 

E}lliptical-sided Beams. 

To Determine Side or Curve of an Elliptical-sided Beam. 

1 ; ‘i $ j 
sak ad: L representing load in lbs., I length in Seet, © coefficient, and b 

breadth in ins. 

ILLUSTRATION.—What should be depth in centre of a beam of white pine, ro feet 

in length between its supports, and 5 ins. in breadth, to support a load of 10 000 Ibs.? 

10 000 oO 100 000 - 

Assume C= 100. Then af SORTS = == 10 INS. 
| VV 2.X% 100X 5 1000 

Hence, outline of beam is that of a semi-ellipse, having zo feet for its transverse 

diameter, and 9 ins. for its semi-conjugate. 

Norr.—Weight of Girder, Beam, etc., should in all cases be added to stress or load. 

Miscellaneous Illustrations. 

1.—What should be side of a rectangular white oak beain, 2 ins. in width, and 6 

feet between its supports, to sustain a load of 360 Ibs. ? 

Assume stress at .2 of breaking weight of 150 lbs. = 30. 

Ni 6 X 360 /2160 7 30 ub =3 ins. 
4X2 X30 240 

2.—What should be breadth and depth of such a beam if square? 

ces 30 as [7280 = 2.6 tn 
4X 30 120 

3,—What should be diameter of a cylinder? 

360 X 6 

-6 X 30 

J 120 re 
= 120, and3 /— = 3,1 ms. 

4 
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STEEL, : 

To Compute Transverse Strength of Steel Bars. 

Supporied at Both Ends. -Weight applied in Middle. ; 

-155 S bd? 
OR 2S See S representing tensile strength in lbs., l length between supports 

in ins., and W weight in Ibs. 
ILLUSTRATION.—What is ultimate destructive stress of a bar of Crucible steel, 

2 ins. square, and 2 feet between supports? S =g0 000 lbs. 

5 000 3 8316 Whom, po 090000 Fe eg oe 31 658 Tht 
2X12 24 

Elastic Transverse Strength is 50 per cent. of its ultimate strength. 
Hardening in oil increases its.strength from 12 to 56 per,cent. . Thus, 
Soft steel, 121 520: lbs. ; soft steel, cooled in water, go 160 lbs.; soft steel; 

cooled in oil, 215 120 lbs, 
Krupp’s is about .45 of its tensile breaking weight, .24 of its compressive 

or crushing strength, .38 of its transverse, and .39 of its torsional. 

Friction of a steel shaft compared to one of wrought iron is as .625 to 1. 
Capacity of steel to resist a transverse stress is much less than to resist 

torsion. 
Relative diameters of steel and wrought-iron shafts, to resist equal trans- 

verse stress, are as .98 to 1, and weight of such a proportion of steel shaft 
compared with one of wrought iron will be about 4 per cent. less, and friction 
of bearing will be 6 per cent, less, 

CYLINDERS, FLUES, AND TUBES. 

Hollow Cylinders.: Cast Iron. 

To Compute Hlements of Hollow Cylinders within 
Limits of Elastic Strength. (D.K. Clark.) 

P iF 
hyp. log. R= P. hf == . log. R. x Ui S x hyp. log fae tag. Ss S hyp. log. R. S representing 

elastic tensile strength of metal in lbs. per sq. inch, R ratio of external diameter to in- 
OE i : . ; “ oa 

ternal, = GhES and P internal pressure in lbs. per sq. inch. dand d’ representing F ‘ 

internal and external diameter, and r and r’ internal and external radii, all in ins. 
Norg.—Hyperbolic Logarithm of a number is equal to product of its common logarithm and 2.3026. 

ILLUSTRATION 1, — Diameters ofa hydrostatic cylinder 5.3 by 13.125 ins.; what 
pressure within its elastic strength will it sustain per sq. inch? 

13.125 
Assume § = 10000 lbs. Hyp. log. R = X 2.3026 = logi 2.5 X 2.3026 =.92. 

Then 10 000 X .92 = 9200 lbs. per sq. inch. 
Norr.—For Bursting Strength take maximum strength of metal. 

. 2.—A water-pipe .75 inch thick has an internal diameter of xo ins., what is its 
bursting pressure ? 

S= 30000 Ibs. Hyp. log. — words ee = .1398: 

Then 30000 X .1398 = 4194 lbs. 

3.—If it were required of a hydrostatic press to sustain a pressure of 589 050 Ibs. 
upon a ram of 5 ins. in diameter, what would be pressure on ram, and what should 
be thickness. of metal, assuming it equal to an elastio tensile stress of 15 000 Ibs. 
per sq. inch? 

Area of 5 ins. = 19. 635. oe = 30000 = pressure per sg. inch on ram. 
19.635 

Then oe =, which = = hyp. log. R = 7-39) and 7.39 X 5 = 36.95 =eaternal di- 

auneter. 36.95 — sa = at 03s ‘which + 2 == 15.975 ins. thickness of metal. 
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Wrought Iron and Steel. 

R-+ hyp. log. Z I ee oe Ses 
Pp 

Wei Rice? 2h, eee 2 42=(P + hyp. log. R. 
R+hyp. log. — 

ILLUSTRATION 1.—If diameters of a wrought-iron cylinder are 5 and 15 ins., and 

ultimate or destructive strength of metal is 40 000 Ibs. per sq. inch, what is its break- 

ee = =3. Hyp. log. 3=.47712 X 2.3026 = 1.0986. 

2 

Then oS X 40000 = 61 972 Ibs. per sg. inch = 61972 X 5-15 —5 = 

30 986.2 lbs. per sq. inch of section of metal. 

2.—A steam-boiler 6 feet in internal diameter, of wrought-iron plates .375 inch 

thick and double riveted longitudinally, burst at a joint by a pressure of 300 Ibs. per 

sq. inch; what was resistance of joint per sq. inch of its section? 

mF X? =r1.0104. Hyp. log. 1.0104 = .010 345- 

2 X 300 
Then = 

I.0104 + .010345—I 020745 
= 29 405 lbs. per sq. inch of section of joint. 

SHIP AND BOILER PLATES. 

(See pages 751-757 for Boiler Riveting.) 

Ultimate Tensile Strength of Riveted and Welded 

Joints of Wrought-iron Plates. (D.K. Clark.) 

Entire Plate = roo. 

Plate. Aver-|| ‘ Plate. Aver- 

Siig S| 375 |-4375] age: || POPS: | -5_| -375 |-4375|_ase- 

Scarf-welded....... — | x02} 106| roq || Double riv’d, snap-} 

Lap-welded........ zo | 66| 69| 62|| headed.........§|:59 |. 72] 72) 67 
Single hand riveted.| go | 60] 50| 50 |) ae Se counter- : 

fi “ snap- | sunk and snap-} | 53 | 69 | 72 | 65 

headed ...... \ 50'| '56|° 52) 53 | headed........ : 
«« « py machine] 4o | 52] 54) 49 ‘* with single ) 

«  « counter- welt, counters’k} | 52 | 65 | 60 | 59 

sunk core} | 44 | 52] Sop 149 || and snap-headed J 1 

Strength of Riveted Joints per Sq. Inch of Single Plate. (Wm. Fairbairn.) 

Single Lapped.—Machine riveted. Pitch 3 times, 25 000 Ibs. 

Hand riveted. . Pitch 3 times, 24 000 lbs. 

Rivets “staggered,” and equidistant from centres, 30 500 lbs. 

Abut Joints—Hand riveted. Rivets not “staggered,” and equidistant 

from centres, single cover or strap, 30 000 lbs. 

Rivets “square,” single cover or strap, 42.000 Ibs.; double covers or 

straps, 55 000 lbs. 

Comparative Strength of Riveted Joints. 

Entire Plate .375 ins. thick = roo. 

Double riveted, double strap, or =~ 8 
plated joint .........eeeeeeeeeeee 

Double riveted lap joint..........++- 72 

plated joint. .........ee esse eens 
Double riveted, single strap, or ee 

Single riveted lap joint............. 60 

For all joints of plates over .5 inch, other than double welded, these proportions 

are too high. 

A closer pitch of rivets should be adopted in single than in double riveted abuts, 

etc. 
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Dimensions of Rivets, Pitch, Lap, etc. 
Plate. Diam. L 4 Lap. 

Thickness. of Rivet. on | 1s Pitch. Single. Doubles Staggered. 

Inch. Ins. Ins. Tns, Ins. Ins. Tas, 
+25 I.125 1.5 1.5625 2.75 2.4375 
+3125 625 1.375 1.625 2 3+4375 8 

+375 75 x.625 1-75 2.4375 4-125 3:625 
+5 +8125 2.25 2.125 2.625 4.4375 3-9375 
+5625 9375 2-75 2.375 3 5.1875 4.5025 
-625 I 3 2.625 3-25 5.5 4.8125 
“75 X.325 | |. 3.25 3 3.625 6.1875 5-4375 
-875 yl<25 4 3-375 4 6.875 6.0625 

I 1.5 1 465 4-375 4-875 8.25 7-25 
eee. — Single, .125 thicker than the plate; Double, each .625 of thickness of 

plate. 

To Compute Diameter of Rivet. 

of Gainey T 1.25-+.1875=d. T representing thickness of plate, and d diameter 
of rivet. 

Pitch of Rivets. (Nelson Foley.) 

Metal between the Diam. Metal between the Diam. 
Plates, Holes. of Rivets. | Plates. Holes. of Rivets. 

Single....| 52 to 62 percent. | 1.4 to 2.3 |) Square,.| 70 to 78 per cent. | .99 to 1.7 
Staggered.| 68to75 “ ¢* 1.4 to 2.2 }Mriple...| 76 to 80 ‘* -77 ton @ 

Proportions of Single Rivet Wrought-iron Joints. 
(French.) 

Thickness.| Diameter | Pitch of | Width of || Thickness | Diameter Pitch of | Width of 
of Plate. | of Rivets. Rivets. Lap. of Plate. of Rivets. Rivets. Lap. 

Mil’s| Inch. Mil’s| Inch.| Mil’s| Ins. |Mil’s| Ins. |/Mil’s| Inch.|Mil’s| Ins. |Mil’s| Ins. |Mil’s! Ins, 
-118| 8 |.315] 27 | 1.06] 30 |1.18]|| 10 |.394| 20 | .787]| 56 |2.2 | 58 | 2.28 
-158| xo |.394| 32 | 1.26] 34 | 1.34|| 11 |-433| 22 | .827] 57 | 2.24] 60 | 2.36 
2197} 12 |.472| 37 |1.46| 40 | 1.58|| 12 |-472| 22 | .866| 58] 2.28| 60 | 2.36 
-236| 14 |.551| 43. 1-69] 44.|1-73|| 13 |-512| 23 | -906]| 60 | 2.36] 62 | 2.44 
.276| 16 |.63 | 48 | 1.89] 50 |1.97|| 14 |-551| 24 | .945| 62 | m44| 64 | 2.52 
.315| 17 |.669| 5x |2.0r] 54 | 2.13]] 15 |.591| 25 | .984| 63 | 2.48] 66 | 2.6 
-354| 19 |.748| 54 |2.13| 56 |2.2 || 16 |.63 | 26 | 1.024] 65 | 2.56) 68 | 2.68 © ON DUA W 

Result of Experiments on Double Riveted and Double 

Strapped Plate Joints. (M”. Brunel.) 

Plates, 20 ins. in width, 5 inch thick, Abut jointed, with a Strap or Fish-plate on 
a each side, 10 ins, in width. Holes Punched. 

20.6875 inch rivets, 4 ins. pitch, set ‘‘square,” tensile strength 77 per cent, 
18 95 “ce “ec “ce “eo ‘* staggered,”? 4c 6c 8.6 “ 

24 “75 “cr “ee § “ “ee “square,’”? “ce (a3 84 “ 

For Boiler Riveting sce pp. 755-57: 
4 
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Hulls of Vessels. 

Diameter of Rivets. 
Length of Rivets. 

U.S. and * ‘ . 7. 

fs ve Liverpool | Admiralty,| Millwall Pitch ‘i 

Plate. | British’ | “Regly. peal eng | BE Rivets, | Somete || ERE 

Inch. Inch. Ins. Tns. Inch. Ins. Ins. Ins. a: 

13125 .625 <5 5 -625 Tans 1.125 5 

+375 .625 -625 -625 -625 2 1.25 1.625 

4375 -625 -625 75 -625 2.125 1.375 1.75 

“5 75 +75 “75 75 2.25 1.5 2 

5625 “75 75 -875 75 2-437 1.6875 2.1875 

-625 “75 -8125 .875 -875 2.56 1.9375 2.375 

-6875 875 875 875 -875 2.812 2.1875 2.625 

“75 -875 -875 I -875 3-125 2.375 2:75 

-8125 -875 +9375 I -875 3-375 2.5 2.875 

-875 I I 1.125 I 3-625 2.625 ze} 

+9375 I 1.0625 1.125 I 3.875 2.75 3-125 

I I e125 1-125 I 4.125 2.875, 3-25 

Lap of Joint or Course should be «5 pitch of rivets added to .3 diam. of rivet. 

Nore.—Lloyd’s requires a spacing of 4.5, diameter. Liverpool Registry, 4. Ad- 

miralty, 4.5 to 5 in edges and abuts of bottom and bulkhead plates, and 5 to 6 in 

other water-tight work. Bureau Veritas, 4 diameters for single riveting, and 4.5 ~ 

for double. 

STEEL PLATES. 

Steel Plates, according to M. Barba, .354 inch thick are equal to wrought 

iron .472 inch thick, or as 3 to 4; consequently, when iron rivets are used, 

their diameter should be in proportion to an iron plate. 

It is ascertained also that they are best united by iron rivets. 

A steel plate .3125 inch thick requires an iron rivet .5625 inch in diam- 

eter, and 1.375 ins. apart. 

Bridge Plates and Rivets. 

Plates .25 to .5 inch thick. Rivets .75 to 1 inch diameter, and 3 ins. apart 

from centres in upper flange or girder, and 4 ins. in lower 

Rivet Heads. 

LAER __ Ellipsoidal, Fig. 1.—D diameter, R radius of head =D, r radius of 

2. flange = .4 D,¢ depth at centre=.5 D. 

za Segmental, Fig. 2.—D diameter, c depth at centre = 625 fd? 

D, R radius of head =.75 D, 0 depth below head =.x25 D- 
v7 

Countersunk.—Head 1.52 D, angle 60°, Countersink .45 diam. of plate. 

Cheesehead or heads, section of which is a parallelogram. Head .45 D, 

diameter 1.5 D. 
Rivets. 

Shearing strength of a Lowmoor rivet = 40 320 d? or 18 d? in tons. 

d representing diameter of rivet in ins. 

Memoranda. 

Punching holes for riveting weakens plates, varying from zo to 20 per cent., ac- 

cording to their temper, hardest losing most. 

Countersunk riveting does not impair strength of joint, as compared with ex- 

ternal head. 
Diagonal abut joints are stronger than square. 

Shearing strength of rivets should not exceed that of plates. 

Maximum strength of joint is attained at go to 100 per cent. of net section of plate. 

eet strength of English wrought iron is taken at 80 per cent. of its tensile 

strength. 
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LEAD PIPE, 

Resistance of Lead Pipe to Internal Pressure. 
(Kirkaldy, Jardine, and Fairbairn.) 

Diam, |Thick- | Weight) Bursting _|Thick- Waleke Barsting || jam, | Phick- Bless Bursting] 
Pressure. ness. Oot Pressure. 

Diam 5 ness. ressure. ness, 
oot. Pres es oot. 

Inch. | Inch, | Lbs. Lbs. Ins. | Inch. | Lbs, Lbs. Ins. | Inch. | Lbs. Lbs. 
“iS +2 2.3 I579 || 1-25 | .21 5.3 683 2 -20 9.2 498 
-625 | .2 2.6 1349) ||z-5 | 24 |. 7.2 734 2 +2 — 448 
“75 22, | 93.0 I1gt || 1.5 +2 = 528 3 +25 _ 364 

fa 2 401 EF alle b yee a 626 3 +25 _ 374 

Tensile strength of metal = 2240 lbs. per sq. inch. 

To Compute Thickness of a Lead Pipe when Diameter 
and Pressure in Iubs. per Sq. Inch is given. 

Ruie.—Multiply pressure in Ibs. per sq. inch by internal diameter of pipe 
in ins., and divide product by twice tensile resistance of metal in lbs. per sq. 
inch, 
ILLusTRATION.—Diameter of a lead pipe is 3 ins., and pressure to which it is to 

be submitted is 370 lbs. per sq. inch; what should be thickness of metal? 

379% 3 __ 1110 

2240X2 4480 

Difference in Weight between Pipes of ‘‘Common,”’ ‘‘ Middling,”’ and ‘‘Strong”’ 
is r2 per cent. 

= .248 ins. 

To Compute Weight of Lead Pipe. 

D?2—d?3.86=W. D and d representing external and internal diameters in ins., 
and W weight of a lineal foot in lbs. 

To Compute Maximum or Bursting Pressure that may 
be borne by a Lead Pipe. 

Ru.e.—Multiply tensile resistance of metal in lbs. per sq. inch by twice 
thickness of pipe, and divide product by internal diameter, both in ins. 
ILLusTRATION.—What is bursting pressure of a lead pipe 3 ins. in diameter and 

.5 inch thick? 
2240 xk? = pr = 746.6 lbs. 

Assume a column of water 34 feet in height to weigh 15 lbs. per sq. inch; what 
head of water would such a pipe sustain at point of rapture? 

152341: 746.6: 1692.3 feet. 

Resistance of Glass Globes and Cylinders to Internal 
Pressure and Collapse. (flint Glass.) 

Bursting Pressure. 

GLOBES. CYLINDER. 

Diameter, Thickness. | Per Sq. Inch. || Diameter. Length, Thickness. {Per Sq. Inch, 

Ins. Inch, Lbs, Ins, Ins. Inch, Lbs. 
4 +024 84. 4 7 :079 282 

5 +022 go Elliptical (Crown Glass). 
6 | 5059 152 4.1 | 7 |i (song <0s | aae9 

Collapsing Pressure. 

5 +014 292 3 14 O14 85 
4 +025 1000* 4 7 +034 202 
6 +059 goo* 4 14 -064 207 

* Unbroken, 
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Manganese Bronze. 

Manganese Bronze, No. 2, has a Tensile strength of 72000 to 78600 Ibs. 

per sq. inch, its elastic limit is from 35000 to 50000 Ibs., its ultimate elon- 

gation 12 to 22 per cent., and its hardness alike to that of mi/d steel. 

Transverse Strength.— Destructive stress of a bar x inch square, supported 

at both ends at a distance of 1 foot = 4200 Ibs., bending to a right angle be- 

fore breaking, and requiring 1700 lbs. to give ita permanent set. 

MEMORANDA. 

Cast Iron. 

Beams cast horizontally are stronger than when cast vertically. 

Relative strength of columns of like material and of equal weights is: 

Cylindrical, 100; Square, 933 Cruciform, 98; Triangular, 110. (Hodgkinson.) 

If strength of a cylindrical column is 100, one of a square, a side of which 

is equal to diameter of the cylinder, is as 150. 

Repetition of Stress.— A piece submitted to transverse stress broke at 

1956th strain, with a stress .75 of that of its original ultimate resistance. 

Resistance to Bursting of Thick Cylinders.—Mean resistance to bursting,. 

of chambers of cast-iron guns is as follows (Major Rodman, U.S.A.) : 

Thickness of metal = x calibre, length = 3 calibres, 52 217 lbs. per sq. inch. 

Thickness of metal =.5 calibre, length = 3 calibres, 49 100 lbs. per sq. inch. 

The tensile strength of the iron being 18 $20 lbs. 

Diam. of cylinder 2 ins., length 12 ins., metal 2 ins., 80 229 Jbs. per Sq. inch, 

Diam. of cylinder 3 ins., length r2 ins., metal 3 ins., 93 702 lbs. per sq. inch. 

Tensile strength of iron being 26 866 lbs. 

Sudden Applications of Stress.—Loss of strength by sudden application 

of load was, by experiment, 18.6 per cent. in excess of.load applied gradually, 

and its elongation 20 per cent. greater. 

Low Temperature.—Tensile strength at 23° under sudden application of 

load, was reduced 3.6 per cent., and elongation 8 per cent. 

Wrought Iron. 

Increased Hammering gives 20 per cent. greater strength with decreased 

elongation. 

Hardening.—Water increases strength more than oil or tar. <A bar .87 

inch in diameter, forged and hardened in water, attained a tensile strength 

of 73.448 lbs. (Mfr. Kirkaldy.) 

Cuse Hardening.—Loss of tensile strength 4950 Ibs. per sq. inch, 

Cold Rolling added 18.5 per cent. to tensile strength, and when plates 

were reduced .33 in thickness, strength was nearly doubled, with but .1 per 

cent. clongation. Specific gravity was reduced. 

Fibre.—Plates are about 12 per cent. stronger with fibre than across it. 

Angles, Tees, etc., haye from 2200 to 4500 lbs. less tensile strength than 

rectangular bars. 

Galvanizing does not perceptibly affect strength. 

Welding. —Strength as affected by welding varies by experiment from 2:6 

to 43.8 per cent. less, average being 19.4. 

Elastic Strength is about .45 of its tensile breaking weight, .15 of its com- 

pressive or crushing strength, and .5 of its transverse strength. 

Effect of Screw Threads.—x inch bolts lose by dies 6.11 per cent., and by 

chasing 28 per cent, 
; Steel. 

Steel can be hardened in water at a temperature of 310°. 
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WOODS, 

To Compute Transverse Strength of Large Timber. 

Destructive Stress. 
" -38 0d? 

Fixed at One End, and Loaded at the Other. aye 

Fized at Both Ends, and Loaded in Middle. pd =W. 

* Supported at Both Ends, and Loaded in Middle, ©25?** _w, 
Fixed at Both Ends, and Loaded at any other point than) .458b 4? _ 

the Middle. bee Pe we 
Supported at Both Ends, and Loaded at any other point) .35 bd? 1 _ W 

than the Middle. Sain ta, ps 
i Wi 

* s Hence, hides 8, and TE 

b, d, and 1 representing breadth, depth, and length to or belween supports, all in 
ins., 8 mean of tensile and crushing strengths of material at two thirds of its Value, 
as determined by experiments, W ultimate weight or stress in lbs., and m and n dis- 
tances of load from nearest supporls in ins. 

When a beam is uniformly loaded, the stress is twice that if applied in its middle 
or at one end. 

= 5.25. 

Values of 1.2 S. 

Hence, for other coefficients, as .3, 1.8, etc., the values will be proportional. 

Woops, i28 Woops, 1.258 

PAS MUL EO taueet ata args Late gato eose aete BRAD AL OCUSU: betas wialeiaraleiezels cials cla ate etajaee 3.7% 
‘© Canadian 2.4 Mahogany, Honduras,.....-...-- 2:3 
Fee DCIS iss cartn = «se Zu CLA Kee Er Ald atelal et ciplalcta/elatb/Aieyascio/arataareus 2 

Becelys areas 2.55 SONIA De loloteiste) oltte Mietis\« Me's Letaee ; 
MRCR (cme ete A A wielaraiesigi «tale 2.5 LOMAS At Cen COBO ORE: Somhe * 
ECON Bae SR ape. pReR BEE AAAGIRE 1.6 “English 

RO Cuba teva tara « PAR OLADOCCOL 1.6 ‘© Dantzic 
CRG SU EE, 0 erolp« alniniointisie teiviaietvieie G58 “French 
ROVUTORD sian cn \nre'ele nlatie anions eigita «2 POEUN PAB INCH ce ots ta oe aia, de ects « satan 
WA WEIS We atdleiais/atsiclajeln ciarelr viaie\6 1.12 Wem Miers sal dialnigtoloYetaloia atoiete: stan 

*« Rock, Canada. . aos 03 SUMeENUTAL UO ep aaletal oiole?s\slaie = cleia sje-ate 
Fir, Dantzic..... «aie ean «yellow 
GRECNMGAR errata so) s.0,0 ss. ste alac's sriels 3.81 gt A 
MRS DIG a ata wteiay ss Soreieun(anaiag soselatauere 2 Redwood, Cal 
PUCK MAtAChey Jasin nis ciceislen saiecie BOM MO DENCC 2s occie wiers\e oxniass%e vale ole afehaleis 
MPG TUS WOOK: ota: ciuie|s' s/o e\e) sie diel cettceleieie RIAL WOM a. iat ate aid. «0s, 4/s.o:n. 9/6: Sinema ageld ’ 
MEAUCHD coils iaysPO tir ile siete boncontcc E77 AWW AUD DIAC. © sic 1a.e.0 « nlcieloiae elevate 1.25 

ILLUSTRATION 1.—What is destructive stress of a beam of English oak, 2 ins, 
square, and 6 feet between its supports? 

1.2 from table=x.7, and S=.66 of 5700 (mean of tensile and crushing strength) 
= 3762 lbs. 

5.7-X 2.27 & 3762 | 51 163 

6X 12 Tou oe: 

By experiment of Mr. Laslett it was 688 7bs. 

2.—What is destructive stress of a beam of yellow pine, 3 ins. by r2, and rq feet 
between its supports? } 

1.2 from table = 3.87, and S=.66 of 10 200 (mean of tensile and crushing strength} 
= 6732 lbs. 

710.6 Ibs. 

3:87 X 3 X 127 X 6732 __ 11 654 827 

4 X12 e168 
If the beam was fixed at both ends then 3.87 would be 5.8, 

Or, as 7.22 1.8 31 3.87 2 5.8. 

4 A* 

= 69 374 lbs. 
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Following Coefficients or Factors of Safety are for .r25 of average de- 
structive weight: 

Coefficients for Various Woods. (Hatfield and others.) 

85 |ay: roo | Oak, Canada......... me Wickoryiecasie so8 { MRC EIT 

OO TUAL CHE: cree « sleicista'e ois 40 | Pine, pitch .... 
58 | Locust . taamerge | 6) yellows. .: Bt 

; Be | ULE arora cieteiele olavese\clore 105 Aa oi) eer ieee : 
Elm, Canada.......:. 80 | Oak, white ....2..... 80 . 

« English.....,... 42|) English ...<2 Fee 6o}.\ | BCQTBIA,.. «-. { 
BY, Rigavelaser eet ie! C WantZic:jn56,+6 + 62 OE WHHL alae rie ae 
Hemlock... ....-..-4 60| ‘“ Adriatic..,..... 55 «Canada red..... 60 

DPLUCE A. avinas «Spier pikes 65 

ILLUSTRATION.—What safe weight will a beam of white pine sustain, 4 ins, in 
breadth, 12 in. depth, and r5 feet between its supports, when loaded in its middle? 
and what when uniformly loaded? Coefficient as above, 62. 

2 2 
Then sao es Pe aaaOX 62 

I 

: = 2380.8 lbs. loaded in its middle, and 2380.8 X 2= 4761.6 lbs. 

if uniformly loaded. 

Floor Beams of Wood. 

Condition of stress borne bya Floor beam is that of a beam supported 
at both ends and uniformly loaded; but from irregularity in its loading 
and unloading, and from necessity of its possessing great rigidity, it is 
proper to estimate its capacity as a beam loaded at middle of its length, 

To Compute Capacity of Floor Beams, Girders, ete. 

Supported at Both Ends, 

Rue.—Divide product of breadth and square of depth, in ins., and Coef- 
cient for material, by length in feet, and result will give weight in lbs, 

bd?C - ; .5 0 d?C 
Spe W. Fixed at Both Ends. nent 

Exampuie.—The dimensions of a white-pine floor timber are 4 by 12 ins., and its 
length between supports 15 feet; what weight will it sustain in its centre? 

4X 12? X 62 

Or. =W. 

C as per preceding table=62. Then = 2380.8 lbs. 

When Uniformly Loaded. Multiply the results by 2. 

To Compute Depth of a Wioor Beam. 

Supported at Both Ends. 

When Length between Supports, Breadth and Distance between Supports, 
Sor One Foot, between Centres of Beams ure Given. Ruie.—Divide product 
of length in feet, and weight to be borne in lbs., by product of breadth in 
ins., and Coefficient for material, and square root of quotient will give depth 
in ins., for distance between centres of one foot. 

Or, Ni Ai =d. Fixed at Both Ends. Vi a (115 

When Uniformly Loaded, W represents but half required or given weight. 

Exampie.—Take elements of preceding case, distance between centres of beam 

aise cml es Men, /*5 2¢- 2380.8 = J 7%? x2 ins. 
4X 62 : 248 

When Distatace between Centres of Beams is greater or less than one Foot, 
Ruie.—Divide product of square of depth for a beam, When distance between 
centres is one foot, by distance given, by 12, and square root of quotient will 
give depth of beam. 
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ExamMpPLe.—Assume beam in preceding case to be set 15 ins. from centres of ad 

joining beams; what should be its depth? 

127 X15 ‘2160 5 
—<—<—<—<— = —— = 13. ns. Then ./ ar J ze 13-42 % 

To Compute Breadth of a Floor Beam or Girder. 

Supported at Both Ends. 

When Length and Depth are given. Ruie.—Divide product of length in 

feet, and weight to be borne in lbs., by product of square of depth in ins., 

and Coefficient for material, and quotient will give breadth in ins. 

l ° LW 
Or edad #9 Fixed at Both Ends. ——,,=0- 1.5 4a7C 

When Uniformly Loaded, W represents but half required or given weight. 

ExAMPLe.—Take elements of preceding cases. 

BS 2808 Ese b — = 
eee 127 X 62 8928 

4 ms. 

When Distance between Centres of Beams is greater or less than One Foot. 

Ru.e.—Divide product of breadth for a beam, When distance between centres 

is one foot, and distance given, by 12, and result will give breadth. 

EXxAMPLE.—Assume beam, as in preceding case, to be set 15 ins. from centre of 

adjoining beams; what should be its breadth? 

Then ao ee ins. 
12 12 

When Weight is Suspended or Stress borne at any other point than the 
Middle, See Formulas, page Sor. 

Header and Trimmer or Carriage Beams. 

Conditions of stress borne or to be provided for by them are as follows: 

Header supports .5 of weight of and upon tail beams inserted into or at- 
tached to it, and stress upon it is due directly to its length and weight of 
and upon tail beams it supports, alike to a girder loaded at different points. 

Trimmer or Carriage beams support, in addition to that borne by them 
directly as floor beams, each .5 weight on headers. 

Nore.—In consequence of effect of mortising (when bridles or stirrups are not 

used), a reduction of fully one inch should be made in computing the capacity of 
depth of headers and trimmers, 

To Compute Breadth of a Header Beam. 

When Uniformly Loaded. Ruite.—Compute weight to be borne in lbs. by 
tail beams, divide it by two (one half only being supported by header), mul- 
tiply result by length of beam in feet, and divide product by product of 
twice Coefficient of material and square of depth, and result will give breadth 
in ins. 

W+2l ’ 
eee re b. W representing weight per sq. foot. 

Examriy.—What should be breadth of a Georgia pine header, 13 ins. in depth, 
xo feet in length, supporting tail beams x12 feet in length, bearing 200 lbs. per sq. 
foot of area supported ? 

- 

C, as per preceding table, roo, and depth = 13 —1 = 12 ts. 

Or, 

i 12 X 10 X 200 Then X 10 X 200-2 X10 120000 

2X 100 X 12? = 80 fe 
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To Compute Depth of a Header Beam. 

Ruie.—See rule for depth of a floor beam, page 835, with the exception 
that a header is assumed to be always uniformly loaded. 

Or, wt Re igh 

To Compute Breadth of a Trimmer Beam. 

With One Header and One Set of Tuil Beams, Ru e.—Proceed as for 
computation of dimension of a beam loaded at any other point than middle. 

mn W 

> Ta2C 
end tn feet. 

=b. mand n representing distances of the weight or load from each 

ILLusTRATION.—What should be breadth of a trimmer or carriage beam of Georgia 
pine, 23 feet in length, 15 ins. in depth, sustaining a header ro feet in length, with 
tail beams rg feet, and Wesigned for a load of 540 lbs. per sq. foot of floor? 

Assume C=100; d=15—1=14; mandn=19 and 4 feet. 

19 X 4X19 X 10 2X 540 __ x 3 898 800 

aA 23 X 100 X 14? 7} 450 800 
= 4.32.1nS. 

Nore 1.—Depth of trimmer beams is usually determined by depth of floor beams; 
when not, proceed to determine it as for a header. 

2.—When a trimmer beam is mortised to receive headers, it is proper to deduct 
1 inch from its depth, as in preceding illustrations. When bridle or stirrup irons 
are used to suspend headers, a deduction of the thickness of the iron only is neces- 
sary, usually .5 inch. 

With Two Headers and Onze Set of Tail Beams.—Fig, x. 

OpERATION.—Proceed for each weight or load as for a beam, when weights 
are sustained or stress borne at other point than the middle. 

aL 

Bers 
and W and w weights or loads at points of rest on trimmers. 

=Wandw. a representing area of floor in sq. feet, L load per sq. foot, 

Notr. — Hatfield and some other authors give 
complex and extended formulas, to deduce the di- 
mensions of a Girder or Beam, under a like stress, 

Upon consideration, however, it will readily be 
recognized that a beam loaded at more than one 
point is simply two or more beams, as the case 
may be, loaded at different points, and connected 
together. 

ILLUSTRATION. — What should be breadth of a 
trimmer beam of Yellow or Georgia pine, 25 feet 
in length, 12 ins. in depth, sustaining two headers 

12 feet in length, set at x5 feet from one wall and 5 feet from the other, to support 
with safety 300 lbs. per sq. fuot of floor? 

T= 25,5 W215, Us 10, hea ee oq," CS r100, cand d= 12)= yar on 
loss by mortising. 

8 125 300 Sree es Ibs. at W, and 2 51S Tae = 4500 lbs. at w. 
“5X65 +25 SOS +25 

Then BSC 0X 452 = 675 ee 2.23 ins. breadth for load on header at 15 feet, 
25 xX 117X100 302 500 

soe OAs Eee = 1.48 ins. breadth for load on header at 5 feet, and 
25 X117X100 302500 

2.23 -+ 1.48 = 3.71 ms. combined breadih. 

and 
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With Two Headers and Two Sets of Tail Beams.—¥ig. 2. 

OrEeRATION.—P)oce2d as directed for Fig. 1. 

ILLUSTRATION. — What should be breadth of a 
trimmer beam of yellow pine 25 feet in length, 15 
ins. in depth, sustaining two headers 12 feet in 
length, set at 15 feet from one wall and 5 feet from 
the other, to support with safety 300 lbs. per sq. 
foot of floor? 

l=—25, m=15, N=10, $=5, T= 20, C=100, 
and d=15—1= 14 for loss by mortising. 

12 X 15 X 300 __ 54.000 

EOQHe | gl ee2S 
= 13 500 lbs. at W, and 

Bae oS 90 Be aed lbs. at w. 
“5X-5 +25 

Then 15 X 10 X 13500 2025000 
2 = = 4.14 ins., and saa ah cic pee 

25 X 14> X 100 490 000 25 X 14> X 100 490000 

ins., and 4.14 + .92 = 5.06 mms. combined oreadth. 

+92 

With Three Headers and Two Sets of Tuil Beams.—Fig. 3. 

Fig. 3. Oreration.— Proceed as directed for Fig. 1. 

ILLUSTRATION. — What should be breadth of a 
trimmer beam of yellow pine, 20 feet in length, 13 
ins. in depth, sustaining 3 headers rs feet in length, 
set at 3, 7, and 13 feet from one wall, to sustain a 
load of 200 Ibs. per sq. foot of floor? 

t=20, m=7, N13) $=7,/0=3; d= —= 
=12 ins., and C= roo. 

15 X 7 X 200 21000 
ake = 5250 lbs. at W; 

15 X7—3X 200 12000 ie Gy fim hee SIS = 3000 lbs. at w; and = 3000 lbs. at w’. 
55 Sts 25 5X5 

Then 2% 13 X 525° __ 477 75° __ 5 66 ins. ; 
20X 122X100 288000 

3 X 17 X 3000 153 000 

20 X 122X100 288000 

bined breadth. 

7X 13 X 3000 273,000 

20X 127X100 288000 
=.95 ins.; 

and =.53 ims. Hence, 1.66+.95-+.53=3.14 ims. com- 

Stirrups or Bridles. 

Stirrups are resorted to in flooring designed for heavy loads, in order to 

avoid the weakening of the trimmers by mortising. 

Average wrought iron will sustain from 40000 to 50000 Ibs. per sq. inch. 

Hence 45 000 lbs. as a mean, which + 5 for a factor of safety, = gooo lbs. 

A stirrup supports one half weight of header, and being doubled (looped), 
the stress on it is but .5 + 2—=.25 of load on header. 

To Compute Dimensions of Stirrups or Bridles. 

Wires area 
=? —area. Hence ———— = width, 
2 X gooo thickness 

In.usTraTion,—What should be area and width of .75 inch wrought-iron stirrup 
irons for a weight on a header beam of 240000 lbs. ? 

240000--2 120000 6.66 
— =. . Ns. — = 8.8 ins, = wi Pes 8 66 sq ana , and Ge 8.8 ins, = width. 
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Girder. 

Condition of stress borne by a Girder is that of a beam fixed or supported 
at both ends, as the case may be, supporting weight borne by all beams 
resting thereon, at the points at which they rest. 

To Compute Dimensions of a Girder. 

Rute.—Multiply length in feet by weight to be borne in lbs. divide 
product by twice* the Coefficient, and quotient will give product of breadth 
and square of depth in ins, 

tw LW 
Or, yor 6 and d?, and eae =d. 

EXAMPLE. —It is required to determine dimensions of a yellow-pine girder, r5 feet 
between its supports, to sustain ends of two lengths of beams, each resting ‘upon it 
and adjoining walls, 15 feet in length, having a superincumbent weight, including 
that of beams, of 200 Ibs. per sq. foot. : 

Condition of stress upon such a girder is that of a number of beams, 30 feet in 
length (15 X 2), supported at their ends, and sustaining a uniform stress along their 
length, of 200.lbs. upon every superficial foot of their area. 

Coefficient .2 of 500 = 100. 

30 X 15 X 200+ 2, for half support on their walls = 45 000 Ibs. 

DOU SAO CO eae 2 ane ae 3375 Then re oem at 3375=O5andd?, Assuming b=12 ins., then, /3328 = 16.77 

ins. Or, if 15 ins., then +e 15 ins. 
I 

To Compute Greatest Load upon a Girder, and Dimen-= 
sions thereof.—Wig. 1. 

When a Beam is Loaded at Two Points. 

BG: tigre Sono ermnpe-— =e mn =effect of weight at 1, 

= effect of weight at 2, 

l 

rs 

we 
m 
T (WxXn-+w s) =the two effects 

at 1, and = (w r-+W m) = two effects af 2. 

Then, for weight and dimensions, same formulas will apply. 

ILLUSTRATION. —Assume weight of Sooo Ibs. at 3 feet from one end of a white-pine 
beain x12 feet in length between its bearings, and another weight of 3000 lbs, at 5 
feet from other end. C .2 of 500= 100, 

8000 X 3 X 12 —3 = 216000 effect of weight at location 1, and 3000 X 5 X 12—5 

= 105 000 effect of weight at location 2, Hence x, being greatest, = W,and2=w, 

3X9 » go00 = 48 coo at W, atid S22 
12 12 

Then, X 8750 = 3750 at w; and 

5 
5g (3000 X 7 -+ 8000 X 3) 2 (8000 X 9 + 3000 X 5) = 21 750 = total effect at W, and 

= 18750 = tolal effect at w. 

Hence, to ascertain dimensions at greatest stress, 
89. : 

22750 X3 X9 = 489.37, and assume d= ro, then 49-37 4.89 ins, breadth ; or, 
12 X 300 Tovrea 

489.33 ‘ === = 10 ins. depth, 
ve 4-89 R 

* For being uniformly loaded. 
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Verification.—Assume a beam as above loaded with 21750 Ibs. at 3 feet from end 

3X9 X21750 _ 587250 ? = = ns. 
12 X 107 X 100 120000 = Then, by formula for 801, 

Equivalent Weight at Middle.—Fig. 2. 

Fig. 2. gocesecn oo ef > wo wn 

st : ; page == 
ws Ll pal es Se eee jaye and T 7? ied 

equivalent load at middle. 

ILtusTRATION.—What should be 
breadth of a beam of Georgia pine, 

B 20 feet in length, 15 ins. in depth, 

uniformly loaded with 4000 Ibs., and sustaining 3 headers or concentrated loads of 

6000 Ibs., at respective distances of 4 and g feet from one end and 7000 Ibs. at 6 feet 

from other end? 

o=4 r=16, m=9, N=11, S=6, A=15—I=14, L= 4000, and 

6000 X 4_ : 6c00 X 9 : 7ooo X 6 

20-2 20->2 20-2 € = 850 X.2= 170. 

and 4oce X70 = 2=2000. 2400-+ 5400+ 4200+ 20co = 14 000 Ibs. 

Then T4o00 X 70X76 = 70000 Ibs., effect at middle. 
ie) 

Hence, OS ee et r0.5-+ ins. 
4X142X 170 133280 

Operation deduced by Graphic Delineation of Greatest Stress without uni- 
Jorm Load. 

Fig. 3. <---------------7 J---------------- > Moments of weights = 

3 wor Wmn wsu 
aren aa and ea 

19200, 29700, and 29 400, and 
let fall perpendiculars x, 2, and 3 
proportionate thereto. 

Connect w’, W, and w with 
AB, and sum of distances of in- 

tersections of these lines upon perpendiculars, from x, 2, and 3, respectively, will 

give stress upon A B at these points. 
Whence, greatest stress at greatest load will be ascertained to be 61 800 Ibs. 

When Loaded at Three Points, 
as in Fig. 2. 

ILLUSTRATION. —Take elements of above case, omitting uniformly distributed load. 

2 (coo X 1X PoE NCE) 6000 Se ae X 108 cco + 13 200 = 61 800 lbs. 
20 20 20 

° (W n+ ws) w’ = = Greatest Stress. 

Deflection of Girders and Beams. 

Wishes C0 Cae. 1 ai es Cbdad3D _ 

Oda ait Ws e Coat” iW Mee 
ing length in feet, b and d breadth and depth, and D dzjlection in ins. 

Values of © for Various Woods. (iatyield.) 

l. 1 represent- 

INEM Sapa asp Adee ore 4000 | Larch........-<2100- 2093 | Pine, Georgia...... +- 5900 

CHEStOUE. cejsiefere scaeinie 2550 | Oak, white.........- 3100 | |“ pitch......- + 2836 

Hemlock... 2... 2-5 2800 | ‘¢ English, mean.. 2686 | ‘‘ white..... + 2900 

Hickory ~ .-0 000009. - 3850 | Spruce,..........08- 3500 | “ red..sseseweeee 4259 

ILLUSTRATION.—What would be deflection of a floor beam of white pine, ro feet 

in length, 4 ins. in breadth, and 8 in depth, with 4ooo Ibs. loaded in its middle? 

4000 X 108 4.000000 

2900 X 4 X 88 5939 200 
* Load uniformly distributed. 

C = 2900. = .674 inch. 
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When Weight is Uniformly Distributed. 

.625 W 18 Cbds Cbd3D 625 13 hs cor. 3 Ex = $025 Gare 
Chale Meme 3/ee8 WoT a ee a a 

Hence, Deflection in preceding illustration would be .674 X .625 = .421 ins. 

ILLUSTRATION. —What should be length of a white-pine beam 3 by ro ins., to sup: 
Port 6000 Ibs. uniformly distributed, with a deflection of 2 ins. ? C = 2900. 

2900 X 3 X 108 X 2 17 400 000 
3 -=3 — 18 at. 
fe -625 X 6000 375°_ 1O-OE Te 

A fair allowance for deflection of floor beams, etc., is o3 inch per foot of length; 
.oq inch may be safely resorted to. 

Weights of Mloors and of Loads. 

Dwellings.—W eight of ordinary floor plank of white pine or spruce, 3 lbs, 
per sq. foot, and of Georgia pine, 4.5 Ibs. 

Plastering, Lathing, and Furring will average g lbs. per sq. foot. 

Clay Blocks (Flat Arch) 5.25 X 7.25 ins. in depth and 1 foot in length, 
21 lbs. = 8o lbs. per cube foot of volume. 

Floors of dwellings will average 5 Ibs. per sq. foot for white pine or spruce, 
and on iron girders will average from 17 to 20 lbs. per sq. foot. 

Weight of men, women, and children over 5 years of age, 105.5 lbs., and 
one third of each will occupy an average area of 12 X 16 ins. = 192 sq. ins. 
= 78.5 lbs. per sq. foot. 

Of men alone 15 X 20 ins. = 300 sq. ins, = 48 in roo sq. feet. 

Bridges, etc.—Weight of a body of men, as of infantry closely packed, = 
138 lbs; each, and they will occupy an area of 20 X 15 ins. = 300 sq. ins. = 
66.24 Ibs. per sq. foot of floor of bridge, and as a live or walking load, 80 lbs, 
per sq. foot. 

Weight of a dense and stationary crowd of men, 120 lbs. per sq. foot. 

Bridging of Floor Beams increases their resistance to deflection in a very 
essential degree; depending upon the rigidity and frequency of the bridges. 

Weight on Floors, ete., in addition to Weight of Struct- 
ure, per Sq. Foot. 

Pall TOOMA Wey cnisiae ys 85 lbs. | Roofs, wind and snow.... 30 to 35 lbs. 
Brick or stone wills..... 115 torso “‘ Slate roofs........... aes 45 ‘ 
Churches and Theatres... 80. | Snow) per inch....0..... 5 Ib. 
Dwellings... yc sess 3>- 40 ‘* | Street bridges erates 80 lbs 
ACLOLICS: 7 ae laeiein waieleiunic.e 200 to’ 400 ‘* | Warehouses.......-..... 250 to 500 ‘* 
Gert aries ci, s w anenierna cle. LOO, ee SOU otter oo. wstae.s'0i8 go 

Scarfs. 

Relative resistance of scarfs in Oak and Pine, 2 ins. square, and 4 feet in 
length, by experiments of Col. Beaufoy, 

Scarf 12 ins. in Length and 13 ins. from End, or 1 inch from Fulcrum 

Vertical.—t110 lbs. gave away in scarf. 
Horizontal, large end uppermost and towards fulcrum.—t1o1 lbs. fastenings 

drew through small end of scarf; small end uppermost, etc., 87 lbs. gave 
away in thick part of scarf. 

Eactors of Safety. 

Statical or Dead Load at .2 of destructive stress, but for ordinary pur- 
poses it may be increased to .25, and in some cases with good materials to .3, 

Live Load at .1 to .125 of destructive stress. 

See also page 802. 
4B 
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SUSPENSION BRIDGE. 

To Compute Elements. 

Ss /(2B) +1=8=8 seco0; M27 

+ — tan. angle 0; ay 
2 

Be i v cL Sat.» /f4 Oho: hol god 

é, /(so2+4 v=); eat. 75 $57") sot, /(42) Bo emer 

V 3 
4 v\2 L+2 : 2v 5 L~2 X Cos. z 

+ — sai; oF =t <= z, and ‘ 

s+4/(%) int , zZ ‘i (2 v)2-+(C = 2)? Pot sin. Z 

—stress at e. C representing chord or span, a half chord, and v versed sine of 

chord or curve of deflection, in feet, Li distributed load inclusive of suspended struct- 

ure, Q load per lineal. foot, and S stress at centre, all in tons, x distance, of any point 

from centre of curve, and h height of chain at x above centre of it, both in feet, § 

stress on chain at any point, as x, From centre of span, $ stress on any tension-rod, 

and t stress at abutments, all in tons, n num ber of tension-rods, 6 angle of tangent 

of chain with horizon at.any point, as x, 7 angle of chain with vertical at abutments, 

I length of chain, in feet, and z angle of direction of chain. 

‘Assume C= 300 feet, L= 1000 tons, v= 25 feet, = 100 feet, N= 30, T= 71° 3:4'5 

and 0 = 12° 32’. 
300.X 1000 aera 25 X 1007 _ —h: 

Then, yon = 1500 tons =8; Gxt ee 5 

ae 

1500 eS) - 1 = 1536.56 tons = 8; een = 12992112932 ie 
100 

oy 4 = 300 X 1000 k 

tan. Z 9; 2 n/(s.x 300)? +4 25° = 305.5 felts SE aeue Tee 

4X25 _ 3333 = 71° 34 — = col angle 7; gas 34.48 tons = 8"; 

300 
jo =S2 

15cO SG 

J (: x23) 4. x= 1428.6 tons =t; and - 258 = gréa= 1008s 

30 
vV (2 X 25)2-+ (300+ 2)? 

For a deflection of .r25 of span, horizontal stress is equal to total load. 

To Construct curye, see Geometry, page 230. 

To Compute Ratio which Stress on Chains or Cables at 

either Point of Suspension Bears to whole Suspended 

Weight of Structure and Toad. 

I 

———_ =R. RB in, 10. Seanse R. representing ratio 

ILLUSTRATION. —Assume elements of preceding case. 

=1.58 ratio. By a preceding formula it would be 1.536. Ir 

2X .3162 

Stress on Back Stays.—The cables being led over rollers, haying free mo 

tion, tension upon them is same, whether angle 7 is same as that of r or no’ 

Stress on Piers.—When angles 7 and 7 are alike, stress on piers will b 

vertical, but when angle of 7 is greater or less than 7, stress will be oblique. 

To Compute Horizontal Stress and Vertical Pressur 

‘ on Piers. Ve 

§ cos. z=S8t, Sco. n=So, Ssiu.z=P4, and Ssin.n=Po. Stands 

representing stress, and P + and Po pressure, inward and outward. 

Norg.—Span of New York and Brooklyn Bridge 1595.5 feet, deflection 128 fee 

angle of deflection at piers from horizontal 15° 10’. 
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. TRACTION. 

Results of. Experiments on ‘Traction of Roads 
and Pavements. (& Morin.) 

xst. Traction is directly proportional to load, and inversely proportional 
to diameter of wheel. 

2d, Upon a paved or Macadamized road resistance is independent of 
width of tire, when it exceeds from 3 to 4 ins. 

gd. Ata walking pace traction is same, under same circumstances, ‘for 
carriages with or without springs. 

4th. Upon hard Macadamized, and upon payed roads, traction increases 
with velocity: increments of traction being directly proportional to incre- 
ments of velocity above velocity of 3.28 feet per second, or about 2.25 miles 
per hour. The equal increment of traction thus due to each equal increment 
of velocity is less as road is more smooth, and carriage less rigid or better 
hung. 

sth. Upon soft roads of earth, sand, or turf, or roads thickly gravelled, 
traction is independent of velocity. 

6th. Upon a well-made and compact pavement of dressed stones, traction 
at a walking pace is not more than .75 of that upon best Macadamized 
roads under similar circumstances; at a trotting pace it is equal to it. 

7th. Destruction of a road is in all cases greater as diameters of wheels 
are less, and it is greater in carriages without springs than with them. 

Experiments made with the carriage ofa siege train on a solid gravel 
road and on a good sand road gave following deductions : 

1. That at a walk traction on a good sand road is less than that on a good 
firm gravel road. 

2. That at high speeds traction on a good sand road increases very rapidly 
with velocity. 

Thus, a vehicle without springs, on a good sand road, gave a traction 2.64 
times greater than with a similar vehicle on same road with springs. 

Results with a Dynamometer. 

Wagon and, Load 2240 Lbs. * 
Relat’ ie num-| Relat num- 
} f horses i er of hore 

ROADmAN for like effect. FOARWAY: for likéletivet, 

On railway, 8.108. ....-.»+90+ I ‘Telford road, 46 Ibs........4. 5.75 
‘On best stone tracks, 12.5 Ibs. 1.56 Broken stone or con’te, 46 lbs. 5.75 
Good plank road, 32 to 50 lbs.| 4 to 6.25 ie og ete a 57.5 
Stone block pavement, 32.5 ‘ 4.06 Gravel onearth, 140-147 bs, 18.37 
Macadamized road, 65 Ibs.... 8.12 Common earth road, 200 lbs,.! 25 

Notr,—By recent experiments of M. Dupuit, he deduced that traction is inversely 
proportional to square root of diameter of wheel. 

Relation of force or draught to weight of vehicle and load over 6 different con 
structions of road, gave for different speeds as follows: 

Walk. Trot. y Walk. Trot, 
Stage coach, 5 tons.. 1.3 x | Carriage, seats only, on springs.. 1.29 I 

Resistance to Traction on Common Roads. 

On Macadamized or Uniform. Surfaces. (M. Duputt.) 

1. Resistance is directly proportional to pressure. 
2. It is independent of width of tire. 
3. It is inversely as square root of diameter of wheel. 
4. It is independent-of speed, 

* See Treatise on Roads, Strects, and Pavements, by Brev. Maj.-Gen’l Q. A. Gillmore, U. 8. A 
+ Telford estimated it at Shs 
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On Paved and Rough Roads. 

Resistance increases with speed, and is diminished by an enlargement of 

tire up to a moderate limit. : 

Traction on Various Roads.—Traction of a wheeled vehicle is to its weight 

upon yarious roads as follows: 
Per Ton. Per 100 lbs. |] Per Ton. Per 100 Ibs. 

Stone track, best 12.5 to15| -55 to .58 || Telford road.... 46 to 78| 21t0 3.5 

ve “in. 28 to 39}1-25 to1g Macadamized... 46to go| 2 to 4 

“ pavement. 14 to 36] .5 tors | “  Joose 67 toxz2| 3 tO 5 

Asphalted......- 22 to28\x tox.25 || Gravel......... 134 to180| 6 to 8 

Plank ......s-s 22 to4s5| .g8to2 Sandy... .s...s 140 to 312} 6.3 to 14 

Block stone | | Darth...2. <3. 200 t0 29° | 9 torg 

pavement....§ 37 $0.35). 14 Bx6 

Hence, a horse that can draw 140 Ibs. at a walk, can draw upon a gravel road 

6+8 
140 X 100 = 2000 Lbs. 

Resistance on Common Roads or Fields. 

(Bedford Experiments, 1874.*) 

= Average! HP? de- | | Work 

bili ie cree Roa. eens Average Speed |veloped| Draft per Ton | per EP 

ard and dry, rising 1 Um 430. t. t r | on Level. T 

( % 9 43 Drait, aes lvttaate, i ecas . 

f | abs. | Lbs.. | Miles. | ER, Lbs. es 
2 horse wagon without springs.| 320 | 159 2.5 | 1.06 | 43-50F.0192| -53 

ants Ks sie es 400 | 251 2.6 1.74 |. 44-5 ‘* .02 -87 

UG «with = 300°} 133 2.47 -88 | 34.7 “ .075 44 

x ‘ cart without “ 180 | 49-4 | 2.65 «35 | 28) “! sora5 |x 635 

ARABLE FIELD. 
(Hard and dry, rising x in 1000.) | 

2 horse wagon without springs,| tooo | 700 2:35 | 4.36 210 OFr.ogg | 2.18 

“ “ “ “ 1200 | 997 2.52 6.7 104 083 3.35 

4 , 
aes «with Se 1000 | 710 2.35 (4.45 |210 ‘S.099"} 1.22 

x cart without ‘ 400 | 212 2.61 | 1.48 [140 “‘ .0625| 1.48 

Fore wheels of wagons were 39 ins., and hind 57 ins. in diam. ; tires varying from 

2.25 to 4 ins.; and wheels of cart were 54 ins. in diam., and tires 3.5 and 4 ins. 

Springs reduced resistance on road 20 per cent., but did not lessen it m the field. 

From these data it appears, that on a hard road, resistance is only from .25 to .16 

of resistance in field. Lowest resistance is that of cart on road = 28 lbs. per ton; 

due, no doubt, to absence of small wheels alike to those of the wagons. 

Assuming average power without springs to be .6 FP on road, as average for a 

day’s work, it represents .6 X 33 000 = 19 800 foot-Ibs. per- minute for power of a 

horse on such a road. 

Resistance of a smooth and well-laid granite track (tramway), alike to those in 

London and on Commercial Road, is from 12,5 to 13 lbs. per ton. : 

Omnibus.}{ (Weight 5758 lbs.) 

: . Average Speed per Hour. Per Ton. Total. 

Granite pavement (courses 3 to 4 ims.)........ 2.87 miles. 17.41 lbs. | 44.75 lbs. 

Asphalt roadway......seeeeseere eerste ceees EMounel Sly PY Os €9. ‘ 

Wood pavement. ......-.++2+5+ Reeds 0 Sesh Shee EEE Yi lens 4r:65 BAY 106,88 © 

Macadam road, gravelly..... BRO ORSnO EE abet But Sates 4A aS, Weg SEALS2. ace 

Oh “ granite, new...... BPs espishstas Et Thane IGIOO seg 1s 250.00 5 

Norr.—The resistance noted for an asphalt roadway is apparently inconsistent 

with that for a granite pavement, for when it is properly constructed it is least 

resistant of all pavements. : ; 

* See report in Engineering, July x0, 1874, page 23. + Report Soc. Arts, London, 1875. 
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Wagon. (Sir John Macneil.) 

Weight 2342 lbs. Speed 2.5 Miles per Hour. 
Resistance. 

Per Ton. Total. 
Well-made stone pavement... .... ss ee cece cece cece ee cde ee tee 31-2 lbs. - 33 Ibs, 
Road made with 6 ins. of broken hard stone, on a foundation ee tw 

of stones in pavement, or upon a bottom of concrete...... 44 40, , 
Old flint road, or a, road made with a thick coating of broken 6 & Gane 

BtOnGeOunc MID aaa Pen oa aacohcse cece ee - °5 
Road made with a thick coating of gravel, on pari ak 14000 tee 

Stage Coach. (Sir John Macneil.) 

Weight 3192 lbs. Gradients x to 20 to 600. 
Speed. Metalled Road. 

At 6 mules per hour, Be dp pels Pomme laa exe nicionemyedol slot 0 pi 62 lbs. per ton, 
8 

te “ 

“ 10 

Nore.—It was found that, from some unexplained cause, the net frictional resistance at equal speeds 
varied considerably, according to gradient, resistances being a maximum for steepest gradient, and a 
minimum for gradients of x in 7 to 1 in 49; for these they are less than x in $90 Mode of action of 
the horses on the carriage may have been an influential element. (D. K. Clark.) 

as ‘v3 

To Compute Resistance to Traction on Various Roads. 

(Str John Macneil.) 

ON A LEVEL. 

Ruvx.—Divide weight of vehicle and load in lbs. by its unit in following 
table, and to quotient add .o25 of load; add sum to product of velocity of 
vehicle in feet per second, and Coefficient i in following table for the particular 
road, and result will give power required in lbs. 

Or, bia +w.c25+Cv=T. Wand w representing weights of vehicle and bee 

Ragiietenzs Sor Traction of Various Vehicles. 
Stage coach sw. cece .ussedsen Mee 2 horse wagon without springs b Iniat aha 54 
Hedi WALD 4. eaaencdes' da anvnnte ae ees bierwithc:, | \o eecaeen 42 
4 horse wagon without springs..... BG | tase Care Without:  *. Te tie 36 

Coefficients for Roads of Various Construction. 
AMOCIIR Ube aster atctaminicials e:atsiaslsicje,e.0 2 | Macadamized roa@.......-..05-.-- 4:3 
Broken stone, dry and clean........ §-|-Gravel, CLAN. «2... vennesertiecibese x3 

2 «covered with dust.. 8 os TOUGAGY o's sts Soave aso o's ele od 32 
ge SOS EMQG Y eiare store vieiatare’st> ro | Stone tramway......s.sseersceene 1.2 

Sand and Gravel.......... L271 

ILLUSTRATION.—What is the traction or resistance of a stage coach weighing 2200 
Ibs., with a load of 1600 lbs., when driven at a velocity of 9 fect per second over a 
dry and clean broken stone road? 

2200 -+ 1600 

100 
+ 1600 X .025 + 5 X 9 = 123 lbs. 

To Compute Power necessary to Sustain a Vehicle upon 
an Inclined Road, and also its Pressure thereon, omit- 
ting Effect of Hriction. 

AT AN INCLINATION. 

C \ W:AC:10;BC,and W:ACiip: AB. 

joa CF) Or,re:e¢o71; AB: BC; W:e¢0::0: h: whence, 
h 

Wit e=e 0. 

. i Assume AB of such a length that vertical rise, 
‘BC =x foot; then, 

WwW Ww WAB_ WAB_ —weos, A=p. 
———— = W Sin. A=o, and 

3 vA Ga 7 AB? a AC VA B74 

4B 
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if 4 W U2 : 

Or, x ee Bh nae? + or, eS and ——_—-=p. W representing 
Im? ¢ L VV241 Vi2+: 

weights of vehicle and load 0, and P power or force necessary to sustain load on road, 

p pressure of load on surface, all in Lbs., h height of plane, l inclined length of road 

or plane, and V’ horizontal length, all in Feet. 

ILLUSTRATION. —What is power required to sustain a carriage and its load, weigh- 

ing 3800 lbs., upon a road, inclination of which is x in 35, and what is its pressure 

upon road? 

Gin. A =-.02856. Cos. A=.99994." 1= 35.014. 

Then 3800 X .028 56 = 108. 53 lbs. = power, and 3800 X .999 94 = 3799-77 lbs. pressure. 

To Compute Resistance of a Load on an Inclined Road. 

Rure.—Ascertain the tractive power required, and add to it the power 

necessary to sustain load upon inclination, if load is to ascend, and subtract 

it if to descend. 

EXAMPLE 1.—In preceding example tractive power required is 123 Ibs., and sus- 

taining power for that inclination 108.53; hence 123 -- 108.53 = 231.53 lbs. 

2.—If this load was to be drawn down a like elevation. 

Then 123 — 108.53 = 14.47 lbs. 

To Compute Power necessary to Move and Sustain a 

Vehicle either Ascending or Descending an Hlevation, 

and at agiven Velocity, omitting Effect of Friction. 

Wtw,w : =) A 

( su +) cos. L.  (W+w) sin. LU -+ve=R. L representing angle of 
49, 

elevation for a stage wagon and a stage coach, and t units as preceding ; upper sign 

taken when vehicle descends the plane, and lower when tt ascends. . 

ILLUSTRATION.—Assume a stage coach to weigh 2060 Ibs., added to which is a 

load of rroo lbs., running at a speed of g feet per second over a broken stone road 

covered with dust, and having an inclination of x in 30; what is power necessary 

to move and sustain it up the inclination, and what down it? 

v=o, c=8, sin. of L =sin. of 1° 54’+ =-.0333, and cos. L. =.9995. 

2060 + 1100 1100 
Then sograrine =) X 19995 + (2060 1100) X 0333 + 8 X 9 = 59-07 + 

105.23 +72 = 236.3 lbs. up inclination. 

2060-++ rroo , 1100 
And + pK 39998 + 8 X g— (2060-1 2109) % +0333 = 59-07 + 72 

— 105.23 = 25.84 lbs. down inclination. 

Tyractive and Statical Resistance of Elevations. (Gillmore.) 

’. T representing traction in lbs. per ton, W weight of load in lbs., 

and g’ grade of road. 

ILLUSTRATION. —Assume traction as per preceding table, page 844, 200, and weight 

of vehicle 2 tons; what should be least grade of road? ‘i 

I 

ee OS 
ie ——S 

a/ 4480? — 200 X 2 

Showing that, for a road upon which traction is 200 lbs. per ton, the grade should 
not exceed one in height to one eleventh fall of/base; hence, generally, the proper 
grade of any description of road will be equal to force necessary to draw load upon 
like road when level. . 

Practically, greatest grade of a Telford or Macadamized road in. good condition 
=.os, and a horse can attain at a walk a required height upon this grade, without 
more fatigue and in nearly same time that he would require to attain a like height 
over a longer road with a grade of .033, that he could ascend at a trot. 7 

For passenger traffic, grades should not exceed .033. 
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Resistance of Gravity at Different Inclinations of 
Grade. Fora Load of 100 Lbs. 

Grade. R Grade. R Grade. R Grade. R 

4 Lbs. Lbs. Lbs. Lbs. 
rin 5 19.61 1 in 25 4 rin 45 2.22 rin 7o 1.43 
rinzo 9-95 1 in 30 3233 rin 50 2 rin 80 1.25 
rinis5 6.65 rin 35 2.85 rin 55 1.82 rin go Herd 
1 in 20 4-99 rin 40 2.5 zr in 60 1.67 x in 100 z 

Inclination of Roads.—Power of draught at different inclinations and velocities 
is as follows (Sw John Macneil): 

Traction at Speeds of per Frictional Resistance per 
Inclination, Angle Feet Hour of Ton at Speeds of per Hour of 

per Mile, | 6 Miles. | 8 Miles. {10 Miles.| 6 Miles. | 8 Miles. |10 Miles. 

1 in 20 2° 52° 264 268 296 318 76 96 112 
rm'26.|~ 2° 12" 203.4 213 219 225 63 68 
1 in 30 2 abe 176 165 1096 200 41 63 66 
1 in 40 1° 26 132 160 166 172 56 61 65 
1 in 60 57.5. 88 IIL 120 128 72 78 81 

Grade. 

Grade of a road should be reduced to least of practicable attainment, and 
as a general rule should be as low as 1 in 33, and steepest grade that is ad- 
inissible on a broken stone road is 1 in 20, 

The condition of traction is f+ sin. a L, which should not exceed P, and sin. @ 

should not exceed “ —f, orf. frepresenting coefficient of friction, a angle of in- 

clination, L load, and P power in Ibs. 

ILLUSTRATION.— In case, page 846, weight or load = 2060-+ 1100 = 3160 Ibs., Co- 
efficient of friction for such a road = -042 per roo lbs., and sin, 1° 54” =.033 16, 

Then .o42 + .033 16 X 3160 = 237.5 lbs. 

Traction of a Vehicle compared to its Weight on Different Roads. 
(Ff. Robertson, F. R. A. S.) 

Stone pavement.........sereree rin 68 | Flint foundation..........-.0.++ 1 in 34 
Macadamized road............- x * 4g} Gravel TOAd.......eceectesserse peas Ss 

Sandy road,....... peseeesasess rimi7, f 

Assuming a horse to have a tractive force of 140 Ibs. continuously and steadily at 
a walk, he can draw at a walk on a gravel road 15 X 140= 2100 lbs, 

Friction of Roads. 

Friction of Roads.—According to Babbage and others, a wagon and load 
weighing 1000 lbs. requires a traction as follows: 

Of Load. Of Load, 
EQOBO RANG: sified ator, B5)- sit esioe'a ne » 25 | Macadamized.......seeseees 00 vide udOBS 
Wresh earthy swe -iis sie Gav role om {olde .125,| Dry high road,......s+seeeeneees 025 
Common side roads........+.. teers.’ Well paved road....csceeeceveees -O14 

Gravelled road: .. 0. .c0see.cees { ae Ratlroad.. cramcencaes sete: { pee. 

Sled, hard snow, iron shod.... .033 of load. 

Coefficients of Friction in Proportion to Load. 
Per 100 |bs,| Per Ton. Per 100 Ibs.| Per Ton, 

Gravel road, new......... 083 186 || Wood pavement.......... O19 42 
Common road, bad order.. .07 157 || Asphalt roadway........- -O12 27 
Sarid NOM ciejalatayesie's evsraiefais .063 | 14x || Stone pavement.......... +015 34 
Broken stone, rutted...... 6052 | “raz |r Granite = Sis4 ....68 tei 008 18 

‘fair order... .028 63 || Stone “ very smooth .006 13 
it “perfect order O15 34° || Plank road.........se5+es OL a 

Macadamized, new........ 0 101 ‘ .0035] ‘6 aaa YF Railway ..--+-0-0+0- vi losagisa 8 

a grayelly.... .02 44 || Stone track.......... Sry es) 112 
Earth, good order......... .025 56 
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To Compute Frictional Resistance to Traction of a 

Stage Coach ona Metalled Road in Good Condition. 

go+4v+V/rov=R. v representing speed in miles per hour, and R frictional 

yesistance to traction per ton. 

Nore.—Formula is applicable to wagons at low speeds. 

Canal, Slackwater, and River. 

On a canal and water, resistance to traction yaries as square of velocity, 

from that of 2 feet per second to that of 11.5 feet. 

When velocity is less than .33 miles per hour, resistance varies in a less 

degree. 

In towing, velocity is ordinarily 1 to 2.5 miles per hour. 

Resistance of a boat in a canal depends very much upon the comparative 

areas of transverse sections of it and boat, it being reduced as difference 

increases. 

In a mixed navigation of canal and slack-water, 3 horses or strong nrules 

will tow a full-built, rough-bottomed canal boat, with an immersed sectional 

area of 94.5 sq. feet, and a displacement of 240 tons, 1.75 to 2 miles per hour 

for periods of 12 hours. 

With a section of but 24.5 sq. feet, or a displacement of 65 tons, an aver- 

age speed of 2.5 miles is attained for a like period. 

By the observations of Mr. J. F. Smith, Engineer of the Schuylkill Navigation 

Co., a canal boat, with an immersed section alike to that above given, can be towed 

for x10 hours per day as follows: 
; 

Per Hour. 

By x horse or By 2 horses or By 3 horses or By 4 horses or By 8 horses or 

mule. mules, mules. mules. mules. 

x mile. | x.5, miles. 1.75 miles. 1.875 miles. | 2.5 miles. 

Assuming then, the tractive power ofahorse as given in table, page 437, the above 

elements determine results as follows: 

Teaver Oar Traction A 

z iles. tthe 4 ‘ in Lbs. per Sq. F 
Horses Miles divided by Load. "| in Lbs. per Ton. | lathe 2: Ses 

TL Wiaisieselvressie nisie.e\e,b'e I 250+ 240 1.04 2.65 

Iaiave.« nisinieiejeioisies \-oH 15 165 X 2+ 240 1.38 3:49 

Zecerscccccceaves | I-75 140 X 3 +240 1.75 4-44 

Blaive les aie abin wi bdele « 1.875 132 X 3+ 240 1.65 4.19 

bene e eee e eee ees 2 125 X 377240 1.56 3.98 

3 (light).......-s 2.5 100 X 3 65 4.61 | 12.24 

Upon a canal of less section and depth, a displacement of ros tons, with an im- 

mersed section of 43 Sq. feet, a speed of 2 miles with 2 horses was readily obtained, 

which would give a traction of 2.38 Ibs. per ton, and of 5.71 lbs. per sq. foot of im- 

mersed section. 

Maximum Power of a Horse on a Canal. (Molesworth.) 

Miles per hour. ...... 2.5 3 35 4 5 (owt ait iene) en 269) 

Duration of work in 
INOUTS Fi cietese ol efe cetera } ae : 59 SYS aig aN" 5 eo OL nes 

Lead drawn in tons.. 520 243253. «02, 52 30. 19-3, Qe 4714045} 

Street Railroads or Tramways. (Gen'l Gillmore.*) 

Upon a level road, and at a speed of 5 miles per hour, the power required to draw 

a car and its load is from ata to BB0 of total weight, varying with condition of 

rails and dryness or moisture of their surface. “3 

* Treatise on Roads, Streets, and Pavements. D. Van Nostrand, 1876, NY 
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To Compute Resistance of a Car. 

TXv v2? Xa 
TSC Ii; = 0% veh =r; and f+c+r=R. T representing weight 

tn tons, f friction in lbs., v speed in miles per hour, a area of front or section of car 
in sq. feet, c concussion, + resistance of atmosphere, and R total resistance, all in Ibs. 

ILLusTRATION.—Assume a car and load of 8960 Ibs., with an area of section of 56 
8q. feet, and.a speed of 5 miles per hour. 

fo) 

Then Soot tons; 4X 6=24 lbs. friction ; = 6.66 lbs. concussion ; 4X5 

6 3 

Sipe t = 3.5 lbs. resistance of air; and 24+ 6.66+ 3.5 = 34.16 lbs. 

In average condition ofa road, the resistance of a car may be taken at shy which, 
im preceding case, would be 74.66 Ibs. On a descending grade, therefore, of 1 in 
74.66, the application of a brake would not be required. 

WATER. 

Freso Water. Constitution of it by weight and measure is 
By Weight. By Measure. By Weight, By Measure. 

Oxygen... 88.9 I Hydrogen .. 11.1 2 

Cube inch of distilled water at its maximum density of 39.1°, barom- 
eter at 30 ins., weighs 252.879 grains, and it is 772.708 times heavier 
than atmospheric air. 

Cube foot (at 39.1°) weighs 998.8 ounces, or 62.425 lbs. 

Nore.—For facility of computation, weight of a cube foot of water is 
usually taken at 1000 ounces and 62.5 lbs. ; 

At a temperature of 32° it weighs 62.418 lbs., at 62° (standard tem- 
perature) 62.355 Ibs., and at 212° 59.64 Ibs. Below 39.1° its density 
decreases, at first very slow, but progressing rapidly to point of conge- 
lation, weight of a cube foot of ice being but 57.5 lbs. 

Its weight as compared with sea-water is nearly as 39 to 4o, 

It expands .085 53 its volume in freezing. From 40° to 12° it ex- 
pands .002 36 its volume, and from 40° to 212° it expands .0467— 
times = .000 271 5 for each degree, giving an increase in volume of 1 
cube foot in 21.41 feet. 

Volumes of Pure Water. 

At 32° 27.684 cube ins. =x cube foot, | At 62° 1 Ton = 35.923 cube feet. 
a“ 39. 1° 27.68 “ 6). se I 4c &é 4“ ae I Lb. =/27/70 bc ins. 

S629 orton Th Soy Eee #G (© 39.19 x Tonneau = 35.3156 ‘* feet. 
66 2720 28.978 6c th uy 66 6c “ 6b I Kilogr. = oss “ 66 

Height of a Column of Water at 62° or 62.355 lbs. 

1 lb. per sq. inch = 2.3093 feet, and at pressure of atmosphere = 33.947 feet = 
10.347 meters. 

Ice and Snow. 

Cube foot of Ice at 32° weighs 57.5 lbs., and x lb, has a volume of 
30.067 cube ins. 

Volume of water at 32°, compared with ice at 32°, is as I to 1.085 53, ex- 
pansion being 8.553 per cent, 

Cube foot of new fallen snow weighs 5.2 lbs., and it has 12 times bulk of 
water, ’ 
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Rainfall. 

Annual Fall at different Places. ‘ ‘x? 

Location. Ins. Y Location. | Ins. \| LocaTIoN. . Ins. | 

Mabama......++++ z7|| Ft. Crawford, Wis..| 29.54|| Michigan......... 33.5. 

Albany... Ft. Gibson, Ark.... 30.64 || Mississippi.......- 45) 

Algiers ...++.++++- .75|| Ft. Snelling, lowa:.) 30.32) Mobile, 1842...++.. 54.94" 

Alleghany ....--++ 46.66|| Fortr. Monroe, Va.) 52.53 Naples. .......5.5- 41.8 

Antigua,......+ee 45 Florence.....--+-++ | 35-9, || Newburg. oe {) 40.5 

Archangel......-- 14.52|| Frankfort, Oder...| 21-3 | New York...°.--.) 36 

Auburn......06+ b le 3O-m7. st Main...| 16.4 |) Ohio-.....-..+--+-- 36 

Bahamas... ...| 42.19|| Geneva......----- | 32-6 |] Palermo......---- 22.8 

Baltimore.... Gibraltar...,.....++ | 47929}, Paris...0..20-000+ | 232 

Barbadoes . Glasgow §} 21-3 |} Philadelphia...... | 49 

Bath, Me........-- aay El. 3% \ Plymouth (Engl.)..) 44 

Belfast.......-+-++ Gordon Castle, Sed) 29.3 |} Port Philip... ...-- | 29.16 

Bisikia ayers {\105 || Poughkeepsie..... | 32.06 

Bombay .. a Re {|} 126 || Providence........ 30.74 

Bordeaux Great Britain 32 || Rochester......... | 29 

Boston ....-.-++++ . Greenock.........| 61.8 || Rome.......-.-+- | 39 

Brussels.....++-+ Halifax..... aor! PB i Santa Fé.......... 74-8 

Buffalo. < sere vets Hanover........-- | 22-4 |) Savannah...... 2.5 55 

Burlington, Vt..... 32 Havana. ......0s+5 | 52 || Schenectady...... 47-77 

Calcutta ........65 8x Hong-kong......-- | 81.35|| Siberia ........-*+ 7-75 

Cape St. Frangois. .| 150 Hudson...2...-.5 | 39.32)| Sierra Leone...... 84 

Cape Town.......- 23-31|| india {| Go |PSidkww. 10. a8 83.79 

Charleston. ....... bear Ae ge Bitar adtssr sot }130 «|| St. Bernard....-.. 48 

Cherbourg ......-+ 39-7 || Jamaica......---- | 34.31] St. Domingo ......|.120 

Cologne. .....+ 45 24 Jerusalem ........ | 65 || St. Petersburg..... 17.6 

Copenhagen....... 23 Key. West... ....... 31.39|, State of N.Y....... 33-79 

CTACOW «0.65.0 sin» ote = 13.33 || Khassaya, India...)610 | Sydney...---+-++++ 49 

Demerara.......-. g1-2 || Lewiston.......-, 23.15|, Tasmania........- 35 

m 1849... 132.21|| Liverpool......+.. 34.12)| Trieste... 02.5000. 46.4 

Dover (Engl.) ....- 37-52|| London.....-.-+-+ 25.2 || Ultra Mullay, India) 263.21 

Dublin Fa sebAs oiejern 30.87 || Louisiana......... 51.85 | Utica......+...-+- 30-3 

Dumfries .....63.. 6.921] 4, 4 f-| 22°" }) Venice... 66. soe e 3 

East Hampton .... see Madeira seecen>- Ql) agi || Vera Cruz.i.. sans o 
. 24.5 . 6.14 || Vienna. ........ ++ |, 19-6 

Edinburgh. ..... = Manchester ..... = 4)| Wahine or by. 

Fairfleld. 020. 00.02 32.93 || Marseilles.......-. 18.2 | West Point....2... 48.7 

Average rainfall in England for a number of years was, South and East, 34 ins. ; 

West and hilly, 43.02 to 50 ins., and percolation of it was estimated at 30 per cent. 

Mean volume of water in a cube foot of air in England is 3.789 grains. 

Globe, mean depth ........eeeee sees eee eee ee ener n sees eters 36 - ins. 

Cape of Good Hope in 1846....+-.++se sees eee eeseeees in 3 hours, 6.2 ‘ 

At Khassaya, in 6 rainy months.........-.- sso ins.; in x day, 25-5 “ 

Evaporation.—Mean daily evaporation, in India .22 inch; greatest..56; in Eng- 

land .o8. At Dijon, when mean depth of rainfall was 26.9 ins. in 7 years, evapora- 

tion was for a like period 26.1 ins., and in Lancashire, Eng., when fall was 45:96 

ins., evaporation was 25.65. 

Volume of Rainfall. 

Rainfall, depth in ins., X 2323 200 = cube feet per sq. mile. 
“ “ “17.378 74 = Millions of gallons per sq. mile. 
& xt ce X 3630 = cube feet per acre. : 

ee us “f &X 27 154.3 = gallons per acre. 

Mineral Waters are divided into 5 groups, viz. : 

x. Carbonated, containing pure Carbonic acid—as, Seltzer, Germany; Spa, Bel- 

gium; Pyrmont, Westphalia; Seidlitz, Bohemia; and Sweet Springs, Virginia. 

2, Sulphurous, containing Sulphuretted hydrogen—as, Harrowgate and Chelten- 

ham, England; Aix-la-Chapelle, Prussia; Blue Lick, Ky. ; Sulphur Springs, Va., ete. 

3. Alkaline, containing Carbonate of soda—these are rare, as, Vichy, Ems. _ 
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4. Chalybeate, containing Carbonate of iron—as, Hampstead, Tunbridge, Chelten- 
ham, and Brighton, England; Spa, gli Ballston and Saratoga, N. Y.; and 
Bedford, Penn. 

5. Saline, containing salts—as, Epsom, Gtidl tenant and Bath, England; Baden- 
Baden and Seltzer, Germany; Kissingen, Bavaria; Plombiéres, France; 'Seidlitz, 
Bohemia ; Lucca, Italy ; Yellow Springs, Ohio ; Warm Springs, N. C.; Congress 
Springs, N. YES and Grenville, Ky. 

Brief Rules for Qualitative Analysis of Mineral Waters. 
First point to be determined, in examination of a mineral water, is to which of 

above classes does water in question belong. 

x. If water reddens blue litmus paper before boiling, but not afterwards, and ee 
color of reddened paper is restored upon warming, it is Carbonated. 

2. If it possesses a nauseous odor, and gives a black precipitate, with acetate of 
lead, it is Sulphurons. 

. If, after addition of a few drops of hydrochloric acid, it gives a blue precipitate, 
#iih yellow or red prussiate of potash, water is a Chalybeate. 

4. If it restores blue color to litmus paper after boiling, it is Alkaline. 

5. If it possesses neither of above properties in a marked degree, and leaves a 
large residue upon evaporation, it is a Saline water. 

River or canal water contains .o5 ) 
Spring or well water fe pe of its volume of gaseous matter. 

Re-agents. 

Whcn water is pure it will not become turbid, or produce a precipitate 
with any of following Re-agents : 
Baryta Water, if a precipitate or opaqueness appear, Carbonic Acid is present. 

Chloride of Barium indicates Sulphates, Nitrate of Silver, Chlorides, and Oxalate 
of Ammonia, Lime salts. Sulphide of Hydrogen, slightly acid, Antimony, Arsenic, 
Tin, Copper, Gold, Platinum, Mercury, Silver, Lead, Bismuth, and Cadmium; Sul- 
phide of Ammonium, solution alkaloid by ammonia, Nickel, Cobalt, Manganese 
Tron, Zinc, Alumina, and Chromium. Chloride of Mercury or Gold and Sulphate o, of 
Zine, organic matter, 

Wilter Beds. 

Fine sand, 2 feet 6 ins,; Coarse sand, 6 ins.; Clean shells, 6 ins,,and Clean gravel 
2 feet, will filter 700 gallons water in 24 hours by gravitation. 

Sra Water. Composition of it per voliune : 
Chloride of Sodium (common salt).. 2.51 | Carbonate of Lime } ce 
Sulpburet of Magnesium aie biol GGtedd +53 bf of Magnesia § ‘**"""** ‘itt 
ELOPICO-OF aie Se SUR “ais ioseiace, ofa's 0.0 +33 | Sulphate of Lime. ........2+sss00 Or 

WV DLOMD A TARET AE APM ois cieloe ns creo aele 96.6 

By analysis of Dr. Murray, at specific gravity of 1.029, it contains 
Muriate of Soda......... +... 220.01 | Muriate of Magnesia........ 42.08 
Sulphate of Soda............ 33.16 | Muriate.of Lime.......... bet 7684 

303-09, 

Or, rt part contains .030 309 parts of salt = ;4, part of its weight. 

Mean volume of solid matter in solution is 3.4 per cent., .75 of which is 
common salt. 

Boiling Points at Different Degrees of Saturation, 

Salt, by Weight, Boiling Salt, by Weight, Boiling Salt, by Weight, Boiling 
in roo Parts. Point. in roo Parts. Point. in 100 Parts, Point, 

Ras 213.29) 15. 15 = gy 217.99 27.28.= a5 222.5° 

a eo 214.4° 18.18 = as 219° 30.31 = 48 223.7° 
9:09 = 35 215,50 21.22 = se 220.29 33-3444 224.9° 

12,12 = 45 216.79 24.25 = sey 2arg?||\ 36.97 =e 226° 
* Saturated. 
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Deposits at Different Degrees of Saturation and Tem- 

perature. 

When 1000 Parts are reduced by Evaporation. 

Volume of Water. Boiling Point. Salt in 100 Parts. Nature of Deposit. 

1000 214° 3 None. 

299 217° 10 Sulphate of Lime. 

102 228° 29-5 Common Salt. 

Tt contains from 4 to 5.3 ounces of salt in a gallon of water. 

Saline Contents of Water from several Localities. 

Balticeitas <4 162his4.h les 6.6 | British Channel.... 35.5 | South Atlantic...... 43.2 

Black Sea. . . 21.6 | Mediterranean ..... 39.4 | North Atlantic..... 42.6 

PAL CLIC stenieisisekele fate 28.3 | Equator.........-- 39.42 | Dead Sea........... 385 

There are 62 volumes of carbonic acid in 1000 of sea-water. 

Cube foot at 62° weighs 64 lbs. Its weight compared with fresh water 

being very nearly as 40 to 39. 

Height of a Column of Water at 60° or 64.3125 lbs. 

At 62°, 1 Ton = 35 cube feet. x Lb. per sq. inch = 2.239 feet, and at pressure of 

atmosphere == 32.966 feet = 10.048 meters. 

Weights. 

A ton of fresh water is taken at 36, and one of salt at 35 cube feet. 

WAVES OF THE SEA. 

Arnott estimated extreme height of the waves of an ocean, at a distance 

from land sufficiently great to be freed from any influence of it upon their 
culmination, to be 20 feet. 

French Exploring Expedition computed waves of the Pacific to be 22 feet 

in height. 

By observations of Mr. Douglass in 1853, he deduced that when waves had 

heights of 
8 feet, there were 35 in number in one mile, and 8 per minute. 

15 a3 a 5 and 6 “cc “ce 5 “ 

20 ia ae cy “ ae 4 a 

J. Scott Russelt divides waves into 2 classes—viz. : 

Waves of Translation, or of 1st order; of Oscillation, or of 2d order. 

Waves of the Hirst Order. 

1. Velocity not affected by intensity of the generating impulse. 

2. Motion of the particles always forward in same direction as wave, and 
same at bottom as at surface.. 

3. Character of wave, a prolate cycloid, in long waves, approaching a true 
cyeloid. When height is more than one third of length, the wave breaks, 

Waves of the Second Order. 

1. Ordinary sea waves are waves of second order, but become waves of the 
first order as they enter shallow water. 

2. Power of destruction directly proportional to height of waye, and great- 
est when crest breaks, ! : 

3. A wave of ro feet in height and 32 fect in length would only agitate 
the water 6 ins. at 10 feet below surface; a wave of like height and 100 feet 
in length would only disturb the water 18 ins. at same depth. 

Average force of waves of Atlantic Ocean during summer months, as de- 
termined by Thomas Stevenson, was 611 lbs. per sq. foot; and for winter 
months 2086 lbs. During a heavy gale a force of 6983 Ibs. was observed. 
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J. Scott Russell deduced that a wave 3o feet in height exerts a force of x 
ton per sq. foot, and that, in an exposed position in deep water, 1.75 tons 
may be exerted upon a vertical surface. 

At Cassis, France, when the water is deep outside, blocks of 15 cube me- 
ters were found insuflicient to resist the action of waves. 

Breakwaters with vertical walls, or faces of an angle less than x to 1, will 
reflect waves without breaking them. Waves of oscillation have no effect 
on small stones at 22 feet below the surface, or on stones from 1.5 to 2 feet, 
12 feet below surface. 

A roller 20 feet high will exert a force of about 1 ton per sq. foot. 

Greatest force obseryed at Skerryvore, 3 tons per sq. foot; at Bell Rock, 
1.5 tons per sq. foot. 

Waves of the second order, when reflected, will produce no effect at a depth 
of 12 feet below surface. 

Action of waves is most destructive at low-water line. 

Waves of first order are nearly as powerful at a great depth as at surface, 

To Compute Velocity. 

When 1 is less than d. .55 4/1 or 1.818,/l=V. 

When 1 exceeds 1000 d. W32.17 d=V, and When Height of Wave becomes a sen- 
ae tay Siecaiaa 4 

sible Proportion to Depth, aa 32.17 (: +3 a) sae 

To Compute Height of Waves in Reservoirs, etc. 

1.5/L-+ (2.5 —VL) = height in feet. 1 vepresenting length of Reservoir, Pond, 
etc., exposed to direction of wind, in miles. 

Tidal Waves. 

Wave produced by action of sun and moon is termed Free Tide Ware, 
Semi-diurnal tide wave is this, and has a period of 12 hours 24+ minutes, 

Professor Airy declared that. when length of a wave was not greater than 
depth of the water, its velocity depended only upon its length, and was pro- 
portionate to square root of its length. 
When length of a wave is not less than rooo times depth of water, velocity of it 

depends only upon depth, and is proportionate to square root of it; velocity being 
same that a body falling free would acquire by falling through a height equal to half 
depth of water. 

For intermediate proportions, velocity can be obtained by a general equation. 

Under no circumstances does an unbroken waye exceed 30 or 4o feet in height. 

A wave breaks when its height above general level of water is equal to general 
depth of it. 

Diurnal and other tidal waves, so far as they are free, may be all considered as 
running with the same velocity, but the column of the length of wave must be 
doubled for diurnal waye. 

| Length of Wave. 

7 Feet. Feet. Feet. Feet. Feet. Feet. 
Deps oh Winters Pi 10 | 100 1000 10000 100 000 

Velocity per Second. 

Feet. # Feet, Feet. Feet. Feet. Feet, Feet. 
I 2:26 5.34 5.67 _ = a 

Be) 2.26 7.15 16.88 17.92 17.93 — 
100 _ 7-15 22.62 53-19 56.67 56.7% 

1000 © _ _ 22,62 71-54 168.83 179.21 
10000 _ _ 71.54 220.24 533.9 

Pat 
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‘WHEEL GEARING. 

Pitch Line of a wheel is circle upon which pitch is measured, and it 

is circumference by which diameter, or velocity of wheel, is measured. 

Pitch is are of circle of pitch line, is determined by number of testh 

in wheel, and necessarily an aliquot part of pitch line. 

True or Chordial Pitch, or that by which dimensions of tooth of a 

wheel are alone determined, is a straight line drawn from centres of 

two contiguous teeth upon pitch line. 

Line of Centres is line between centres of two wheels. 

- Radius of a wheel is semi-diameter bounded by periphery of the 

teeth. Pitch Radius is semi-diameter bounded by pitch line. 

Length of a Tooth is distance from its base to its extremity. 

Breadth of a Tooth is length of face of wheel. 

Depth of a Tooth is thickness from face to face at pitch line. 

Face of a Tooth, or Addendum, is that part of its side which extends 

from its pitch line to its top or Addendum line. 

Flank of a Tooth is that part of its side which extends from pitch 

line to line of space at base of and between adjacent teeth; its length, 

as well as that of face of tooth, is measured in direction of radius of 

wheel, and is’a little greater than face of tooth, to admit of clearance 

between end of tooth and periphery of rim of wheel or rack. 

Cog Wheel is general term for a wheel having a number of cogs or teeth set in or 

upon, or radiating from, its circumference. 

Mortice Wheel is a wheel constructed for reception of teeth or cogs, which are 

fitted into recesses or sockets upon face of the wheel. 

Plate Wheels are wheels without arms. 

Rack is a series of teeth set in a plane. 

Sector is a wheel which reciprocates without forming a full revolution. 

Spur Wheel is awheel having its teeth perpendicular to its axis. 

Bevel Wheel isa wheel having its teeth at am angle with its axis. 

Crown Wheel is a wheel having its teeth at a right angle with its axis, 

Mitre Wheel is a wheel haying its teeth at an angle of 45° with its axis. 

Face Wheel is a wheel haying its teeth set upon one of its sides. 

Annular or Internal Wheel is a wheel having its teeth convergent to its centre, 

Spur Gear.—Wheels which act upon each other in same plane. 

Bevel Gear.—Wheels which act upon each other at an angle. 

Inside Gear or Pin Gearing.—Form of acting surfaces of teeth for a pitch-circle 

in inside gearing is exactly same with those suited for same pitch-circle in outside 

gearing, but relative position of teeth, spaces, and flanks are reversed, and adden- 

dum-cirele is of less radius than pitch-circle. 

A Train is a series of wheels in connection with each other, and consists of a 

series of axles, each having on it two wheels, one is driven by a wheel on a preced- 

ing axis and other drives a wheel on following axis. 2 

Tdle Wheel. —A wheel revolving upon an axis, which receives motion from a pre- 

sedis wheel and gives motion to a following wheel, used only to affect direction of 

motion, ‘ 

Trundle, Lantern, or Wallower is when teeth of a pinion are constructed of round 
bars or solid cylinders set into two disks. Trundle with less than eight staves can- 
not be operated uniformly by a wheel with any number of teeth. 

Spur, Driver, or Leader is term for a wheel that impels another; one impelled is 
Pinion, Driven, or Follower. 
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Teeth of wheels should be as small and numerous as is consistent with 
strength. 

When a Pinion is driven by a wheel, number of teeth in pinion should not 
be less than 8. 

When a Wheel ts driven by a pinion, number of teeth in pinion should not 
be less than ro. 

When 2 wheels act. upon one another, greater is termed Wheel and lesser Pinion. 

When the tooth of a wheel is made of a material different from that of wheel it is 
termed a Cog ; in a pinion it is termed a Lea/, in a trundle a Stave, and on a disk 
a Pin, 

Material of which cogs are made is about one fourth strength of cast iron. 
Hence, product of their 6 d? should be 4 times that of iron teeth. 

Number of teeth in a wheel should always be prime to number of pinion; 
that is, number of teeth in wheel should not be divisible by number of teeth 
in pinion without a remainder. This is in order to prevent the same teeth 
coming together so often and uniformly as to cause an irregular wear of their 
faces. An odd tooth introduced into a wheel is termed a Hunting tooth or Cog. 

The least number of teeth that it is practicable to give to a wheel is regu- 
lated by necessity of having at least one pair always in action, in order to 
provide for the contingency of a tooth breaking; and least number that can 
be employed in pinions having teeth of following classes is: Involute, 25; 
Epicycloidal, 12; Staves or Pins, 6. 

Velocity Ratio in a Train of Wheels.—To attain it with least number of 
teeth, it should, in each elementary combination. approximate as near as 
practicable to 3.59. A convenient practical rule is a range from 3 to 6. 

ILLUSTRATION. tr 6 36 216 1296 velocity ratio. : 
x 2 3 4 elementary combination. 

To increase or diminish velocity in a given proportion, and with least 
quantity of wheel-work, number of teeth in each pinion should be to number 
of teeth in its wheel.as,1; 3.59. Even to save space and, expense, ratio 
should never exceed 176... (Buchanan.) 

To Compute Pitch. 

Rure.— Divide circumference at pitch-line by number of teeth. 
ExampLye.—A wheel 4o ins. in diameter requires 75 teeth; what is its pitch? 

3.1416 X 40+ 75 = 1.6755 ins. 

To Compute True or Chordial Pitch. 

Rure.—Divide 180° by number of teeth, ascertain sine of quotient, and 
multiply it by diameter of wheel. 
Exampiy.—Number of tecth is 75, and diameter 4o ins.; what is true pitch? 

180+ 75 = 2° 24’, and sin. of 2° 24’ =.041 88, which X 40 = 1,6752 ts. 

To Compute Diameter. 

RuLe.—Multiply number of teeth by pitch, and divide product by 3.1416, 
Exampte.—Number of teeth in a wheel is 75, and pitch 1.6755 ins.; what is di- 

ameter of it? 78 X 1.6755 + 3.1416 = 40 ins. 

When the True Pitch is given. . Rute,—Multiply number of teeth in wheel 
by true pitch, and again by .3184. 
Exampie.—Take elements of preceding case. 

75 X 1.6752 X .3184 = 40 ms, 

Or, Divide 180° by number of teeth, and multiply cosecant of quotient by 
pitch. meee j 

180+ 75 = 2° 24’, and cos, 2° 24’ = 23.88, which X 1.6752 = 40 ins, 
j 
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' To Compute Number of Teeth. ter citoat 

RuiE.—Divide circumference by pitch. ab 

‘To Compute Number of Teeth in a Pinion or Follower 

to have a given Velocity. 

RuLe.—Multiply velocity of driver by its number of teeth, and divide 

product by velocity of driven, . 

EXaMpLe 1.—Velocity of a driver is 16 revolutions, number of its teeth 54, and 

velocity of pinion is 48; what is number of its teeth? 

16 X 54+ 48—=18 teeth. 

2,—A wheel having 75 teeth is making 16 revolutions per minute, what is num- 

ber of teeth required in pinion to make 24 revolutions in same time? 

16 X 75 24= 50 teeth. 

To Compute Proportional Radius of a Wheel or Pinion. 

Ruie.—Multiply length of line of centres by number of teeth in wheel, 

for wheel, and in pinion, for pinion, and divide by number of teeth in both 

wheel and pinion. 

Exampis.—Line of centres of a wheel and pinion is 36 ins., and number of teeth 

in wheel is 60, and in pinion 18; what are their radii? 

36 X 60 ; 36 X 18 
= . i. Te le Zork 27.69 ins. wheel ae 

To Compute Diameter of a Pinion. 

When Diameter of Wheel and Number of Teeth in Wheel and Pinion are 
given. Ruie.—Multiply diameter of wheel by number of teeth in pinion, 

and divide product by number of teeth in wheel. 

Exampir.—Diameter of a wheel is 25 ins., number of its teeth 210, and number 
of teeth in pinion 30; what is diameter of pinion? 

25 X 30+ 210 = 3.57 Ms. 

= 8.3 ins. pinion. 

¢ 

To Compute Number of Teeth required in a Train of 
Wheels to produce a given Velocity. ‘ 

Ruie.—Multiply number of teeth in driver by its number of revolutions, 
and divide product by number of revolutions of each pinion, for each driver 
and pinion. 
Exampir.—If a driver in a train of three wheels has go teeth, and makes 2 revo- 

lutions, and velocities required are 2, 10, and 18, what are number of teeth in each 
of other two? 

iO: 90112: 18 = teeth in 2d wheel. 18: 902: 2: 10= teeth in 3d wheel. 

To Compute Velocity of a Pinion. 

Rute.—Divide diameter, circumference, or number of teeth in driver, as 
case may be, by diameter, ete., of pinion. 

When there are a Series or Train of Wheels and Pinions. Rute.—Divide 
continued product of diameter, circumference, or number of teeth in wheels 
by continued product of diameter, ete., of pinions. 
5 ExAmpe t.—If a wheel of 32 teeth drives a pinion of ro, upon axis of which there 
is one of 30 teeth, driving a pinion of 8, what are revolutions of last? \ 

32 x See 6 a = 12 revolutions. 
10 8 80 

2.—Diameters of a train of wheels are 6,9, 9, 10, and 12 ins. ; of pinions, 6, 6, 6, 6, 
and 6 ins. ; and number of revolutions of driving shaft or prime moyer is 10; what 
are revolutions of last pinion? A 

6X9X9X10X12X 10 _ 583 200 

TO KIGXIOX OX 6 7778 
= 75 revolutions. 
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To Compute Proportion that Velocities of Wheels in 
a Train should bear to one another. , 

RuLEe.—Subtract less velocity from greater, and diyide remainder by one 
less than number of wheels in train; quotient is number, rising in arithmet- 
ical progression from less to greater velocity. 
ExampbE.—What should be velocities of 3 wheels to produce 18 revolutions, the 

driver making 3? 
8—3= 
5 i Be — 7.5 = number to be added to velocity of driver =7.5 +3 =10.5, and 

10.5 + 7.5 = 18 revolutions. Hence 3, ro.5, and 18 are velocities of three wheels. 

Pitch of Wheels. 
To Compute Diameter of a Wheel for a given Pitch, 

or Pitch for a given Diameter. 

From 8 to 192 Teeth. 
No. of | Diame- |; No.of | Diame- || No.of ] Diame- || No.of | Diame- || No.of | Diame- 
Teeth. ter. Teeth. ter. Teeth. ter. Teeth. ter, Teeth, ter. 

8 2.61 45 | 14.33 | 82 | 26:11 || 119 | 37-88 || 156 | 49.66 
9 2.93 || 46 | 14.65 83 | 26.43 || 120 | 38.2 157 | 49.98 

10 3.24 47° | 14.97 84 | 26.74 || r2r |’ 28.52 || 158° | 50.3 
Il 3-55 48 | 15.29 || 85 | 27.06 || 122 | 38.84 || 159 | 50.64 
12 3.86 || 49. | 15.61 86 | 27,38 || 123 | 39.16 || 160 | 50.93 
¥3 4.18 50 | 15.93 STi} [7s 124 | 39-47 || 161 | 51.25 
14 4:49 51 16.24 88 | 28.02 125 | 39-79 || 162 | 51.57 
I5 4.81 52 | 16.56 89 | 28.33 || 126 | 40.11 || 163 | 51.89 
16 5.12 53 | 16.88 90}, 28.65 || 127 | 40.43 || 164 | 52.25 
17 5:44 yr Na | tay (7 gr | 28.97 128 | 40.75 || 165 | 52.52 
18 5:76 Boar keene 92 | 29.29 || 129 | 41.07 || 166 | 52.84 
19 6.07.|| 56 | 17.8 93 | 29.61.|| 130°] 41.38 || 167 | 53.16 
20 6.39 57. | 18-15 94 | 29-93 || 131 | 41.7 168 | 53.48 
21 6.72 || 58 | 18.47 95 | 30.24 132 | 42.02 || 169 | 53.8 

22 | 7.03 || 59 | 18-79 || 96 | 30:56 |} 133 | 42.34 || 170 | 54.12 
23 7-34.||,60..|. 19.11 |} 97..|,30:88 |}.134 | 42.06. || 371 | 54.43 
24 7-66 6r | 19.42 || 98 | 31.2 135 | 42-98 || 172 | 54.75 

25 7-98 || 62. | 19.74 | 99 | 31-52 || 136 | 43.29 |) 173. | 55-07 
26 8.3 63. | 20.06 ||, 100 | 31.84 || 137 | 43.61 || 174 |55:39 
27 8.61 64..|-20.38.|| ToL | 3215,|| 138.|. 43-93 || 175 | 55-72 
28 8.93 65 | 20.7 102 | 32.47 || 139 | 44-25 || 176 | 56.02 
29 9.25 66) | 21.02 103 | 32:79 || 140 | 44.57 177 | 50.34 
30 9.57 67. |. 21.33. |] .104...).,33-11 I4t | 44.88 || 178 |. 56.66 
31 9.88 68 | 21.65 105. | 33:43 142 | 45.2 179 | 56.98 

32 | 10.2 69 | 21.97 || 106 | 33-74 || 143 | 45-52 || 180 | 57.23 
33 | 10.52 70. |,.22-29 || 107. |.34.06 144 | 45.84 || 181 | 57.62 
34 | 10.84 71 | 22.61 |}, 108 | 34-38 || 145. | 46.16 || 182 | 57.93 
35 | 11.26,|| 72 | 22.92 ||. 109. | 34-7 146 | 46.48 || 183 | 58.25 

36 | 12-47 || 73. | 23-24: || 120. | 35-02 |) 147: |. 46-79'|| 184 | 58.57 
37 | 12.79 \)' 74" | 23°56 || rrr | 135-34 || 148] 47-12 || 185 | 58.89 
BS £2TEr 75 -|'23.88 || 112) | 35.65 149 | 47-43, || 186 | 50.27 

39 | 12.43 || 76 | 24.2 113 | 35-97 || 150 | 47-75 || 187 | 59.53 
4o | 12.74 77 (| 24652) 114 | 36.29 || 151 °|48.07 188 | 59.84 
4I | 13.06 78 | 24.83 || 115 | 36.61 152 | 48.39 || 189’ | 60.16 
42 | 13.38 || 79°) 25-15 |} 116 | 36.93 || 153 | 48-7" ||) 190 | 60.48 
43 | 13:7 80 | 25-47 || 117 | 37-25 || 154 | 49.02 | 191 | 60.82 
44 | 14.02 81 1125-79 ||) 118 |. 37-56 Il 155 | 49-34'|| 192 | 61.13 
Pitch in this table is trwe pitch, as before described. 

To Compute Circumference of a Wheel. 

Ruie.—Multiply number of teeth flies pitch, 

} 4 
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To Compute Revolutions of a Wheel or Pinion. 

Rute.— Multiply diameter or circumference of wheel or number of its 

tecth in ins., as case may be, by number of its revolutions, and divide prod- 

uct by diameter, circumference, or number of teeth in pinion. Fes 

ExampLy.—A pinion ro ins. in diameter is driven by a wheel 2 feet in diameter, 

making 46 revolutions per minute; what is number of revolutions of pinion? 

2X12 X 46+ 10= 110.4 revolutions. 
: 

To Compute Number of Teeth of a Wheel for a given 

Diameter and Pitch. 

Ruie.—Divide diameter by pitch, and opposite to quotient in preceding 

table is given number of teeth. 

ExAmpie.—Diam. of wheel is 4o ins., and pitch 1.675; what is namber of its teeth? 

40+ 1.675 = 23-88, and opposite thereto in table is 75 = number of teeth. 

To Compute Diameter of a Wheel for a given Pitch and 

Number of Teeth. 

Ruie.—Multiply diameter in preceding table for number of teeth by 

pitch, and product will give diameter at pitch circle. 

EXAMpLe.—What is diameter of a wheel to contain 48 teeth of 2.5 ins. pitch? 

15-29 X 2.5 = 38-225 ins. 

To Compute Pitch ofa Wheel for a given Diameter and 

Number of Teeth. 

Ruie.—Divide diameter of wheel by diameter in table for number of 

teeth, and quotient will give pitch. 

Exampie.—What is pitch of a wheel when diameter of it is 50.94 ins., and num- 

ber of its teeth 80? 50.94 + 25-47 = 2 ins. 

General Illustrations. 

1.—A wheel 96 ins. in diameter, making 42 revolutions per minute, is to drive a 

shaft 75 revolutions per minute; what should be diameter of pinion? 

96 X 42-75 = 53-76 ins. 

2.—If a pinion is to make 20 revolutions per minute, required diameter of an- 

other to make 58 revolutions in same time. 

(58+ 20=2.9= ratio of their diameters. Hence, if one to make 20 revolutions is 

given a diameter of 30 ins., other will be 30 + 2.9 = 10.345 ins. 

3-—Required diameter of a pinion to make r2.5 revolutions in same time as one 

of 32 ins, diameter making 26. 
32 X 26+ 312.5 = 66.56 ins. 

4.—A shaft, having 22 revolutions per minute, is to drive another shaft at rate 

of xs, distance between two shafts upon line of centres is 45 ins.; what should be 

diameter of wheels? 

Then, 1st. 22-315 : 22 11 45: 26.75 = ins. in radius of pinion. 
2d. 22+15: 15 3: 45: 18.24 = ws, in radius of spur. 

s.—A driving shaft, having 16 revolutions per minute, is to drive a shaft 81 revo- 
lutions per minute, motion to be communicated by two geared wheels and two pul- 
leys, with an intermediate shaft; driving wheel is to contain 54 teeth, and driving 
pulley upon driven shaft is to be 25 ins. in diameter; required number of teeth in 
driven wheel, and diameter of driven pulley. : 

Let driven wheel haye a velocity of V/16 X 81 = 36, a mean proportional 706) 
extreme velocities 16 and 8r. my Se es eee 

Then, rst. 36: 16::54:24 = fecthin driven wheel. 
2d. 8x : 36 i125: 11.41 = 1s. diameter of driven pulley. 

6.—If, as in preceding case, whole number of revolutions of driving shaft num- 
ber of teeth in its wheel, and ‘diameters of pulleys are given, what ae revolutions 
of shafts? yes g 

Then, rst. 18 ; 16 154 : 48 = revolutions of intermediate shaft. 
2d. 15: 4831 25 ; 80= revolutions of driven shaft. 
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Teeth of Wheels. 

_ Epicycloidal.—In order that teeth of wheels and pinions should work 
evenly and without unnecessary rubbing friction, the face (from pitch line 
to top) of the outline should be determined by an epicycloidal curve (see 
page 228), and that of the flank (from pitch line to base) by an hypocycloidal 
(see also page 228), . 
When generating circle is equal to half diameter of pitch circle, hypocy- 

cloidal described by it is a straight diametrical line, and consequently out- 
line of a flank is a right line, and radial to centre of wheel. 

If a like generating circle is used to describe face of a tooth of other wheel 
or pinion respectively, the wheel and pinion will operate evenly. 

ILLUSTRATION. —Determine all elements of wheel 
—viz., Pitch circle, Number of teeth, Pitch, Length, 
Face, and Flank. 

Cut a template A to pitch circle ce of wheel, and 
secure it temporarily to a board. f 

Having determined depth of tooth, set it off on 
pitch line, as a o, Fig. x, and above it apply a sec- 
ond template, a; radius of wheel is equal to half 

radius of pinion; insert into, or attach exactly at its edge, a tracer ., roll template 
a along A, and tracer will describe an epicycloidal curve, a7, and by inverting a@ 
describe o7, and faces of a tooth are delineated. 

2 7 To describe flanks, define pitch line cc, Fig. 2, and arc nn, 
i “SN drawn at base of teeth or board A (as in Fig. 1), secure a strip 

of wood, w, equal in length to radius of wheel, and locate 
centre of it, z, draw radii x @ and 2 o, and they will define 
flanks, which should be filleted, as shown at ss. Define.are 
zz, and length of tooth is determined. 

Proceed in like manner conversely for teeth of pinion, and 
wheel and pinion thus constructed will operate truly. 

In construction of the teeth of a wheel or pinion in 
id the pattern-shop, it is customary to construct the wheel 

ae or pinion complete, out to face of wheel at base of teeth, 
and then to insert the teeth in rough, approximately 

shaped blocks, by a dovetail at their base, fitting into face of wheel, and then 
the outline of a tooth is described thereon; the block is then removed, fin- 
ished as a tooth, replaced, fastened, and filleted. 

Involute. 

Teeth of two wheels will work'truly together when their face is that of an 
involute (see page 229), and that two such wheels should work truly, the 
circles from which the inyolute lines for each wheel are generated must be 
concentric with the wheels, witb diameters in same ratio as those of the wheels, 

Assume Ac, Be, Fig. 3, pitch radii of two wheels designed 
to work together, through ¢, draw a right line, ¢ 7, and with 
perpendiculars ec, 7c, describe arcs m0, 7 s, and involutes 
ncoandr cs define a face of each of the teeth. 

To describe teeth of a pair of 
wheels of which Ac, Be, Fig. 4, 

_are pitch radii, draw c 7@, ¢ e,.per- 
pendicular to radials Bi and Ae, 
and they are to be taken as the 
radials of the involute ares from 
which the faces of the teeth are 
to be defined; then fillet flanks at 

: base, as before described, Fig. 2. 

Involute teeth will work with truth, even at varying 
distances apart of the centres of the wheels, and any wheels of a like pitch will work 
in union, however varied their diameters. . 
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Circular teeth are defined as follows: 
2 

Assume A A, Fig. 5, pitch-line, } b line of base 
of teeth, and ¢ 7 face-line. Set off on pitch-line 
divisions both of pitch and depth of teeth, them 

with a radius of 1.25 pitch describe arcs as os 

upon pitch line for faces of teeth, then draw ra~ 
dial lines o v, ru, to centre of wheel for flanks, 
strike arc ¢¢ to define length of tooth, and fillet 
flanks at base as before described. 

Proportions of Teeth. 

In computing dimensions of a tooth, it is to 
be considered as a beam fixed at one end, 
weight suspended from other, or face of beam ; 

and it is essential to consider the element of velocity, as its stress in opera- 

tion, at high velocity with irregular action, is increased thereby. 

Dimensions of a tooth should be much greater than is necessary to resist 

direct stress upon it, as but one tooth is proportioned to bear whole stress 

upon wheel, although two or more are actually in contact at all times; but 

this requirement is:in consequence of the great wear to which a tooth is sub- 

jected, shocks it is liable to from lost motion, when so worn as to reduce its 

depth and uniformity of bearing, and risk of the loss of a tooth from a defect. 

A tooth running at a low velocity may be materially reduced in its dimen 

sions, compared with one running at a high velocity and with a like stress. 

Result of operations with toothed wheels, for a long period of time, has 

determined that a cast-iron (Eng.) tooth with a pitch of 3 ins. and a breadth 

of 7.5 ins. will transmit, at a velocity of 6.66 feet per second, power of 59.16 

horses. 

To Compute Dimensions of a Tooth to Resist a given 

Stress. 

Rure.—Multiply extreme pressure at pitch-line of wheel by length of 

tooth in decimal of a foot, divide product by Coefficient of material of tooth, 

and quotient will give product of breadth and square of depth. 

S1 
Or, i oa db d2. S remiesenting stress in lbs., and l length in feet. 

The Coefficient of cast iron for this or like purposes may be taken at from 50 to 70, 

Pitch A B=. Depth r s=.45. 
Length ¢ o=.75. Space s v=.55. 
Working lengthce=.7. Play su—rs=.1. 
Clearance e to 0 =.05. Face B c=.35. 

Nore. — It is necessary first to determine pitch, in 
order to obtain either length or depth of a tooth. 

EXxampLe.—Pressure at pitch-line of a cast- 

iron wheel (at a velocity of 6.66 feet per sec- 

ond) is 4886 lbs. ; what should be dimensions 

of teeth, pitch being 3 ins. ? 

3X .75 = 2.25 length of tooth, which +- 12 = .1875 =length in decimal of a foot. 

Coefficient of material is taken at 60. 

ee =15.27. Iflength =2.25, pitch =3, and depth = 1.35 ts. 
[e} 

Pitches of Equivalent Strength for Cast Iron and Wood.—Iron 1. Hard wood 1.26. 

Then ate = 8.39 ins. breadth. i= 

When Product of b d? is obtained, and it is required to ascertain either 
+ ¢ bd? bd? 

dimension. & >= depth, and = breadth. ' 
a? 
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To Compute Depth of a Tooth. 

_ 1. When Stress ts given, Rute.—Extract square root of stress, and mul- 
tiply it by .o2 for cast iron, and .o27 for hard wood. et 

2. When EP is given. RuLe.—Extract square root of quotient of di- 
vided by velocity in feet per second, and multiply it by .466 for cast iron, 
and .637 for hard wood. 

EXAMPLE. —FP to be transmitted by a tooth of cast iron is 60, and velocity of it 
at its pitch-line is 6.66 feet per second; what should be depth of tooth ? 

60 

6.66 

‘To Compute FP of a Tooth. 

Rute.—Multiply pressure at pitch-line by its velocity in feet per minute, 
and divide product by 33 000. ; 
ExampLe.—What is EP of a tooth of dimensions and at velocity given in preced- 

ing example. 

X -466 = 1.398 ins. 

4886 X 6.66 X 60” +33 000 = 59.16 horses, 

To Compute Stress that may be borne by a Tooth." 

Rute.—Multiply Coefficient of material of tooth to resist a transverse 
strain, as estimated for this character of stress, by breadth and square of its 
depth, and divide product by extreme length of it in decimal of a foot. 
ExampLe.—Dimensions of a cast-iron tooth in a wheel are 1.38 ins. in depth, 2.1 

ins. in length, and 7.5 ins. in breadth; what is the stress it will bear? 

z 60 e 138? 
Coefficient assumed at 60. “OATS A LE = 4886 lbs. 

Following deductions by the rules of different authors for like elements are sub- 
mitted for a cast-iron tooth: j 

Pitelis.!soir 3 ins. | Depth.... 1.38 ins. | Breadth... 7,5 ims. | Length..,. 2,1 ins. 

ActuaL Power 1n Srress Exertep | Depth of || Acruar Power in Srress Exerrep | Depth’of 
at @ velocity of 400 feet per min,, 4836 lbs.| Tooth. | a velocity of 400 feet per min., 4886 lbs.| Tooth, 

J | of 
. HW pe ean WwW ar 

By Above Rule Js Day WASHED 1.39 'y Rankine eo ey I. 

H 
1 6 Bairbatrn .025 s/W.. eee) 1675 ‘© Predgold - pines 2.25 

Ww 550 H 
“ Imperial Journal ‘ef mate 1.76 ‘* Buchanan ap 32 Vkients | 2-24 

H representing horse-power (60), W stress in lbs., and v velocity in feet per second. 

Depth, Pitch, and Breadth. (M. Morin.) 

Cast irom. i ...is5 e608 mis wehia Sut otek 3.81 1028 4/Wi=id. > 1057 «/W=P. 
Hard W00d,....--s+seseeeeeeeeeeeeees -038 fW =d. -079 /W=P. 

W representing weight or stress upon tooth in lbs., d depth of tooth, and P pitch 
in ins. 

When velocity of pitch-circle does not excecd 5 feet per second b= 4 d, 
when it exceeds 5 feet b= 5 d, and if wheels are exposed to wet b=6d, 

b representing breadth. 

ILLUSTRATION, —Assume pressure at pitch-line of a cast-iron wheel upon a tooth 
equal 6000 Ibs., and velocity 5 feet per second. 

Then .028 \/6000 = 2.17 ins, Depth, and .057 1/6000 = 4.46 ins. Pitch. 
Nore. —- For further Illustration of Formatioh of Teeth, Bevel Gearing, Willis’s Odontograph, 

Staves, Trundles, etc., see Mosely’s Engineering, Shelton’s Mechanic’s Guide, Fairbairn'’s Mechanism 
and Machinery of Construction, ete. 

* This depth, with a breadth of 7.5 ins,, is «x of ultimate strength of average strength of American 
Cast Iron, , 
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PROPORTIONS OF WHEELS. 

"With six flat Arms and Ribs upon one side of them, as x=; or a Web 

in centre, as ezizza. 
i 

Rim.—Depth, measured from base of teeth, .45 to -5 of pitch of teeth, hayv- 

ing a web upon its inner surface .4 of pitch in depth and .25 to .3 of it in 

width. 
Note.—When face of wheel is mortised, depth of rim’ should be z.5 times pitch, 

and breadth of it 1.5 times breadth of tooth or cog. 5 

Hub.—When eye is proportionate to stress upon wheel, hub should be 

twice diameter of eye. In other cases depth around eye should be .75 to .8 

of pitch. 

Arm.—Depth .4 to .45 of pitch. Breadth at rim 1.5 times pitch, increas- 

ing .5 inch per foot of length toward hub. 

Rib upon one edge of arm, or Web in its centre, should be from .25 to 3 

pitch in width, and .4 to .45 of it in depth. 

When section of an arm differs from those above given, as with one with 

a plane section, as m=z, or with a double rib, as pai, its dimensions 

should be proportioned to form of section. 

In a wheel of greater relative diameter, length of hub and breadth of arms, 

or of the rib or web, according as plane of arm is in that of wheel, or con- 

trariwise, should be made to exceed breadth of face of wheel (at the hub) 

in order to give it resistance to lateral strain. 

Number of arms in wheels should be as follows: 

1.5 to 3.25 feet in diameter.......--- 4]5 to 8.5 feet in diameter......-. oat 

Rays 5 + % Sporlicwts Talat Sif Sage sfn6nds © SS ty usprentendl Pee he 

16 to 24 feet in diameter.......-+--- 10 

With light wheels, number of arms should be increased, in order better to 

sustain rigidity of rim. 

Mortise Wheels.—Their rim or face should be .g pitch of tooth, and twice 

depth of rim of a solid wheel. 
: 

WINDING ENGINES. 

With Winding Engines, for drawing coals, etc., out of a Pit, where it 

is required to give a certain number of revolutions, it is necessary to 

have given diameter of Drwm and thickness of rope, which is flat made, 

and contrariwise. 

To Compute Diameter of a Drum. 

Where Flat Ropes are used, and are wound one part over the other. RULE. 

—Divide depth of pit in ins. by product of number of revolutions and 3.1416 

and from quotient subtract product of thickness of rope and number of rev. 

olutions ; remainder is diameter in ins. 

ExampLe.—If an engine makes 20 revolutions, depth of pit being 600 feet, anc 

rope x inch, what should be diameter of drum ? J 

600 X12 ~° isis 7200 a, . 

20 X 3.1416 cian GatOse 20:57 94:59 UNS, 

To Compute Biameter of Roll. 

Ruiz.—To area of drum add area or edge surface of rope; then ascertait 

by inspection in table of areas, or by calculation, diameter that gives thi 

area, and it is the diameter of Roll. shee Sie 
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ExamPLe.—What is diameter of roll in preceding:example? 

Area of 94. 59 = 7027.2 + (area of 7200 X 1) = 7200 = 14 227.2, and 4/14227.2->. 
-7854 = 134.59 ms. 

Or, Radius of drum is increased number of revolutions multiplied by thickness 

of rope; as abe ++ 20 X 1 = 67.295 ins. 

To Compute Number of Revolutions. 

Ruie.—To area of drum add area of edge surface of rope; from diameter 
of the circle haying that area subtract diameter of drum, and divide re- 
mainder by twice thickness of rope; quotient will give number of revolutions. 
ExamPLe.—Length of a rope is 2600 ins., its thickness x inch, and diameter of 

drum 2o ins.; what is number of revolutions? 

Area of 20 +-area of rope = 314.16 + 2600 = 2914.16, diameter of which is 60.9z, 
60.91 — 20 

IX2 

Or, subtract diameter of drum from diameter of roll, and divide remainder by 

twice thickness of rope; as 60.91 —20= 40.91, and 40.91 + 1 X 220.45 revolutions. 

and = 20.45 revolutions. 

To Compute Point’of Meeting of Ascending and De- 
scending Buckets when two or more are used. 

‘To Compute Point of Meeting of Buckets, Rute.—Divide sum of length 
of turns of rope by 2, and to quotient add length of last turn; divide sum 
by 2, multiply* quotient by half number of revolutions, and product will 
give distance from centre of drum at which buckets will meet. 
Notr 1.—Meetings will always be below half depth of pit. 
2.—At half number of revolutions buckets will meet. { 
ExampLe.—Diameter of a drum is g feet, thickness of rope x inch, and revolu- 

tions 20; what is depth of pit, and at what distance from toy will buckets meet? | 

28.54 7+ 38.48 + 38.48 +2 x aS te ne = 35.995 X 10 = 350.95 feet. 
2 2 

To Compute this Depth. RouLe.—To diameter of drum add thickness of 
rope in feet, and ascertain its circumference; to diameter of drum add quo- 
tient of product of twice thickness of rope and number of revolutions less 1, 
divided by 12 for a diameter, and circumference of this diameter is length 
of last turn, also in feet; add these two lengths together, multiply their sum 
by half number of revolutions, and product will give depth of pit. 

9+ thickness of rope =9-+ +4, of x = 9.083, which X 3.1416 = 28.54 feel = length 

pea 
I 

of first turn. 9.0833 + z 264 3.1416 = 38.48 feet = length of last turn, 

Then 28.54 + 38.48 X = = 67.02 X 10= 670.2 feet, depth of pit. 

WINDMILLS, 

Driving Shaft of a vertical windmill should be set at an. elevating angle 
with horizon when set upon low ground, and at a depressing angle when set 
upon elevated ground. Range of these angles is from 3° to 15°. A velocity 
of wind of ro feet per second is not gencrally sufficient to drive a loaded 
mill, and if velocity exceeds 35 feet per second the force is generally too 
great for ordinary structures. 

Angle of Sails should be from 18° to 30° at their least radius, and from 
7° to 17° at their greatest radius, mean angle being from 15° to 17° to plane 
of motion of sails.” Length of a whip (arm) is divided into 7 parts, sails ex- 
tending over 6 parts. ; 
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Whip in parts of its length: Breadth .033, at top .016 ; Depth .025, at top - 

0125; Width of sail .33, at axis .2. Distance of sail from axis. .o14 of 

length of whip, and cross-bars 16 to 18 ins. from centres. , 

To Compute Angles of Sails. 

18d Y 

2 

senting distance of part of sail from ts axis, and ¥ extreme radius of sail, both in feet. 

2 cia 
=angle of sail with plane of its motion at any part of it. d repre- 3 

ILLUSTRATION.—Assume 7 = 14, and length of sail 12 feet, d=.5 of 12 or three 

sixths of sail=.5 X 12+ (14 —12) =2=8 feet. 
8 x 8? 

Then 23° — 2 xo = 23 — 5.889 = 17.12°. 
4 

Hence, angle of sail with axis = 90° — 17.12°= 72.889. 

Tf radius of sails is divided into 6 equal parts, angles at each of these parts will 

be as follows: 
Distance from Axis, 

I 2 3 4 ei 6 
Angle of sail with axis....... o+-+eeeeeeee 67-5° “69° 73.5° 75° 79-59 85° 

fe «with plane of motion......... 22.50 yar 28.59, 355A 0-50! WS 

To Compute Elements of Windmills. 

3.16 ¥ 11.50 : A v3 
=n; = =m; . n=av — = . 

Pome n; mE n; 1047 ; 55 5 

000 15 ast aka : 3 : 
He Tene ay es ae ait =r’. v representing velocity of wind per sec- 

2 - 

ond, 1’ radius of centre of percussion of sails, and R and 1 outer and inner radii of 

sails, all in feet, x mean angle of sail to plane of motion, n number of revolutions of 

arms per minute, av angular velocity, A area of sails in sq. Jeet, and EP horse-power. 

ILLUSTRATION.—If a windmill has 4 arms of 28 feet, with a mean angle (x) of 16°, 
with an area of sail of 150 sq. feet each, having an inner radius of 4 feet, and is op- 
erated by wind at a velocity of 4o feet per second; what are its elements? 

rr.5 X40 28°-+ 4? py 3-16 X 40 
29 n= 22: ee | |e Reamer Then ad r= 283 of : r’ = 20 feet ; BEC N = 22.95; 

X 150 X 64 000 
, 

é “a SA OOO = EP '= 35:55} ie —_— =A=599.9 sq. feet. 
1 080 000 

Deductions from Velocities varying from 4 to 9 Weet per 
Second. (Mn Smeaton.) 

1. Velocity of windmill sails, so as to produce a maximum effect, is near- 
ly as velocity of wind, their shape and position being same. 

2, Load at maximum is nearly, but somewhat less than, as square of ve- 
locity of wind, shape and position of sails being same. 

3. Effects of same sails, at a maximum, are nearly, but somewhat less 
than, as cubes of velocity of wind. 

4. Load of same sails, at maximum, is nearly as squares, and their effect 
as cubes of their number of turns in a given time. 

5. In sails where figure and position are similar, and velocity of wind the 
same, number of revolutions in a given time will be reciprocally as radius or 
length of sail. ; 

6. Load, at a maximum, which sails of a similar figure and position will 
overcome at a given distance from centre of motion, will be as cube of radius, 

7. Effects of sails of similar figure and position are as square of radius. 

8. Velocity of extremities of Dutch sails, as well as of enlarged sails, in 
all their usual positions when unloaded, or even loaded to a maximum, is _ 
considerably greater than that of wind. “ 

,™» 
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Results of Experiments on Effect of Windmill Sails. 

__ When.a vertical windmill is employed to grind corn, the millstone. usu- 
ally makes 5 revolutions to x of the sail. ; 

1. When velocity of wind is 19 feet per second, sails make from rz to 12 
revolutions in a minute, and a mill will grind from 880 to 990 Ibs. in an 
hour, or about 22 440 lbs, in 24 hours. 

2. When velocity of wind is 30 feet per second, a mill will carry all sail, 
and make 22 reyolutions in a minute, grinding 1984 lbs, of flour in an hour, 
or 47 616 lbs. in 24 hours, 

Results of Operation of Windmills. (A. R. Woolf, M. E.) 

Velocity of Wind 15 to 20 Miles per Hour. 

Revolutions of Wheel and Gallons of Water raised per Minute. 

bbe BVO Water raised to an Elevation of Power Cost per Hour. 

of Mill. | Wheel. 25 Feet. | 50 Feet. | 100 Feet. | 200 Feet. developed.) a ctual.* | Per EP. 

Feet. No. Gallons..| Gallons. | Gallons. | Gallons, He Cents. Cents, 
8.5 70 tO 75 6.16 3-02 _ _— +04 60 15 

Bt) 60 to 65 19.18 9-56 4°75 _— +12 :70 5-8 
14 50 to 55 45-14 22.57 | 1t.25 5 -28 1.63 5.8 
18 40 tO 45 97-68 52.16 | 24.42 12.2% 61 2.83 4.6 
20 35 tO 40 | 124.95 | 63.75 | 31-25 | 15-94 -78 3456 4+5 
25 30 to 35 | 212.38 | 106.96 | 49.73 26.74 1.34 4.26 3.2 

* Including interest at 5 per cent. per annum. 

WOOD AND TIMBER. 
Selection of Standing Trees.— Wood grown in a moist soil is lighter, 

and decays sooner, than that grown in dry, sandy soil. 

Best Timber is that grown in a dark soil, intermixed with gravel. 
Poplar, Cypress, Willow, and all others which grow best in a wet soil, 
are exceptions. 

Hardest and densest woods, and least subject to decay, grow in warm 
climates; but they are more liable to split and warp in seasoning, 

Trees grown upon plains or in centre of forests are less dense than 
those from edge of a forest, from side of a hill, or from open ground, 

Trees (in U. 8.) should be selected in latter part of July or first part 
of August; for at this season leaves of sound, healthy trees are fresh 
and green, while those of unsound are beginning to turn yellow. A 
sound, healthy tree is recognized by its top branches being weil leaved, 
bark even and of a uniform color. A rounded top, few leaves, some of 
them turned yellow, a rougher bark than common, covered with parasitic 
plants, and with streaks or spots upon it, indicate a tree upon the de- 
cline. Decay of branches, and separation of bark from the wood, are 
infallible indications that the wood is impaired. 

Green timber contains 37 to 48 per cent. of liquids. By exposure to 
air in seasoning one year, it loses from 17 to 25 per cent., and when 
seasoned it retains from Io to r5 per cent. 

According to M. Leplay, green wood contains about 45 per cent. of its 
weight of moisture. In Central Europe, wood cut in winter holds, at end of 
following summer, fully 4o per cent. of water, and when kept dry for sey- 
eral years retains from 15 to 20 per cent. of water. 

Felling Timber.—Most suitable time for felling timber is in midwinter and 
inmidsummer. Recent experiments indicate latter season and month of July. 

4D 
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|A tree should be allowed to attain full maturity before being felled. Oak 

matures at 75 to 100 years and upward, according to circumstances; Ash, 

Larch, and Elm at 75; and Spruce and Fir at 80. Age and rate of growth 

of a tree are indicated by number and width of the rings of annual increase 

which are exhibited in a cross-section of its body. 

A tree should be cut as near to the ground as practicable, as the lower 

part furnishes best timber. 

Dressing Timber.—As soon as a tree is felled, it should be stripped of its 

bark, raised from the ground, reduced to its required dimensions, and its 

sap-wood removed. 

Inspection of Timber.—Quality of wood is in some degree indicated by its 

color, which should be nearly uniform, and a little deeper towards its cen- 

tre, and free from sudden transitions of color. White spots indicate decay. 

Sap-wood is known by its white color; it is next to the bark, and soon rots. 

Defects of Timber. 

Wind-shakes are serious defects, being circular cracks separating the con- 

centric layers of wood from each other. 

Splits, Checks, and Cracks, extending toward centre, if deep and strongly 

marked, render timber unfit for use, unless purpose for which it is intended 

will admit of its being split through them. 

Brash is when wood is porous, of a reddish color, and breaks short, with- 

out splinters. It is generally consequent upon decline of tree from age. 

Belted is that which has been killed before being felled, or which has died 

from other causes. It is objectionable. 

Knotty is that containing many knots, though sound; usually of stinted 

growth. 

Twisted is when grain of it winds spirally ; it is unfit for long pieces. 

Dry-rot is indicated by yellow stains. Elm and Beech are soon affected, 

if left with the bark on. 

Large or decayed knots injuriously affect strength of timber. 

Heart-shake.—Split or cleft in centre of tree, dividing it into segments. 

Star-shake.—Several splits radiating from centre of timber. 

Cup-shake.—Curyed splits separating the rings wholly or in part. 

Rind-gall.—Curved swelling, usually caused by growth of layers over spot 

where a branch has been removed. 

Upset.—Fibres injured by erushing. 

Fowiness.—Yellow or red tinge, indicating incipient decay. 

Doatiness.—A speckled stain. 

Seasoning and Preserving Timber. 

Scasoning is extraction or dissipation. of the vegetable juices and moisture 

or solidification of the albumen. When wood is exposed to currents of air 

at a high temperature, the moisture evaporates too rapidly, and it cracks; 

and when temperature is high and sap remains, it ferments, and dry-rot 

ensues. 
: 

Wood requires time in which to season, very much in proportion to density 

of its fibres. 

Water Seasoning is total immersion of timber in water, for purpose of 

dissolving the sap, and when thus seasoned it is less liable to warp and crack, 

but is rendered more brittle. 
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For purpose of seasoning, it should be piled under shelter and kept dry ; 
should have a free circulation of air, without being exposed to strong cur- 
rents. Bottom pieces should be placed upon skids, which should be free 
from decay, raised not less than 2 feet from ground; a space of an inch 
should intervene between pieces of same horizontal layers, and slats or piling- 
strips placed between each layer, one near each end of pile, and others at 
short distances, in order to keep the timber from winding. ‘These strips 
should be one oyer the other, and in large piles should not be less than 1 inch 
thick. Light timber may be piled in upper portion of shelter, heavy timber 
upon ground floor, Each pile should contain but one description of timber, 
and they should be at least 2.5 feet apart. 

It should be repiled at intervals, and all pieces indicating decay should be 
removed, to prevent their affecting those which are still sound. 

It requires from 2 to 8 years to be seasoned thoroughly, according to its 
dimensions, and it should be worked as soon as it is thoroughly dry, for it 
deteriorates after that time.. 

Gradual seasoning is most favorable to strength and durability of timber. 
Various methods have been proposed for hastening the process, as Steaming, 
which has been applied with success; and results of experiments of various 
processes of saturating it with a solution of Corrosive sublimate and Anti- 
septic fluids are very satisfactory. Such process hardens and seasons wood, 
at the same time that it secures it from dry-rot and from attacks of worms. 

Woods are densest and strongest at the roots and at their centres. Their 
strength decreasing with the decrease of their density. 

Oak timber loses one fifth of its weight in seasoning, and about one third 
in becoming perfectly dry. 

Pitch pine, from the presence of pitch, requires time in excess of that due 
to the density of its fibre. 

Mahogany should be seasoned slowly, Pine quickly. Whitewood should 
not be dried artificially, as the effect of heat is to twist it. 

Salt water renders wood harder, heavier, and more durable than fresh. 

Condition of timber, as to its soundness or decay, is readily recognized 
when struck with a quick blow. 

Timber that has been for a long time immersed in water, when brought 
into the air and dried, becomes brashy and useless. 

When trees are barked in the spring, they should not be felled until the 
foliage is dead. 

Timber cannot be seasoned by either smoking or charring; but when it 
is exposed to worms or to the production of fungi, it is proper to smoke or 
char it, and it may be partially seasoned by being boiled or steamed, 

Timber houses are best provided with blinds which keep out rain and 
snow, but which can be turned to admit air in fine weather, and the houses 
should be kept entirely free from any pieces of decayed wood. 

Kiln-drying is suited only for boards and pieces of small dimensions, as it 
is apt to cause cracks and to impair the strength, unless performed very 
slowly. 

Charring, Painting, or covering the surface is highly injurious to any but 
seasoned wood, as it effectually prevents drying of the inner part of the 
wood, in consequence of which fermentation and decay soon take place. 

Timber is subject to Common or Dry-rot, former occasioned by alternate 
exposure to moisture and dryness, and as progress of it is from the exterior, 
covering of the surface, if seasoned, with paint, tar, etc., is a preservative. 

) 
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Common-rot is the consequence of its being piled in badly-ventilated sheds, 

Outward indications are yellow spots upon ends of pieces, and a yellowish 

dust in the checks and cracks, particularly where the pieces rest upon pil- 

ing-strips. 

Dry or Sap-rot is inherent in timber, and it is the putrefaction of the veg- 

etable albumen. Sap wood contains a large proportion of fermentable ele- 

ments. 

Insects attack wood for the sugar or gum contained in it, and fungi subsist 

upon the albumen of wood; hence, to arrest dry-rot, the albumen must be 

either extracted or solidified. 

Most effective method of preserving timber is that of expelling or ex- 

hausting its fluids, solidifying its albumen, and introducing an antiseptic 

liquid. 

Strength of impregnated timber is not reduced, and its resilience is iniproved. 

In desiccating timber by expelling its fluids by heat and air, its strength 

is increased fully 15 per cent. 

The saturation of wood with creosote, tar, antiseptics, etc., preserves it 

from the attack of worms. Jarrow wood, from Australia, is not subjected. 

to their attack. 

In a perfectly dry atmosphere durability of woods is almost unlimited. 

Rafters of roofs are known to have existed 1000 years, and piles submerged 

in fresh water have been found perfectly sound Soo years from period of 

their being driven. 

Resistance of! woods to extension is greater than that of compression. 

Impregnation of Wood. 

Several of the successful processes are as follows: 

Kyan, 1832.—Saturated with corrosive sublimate. Solution x Ib. of chlo- 

ride of mercury to 4 gallons of water. 

Burnett. (Sir Wm.), 1838. — Impregnation with chloride of zinc by sub- 

mitting the wood endwise to a pressure of 150 Ibs. per sq. inch. Solution, 

1 Ib. of the chloride to 4 gallons of water. 

Bouchcri.—Impregnation by submitting the wood endwise to a pressure 

of about-15 Ibs. per sq. inch. Solution, 1 1b. of sulphate of copper to 12.5 

gallons of water. : 

Bethel.—Impregnation by submitting the wood endwise to a pressure of 

150 to 200 lbs. per sq. inch, with oil of creosote mixed with bituminous 

matter. 

Robbins, 1865.—Aqueous vapor dissipated by the wood being heated in a 

chamber, the albumen solidified, then submitted to vapor of coal tar, resin, 

or bituminous oils, which, being at a temperature not less than 325°, readily 

takes the place of the vapor expelled by a temperature of 212°. 

Tayford, 187--—Aqueous, vapor dissipated by the wood being heated in a 

chamber to a temperature of from 250° to 270°, the albumen solidified, then 

air introduced to assist the splitting of the outer surfaces. When yapor is 

dissipated, dead oils are introduced under a pressure of 75 lbs. per sq. inch, 

Planks, Deals, and Batlens—When cut from Northern pine (Pinus Sylve- 

stris) are termed yellow or red deal, and when cut from spruce (4 dies, alba, 
ete.) they are termed white deal. 

Desiccated wood, when exposed to air under ordinary circumstances, ab-_ 
sorbs 5 per cent. of water in the first three days; and will continue to absorb 
it until it reaches from 14 to 16 per cent., the amount varying according 
to condition of the atmosphere. ' : 



WOOD AND TIMBER. 869 
Durability of Various Woods. 

Pieces 2 feet in Length, 1.5 ins. Square, driven 28.5 ins. into the Earth. 
Soap, : Condition 

: After 2.5 Years. After 5 Years, 

5 Externally decayed, rest per- BORO erect ofe/alp inal « GOO et eeictierces a dese { fectly sound. 

ASH AMONG se sicses « Much decayed............ Decayed. 
Cedar’ Na... <efadnias Wery, 200d. 1s selec stacy Sound as when driven. 

se KSOOGE I ete cisgiere/elnicthine sl niork Tolerable. 
Elm, Eng Much decayed. . Entirely decayed. 

sia Decayed. 
Fir S attacked. Much decayed. 

Attacked in part only, rest. fair Larch Surface only attacked..... { anna ) 

Oak [Cant oeisc cies 00s Very much decayed...... Very rotten. 
ial (=) ts (:) a = ae o ae te 
AES DaNeZie si sre we se “ $s *$ 
ae 7 Some moderately, most very 

Chestnut.,.... Wery GOOG sawiiale + cider ax { much, decayed, p 

BinenpitchisJ...46 0. Surface only attacked..... | oan part only, rest fair 

CED AV ELIOW, acs iei0,ecere PUECK OD erm niet aetaib in ivioia ca Much decayed. 
OT AMBION Si. idea d Very much decayed...... Very rotten. 

Weaker. eictcielacieiors vise VETY BOOK. ois a eigen nese nics Somewhat soft, but good. 

Effect of Creosoting. 

Results of Experiments with Various Woods (B. R. Andrews). 
Wat ‘ Water 

WOOD sheeted: Woop. absorbed) 

Per cent. dried Per ene 
ATICD oo a oraeie 2543 ¥ TICGs eas +I 

Spruce!:..... preesdgee” o261 BEATE DIA Oy creosoted. . Ke) 
GUGM es cece. 22 i dried. 2: I 

Oakes. 5. <m's a0) Ly etait, 6 Gum, black ,. Arcee tat 125 

gels dniedaiicns., “714 : ; dried: ... tj. +43 
Coon wood eicomteas o +347 Bree, FONE pees pas «124 

Sesquoia Gigantea of California, dried, .4722; creosoted, .o. 

Fluids will pass with the grain of wood with great facility, but will not 
enter it except to a very limited extent when applied externally. 

Absorption of Preserving Solution by different Woods 
for a Period of 7 Days. Average Lbs. per Cube Foot. 

Black Oak Nines se 62s B06 | Henilock t.500.) la sin 2.6'| Rock Oak... 0s set 3-9 
Chestnut: ..26;..0-0.. Behl) RROGLOBIE, aelnisiaieatcies 3.9 | White Oak........... 3.2 

Proportion of Water in various Woods. 

Alder (Betula Alnus). ...ceereeevees 41.6 | Pine (Pinus Sylvestris L.)..+..++ Beceny, 
Ash (FPraxinus excelst0r)...cccseees 28.7 | Red Beech (Fagus sylvatica) ee riche 30-7 
Beech (Fagus sylvatica) Red Pine (Pinus picea dur),....... 45-2 
Birch (Betula alba)... .c-cceacees 
Elm (Ulmus campestris) 4.5 
Horse-chestnut (Asculus heppocast. ) 48 2 

6 Larch (Pinus ldaizey a sjeias cides slates . 48, 
Mountain Ash (Sorbus aucupar’ aay 28.3 
Oak (Quercus TODUL)......000005 + 347 

Willow (Salis caprea). 

Decrease in Dimensions 
Woops. Ins. Ins. 

Cedar, Canada,..... 14 to 13.25 
TT Rapan en choanen ir tO 10.75 
Oak, English....... r2 to 11.625 
Pitch Pine, North... 10X10 t0 9.75 X9.75 

Weight of a beam of English oak, 
from 972.25 to 630.5 lbs. 

Spruce (Abies, alba, nigra, rubra, x 
eaxcelsa) 35 

Sycamore (Acer pseudo-platanus)., 27 
White Oak (Quercus alba).......+- 36.2 
White Pine VPrrnas abies dur)...... 37-1 
White Poplar (Populus alba)....... 50.6 
Wea siainls: <ihiciadinipie: 4.08 26 

of Timber by Seasoning. 

Woops. Ins. Ins. 
Pitch Pine, South...... 18.375 to 18.25 
SPruce .......eseeeeeee 8.5 to 8.375 
White Pine, American.. x2 to 11.875 
Yellow Pino, North.,... 18 to 17.875 

when wet, was reduced by seasoning 

41l* 
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Weight of a Cube Hoot of Oak and Yellow Pine. 

White Oak, Va. Yellow Pine, Va. 

ere Round. Square. Round. | Square. Live Ook. 

GTEEN.... 2... eee eeeeecees 64.7 67-7 47-8 39-2 73.7 ; 

i VCQM secs e ees eee Poy ¥ 53-6 53-5 39.8 34-2 —_ 

2 VENTS... cceccecesadeviers 40 49-9 34-3 33-5 66.7 

In England, Timber sawed into boards is classed as follows: 

6.5 to 7 ins. in width, Battens ; 8.5 to 10 ins., Deals; and 11 to 12 ins., 

Planks. (See also page 62.) 

Distillation. —From a single cord of pitch pine distilled by chemical ap- 

paratus, following substances and in quantities stated have been obtained: 

Charcoal. cs. -'s0 caesnnenene so bushels. | Pyroligneous ACI... 200000 zoo gallons. 

Illuminating Gas....about rooco cu. feet. | Spirits of Turpentine....... 20,4" 

Illuminating Oil and Tar... 50 gallons. ih eer nee a Abner x barrel. 

Pitch or Resin......-- sees x.5 barrels. | Wood Spirit....+..++++++++ 5 gallons. 

Strength of Timber. 

Results of experiments have satisfactorily proved: That deflection was 

sensibly proportional to load ; That extension and compression were nearly 

the same, though former being the greater ; That, to produce equal deflection, 

load, when placed in the centre, was to a load uniformly distributed, as .638 

to 1; That deflection under equal loads is inversely as breadths and cubes 

of the depths, and directly as cubes of the spans. (J/. Morin.) 

Tt has also been shown, that density of wood varies very little with its age. 

That coefficient of elasticity diminishes after a certain age, and that it de- 

pends also on the dryness and the exposure of the ground where the wood 

is grown. Woods from a northerly exposure, on dry ground, have a high 

coefficient, while those from swamps or low moist ground haye a low one, 

That tensile strength is influenced by age and exposure. The coefficient 

of elasticity of a tree cut down in full vigor, or before it arrives at this 

condition, does not present any sensible difference. That there is no limit 

of elasticity in wood, there being a permanent set for every extension. 

Average Result of Experiments on Tensile Strength of Wood in Various 

Positions per Sq. Inch. (MIM. Chevandier and Wertheim.) 

With the fibre, 6900 Ibs. Radially, 683 Ibs., and Tangentially, 723 lbs. 

To Compute Volume of an Irregular Body. 

By “ Simpson's Rule.” 

Orrration.—Take a right line in the figure for a base line, as A B, divide the fig- 

ure into any number of equal parts, and compute the areas of their plane sections 

ag T, 2,3, etc., at the points of division, by rules applicable to area ofaplane. Then, 

operate these areas as if they were the ordinates of a plane curve or figure of same 

length as the figure, and result will give volume required. ; 

IntusTravion.—Assume a figure having areas as follows, and A B = 24 feet. 

Sections,x Areas,3 feet Multiplier, x Products, 3 
“ce 

<4 4 A 2 2 4 20 

EOI TE fui said 
4 36 

Cn CMW ld 5 Al 
, 

A B 
e 

and 84 X 24+ 443 = 168 cube feet. 
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MISCELLANEOUS MIXTURES. 

Cements. 

Much depends upon manner in which a cement is applied as upon the 
cement itself, as best cement will prove worthless if improperly applied. 
Following rules must be rigorously adhered to to attain success: 

x. Bring cement into intimate contact with surfaces to be united. This is best 
done by heating pieces to be joined in cases where cement is melted by heat, as 
with resin, shellac, marine glue, etc. Where solutions are used, cement must be 
well rubbed into surfaces, either with a brush (as in case of porcelain or glass), 
or by rubbing the two surfaces together (as in making a glue joint between pieces 
of wood). 

2. As little cement as practicable should be allowed to remain between the united 
surfaces. To secure this, cement should be as liquid as practicable (thoroughly 
melted if used with heat), and surfaces should be pressed closely into contact until 
cement has hardened. 

3. Time should be allowed for cement to dry or harden, and this is particularly 
the case in oil cements, such as copal varnish, boiled oil, white lead, etc. When 
two surfaces, each .5 inch across, are joined by means of a layer of white lead 
placed between them, 6 months may elapse before cement in middle of joint be- 
comes hard. At the end of a month the joint will be weak and easily separated; at 
end of 2 or 3 years it may be so firm that the material will part anywhere else than 
at joint. Hence, when article is to be used immediately, the only safe cements 
are those which are liquefied by heat and which become hard when cold. A joint 
made with marine glue is firm an hour after it has been made. Next to cements 
that are liquefied by heat are those which cons:st of substances dissolved in water 
or alcohol. A glue joint sets firmly in 24 hours; a joint made with shellac varnish 
becomes dry in 2 or 3 days. Oil cements, which do not dry by evaporation, but 
harden by oxidation (boiled oil, white leagp red lead, etc.) are slowest of all. 

Stone.—Resin, Yellow Wax, and Venetian Red, each x oz,; melt and mix. 

Aquarium. 

Litharge, fine white dry Sand, and Plaster of Paris, each x gill; finely pulverized 
Resin, .33 gill. 
Mix thoroughly and make into a paste with boiled linseed oi] to which drier has been added. Beat 

well, and let stand 4 or 5 hours before using it. After it has stood for 15 hours, however, it loses its 
strength. Glass cemented into a frame with this cement will resist eraaT ation for either salt or fresh 
water. 

Adhesive for Wractures of all Kinds. 

White Lead ground with Linseed-oil Varnish, and kept from contact with the air, 
Requires a few weeks to harden, 

Stone or Iron, 

Compound equal parts of Sulphur and Pitch. 

Brass to Glass. 

Electrical.—Resin, 5 028.; Beeswax, 1 0z.; Red Ochre or Venetian Red, in pow- 
der, x oz. Dry earth thoroughly on a stove at above 212°. Melt Wax and Resin 
together and stir in powder by degrees. Stir until cold, lest earthy matter settle 
to bottom, 

Used for fastening brass-work to glass tubes, flasks, etc. 

Chinese Waterproof. 

Schio-liao,—To 3 parts of Fresh Beaten Blood add 4 parts of Slaked Lime and a 
little Alum; a thin, pasty mass is produced, which can be used immediately. 

Materials which are to be made specially waterproof are painted twice, or at most three times. 
Wooden public buildings of China are painted with schio-liao, which gives them an unpleasant red- 
dish appearance, but adds to their durability. Pusteboard treated wlth it receives appearance and 
strength of wood, i 

China. 

Curd of milk, dried and powdered, 10 ozs.; Quicklime, 1 0z.; Camphor, 2 drachms, 
Mix, and keep air-tight. When used, a portion is to be mixed with a little water into a paste. 

Cisterns and Water-caslks. 

Melted Glue, 8 parts; Linseed oil, boiled into a varnish with Litharge, 4 parts. 
This cement hardens in about 48 hours, and renders the joints of wooden cisterns and casks air and 

water tight, 

\ 
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Cloth or Leather. 

Shellac, x part; Pitch, 2 parts; India Rubber, 4 parts; and Gutta Percha, 10 

parts; cut small; Linseed oil, 2 parts; melted together and mixed. 

Earthen and Glass Ware. 

Heat article to be mended a little above 212°, then apply a thin coating of gum 

Shellac upon both surfaces of broken vessel. 

Or, dissolve gum Shellac in alcohol, apply solution, and bind the parts firmly to- 

gether until cement is dry. 
Or, dilute white of egg with its bulk of water and beat up thoroughly. Mix to 

consistence of thin paste with powdered Quicklime. 

Use immediately. Wn towolocists? 
Kes . 

Thick Mastic Varnish and Isinglass size, equal parts. 

Gutta Percha. 

Melt together, in an iron pan, 2 parts Common Pitch and x part Gutta Percha. 

Stir well together until thoroughly incorporated, and then pour liquid into cold water. When cold 

it is black, solid, and elastic; but it softens with heat, and at too° is a thin fluid. It may be used as a 

soft paste, or in liquid state, and answers an excellent purpose in cementing metal, glass, porcelain, 

ivory, etc. It may be used instead of putty for glazing. 

Glass. 

Sorel’s.—Mix commercial Zinc White with half its bulk of fine Sand, add a solu- 

tion of Chloride of Zinc of 1.26 spec. gray., and mix thoroughly in a mortar. 

Apply immediately, as it hardens very quickly. 

Holes in Castings. 

Sulphur in powder, x part; Sal-ammoniac, 2 parts; powdered Iron turnings, 80 

parts. Make into a thick paste. e 

Make only as required for immediate use. 

Hydraulic Paint. 

Hydraulic cement mixed with oil forms an incombustible and waterproof paint 
for roofs of buildings, outhouses, walls, etc. 

Iron Ware. 

Sulphur, 2 parts; fine Black-lead. x part. Heat sulphur in an iron pan until 
it melts, then add the lead; stir well, and remove. When cool, break into pieces. 
as required. Place upon opening of the ware to be mended, and solder with an 
iron. 

Kerosene Lamps, etc. 

Resin, 3 parts; Caustic Soda, 1; Water, 5, mixed with half its weight of Plaster 
of Paris. 

It sets firmly in about three quarters of an honr, Is of great adhesive power, not permeable to kero- 

sene, a low conductor of heat, and but superficially attacked by hot water. 

Tueather to Iron, Steel, or Glass. 

x.—Glue, x quart, dissolved in Cider Vinegar; Venice Turpentine, x 0z.; boil very 
gontly or simmer for r2 hours. 

Or, Glue and Isinglass equal parts, soak in water ro hours, boil and add tannin 
until mixture becomes ‘‘ropy;’’ apply warm. 
Remove surface of leather where it is to be applied. 

2.—Steep leather in an infusion of Nutgall, spread a layer of hot Glue on sur- 
face of metal, and apply flesh side of leather under pressure, 

Teather Belting. 

Common Glue and Isinglass, equal parts, soaked for ro hours in enough water to 
cover them. Bring gradually to a boiling heat and add pure Tannin until whole be- 
comes ropy or appears alike to white of eggs. 

Clean and rub surfaces to be joined, apply warm, and clamp firmly, 

Molding and Temporary Adhesion. 

Soft.—Melt Yellow Beeswax with its weight of Turpentine, and color with finely 
powdered Venetian red. 

When cold it has the hardness of soap, but is easily softened and molded with the fingers. 
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Maltha, or Greek Mastic. 

Lime and Sand mixed in manner of mortar, and made into a proper consistency 
with milk or size without water. 

Marble. 

Plaster of Paris, in a saturated solution of Alum, baked in an oven, and reduced 
to powder. Mixed with water, and color if required. 

Metal to Glass. 

Copal Varnish, r5 parts; Drying Oil, 5; Turpentine, 3. Melt in a water bath and 
add xo of Slaked Lime. 

Mending Shells, etc. 

Gum Arabic, 5 parts; Rock Candy, 2; and White Lead, enough to color. 

Large Objects. 

Wollaston’s White.—Beeswax, 1 0z.; Resin, 4 ozs.; powdered Plaster of Paris, 5 
oz. Melt together. 
Warm the edges of the object and apply warm. 
By means of this cement a piece of wood may be fastened to a chuck, which will hold when cool ; and 

when work is finished it may be removed by a smart stroke with tool. Any traces of cement may be 
removed by Benzine. 

Marble Workers and Coppersmiths. 

White of egg, mixed with finely-sifted Quicklime, will unite objects which are 
not submitted to moisture. 

Porcelain. 

Add Plaster of Paris to a strong solution of Alum till mixture is of consistency 
of cream. 

It sets readily, and is suited for cases in which large rather than small surfaces are to be united. 

Rust Joint. 

(Quick Setting.) —Sal-ammoniac in powder, x 1b. ; Flour of Sulphur, 2 Ibs. ; Iron 
borings, 80 Ibs. Made to a paste with water, 

(Slow Setting.) —Sal-ammoniace, 2 lbs. ; Sulphur, 1 Ib. ; Iron borings, 200 Ibs. 
The latter cement is best if joint is not required for immediate use. 

Steam Boilers, Steam-pipes, etc. 

Finely powdered Litharge, 2 parts; very fine Sand, 1; and Quicklime slaked by 
exposure to air, r. 

This mixture may be kept for any length of time without injuring, In using it, a portion is mixed 
into paste with linseed oil, boiled or crude. Apply quickly, as it soon becomes hard, 

Soft.—Red or White Lead in oil, 4 parts; Iron borings, 2 to 3 parts. 
Hard.—Iiron borings and salt water, and a small quantity of Sal-ammoniac with 

fresh water, 
Transparent—Glass. 

India-rubber, x part in 64 of chloroform; gum Mastic in powder, 16 to 24 parts, 
Digest for two days, with frequent shaking. 

Or, pulverized Glass, 10 parts; powdered Fluor-spar, 20; soluble Silicate of Soda, 
60. Both glass and fluor-spar must be in finest practicable condition, which is best 
done by shaking each in fine powder, with water, allowing coarser particles to de- 
posit, and then by pouring off remainder, which holds finest particles in suspension, 

The mixture must be made very rapidly, by quick stirring, and applied immediately, 

Uniting Leather and Metal. 

Wash metal with hot Gelatine; steep leather in an infusion of Nutgalls, hot, 
and bring the two together. ‘ 

Waterproof Mastic. : 

Red Lead, x part; ground Lime, 4 parts; sharp Sand and boiled Oil, 5 parts. 
Or, Red Lead, x part; Whiting, 5; and sharp Sand and boiled Oil, ro. 

Wood to Iron. 

Litharge and Glycerine.—Finely powdered Oxide of Lead (litharge) and Concen- 
trated Glycerine. 
The composition is insoluble in most acids, is unaffected by action of moderate heat, sets rapidly, 

and acquires an extraordinary hardness, 

Turner’s.—Melt 1 lb. of Resin, and add .25 lb. of Pitch. 
While boiling add Brick dust to give required consistency. In winter it may be 

necessary to add a little Tallow. 
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GLUES. 

Marine. 

Dissolve India Rubber, 4 parts, in 34 parts of Coal-tar Naphtha; add powdered 

Shellac, 64 parts. 
: 

While mixture is hot pour it upon metal plates in sheets. When required for 

use, heat it, and apply with a brush. 

Or, India Rubber, x part; Coal Tar, 12 parts; heat gently, mix, and add powdered 

Shellac, 20 parts. Cool. When used, heat to about 250°. 

Or, Glue, 12 parts; Water, sufficient to dissolve; add Yellow Resin, 3 parts; and, 

when melted, add Turpentine, 4 parts. 

Strong Glue.—Add Powdered Chalk to common Glue. 

Mix thoroughly. 
Mucilage. 

Curd of Skim Milk (carefully freed from Cream or Oil), washed thoroughly, and 

dissolved to saturation in a cold concentrated solution of Borax. 

This mucilage keeps well, and, as regards adhesive power, far surpasses gum Arabic. 

Or, Oxide of Lead, 4 Ibs. ; Lamp-black, 2 lbs, ; Sulphur, 5 92s. ; and India Rubber 

dissolved in Turpentine, 1o lbs. 

Boil together until they are thoroughly combined. 

Preservation of Mucilage.—A small quantity of Oil of Cloves poured into a bottle 

containing Gum Mucilage prevents it from becoming sour. 

To Resist Moisture. 

Glue, 5 parts; Resin, 4 parts; Red Ochre, 2 parts; mixed with least practicable 

quantity of water. 

Or, Glue, 4 parts; Boiled Oil, x part, by weight, Oxide of Iron, x part. 

Or, Glue, x 1b., melted in 2 quarts of skimmed Milk, 

Parchment. 

Parchment Shavings, r Ib. ; Water, 6 quarts. 

Boil until dissolved, then strain and evaporate slowly to proper consistence. 

Rice, or Japanese. 

Rice Flour; Water, sufficient quantity. 

Mix together cold, then boil, stirring it during the time. 

Liquid. 

Glue, Water, and Vinegar, each 2 parts. Dissolve in a water-bath, then add Al- 

cohol, 1 part. 

Or, Cologne or strong Glue, 2.2 lbs.; Water, x quart; dissolve over a gentle heat; 

add Nitric Acid 369, 7 ozs., in small quantities. 

Remove from over fire, and cool. 

Or, White Glue, 16 ozs.; White Lead, dry, 4 02s. ; Rain Water, 2 pints. Add Al- 

cohol, 4 ozs., and continue heat for a few minutes. 

Blastic and Sweet.—Stamps or Rolls. 

Elastic.—Dissolve good Glue in water by a water-bath. Evaporate to a thick con- 

sistence, and add equal weight of Glycerine to Glue; submit to heat until all water 

is evaporated, and pour into molds or on plates. 

Sweet.—Substitute Sugar for the Glycerine. 

To Adhere Engravings or Lithographs upon Wood. 

Sandarach, 250 parts; Mastic in tears, 64 parts; Resin, 125 parts; Venice Tur- 

pentine, 250 parts; and Alcohol, rooo parts by measure. 

BROWNING, OR BRONZING, LIQUID. 

Sulphate of Copper, x oz. ; Sweet Spirit of Nitre, x oz. ; Water, x pint. 

Mix. Let stand a few days before use. 
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Gun Barrels. 

Tincture of Muriate of Iron, x 0z.; Nitric Ether, x oz.; Sulphate of Copper, 4 
scruples; rain water, 1 pint. If the process is to be hurried, add 2 or 3 grains of 
Oxymuriate of Mercury. : 
When barrel is finished, let it remain a short time in lime-water, to neutralize any acid which may 

have penetrated; then rub it well with an iron wire scratch-brush. 

After Browning. — Shellac, 1 0z.; Dragon’s-blood, .25 oz.; rectified Spirit, 1 qt. 
Dissolve and filter. 

Or, Nitric Acid, spec. grav. 1.2; Nitric Ether, Alcohol, and Muriate of Iron, each x 
part. Mix, then add Sulphate of Copper 2 parts, dissolved in Water 1o parts, 

LACQUERS. 

Small Arms, or Waterproof Paper. 

Beeswax, 13 lbs.; Spirits Turpentine, 13 gallons; Boiled Linseed Oil, x gallon. 
All ingredients should be pure and of best quality. Heat them together in a copper or earthen yes- 

sel over a gentle fire, in a water-bath, until they are well mixed. 

Bright Iron Work. 

Linseed Oil, boiled, 80.5 parts; Litharge, 5.5 parts; White Lead, in oil, rz-25 parts; 
Resin, pulverized, 2.75 parts. 
Add litharge to oil; simmer over a slow fire 3 hours; strain, and add resin and white lead; keep it 

gently warmed, and stir until resin is dissolved. 

Or, Amber, 6 parts; Turpentine, 6 parts; Resin, x part; Asphaltum, x part; and 
Drying Oil, 3 parts; heat and mix well. 

Or, Shellac, x lb,; Asphaltum, 6 lbs.; and Turpentine, x gallon. 

Iron and Steel. 
Clear Mastic, 10 parts; Camphor, 5 parts; Sandarac, 15 parts; and Elimi Gum, 

5 parts. Dissolve in Alcohol, filter, and apply cold, 

Brass. 

Shellac, 8 ozs.; Sandarac, 2 ozs.; Annatto, 2 ozs.; and Dragon’s-blood Resin, .25 
oz.; and Alcohol, 1 gallon. 

Or, Shellac, 8 ozs.; and Alcohol, x gallon. Heatarticle slightly, and apply lacquer 
with a soft brush. 

Wood, Iron, or Walls, and rendering Cloth, Paper, etc., 
Waterproof. 

Heat 120 lbs. Oil Varnish in one vessel, 33 Ibs. Quicklime in 22 lbs. water in an- 
other. Soon as lime effervesces, add 55 lbs. melted India Rubber. Stir mixture, 
and pour into vessel of hot Varnish. Stir, strain, and cool. 
When used, thin with Varnish and apply, preferably hot. 

To Clean Soiled Engravings. 

Ozone Bleach, x part; Water, 10; well mixed. 

INKS. 

Indelible, for Marling Linen, etc. 

1,—Juice of Sloes, 1 pint; Gum, .5 02. 
This requires no “ preparation’? or mordant, and is very durable. 

2—Nitrate of Silver, 1 part; Water, 6 parts, Gum, x part, Dissolve. 

3-—Lunar Caustic, 2 parts; Sap Green and Gum Arabic, each x part; dissolve with 
distilled water. 

“ Preparation.’’—Soda, x 0z.; Water, x pint; Sap Green, .5 drachm. Dissolve, 
and wet article to be marked, then dry and apply the ink. 

Perpetual, for Tomb-stones, Marble, etc,—Pitch, rx parts; Lamp-black, x part; 
Turpentine sufficient, Warm and mix. 

Copying Ink.—Add x oz. Sugar to a pint of ordinary Ink. 

SOLDERING. 

Base for Soldering. : 

Strips of Zinc in diluted Muriatic, Nitric, or Sulphuric Acid, until as much is de- 
composed as acid will effect. Add Mercury, let it stand for a day; pour off the 
Water, and bottle the Mercury. : ; 
When required, rub surface to be soldered with a cloth dipped in the Mercury. 
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VARNISHES. . 

Waterproof. 
P 

Flour of Sulphur, x lb.; Linseed Oil, x gall. ; boil them until they are thoroughly 

combined. i 

Good for waterproof textile fabrics. 

Harness. 

India Rubber, .5 Ib.; Spirits of Turpentine, x gall. ; dissolve into a jelly; then mix 

hot Linseed Oil, equal parts with the mass, and incorporate them well over a slow fire. 

Fastening Ieather on Top Rollers. 

Gum Arabic, 2.75 0zs., and a like volume of Isinglass, dissolved in Water. 

To Preserve Glass from the Sun. 

Reduce a quantity of Gum Tragacanth to fine powder, and dissolve it for 24 hours 

in white of egg well beat up. 

Water-color Drawings. 

Canada Balsam, 1 part; Oil of Turpentine, 2 parts. 

Mix and size drawing before applying. 

Objects of Natural History, Shells, Fish, etc. 

Mucilage of Gum Tragacanth and of Gum Arabic, each 1 0Z. . 

Mix, and add spirit with Corrosive Sublimate, to precipitate the more stringy por- 

tion of the Gum. 
Iron and Steel. 

Mercury, 120 parts; Tin, xo parts; Green Vitriol, 20 parts; Hydrochloric Acid of 

1.2 Sp. gr, 15 parts, and pure Water, 120 parts. 

Blackboards. 

Shellac Varnish, 5 gallons; Lamp-black, 5 ozs.; fine Emery, 3 0zs.; thin with 

Alcohol, and lay in 3 coats. 
Black. 

Heat, to boiling, Linseed Oil Varnish, ro parts, with Burnt Umber, 2 parts, and 

powdered Asphaltum, x part. 

When cooled, dilute with Spirits of Turpentine as may be required. 

Balloon. 

Melt India Rubber in small pieces with its weight of boiled Linseed Oil. 

Thin with Oil of Turpentine. 
Transfer. 

Alcohol, 5 0zs.;.pure Venice Turpentine, 4 02s. ; Mastic, 1 0Z. 

To render Canvas Waterproof and Pliable. 

Yellow Soap, x lb , boiled in 6 pints of Water, add, while hot, to 112 Ibs. of oil Paint. 

Waterproof Bags. 

Pitch, 8 parts, Wax and Tallow, each x part. 

To Clean Varnish. 

Mix a lye of Potash or Soda, with a little powdered Chalk. 

STAINING. 

Wood and Iyory. 

Yellow.—Dilute Nitric Acid will produce it on wood. 

Red.—An infusion of Brazil Wood in Stale Urine, in the proportion of x Ib. to a 

gallon, for wood, to be laid on when boiling hot, also Alum water before it dries. 

Or, a solution of Dragon’s-blood in Spirits of Wine. 

Black.—Strong solution of Nitric Acid. 

Blue.—For Ivory: soak it in a solution of Verdigris in Nitric Acid, which will turn 
it green; then dip it into a solution of Pearlash boiling hot. 

Purple.—Soak Ivory in a solution of Sal-ammoniac into four times its weight of 
Nitrous Acid. a 

Mahogany.—Brazil, Madder, and Logwood, dissolved in water and put on hot. 
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MISCELLANEOUS. 

Blacking for Harness. 

Beeswax, .5 lb. ; Ivory Black, 2 ozs.; Spirits of Turpentine, x oz.; Prussian Blue 
ground in oil, x oz. ; Copal Varnish, .25 oz. 

Melt wax and stir it into other ingredients before mixture is quite cold; make it 
Lads bale Rub a little upon a brush, and apply it upon harness, then polish lightly 
with silk. 

To Clean Brass Ornaments. ‘ 

Brass ornaments that have not been gilt or lackered may be cleaned, anda very 
brilliant color given to them, by washing them in Alum boiled in strong Lye, in the 
proportion of an ounce to a pint, and afterwards rubbing them with strong Tripoli. 

P To Harden Drills, Chisels, etc. 

Temper them in Mercury. 

To Clean Coral. 

Brush with equal parts Spirits of Salts and cold water. 
Or, dip in a hot solution of Potash or Chloride of Lime. If much discolored, let 

it remain in solution for a few hours. 

Blacking, without Polishing. 

Molasses, 4 0zs.; Lamp-black, .5 0z.; Yeast, a table-spoonful; Eggs, 2; Olive Oil, 
a teaspoonful; Turpentine, a teaspoonful. Mix well, 

To be applied with a sponge, without brushing. 

Dubbing. 

Resin, 2 lbs.; Tallow, z lb.; Train-oil, x gallon. 

Anti-friction Grease. 

Tallow, roo lbs. ; Palm-oil, 70 lbs. Boiled together, and when cooled to 80°, strain 
through a sieve, and mix with 28 lbs. of Soda, and 1.5 gallons of Water. 

For Winter, take 25 lbs. more oil in place of the Tallow. 
Or, Black Lead, x part; Lard, 4 parts. 

To Attach Hair Helt to Boilers. 

Red Lead, x Ib.; White Lead, 3 lbs.; and Whiting, 8 lbs. Mixed with boiled Lin- 
seed Oil to consistency of paint. 

Pastils for HFumigating. 

Gum Arabic, 2 0z8.; Charcoal Powder, 5 ozs.; Cascarilla Bark, powdered, .75 02. ; 
Saltpetre, .25 drachm. Mix together with water, and make into shape. 

Wor Writing upon Zinc Labels.—Horticultural. 

Dissolve roo grains of Chloride of Platinum in a pint of water; add a little Mu- 
cilage and Lamp-black. 

Or, Sal-ammoniac, x dr. ; Verdigris, 1 dr.; Lamp-black, .5 dr.; Water, 10 drs. Mix. 

To Remove old Ironmold. 

Remoisten part stained with ink, remove this by use of Muriatic Acid diluted by 
5 or 6 times its weight of water, when old and new stain will be removed. 

To Cut India Rubber. 

Keep blade of knife wet with water or a strong solution of Potash. 

Adhesive for Rubber Belts. 

Coat driving surface with Boiled Oil or Cold Tallow, and then apply powdered 
Chalk. D 

Qiard. ; 

so parts of finest Rape-oil, and x part of Caoutchouc, cut small. Apply heat until 
it is nearly all dissolved. ‘ 

To Preserve Leather Belting or Hose. 

Apply warm Castor Oil. For hose, force it through it. 

'Toe Oil Leather Belting. 

Apply a solution of India Rubber and Linseed Oil. 

4H 
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Dressing for Leather Belts. 

31.—Beef Tallow, 1 part, and Castor Oil, 2 parts. Apply warm. 

2.—Beef Tallow, 3 lbs.; Beeswax, x lb. Heated and applied warm to both sides. 

Files. 

Lay dull files in diluted Sulphuric Acid until they are bitten deep enough. 

To Remove Oil from Leather. 

Apply Aqua-ammonia. 

To Clean Paint. 

Wash with a solution of Pearlash in water. If greasy, use Quicklime. 

Or, Extract of Litherium diluted with from 200 to 300 parts of water. 

To Remove Paint. 

Mix Soft Soap, 2 0zs., and Potash, 4 ozs., in boiling Water, with Quicklime, .5 Ib. 

Apply hot, and let remain for x day. 

Or, Extract of Litherium, thinly brushed over the surface 2 or 3 times. 

To Clean Marble. 

Chalk, powdered, and Pumice-stone, each 1 part; Soda, 2 parts. Mix with water. 

Wash the spots, then clean and wash off with Soap and Water. 

Paste for Cleaning Metals. 

Oxalic Acid, x part; Rottenstone, 6 parts. Mix with equal parts of Train Oil and 

Spirits of Turpentine. 

Watchmaker’s Oil, which never Corrodes or Thickens. 

Place coils of thin Sheet Lead in a bottle with Olive Oil. Expose it to the sun for 

a few weeks, and pour off the clear oil. 

Durable Paste. ; 

Make common Flour paste rather thick (by mixing some Flour with a little cold 

water until it is of uniform consistency, and then stir it well while boiling water is 

being added to it); add a little Brown Sugar and Corrosive Sublimate, which will 

prevent fermentation, and a few drops of Oil of Lavender, which will prevent it be- 

coming moldy. When dried, dissolve in water. 

It will keep for two or three years in a covered vessel. 

To Extract Grease from Stone or Marble. 

Soft Soap, x part; Fuller’s Earth, 2 parts; Potash, x part. Mix with boiling water: 

Lay it upon the-spots, and Jet it stand for a few hours. 

Stains. 

To Remove.—Stains of Iodine are removed by rectified Spirit; Znz stains by Ox- 

alic or Superoxalate of Potash ; Tronmoids by same; but if obstinate, moisten them 

with Ink, then remoye them in the usual way. 

Red spots upon black cloth, from acids, are removed by Spirits of Hartshorn, or 

other solutions of Ammonia. 

Stains of Marking-ink, or Nitrate of Silver.—Wet stain with fresh solution of 

Chloride of Lime, and, after 10 Or 15 minutes, if marks have become white, dip the 

part in solution of ‘Ammonia or of Hyposulphite of Soda. In a few minutes wash 

with clean water. ; 

Or, stretch the stained linen over a basin of hot water, and wet mark with Tinc- 

ture of Iodine. 

Preservative Paste for Objects of Natural History.. 

White Arsenic, x 1b. ; Powdered Hellebore, 2 lbs. 

To Preserve Bottoms of Iron Steam-boilers. 

Red Lead, 75 parts; Venetian Red, 17 parts; Whiting, 6.5 parts; and Litharge, 

3.5 parts by weight. 
To Preserve Sails. 

Slacked Lime, 2 bushels. Draw off the lime-water, and mix it with x20 gallons 

water, and with Blue Vitriol, .25 Tb. 
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Whitewash. 
For outside exposure, slack Lime, .5 bushel, in a barrel; add common Salt, x Ib. ; 

Sulphate of Zinc, .5 lb.; and Sweet Milk, x gallon. 

To Preserve Woodwork. 

Boiled Oil and finely powdered Charcval, each x part; mix to the consistence of 
paint. Apply 2 or 3 coats. 

This composition is well adapted for casks, water-spouts, otc. 

To Polish Wood. 
Rub surface with Pumice Stone and water until the rising of the grain is removed. 

Then, with powdered Tripoli and boiled Linseed Oil, polish to a bright surface. 

Paint for Window Glass. 

Chrome Green, .25 0z.; Sugar of Lead, x lb.; ground fine, in sufficient Linseed Oil 
to moisten it. Mix to the consistency of cream, and apply with a soft brush. 

The glass should be well cleansed before the paint is applied. The above quantity is sufficient for 
about 200 feet of glass. 

To Make Drain Tiles Porous. 

Mix sawdust with the clay before burning. 

MISCELLANEOUS OPERATIONS AND ILLUSTRATIONS, 

1.—It is required to lay out a tract of land in form of a square, to be en- 
closed with a post and rail fence, 5 rails high, and each rod of fence to con- 
tain ro rails. What must be side of this square to contain just as many 
acres as there are rails in fence ? 

OPERATION. x mile = 320 rods. Then 320 X 320+ 160, sq. rods in an acre =640 
acres ; and 320 X 4 sides and X 10 rails = 12800 rails per mile. 

Then, aS 640 acres : 12 860 rails 11 12 800 acres : 256000 rails, which will enclose 
256 000 acres, and »/256 000 X 69.5701 = number of yards in side of a sq. acre, and 
= 1760, yards in a mile = 20 miles. 

2.—How many fifteens can be counted with four fives? 

LASER SEE CLES EL 
mK heel OF i, si 

3.—What are the chances in favor of throwing one point with three dice? 
OpEeRATION.—Assume a bet tobe upon the ace. Then there wlll be 6 x 6 X 6216 

different ways which the dice may present themselves, that is, with and without an ace. 

Then, if the ace side of the die is excluded, there will be 5 sides left, ands X 5X 5 
= 125 ways without the ace. 

Therefore, there will remain only 216 —125 =91 ways in which there could be an 
ace. The chance, then, in favor of the ace is as gt to. 125; that is, out of 216 throws, 
the probability is that it will come up gx times, and lose 125 times. 

4.—The hour and minute hand of a clock are exactly together at 12; 
when are they next together ? 
OprRatioy.—As the minute hand runs 11 times faster than the hour hand, then, 

as 11: 60:11: 5 min. 275%, sec. = time past x o’clocl. 

OPERATION. 

5.—Assume a cube inch of glass to weigh 1.49 ounces troy, the same of 
sea-water .59, and of brandy .53. A gallon of this liquor in a glass bottle, 
which weighs 3.84 lbs., is thrown into sea-water. It is proposed to deter- 
mine if it will sink, and, if so, how much force will just buoy it up? 

OPERATION. 3.84 X 12 + 1.49 = 30.92 cube ins. of glass in bottle. 
231 cube ins. in a gallon X .53 = 122.43 ounces of brandy. 

Then, bottle and brandy weigh 3.84 X 12-+ 122.43 = 168.51 ounces, and contain 

261.92 cube ins., Which X .59 = 154.53 ownces, weight of an equal bulk of sea-water. 

And, 168.51 — 154.53 = 13-98 ounces, weight necessary to support ut in the water. 
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6.—A fountain has 4 supply cocks, A, B, ©, and D, and under it is a cis. 

tern, which can be filled by the cock A in 6 hours, by B in 8 hours, by C in 

xo hours, and by D in 12 hours; now, the cistern has 4 holes, designated E, 

F, G, and H, and it can be emptied through E in 6 hours, F in 5 hours, G in 

4 hours, and H in 3 hours. Suppose the cistern to be full of water, and that 

all the cocks and holes were opened together, in what time would the cistern 

be emptied ? 
OpurRatTion.—Assume the cistern to hold 120 gallons. 

hrs. gall. hrs, gall. brs. gall. hrs. gall. 

If 6: 120:11,: 20 at A. If 6 : 1203: 1.: 20 at E. 

8: 120111: 15 at B. 5 : 120522 : 24 at F. 

io : 1202, 14% 12 at C. 4.2'126%11 : 30 at G. 

12: 120721: 10 at D. 3: w0t1: 40at 

Run in in x hour, 57 gallons. Run out in 1 hour, 114 gallons. 

57 

Run out in 1 hour more than run in, 57 gallons. 

Then, as 57 gallons : 1 howr :: 120 gallons : 2.158 hours. 

7.—A cistern, containing 60 gallons of water, has 3 cocks for discharging 

it; one will empty it in x hour, a second in 2 hours, and a third in 3 hours; 

in what time will it be emptied if they are all opened together ? ; 

OPERATION. —rst, .5 would run out in x hour by the 2d cock, and .333 by the 3d; 

consequently, by the 3 would the reservoir be emptied in r hour. .5-+.333--1= 

8124 6 being reduced to a common denominator, the sum of these 3 = 4g1; whence 

the proportion, x : 60 :: 6 : 324°; minutes. 

8.—A reservoir has 2 cocks, through which it is supplied; by one of them 

it will fill in 40 minutes, and by the other in 50 minutes; it has also a dis- 

charging cock, by which, when full, it may be emptied in 25 minutes. If 

the 3 cocks are left open, in what time would the ¢istern be filled, assuming 

the velocity of the water to be uniform ? 

Oprration.—The least common multiple of 40, 50, and 25, 1S 200. 

Then, the 1st cock will fill it 5 times in 200 minutes, and the 2d, 4 times in 200 

minutes, or both, 9 times in 200 minutes ; and, as the discharge cock will empty it 

8 times tn 200 minutes, hence 9 —8=1, or once in 200 minutes = 3.2 hours. 

9.—The time of the day is between 4 and 5, and the hour and minute 

hands are exactly together; what is the time? 

Operation. —Difference of speed of the hands is as 1 to r2=11. 

4 hours X 60 = 240, Which = rr = 21 min. 49.09 sec., which is to be added to 4 hours. 

10.—Out of a pipe of wine containing 84 gallons, ro were drawn off, and 

the vessel refilled with water, after which ro gallons of the mixture were 

drawn off, and then ro more of water were poured in, and so on for a third 

and fourth time. It is required to compute how much pure wine remained 

in the vessel, supposing the two fluids to have been thoroughly mixed. 

OPERATION. 84—r10=74, quantity after the xst draught. 

Then, 84: 10 3: 74 : 8.8095, and 74 — 8.8095 = 65.1905, quantity after 2d draught. 

84: 102265. 1905 : 7-7608, and 65.1905 — 7- 7608 = 57-4297, quantily afler 3d draught. 

84: 101157-4297 : 6.8367, and 57.4297 — 6.8367 = 50.593, quantity after 4th draught, 

= result required. 

11.—A reservoir having a capacity of 10000 cube feet, has an influx of 

750 and a discharge of rooo cube feet per day. In what time will it be 

emptied ? 
P OPERATION. pe es 40 days. 

1000 — 750 

Contrariwise : The discharge being 1000 and the influx 1250 cube feet per hour. 

% what time will it be filled? 
r0.000 & 

OPERATION. ——————~ = 40 hours =x day 16 hours. 
1250 — 1000 



MISCELLANEOUS OPERATIONS AND ILLUSTRATIONS. 881 

12.—A son asked his father how old he was. His father answered him 
thus: If you take away 5 from my years, and divide the remainder by 8, 
the quotient will be one third of your age; but if you add 2 to your age, and 
multiply the whole by 3, and then subtract 7 from the product, you will have 
the number of years of my age. What were the ages of father and son? 
OpERATION.—Assume father’s age 37. 

Then 37 — 5 = 32, and 32 + 8 —=4, and 4 X 3=12, son’s age. Again: 12-+2=14, 
and 14 X 3=42,and 42—7=35. Therefore 37 —35 =2, error too little. 

Again: Assume father’s age 45; then 45-—5= 40, and 4o+8-= 5. Therefore 
5 X3=15,son’sage. Again: 15-4-2=17,and 17 X 3=51,ands1—7=44. There- 
fore 45 — 44 =1, error too little. 

Hence (45 sup. X 2 error) — (37 sup. X x error) = 90 — 37 = 53, and 2—1x =. 

Consequently, 53 ts father’s age. Then 53 —5= 48, and 48+8—=6 =.333 of son’s 
age, and 6 X 3=18 years, son’s age. 

13.—Two companions have a parcel of guineas. Said A to B, if you will 
give me one of your guineas I shall have as many as you have left. B re- 
plied, if you will give me one of your guineas I shall have twice as many as 
you will have left. How many guineas had each of them ? 

OPERATION. —Assume B had 6, 

Then A would have had 4, for6—1=4+1='5. Again: 4 (A’s parcel) —1=3 
and6+1=7,and3xX2=6. Therefore 7—6 =1, error too little. 

Again: Assume B had 8. 

Then A would have 6, for 8—1=6+1=7. Again: 6 (A’s parcel) —1=s, and 
8+1=9,and5xX2=10. Therefore 1o—9=1, error too great. 

Hence 8X1=8,and6%1=6. Then 8+6—=14,andi1+1=2, Whence, di- 
viding products by sum of errors, 14+-2=7=B’s parcel, and 7—-1=>5+1=6 

for A when he had received 1 of B; also 5—1 K 2=>7-4+1=8=B’s parcel when he 
had received x of A. 

14.—If a traveller leaves New York at 8 o’clock in the morning, and walks 
towards New London at the rate of 3 miles per hour, without intermission ; 
and another traveller starts from New London at 4 o’clock in the evening, 
and walks towards New York at the rate of 4 miles per hour continuously ; 
assuming distance between the two cities to be 130 miles, whereabouts upon 
the road will they meet ? 

OpERATION. —From 8 to 4 o’clock is 8 hours; therefore, 8 x 3 = 24 miles, per- 
Jormed by A before B set out from New London ; and, consequently, 130 — 24 = 106 
are the miles to be travelled between them after that. 

Hence, as (3-4) 7: 3.1: 106: 2458 = 45% more miles travelled by A at the meeting ; 
consequently, 24 + 45% = 694 miles from New York is place of thetr meeting. 

15.—If from a cask of wine a tenth part is drawn out and then it is filled 
with water; after which a tenth part of the mixture is drawn out; again 
is filled, and again a tenth part of the mixture is drawn vut: now, assume 
the fluids to mix uniformly at each time the cask is replenished, what frac- 
tional part of wine will remain after the process of drawing out and replen- 
ishing has been repeated four times ? 

OPERATION. —Since .x of the wine is drawn out at first drawing, there must remain 
.9. After cask is filled with water, .1 of whole being drawn out, there will remain 
9 of mixture ; but .9 of this mixture is wine ; therefore, after second drawing, there 

? 

2 

will remain .g of .g of wine, or <3 and after third drawing, there will remain .g 

3 
of .9 of .9 of wine, or —s 

I 

Hence, the part of wine remaining is expressed by the ratio .9, ratsed lo a power 
exponent of which is number of times cask has been drawn from. 

4 
Therefore, fractional part of wine ts a = OSor 

4 E* 
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16.—There is a fish, the head of which is g ins. long, the tail as long as 

the head and half the body, and the body as long as both the head and tail. 

Required the length of the fish. {f 

Oppration.—Assume body to be 24 ins. in length. Then 24-2+9=21, length 

of tail. 

Hence 21 +9 = 30, length of body, which is 6 ins. too great. 

Again: assume the body to be 26 ins. in length. Then 26+2-+9=22, length of 

tail. Hence 22-+9=3r, length of body, which is 5 ins. too great. 

Therefore, by Double Position, divide difference of products (see rule, page 99) 

by difference of errors (the errors being alike), 26 X 6 —24 X 5 =36= difference of 

products, and 6 —5=1= difference of errors. 

Consequently, 36-+ x = 36, length of body, and 36+ 2 + 9=27, length of tail, and 

36+ 27-++9=72 ms., length required. 

17.—A hare, 50 leaps before a greyhound, takes 4 leaps to the greyhound’s 

3, but 2 leaps of the hound are equal to 3 of the hare’s. How many leaps 

must the greyhound take before he can catch the hare ? 

OPERATION. —AS 2 leaps.of the greyhound equal s of the hare, it follows that 6 of 

the greyhound equal g of the hare. 

While the greyhound takes 6 leaps, the hare takes 8; therefore, while the hare , 

takes 8, the greyhound gains upon her 1. 

Hence, to gain so leaps, she must take so X 8=400 leaps ; but, while hare takes 

400 leaps, greyhound takes 300, since number of leaps taken by them are as 4 to 3. 

18.—If a basket and 1000 eges were laid in a right line 6 feet apart, and 

ro men (designated from A to J) were to start from basket and to run alter- 

nately, collect the eggs singly, and place them in basket as collected, and 

each man to collect but 10 eggs in his turn, how many yards would each 

man run over, and what would be entire distance run over ? 

OPERATION. — A’s course ‘would be 6 X 2 feet (furst term) + 10 X 6 X 2 feet (last 

term) = 132 = sum of first and last terms of progression, 

Then 132-2 X 10 = 660 feet = number of times X half sum of extremes = sum of 

all the terms, or the distance run by A tn his first turn. 

B’s course would be rz X 6 X 2—= 132 feet (first term)+ 20 X 6 X 2= 240 feet (last — 

term) = 372 = sum of first and last terms. 

Then 372 + 2 X 10 = 1860 = sum of all the times, or B’s first turn. 

A’s last course Would be gor X 6 X 2 = 10 812 feet for the first term, and 910X6X2 
= 10920 feet for the last term of his last turn. 

Then ro 812 + 10920 2 X 10 = 108 660 = sum of the terms, or distance run. 

Bs last course would be o11 X 6 X 2 = 10932 feet for the first term, and 920X6X2 

== 11 040 feet for the last term of his last turn. 

Then ro 932 + 11 040+ 2 X 10 = 109 860 = sum of the terms or distance run. 

Therefore, if A’s first and last runs = 660 and 108 660 feet, and the number of 

terms ro, then, by Progression, the sum of all the terms = 546 600 Jeet. 
And if B’s first and last runs = 1860 and r09 860 feet, and the number of terms 10, 

then the sum of all the terms = 558 600 Jeet. 
Consequently, 558 600 — 546 600 = 12 000 = common difference of runs, which, be- 

ing added to each man’s run = sum of all runs, or entire distance run over. 

A’s run, 546 600 = 182200 yds, | Fs run, 606 600 = 202 200 yds. 
“ce ‘ B’s ‘558 600 = 186 200 Gs ‘ 618 600= 206200.‘ : 

C’s ‘ 570600190200 * | H’s ‘ 630600= 210200 * 
D's “ s82600=194200 “ |I’s “ 642600214200 ‘ 
B’s “ 5946003198200 ‘ | J’s ‘ 654600=218200 “ 

6.006 000 feet, Which 5280 = 1137.5 miles. 

19.—If, in a pair of scales, a body weighs go lbs. in one scale, and but 4a 
Ibs, in the other, what is the true weight ? 

4/ (40 X go) = 60 lbs. 
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20.—If a steamboat, running uniformly at the rate of 15 miles per hour 
through the water, were to run for 1 hour with a current of 5 miles per hour, 
then to return against that current, what length of time would she require 
to reach the place from whence she started ? 

OPERATION. 15-+-5= 20 miles, the distance run during the hour. 

Then 15 —5 = xo miles is her effective velocity per hour when returning, and 
20 10= 2 hours, the time of returning, and 2+ 1 = 3 hours, or the whole time oc- 
cupted. 

Or, Let d represent distance in one direction, t and t’ greater and less times of run- 
ning in hours, and c current or tide. 

qitt 

Then, = velocity of boat through the water, and 
vuxt—d 

€ v 

21.—Flood-tide wave in a given river runs 20 miles per hour, current, of 
it is 3 miles per hour. Assume the air to be quiescent, and a floating body 
set free at commencement of flow of the tide; how long will it drift in one 
direction, the tide flowing for 6 hours from each point of river ? 
OprRATION.—Let x be the time required; 202 = distance the tide has run up, to- 

gether with the distance which the floating body has moved; 3% = whole distance 
which the body has floated. 

Then 20% — 3a = 6 X 20, or the length in miles of a tide. 

Os Per X 6=7 hours, 3 minutes, 31.765 seconds. 

22.—A steamboat, running at the rate of ro miles per hour through the 
water, descends a river, the velocity of which is 4 miles per hour, and re- 
turns in ro hours; how far did she proceed ? 

= lime of going, 
2 

1o+4 10 

returning. Then, ie + = = 10; 6u-+ 14% = 840; 207 = 840; 840+ 20= 42 miles. 
14 

% ° 
OPERATION.—Let «= distance required, : = time of 

23.—From Caldwell’s to Newburgh (Hudson River) is 18 miles; the cur- 
rent of the river is such as to accelerate a boat descending, or retard one 
ascending, 1.5 miles per hour, Suppose two boats, running uniformly at the 
rate of 15 miles per hour through the water, were to start one from each 
place at the same time, where will they meet? 
OrERATION.—Let «=the distance from N. to the place of meeting; its distance 

Srom C., then, will be 18 — a, 
Speed of descending boat, 151.5 = 16.5 miles per hour; of ascending boat, 15 — 

I.5 = 13.5 miles per hour. ae = time of boat descending to point of meeting. SS 

= time of boat ascending to point of meeting. 

eda has Then, \13.5% = 297 — 
? 16.5 13-5 

These times are of course equal; therefore. 

16.5%, and 13.57 -+. 16.5% = 297, OF 30% = 297. 

Hence x = 27 — 9.9 miles, the distance from Newburgh. 
; 30 

24.—There is an island 73 miles in circumference; 3 men start together 
to walk around it and in the same direction: A walks 5 miles per day, B 8, 
and © 10; when will they all come aside of each other again? 
OPERATION. —It is evident that A and C will be together every round gone by A; 

hence it remains to ascertain when A and B will be in conjunction at an even round, 
as 3 miles are gained every day by B. Therefore, a8 3: 1::73: 24.33-++; but, as 
the conjunction is a fractional number, it is necessary to ascertain what number of 
a multiplier will make the division a whole number. 

73 24.33-+ = 3, the number of days required in which A will go round 5 times, 
B 8, and C 10 times. 
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25.—Assume a cow, at age of 2 years, to bring forth a cow-calf, and then 

to continue yearly to do the same, and every one of her produce to bring 

forth a cow-calf at age of 2 years, and yearly afterward in like manner ; 

how many would spring from the cow and her produce in 4o years? 

OPERATION. —The inerease in 1st year would be o, in 2d year z, in 34 1, in 4th 2, 

in sth 3, in 6th 5, and so on to 40 years or terms, each term being = sum of the two 

preceding ones. The last term, then, will be 165 580 141, from which is to be sub- 

tracted 1 for the parent cow, and the remainder, 165 580 140, will represent increase 

required. 

26,—The interior dimensions of a box are required to be in the propor- 

tions of 2, 3, and 5, and to contain a volume of tooo cube ins.; what should 

be the dimensions ? 
1000X23_, 4 /1000X39_. g.. 3 /1000K5§ _ egg 

orsnanios.—3 / 3% oe ax
e ee =9.65; and a/ BRAS =16 ins. 

And what for a box of one half the yolume, or 500 cube ins., and retaining 

same proportionate dimensions ? 

OPERATION.—2 X 3 X 5 = 30, and = = 15 

3 3 
cf 

men, 3/2045 = 5.35 9 [SO = 7.665 and 3 [OE = ine 
ee) 

27.—The chances of events or games being equal, what are the odds for 

or against the following results ? 

Wive Events. | Four Events. 

Odds. Against. In favor. | Odds. | Against. | In favor. 

gx },,,t0'x All the 5 routofs || 15 tox All the 4 1 out of 4 

4.33 to x 4 out of 5 2 out of 5 || 22 to x 3 out of 4 2 out of 4 

5 to 3 in fayor of the 5 events result- || 5 to 3 against 2 events only, or that 

ing 3 and 2. || the 4 events do not result 2 and 2. 

Three Events. | Two Events. 

Odds. Against. Tn favor. Odds. | Against. In favor. 

7tor All the 3 r out of 3 3to1 | Both events | x out of 2 

2orallout | (2orallout | : 1 only out 1 only out 

Even { of 3 LU of 3 Eyen { of 2 { of 2 

3 to x in favor of the 3 events result- Even that the events result x and r. 

ing 2 and x. 

28,—Required the chances or probabilities in events or games, when the 

chances or probabilities of the results, or the players, are equal. 

That a Against @ | 4 sainst each That a Against 9 | 4 vai $8 

named event| named event | A&ainst eae named event | named event gainst eac 

Events| occurs a occurring | °° ent occur-|| Events| occurs a occurring event occur- 

or | majority or | an exact | TRE anequal|| or | majority or | an exact | "DE a egal 

Games,| more of | majority of number ||/Games.| more of | majority of BOE 

times. times. on vies: times. times. times, 

21 Eyen 5 tor _ I Even 3.4 tO1 =— 

20 | 1.33 tor —_ 4.66 tor 10 1.7 tor = 3.06 tor 

19 Eyen 45 tor — 9 Eyen 3 tor = 

18 1.55 tor _ 4.401 38 1.75 tox — 2.66 tor 

17 Even 4.4 tor — 7 Even 2.7 tO1 — 

16 1.5 tor — 4.1 tor 6 2tor — 2.2to1 

15 Even 4tor — 5 Even 2.2 tO1 — 

14 r.5 tor — 3.8 to x 4 2.2 tor — 1.66 tox 

13 Even 3:7 tor — 3 Even 1.66 tor _ 

12 1.6 tox _ 3.44 to x 2 3 tor — Eyen. 

29.—The chances of consecutive events or results are as follows: 

11.—2047 to x. | 10.—1023 tO. | 9.—srx tox. | 8.—255 tor. | 7-—127 tox. | 6.—63 tor. 

Hence it will be observed that the chances increase with the number of events 

very nearly in a duplicate ratio. 

InLusTration._-The chances of rr consecutive events compared with so, are as 

2047 tO 1023, Or 2 tO 1. 



MISCELLANEOUS OPERATIONS AND ILLUSTRATIONS. 885 

30.—Required the chances or probabilities of events or results in a given 
number of times. 

The numerator of a fraction expresses the chance or probability either for the re- 
sult or event to occur or fail, and the denominator all the chances or probabilities 
both for it to occur or fail. 

Thus, in a given number of events or games, if the chances are even, the proba- 

bility of any particular result is as enn 2 3 eee oa , etc., being x out of 

2, 2 out of 4, etc., or even. 

_ If the number of events or games are 3, then the probability of any par- 
ticular result, as 2 and 1, or 1 and 2, is determined as follows: 
Number of permutations of 3 eyents are x x 2 X 3=6, which represents number 

of times that number of events can occur, 2 and1z, or x and 2, to which is to be 
added the 2 times or chances they can occur all in one way or the reverse thereto. 

6 3 3 3 
= += = or 3 to x in fi f 7 ili eg gry ety 3 to x in favor of result; and probability ot 

one party naming or winning two precise events or results, as winning 2 out of 3, 
is determined as follows: Number of permutations and chances, as before shown, 

Be Sst FY 
Brie Sban? 0 S'me To 

favor of result; and probability of one party naming or winning all, or 3 events 
or results, is determined as follows: Number of permutations and chances being 
also, as before shown, 8. Hence, as there is but one chance of such a result, 

I I I 

1+7 8 8—1r 

If number of events, etc., are 4, then probability of any particular result, 
as 2 and 2, or of winning 2 or more of them, is determined as follows: 

Number of permutations and chances of 4 events are 16. Hence, as number of 
Ii It ir It r 

= =—, oras ir to 5 in favor 

Hence, 

are 8. Hence, number of his chances being 3; Bu ,or3tosin 
5 

; , or 1 to 7 in fayor of result, 
7 

chances of such a result are rr, stderr ess 
It I Saad 

of the result, and that the results do not occur precisely 2 and 2. The number of 

chances of such a result being 10, j sa 2 3 S. : == . , or 5 to 3 against it. 

If number of events, etc., are 5, then probability of any particular result, 
as 3 and 2, is determined as follows: 
Number of permutations and chances being 32, and number of chances of such 

a result being 20, a ay ag a ele ae 2» or as 5 to 3 in favor of the 
1z2+20 16 16—10 6 3 

result; and that it may occur precisely 3 out of 5, the number of chances are 
Io 40 10 “rt iS 28 5 

tote2 32 16 16—5 

31.—What is the dilatation of the iron in a railway track per mile, be- 
tween the temperatures of —20° and +130° ? 

= 8, or rx to 5 against it. 
It 

OPERATION. — — 20° + 130° = 150°. The dilatation of wrought iron (as per table, 
page 519) is, from 32° to 212° = 180° =.oor 257 5 times its length. 

-OOI 0479 ‘ + 
Hence, as 180: 150 ¢: .oo1 257 5 : 0010479 = ine as of 5280 (feet in a mile) = 

5.53 feet per mile. 

32.—A steamer having an immersed amidship section of 125 sq. feet, has 
a speed of r5 miles per hour with goo EP. What power would be required 
for one of like model, having a section of 150 sq. feet for a speed of 20 miles? 

As power required for like models is as cube of speeds, 

Then 22°— 1.2 relative sections, and 20 nes ee = 2.37 relative powers. 
rere 153= 3375 

Hence, x: 1.2 3: 2.37 : 2.844 times PP. 
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MARINE STEAMERS AND ENGINES. 

Iron Cruiser (Propeller). 

“Zspraca,”? I. R. N. —VerRticaL Direct ENGINE (Compound).— Length between 

perpendiculars, 228 feet ; at water-line of 12 feel, 220 feet; beam, 30 feet ; hold, 17.5 

Jeet. 
Displacement at load draught of 12.58 and 14.58 feet, 1202 tons. Per inch at load-— 

line, 1.58 tons. Areas.—Of Load-line, 4867 $4. feet; of Sails, 12312 sq. feet. 

Coefficients. —Of Total Displacement, .5; of Surface, .74; of Cylindroid from cyl- 

inder, .61; of Cylindroid from parallelopipedon, .475- 

Cylinders. —34 and 59 ins. in diam. by 36 ins. stroke of piston. 

Pressure of Steam.—78 \bs. per sq. inch, cut off at 23 ins. full throttle. Revolu- 

tions, 89.4 per minute. IEP, 1400. Pitch of Propeller, 19 feet. Speed, 14 knots 

per hour, Fwel.—Anthracite coal, 1.6 lbs. per TEP per hour. 

Centres of Gravity.—Forward of after perpendicular, 100 feet; below meta-centre 

at draught of 10.46 and 12.21 feet, 2.81 feet, and at load-line 3.12 feet. Of Buoyan- 

cy, below load-line, 4.97 feet. Of Engines, Boilers, Water, etc., aft of centre of length, 

25.25 feet; do. above top of keel, 9.17 feet. 

Meta-centre.—Above centre of buoyancy for mean draught of 11.3 feet = 4 feet. 

Iron Freight and Passenger (Propellers). 

“ Oprent.’’—VeERTICAL Direct ENGINE (Compound).—Length upon deck, 460 feet ; 

beam, 46.35 feet ; depth to main deck, 27.1 feet ; to spar dech, 35.1 feet. 

Immersed section at load-line, 1094 sq. feet. Displacement at load draught of 26.5 

Jeet, 9500 tons ; per inch, 40 tons. Tons, 3440-5380. 

Cylinders.—x of 60 ins. jn diam., and 2 of 85 ins., by 5 feet stroke of piston. Con- 

denser.— Surface, 12000 sq. feet. Propeller.— 4 blades, 22 feet in diam. Pitch, 30 

feet. Shajt, 20 ins, in diam. 

Boilers.— 4 (cylimdrical tubular), 15.5 feet in diam. by 17.5 feet in length; 6 fur- 

naces, 4 feet in diam. by 6 feet in length. Presswre of Steam, 75 lbs. per sq. inch. 

Revolutions, 60 per minute. TEP, 5400. Bulkheads, r2. Decks, 3 of iron. 

Capacity.—3000 tons coal, 3600 tons (measurement) cargo, 120 18b class passen- 

gers, 130 2d, and 300 3d class, Or 3000 troops and 406 horses. 

Water Ballast.—Aft, 82 feet in length. Rig, 4-masted bark. Passage, 35 days, 

Plymouth to Australia. Weights.—Hull, Engines, and Boilers, 4940 tons. 

“CARIZONA.?—VERTICAL DirEcT ENGINE (Compound). — Length between perpen- 
diculars and for tonnage, 450 feet ; breadth, 45.5 feet ; depth, 35.7 feet; Tons, 5146.55. 

Cylinders.— x of 62 ins. and 2 of 90 ins. in diam., by 5.5 feet stroke of piston. 
Condenser.—Surtface, 12 540 Sq. feet. 

Propeller (Cast Steel).—Diam., 23 feet; weight, 27 tons. 

Boilers.—6 of 13.5 feet in diam., 3 of ro feet in length, and 3 of 18 feet. Heating 
Surface, 19 500 Sq. feet. Grate, 780 sq. feet. Pressure of Steam, 86 lbs. per sq. inch. 
Revolutions, 55 per minute. TEP, 6306. Speed, 17 knots per hour. 

‘‘ NORMANDIE.’? — VERTICAL DirEcT ENGrNEs (Compound). — Length ( A i ; ; 59 feet 11 
ins. ; beam, ag feet 1x ins. Hold, 37 feet 5 ins. Mean draught at pam hs "Feet. 

Den 7656 tons. Immersed Section at load- draught of 24.25 feet, 1060 
sq. feet. 

Oylinders.— 3 of 35.4375 ins., and 3 of 74.875 ins. in diam.; stroke of pistons, 
67 ins. ; ratio of low to high pressure, x to 4.46. 

Condensers. —3, surface, rr 682 sq. feet. Air-pumps.—3, single acting, 34 ins. diam. ; 
stroke of piston, 32 ins. Centrifugal Pumps.—3, 12.5 ing, in diam., cnived by three 
1x by 11 inch engines. 

Boilers.—8 (cylindrical tubular), 4 double end, 13.5 feet in diam., 18.5 feet in 
length, 4 single end, 13.75 feet in diam., 9.5 feet in length. Grates, 808.5 sq. feet. 
Heating Surface, 21 405 sq. feet. Steam Room, 3950 cube feet. 

Pressure of Steam, 85 lbs., cut offat.75 stroke. Revolutions, 59 per minute. IEP. 
8006. Shaft, 23.625 ins. in diam, Propeller, 22 feet in diam. : Pitch, 31 feet. ; 

Speed, 17.25 knots per hour. Weight of Engines, Boilers, i i Racece aber pits g gines, , and Water in Wee a 
’ 
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“City or SAN FRANcisco.’?— VERTICAL Direct ENGINE (Compound). — Length 
over all, 352 feet; for tonnage, 339 feet ; beam, 40.2 feet; hold, 28 feet 10 ins.; Load 
draught, 22 feet. 

Cylinders, 2.— 5x and 88 ins. in diam, by 5 feet stroke of piston. Condenser.— 
Surface, 6425 sq. feet. 

Pressure of Steam, 80 lbs. per sq. inch. Revolutions, 55. Speed, 14 knots per hour. 

Propeller, 4 blades, 20 feet in diam. by 25 feet pitch. 

Boilers.—6 (cylindrical tubular), 13 feet in diam. Heating Surface, 10 650 sq. feet. 
Grates, 378 sq. feet. Ratio of Grate to heating surface, 1 to 28; to tube area, g to 1; 
to smoke-pipe area, 6.66 to 1. 

Iron Auxiliary Freight. 

VerTIcAL Direct ENGINE (Compound).—Length on deck, 135 feet ; beam, 22.5 feet ; 
hold, rx feet. 

Load-draught, 4 feet 10 ins. and 10 feet 6 ins. Free board, 1.5 feet. 

Cylinders.— 21 and 4o ins. in diam. by 27 ins. stroke of piston. Condenser.—Sur- 
Jace, 617 sq. feet. 

Boiler (cylindrical tubular).—12 feet in diam. by 9.5 feet in length, Heating 
surface, 1205 Sq. feet. Gales, 38.5 sq. feet. 

Pressure of Steam, 80 lbs. per sq. inch. Speed, 10.8 knots per hour. IPP, 370. 

Consumption of coal, 8.5 tons in 24 hours, Rig.—Schooner. 

“Tste or Dursey.’’—VERTICAL Direct ENGINES (Compound Triple Expansion). 
—Length on deck, 210 feet ; beam, 31.25 feet ; hold, 14.1 feet. Tons, 620.963. 

Cylinders.— 2, each 15.75 and 22 ins., and 44.33 ins. in diam, ; stroke of piston, 
2.75 feet. Condenser.—466 .75 inch tubes, No.18 BWG. Surface, 792 sq. feet. 

Propeller.—4 blades, 12.5 feet in diam, Pitch, 14.5 feet. Surface, 38.5 sq. feet. 

Pressure of Steam, 150 Ibs. per sq. inch. Revolutions, 73 per minute. 

Boiler.—x (horizontal tubular). Heating surface, 1650 sq. feet. Grate, 42 sq. feet. 
If per sq foot of grate, 12.3; of heating surface, .374. ‘Total, soo. 

Fuel.—Bituminous, 1.5 Ibs. per [HP per hour. Rig.—¥Fore-topsail schooner. 

Iron Wire-boat. 

“ZopHar MILis.’??— VERTICAL Direct Encinn. — Length on load-line, 115 feet ; 
beam, molded, 24 feet ; hold at side, 8 feet 8 ins, 

Immersed section at load-line of 7 feet, 150 sq. feet. 

Cylinder.— 30 ins. in diam. by 30 ins. stroke of piston; volume of piston space, 
12,25 cube feet. Condenser.—Surface, goo sq. feet. 

Boilers (return tubular).—Two, 8 feet in width by 14 feet in length. Heating sur- 
face, 2120 sq. feet. Grates, 80 sq. feet. 

Pressure.—7o lbs. per sq. inch, cut offat.s5 stroke. Revolutions, 84 at 45 Ibs, press- 
ure, cut offat.s5. Speed.—i2.5 miles per hour. 

Propeller.—4-bladed, 8 feet 9 ins. in diam. 
Pumps, Vertical Duplex. Steam cylinders, 4.—16 ins. in diam. by 9 ins. stroke. 

Pumps, 4.—7.5 ins. in diam. by 9 ins. stroke. Receiving pipes, 8.5 ins. in diam. 
Revolutions, 110 per minute. 

Discharge.— 2200 gallons per minute; or, 8 streams, 2.5 ins. to 3.25 ins. hose, 
average 75 feet in length of hose each, and 1.5 ins. nozzles, 160 feet, Or, 4 streams, 
3.25 ins. hose, roo feet in length of hose each, connected to one length of 16 feet of 
4-inch hose, and 3.25 ins. nozzle, 280 feet. 

Steel Iaunch. 

InvertTED Direct Enaine (Non-condensing).—Length, 25 feet ; beam, 5 feet ; hold, 
2.5 feet. 

Cylinder.—s ins, in diam. by 5 ins. stroke of piston. 

Hull. — Frame, .75 X.75 inch, No. 12 WG. Keel, stem and stern-post, each, 
1.5 X 1.25 ins, 
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. Steel Yachts. (Propellers). 
“(Lapy Torrripa.’’—VERTICAL Direct EnGines (Compound). — Length, 200 feet 

8 ins.; beam, 25 feet 7 ins.; hold, 15 feet 7 ins. Toms, 611. 

Cylinders:—3; one of 24 ins. in diam., and two of 34 ins. by 30 ins. stroke of piston. 

Condenser.—Surface, 1978 sq. feet. Circulating Pump, double, 12 by 17 ins. Atr- 
pump, single, 20 by 17 ins. 

Boilers (return tubular).—r4.5 feet in diam. by g feet in length. Heating Sur- 
face, 1887 sq. feet. Grate, 77 sa. feet. 

Pressure of Steam, 110 lbs. Vacuum, 28.5 ins. TEP, 1020. Propeller, Manganese 
bronze, 11 feet indiam. Pitch, 14.5 feet. Speed.—15 knots per hour. 

Iron. 

“Jga.?? —VeErtTicaAL Direct EnGines (Compound). — Length of keel, 118.66 feet ; 
beam, 18.75 feet ; hold, ro feet. Tons, 248. 

Cylinders, 3.—10, 15, and 28 ins. in diam. by 2 feet stroke of piston. Condenser.— 
Surface, 350 sq. feet. Circulating Pump, 6 ins. in diam. by x2 ins. stroke. 

Pressure of Steam.—x20 lbs. per sq. inch full stroke. Revolutions, 112 per minute. 
Speed, 12 knots per hour. 

Propeller. —z blades, 8.5 feet in diam. Pitch, rz.25 feet. 

Composite. 

“Rapna.’??—VerticaL Direct ENnGines (Compound). — Length for tonnage, 142 
feet ; beam, 20 feet ; depth of hold, 8 feet 8.5 ins. Tons, 77.04 and 149.15. 

Immersed section at load-draught of 8.25 feet. 115 sq. feet. 

Cylinders, 3.—x of 20 ins. in diam., and 2 of 26 by 2 feet stroke of piston. 

Condenser.—Surface, 800 sq. feet. 

Boiler (flue and return tubular).—g feet 8 ins. wide, and xs feet inlength. Heat- 
ing surface, 1947 Sq: feet. Grate, 48 sq. feet. 

Propeller, 7.5 feet in diam. Pitch, 12 feet. Revolutions, 135 per minute. 
Pressure of Steam.—too |bs., cut offat.5. Blast draught. . 

“ Smmgra.??—VERTICAL DrRECT ENGINE (Compound), HERRESHOrr.—Length on deck 
over all, 98 feet ; at water-line, 90.3 feet; beam at deck, 17 feet; at water-line, 15.16 
feet; depth of hull from rabbet of keel to top of shear plank, 8.33 feet ; draught of 
water at load-line, 5.66 feet. 

Immersed section at load-line, 43 sq. feet. Displacement at load-draught, 63.83 tons. 

Area of water section, 878.7 sq. feet, and of immersed surface of hull, 1438 sq. feet. 

Ratio of water sw-face to its circumscribing parallelogram, .64 ; of immersed trans- 
verse section. to ils do, do., .584; and of displacement of immersed hull above lower 
edge of rabbet of keel to its circumscribing parallelopiped, .5677. 

Cylinders, 2.— 10.5 and 18 ins. in diam. by 18 ins. stroke of piston. Volume of 
piston space, 3.45 cube feet. Relative volumes of displacement of cylinders, x to 
2.96. Atr-pump, single acting, 6 ins. in diam. by 6.25 ins. stroke. 

Circulating and Feed Pumps, single acting, 1.125 ins. in diam. by 18 ins. stroke. 

Condenser, External.— Surface, 73r, 5 ins. by 29.5 ins. tubes; condensing surface, 

235 sq. feet. 
Propeller, 4 blades, 4 fect 7 ins. in diam. Pitch, 8 feet. Helicoidal area of blades, 

9.46 sq. feet. Transverse area, 6.59 Sq. feet. 

Shaft.—Journal, 3.875 X 8 ins.; stress, 3.75 ins. Hngine space, 3 feet by 5.5 feet 

in length. 
Boiler (vertical double coil).—Diam. ontside of casing, 6.66 feet; height, 8 feet 

ro ins. Heating surface, 558 sq. feet. Grates, 26 sq. feet. P 

Smoke-pipe, 23.5 ins. in diam. by 25 feet above grates. Steam room, 5.7 cube feet. 

Heating surface to Grate, 21.5 to 1. 

Pressure of Steam, 60.7 Wbs. per sq. inch, cut off in small cylinder at .88 of stroke, 
and in large at .3 stroke. In small cylinder at end of stroke, 55.2 Ibs.; in large 
cylinder at commencement of stroke, 50.6; and at end of stroke, 15.6 lbs, Mean 
back pressure in small cylinder, 47.36 lbs, ; and in large, s.77. : 

Revolutions, 193 per minute. - Speed, r2.75 miles (1x.06 knots) per hour. Slip of 
Propeller, 27.3 per cent. 
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HERRESHOFF.—VERTICAL DirecT ENGINE (Compound).—Length on deck, 100 feet ; 
beam, 12.5 feet. 

Cylinder.—x of 12.5 and 21.5 ins. in diam. by 16 ins. stroke of piston. 

Pressure of steam, 120 Ibs. per sq. inch. Revolutions, 480 per minute. Speed, 
22.5 knots per hour. 

Thrust of Propeller at 15.73 knots, 4080 lbs. 

Torpedo Boats. (Propellers.) 
Iron. 

VerticaL Direct EnGIngE (Compound).—Length, 110 feet ; beam, 12.5 feet. 

Displacement, 52 tons. 
Cylinders, 1.—12.5 ins. and 21.5 ins.; stroke of piston, 16 ins. 

Boiler. — (Horizontal tubular.) Diam., 4.75 feet. Tubes, 125 of 2 ins. in diam, 
Heating surface, 1016 sq. feet. Speed, 20.3 knots per hour. 

Steel. Composite. 

“TorpEeDO Boat,’’ R. N.— VERTICAL Direct ENGINE (Compound), HERRESHOFF 
Mra. Co.—Length, 50. 5 feet ; beam, 7.5 feet. 

Cylinders.—6 and ro.5 ins. in diam. by ro ins. stroke of piston. 

Condenser, External.—Surface. Boiler (vertical coil).—Tubes 2 ins. in diam. find 
300 feet in length. 

Propeller.—4 blades, 38 ins. in diam. by 5 fect pitch. 

Weight at load-draught of hull of r.5 feet; armament and stores, 8 tons. 

Iron. Side Wheels. 
“ PRINCESS MARIE AND ELIZABETH.’’—OSCILLATING EnGiInE (Compound).—Length 

on load-line, 274.8 ins.; beam, 34.75 feet; hold, 24.25 feet. Tons, 1606. 

Cylinders, 2.—6o and 104 ins. in diam. by 3.5 feet stroke of piston. 

Pressure of Steam.—7o \bs. per sq. inch, cut off at .6 stroke. Revolutions, 32.75 
per minute. Speed, 17.12 knots per hour. JEP, 3543. 

Consumption of fuel, 1.92 lbs..per TEP per hour. Cost, £54 goo sterling. 

Cutter (Corrugated). 

“Ta Bonrra.’’—INCLINED Encine (Won-condensing).—Length upon deck, 42 feet ; 
beam, 9 feet ; hold, 3 feet. 

Immersed section at load- es 8.75 sq. feet. Hespiacemen at load-draught of 1.3 
feet, 8386 lbs. Tons, 9.65, O. 

Cylinder.—8 ins. in diam.; aed of piston, 1 foot; vole of piston space, .35 cube 
foot. Water-wheels.—Diam. 5.66 feet. Blades, 7; “breadth, 2.3 feet; depth, 7 ins. 

Boiler.—(Horizontal tubular). Heating surface, 95 sq. feet. Gtr ee 6 do, Fuel, 
coal or wood. Ezhaust draught. 

Pressure of steam.—6s5 lbs. per sq. inch. Revolutions, 54 per minute. IEP, 9. 

Hull.—Corrugated and galvanized plates, .o625 inch thick. Weights.—Hull, 2876 
Ibs.; Engine and wheels, 2400 1bs.; Boiler, 2260 lbs.; pipes, grates, etc., 750 Ibs. 

Steel. 
Ferry Boat.—Inciinep ENGINE (Surface Condensing).—Length, 78 feet; beam, 

15 feet; hold, 8 feet amidships and 5 feet at ends. 

Load-draught, 2.25 feet. 

Cylinder, 15.5 ins. by 24 ins, stroke of piston, Boiler (cylindrical tubular).—Steel; 
heating surface, 220 sq. feet. 

Pressure of Steam, 80 lbs. per sq. inch. Plates, .r25, .1875, and .25 ins. 

Light Draught. 

‘Ho-nam.’?—VertTIcaAL Bram ENGINE (Compound).—Length upon deck, 280 fects 9 
beam, 73,feet; depth from hold to upper deck, 30 feet.. Tons, 2364. 

Cylinders, x.—40 and 72 ins. in diam, ; stroke of piston, ro feet. IEP, 3000, 

Speed, 16.14 knots per hour. Passengers, 2000, 

Decks, 3: Main, Saloon, and Promenade. Rig.—Schooner. 
4F 
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Wood Side Wheels. Passenger and Deck Cargo. 

‘“Cyry or Fann River,’? New York To Fatt River, Mass., Vertical Beam EN- 

GINE (Compound).—From notes of James E. Sague and John B. Adger, Jr. Length 

on water-line, 260 feet ; over all, 273 feet ; beam, 42 Jeet; over guards, 73 feet ; hold, 

18 feet ; 1723 tons NV. M. 

Immersed section at load-line of g feet 3 ins. (1750 tons), 365 $4. feet ; and at load- 

draught of 12 feet, 480 sq. feet. Displacement at load-draught, 2350 tons. 

Cylinders, 2.—x of 44 ins. in diam. by 8 feet stroke of piston, and x of 68 ins. in 

diam. by 12 feet stroke. Clearance at each end of high pressure, 4.6 per cent., and 

at low pressure, 3 per cent. Volumes, 85 and 303 cube feet. 

Receiver’, 89.13 cube feet. Air-pump, 37 ins. in diam. by 4.75 feet stroke of pis- 

ton. Condenser.—Surface, 4067 sq. feet. 

“Water-whvels, 25.5 feet in diam. Blades, feathering, 12 of 40 ins. in depth by 10 

feet in length. Centre of Pressure on Blades, 11.22 feet from axis of shaft. 

Boilers.—2 (flue and return tubular), 17.5 feet in width by 15 feet in length, 220 

tubes 3.5 ins. in diam. and 12 feet in length. Grates, 230 sq. feet. 

Fuel. —Anthracite. Natural Draught. Consumption, 463 Ibs. per hour; refuse, 

28x lbs. = 19.23 per cent. per sq. foot of grate, and 12.73 lbs: 

Pressure of Steam.— High-pressure cylinder, throttle open and cut off at .445, 

mean in boiler per guage, 7o lbs.; in receiver, 11 Ibs.; mean effective pressure, 41.8 

lbs. per sq. inch. 

Low-pressure cylinder, at point of cutting off of .45, 17.42 Ibs, above zero; ‘mean 

effective pressure, 12.4 lbs. per sq. inch. Expansion of steam, 6.99 times. Vacuum, 

28.4 ins. 

¥P.—High-pressure cylinder, 783; low-pressure, 840. 

Revolutions, 25.8 per minute. 

Feed Water, 27 854 lbs. per hour; per IPP, 17.17 lbs. Temperatures.—Feed water, 

97°; sea water, 49.4°; water of condensation, 90°; heat units per hour per IPP, 

19 090. 

Stress of wheels, 20.4 per cent. 

Condensing water, per IFP per hour, 407 lbs. 

Consumption. —Compound engine, 2.03 Ibs. per IH; and as a simple condensing 

engine, without high-pressure cylinder, 2.84 Ibs. 

‘Evaporation per hour, 1208 lbs. water; per Ib. of combustible from 212°, 1.75 

lbs.; from temperature of feed (97°), 10.22 Ibs. ; from feed per lb. of coal, 826 Ibs. 

Temperature of gases in chimney 485°. 

Heating Surface, 29 sq. feet to x of grate. F 

Weights, Engine, and Frame, 250 tons; boilers complete, 120 tons; water, so tons. 

Speed, 14.14 knots per hour; and TEP, 1623. 

Draft of water, 10.65 feet; Displacement, 1938 tons. 

“Crry or Boston,’ New York axp Norwicu.—VorticaL Bram ENGINE (Con- 

densing).—Length upon load-line, 320 feet ; beam, 39 Jeet ; hold, 12.6 feet. 

Immersed section at load-line, 288 sq. feet. Displacement 1450 tons, at load-draught 

of 8.25 feet. 

Cylinder.—8o ins. in diam. by 12 feet stroke of piston. Volume, 419 cube feet. 

Water-wheels. —Diam. 37 feet 8 ins. Arms, 36. Blades, 37; breadth of do., 10 

feet; depth of do., 30.5 ins. Dzp at load-line, 4.25 feet. 

Boilers.— 2 (flue and return tubular), Shells, 12.5 feet in diam., and in length 

26.5 feet. Heating Surface, 10120 $q. feet. Grates, 184 sq. feet. 

Pressure of Steam.—35 lbs. per sq. inch, cut off at .5 stroke. Revolutions (maxi- 
mum), 19.75 per minute. TEP, 2500. 

Fuel.—Anthracite; Blast. Consumption, at ordinary speed, 5200 Ibs. per hour. 

Weights of Engine, Boilers, etc., 263 tons. 

Hull.— Weight, 800 tons. Light draught of hull without fuel, water, or furni- 

ture, 7 feet. 
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Wood Propellers. 
_Herresnorr, R N., VerticaL Direct Encinu (Compound).—Length on deck, 46 

Jeet ; over all, 48 feet ; beam, 9 feet ; hold, 5 feet. : . Ay 

Displacement at load-line, 7.44 tons. Area of section at load-line, 217.8 sq. feet. 
Area of wetied surface, 365.5 sq. feet. Coefficient of fineness, .306. 

Cylinder.—8 and x4 ins. in diam. by g ins. stroke of piston, 

Condenser, External.—Surface. 

Propeller.—4 blades, 3 feet in diam. by 4 feet x inch pitch. 

Blower, 42 ins. in diam. 

Botler (vertical coil). Heating surface, 174 sq. feet. Grates, 12.5 sq. feet. 

Pressure of Steam, 53 lbs. per sq. inch. Revolutions, 333 per minute. IEP, 68.4. 
Speed, 10.18 knots per hour. With r2g:Ibs. and 466 revolutions, 14.26 knots. IEP, 
169.5. Weight of Engines, Boiler, and Water, 5300 lbs. 

HERRUESHOFF, VERTICAL DirEcT ENGINE (Compound). —Length over all, 86 feet; 
beam, 11 feet. Displacement, 27 tons. 

Cylinder.— 13 and 22 ins, in diam. by 12 ins. stroke of piston. 

Surface Condensing. 

Pressure, 130 lbs. per sq. inch. 

Revolutions, 460 per minute. Speed, 20 knots per hour. JP, 425. 

Propeller, 3 blades. Pitch, 5 feet. 

Herresnorr, R. I. N.—Verticat Direct Enaine (Compound).—Length over all, 
60 feet ; beam, 7 feet ; hold, 5.5 feet. Displacement at load-diaught of 32 ins., 7 tons 
(2240 lbs.). 

Cylinders. —8 and 14 ins. in diam. by 9 ins. stroke of piston. Surface condenser. 

Pressure of Steam.—x4o lbs. per sq. inch, cut off at .5. 

Revolutions, 600 per minute. Speed, 19.875 knots per hour. a 

Cable or Rope Towing. 

“Nyrrra.’’—HorizontaL Direct Enaines (Condensing).—Length of boat, 138 feet ; 
beam, 24.5 feet ; hold; 7.5 feet. 

Immersed section, 74.4 sq. feet. Displacement, 200 tons at load-line of 3.75 feet. 
Immersed section, 263.7 sy. feet. Displacement, 949 tons. Tow.—3 barges. 

Cylinder's.—2 of 14.18 ins. in diam. by 23.625 ins. stroke of piston. 

IP), wet effective, 100. Speed, 7.73 miles per hour, 

Propellers.—Twin, 4 feet 2 ins, in diam. 

Stress.— Cable, 7485 lbs. Per ton of displacement, 6.5 lbs.; per sq. foot of im- 
mersed section, 22 lbs. 

Fuel.—Per mile and ton of displacement (1149), .078 Ibs. 

Towing. Wood Side Wheels. 
“Wo, H. Wess.’?—Harpor AnD Coast.—VERTICAL Bram ENGINES (Condensing). 

—Length upon deck, 185.5 feet; beam, 30.25 feet ; hold, 10.8 feet. 

Immersed Section at load-line, 194 sq. feet. Displacement 498.25 tons, at load- 
draught of 7.25 feet. ; 

Cylinders.—2, of 44 ins. in diam. by ro feet stroke of piston; volume, 211 cube feet. 
Condensers.—Jel, 2, volume 105 cube feet. Atr-pumps.—z, volume 45 cube feet. 

Water-wheels.— Diam., 30 feet. Blades (divided), 2x; breadth of do., 4.6 feet; 
depth of do., 2.33 feet. | Dip at load-line, 3.75 feet. 

Boilers.—2 (return flue). Heating surface, 3280 sq. feet. Grates, 147.5 sq. feet. 

Smoke-pipe.—Area, 11.6 sq. feet, and 35 feet in height above the grate level. 

Pressure of Sleam.—35 Ibs. per sq. inch, cut off at.s5 stroke. evolutions, 22 per 
minute. IEP, 1500. j 

Fuel.—Anthracite or Bituminous, Conswmption, 1680 lbs. per hour, 

Speed. —z2o miles per hour, 

Weights. Engines, Wheels, Frame, and Boilers, 310 579 Ibs. 

\ 



* eee 

892 RIVER STEAMBOATS AND ENGINES. _ 

Wood Side Wheels. Passenger. 

“DanreL Drew,’ New YORK TO ALBANY.—VERTICAL Beam ENc1ne (Condensing). 
—Length upon deck, 251.66 feet ; at load-line, 244 feet ; beam, 31 feet ; hold, 9.25 feet. 

Immersed section at load-line, 136 sq.feet. Displacement 380 tons, at load-draught 
of 4.83 feet. . 

Cylinder.— 60 ins. in diam. by ro feet stroke of piston; volume, 196 cube feet. 
Condenser.—Jet, volume 68 cube feet. Air-pump, volume 26 cube feet. 

Water-wheels. — Diam. 29 feet. Arms, 24. . Blades, 24; breadth of do., g feet; 
depth of do., 26 ins. Dzp at load-line, 2.33 feet. 

Boilers.— 2 (return flue), 29 feet in length by 9 feet in width at furnace. Shell, 
diam. 8 feet. Heating surface, 3350 sq. feet. Grates, 105 sq. feet. Cross area of 
lower flues, 15.5 sq. feet; of upper, 13 sq. feet. Weight, 80650 lbs. 

Smoke-pipes. —2, area 25.13 sq. feet, and 32 feet in height above the grate level. 

Pressure of Steam.— 35 lbs. per sq. inch, cut offat.5 stroke. Revolutions (mazt- 
mum), 26 per minute. JEP, 1720. 

Fuel.—Anthracite; Blast. Consumption, 3800 Ibs. per hour. 

Speed, 22.3 miles per hour. Slip of Wheels from Centre of Pressure, 12.5 per cent. 
Frames.—Molded, 15.75 ins.; sided, 4 ins.; and 2o ins. apart at centres. 

“Mary PowEL.,’? Hupson River. —VERTICAL BEAM ENGINE (Condensing).—Length . 
on water-line, 286 feet ; over all, 294 feet ; beam, 34 feet 3 ins. ; over all, 64 feet ; hold, 
o feet. Deck to promenade deck, ro feet. 

Immersed section at load -line of 6 feet, 200 sq. feet. Displacement, 800 tons at 
mean load-draught of 6 feet. 

Area of transverse head surface of hull above water, 2000 sq. feet. 

Cylinder.— 72 ins. in diam. by 12 feet. stroke of piston; volume, 338 cube feet. 
Clearance at each end, 12.5 cube feet. 

Steam and Exhaust Valves, 14.75 ins. in diam. Atr-pump, 4o ins. in diam. by 5 
feet 2 ins, strokesof piston. Condenser.—Jet, 128 cube feet. Crank-pin, 8.75 ins. in 
diam. X 10.75 ins. 
Beam, 22.5 feet in length; centre, 9.75 in diam. 

Water-wheels.—Diam. 31 feet; blades (divided), 26; breadth of do., ro feet 6 ins. ; 
width, x foot 6 ins. ; immersion, 3 feet6ins. Shafts.—Journal; 15.625 ins. by 17 ins. 
Boilers. — 2 (flue and return tubular), of steel, rr feet front by 26 feet in length; 

shell, ro feet in diam. and 16 feet xr inch in length. Furnaces, 2 in each, of 4 feet 
ro ins. by 8 feet in length. Heating Sunface, 2660 sq. feet; and Superheating, 340 
sq. feet in each. Grates, 152 sq. feet. Flues, ro in each, transverse area, 11 feet 
7 ins. wbes, 80 in each, 4.5 ins, in diam., 6 feet 6 ins. in length, and 8 feet 7 ins. 
in transverse area. 

Steam Chimneys, 8 feet in diam. X r2 feet in height. Smoke-pipe, 4 feet 6 ins. in 
diam. and 68 feet in height from grates. 

Combustion, Blast. Blowers, 4 feet in diam. and 3 feet inwidth. Revolutions, 78 
per minute. wel (anthracite), 6280 lbs. per hour, or 4o Ibs. per sq. foot of grate 
per hour. Per sq. foot of heating surface, 2.25 Ibs. 

Speed, 23.65 miles per hour. 

Pressure of Steam, 28 lbs. per sq. inch, cut off at .47 stroke; terminal pressure, 
16.4 lbs,; throttle, .625 open. Vacuum, 25 ins. Revolutions, 22.75 per minute. 

Temperatures.—Reservoitr, 120°. Feed water, 120°. Chimney, 740°. EP.—Total. 
1900, JEP, 1560. Net, 1450. ; 

Evaporation.—Water per lb, of coal, from 120°, 7 Ibs.; per lb. of combustible. 
from 120°, 8.2 lbs. Steam per total EP per hour, 21.1 lbs. Coal per do. do., 3.14 Ibs. 

Weights. Engine. — Frame, keelson, out-board wheel-frames donkey engine, 
and boiler, blower engines and blowers, all complete, 360000 Ibs. Boilers. —Iron 
return flue, 120000 Ibs. Steel return tubular, 116000 lbs. Water, 128 000 Ibs. 

Capacity.—z2oo00 passengers and their baggage. 

Memoranda.—This vessel was originally but 266 feet in length, and when length- 
ened the cylinder of 62 ins. in diam, was removed and replaced with one of 72 ins. 
Engine designed throughout for original cylinder and a pressure of from 50 to 55 
Ibs., cutting off at .625 of stroke, with throttle wide open. 

Engines and Boilers built by Fletcher, Harrison, & Co., New York, 186x and 3875. 
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‘SoLano,”’? FERRY Boat.—VERTICAL BEAM ENGINES (Condensing).—Length over 
all, 424 feet ; on keel, 406 feet ; beam (molded), 64 feet ; hold at i, 18.5 feet; at ends, 
15 feet 10 ins. ; width over guards, 116 feet. 

Light draught, 5 feet ; loaded, 6.5 feet. Tons, 354. 

Cylinders.—2 of 60 ins. diam. by 11 feet stroke of piston. 

Wheels, 34 feet in diam. by x7 feet face. Blades, 24. 

Boilers, 8.—Steel; 7 feet in diam, by 28 feet in length. Heating surface, 19640 
sq. feet. Grates, 288 sq. feet. IEP, 4000. ‘e 

Passenger and Light Freight. 

‘“SeTu GROSVENOR.’’—STEEPLE ENGINE (Condensing).—Length upon deck eet y 
beam, 17.2 feet ; hold, 5 feet. = nage) 

Immersed section at load-line, 43 sq. feet. Displacement 73 tons, at load-draught 
of 3.25 feet. 

Cylinder.—28 ins. in diam. by 3 feet stroke of piston; volume, 12.8 cube feet. 

Hgts pea aR. 13.5 feet. Blades, 14; breadth of do., 3 feet; depth of do., 
1.25 feet. 

Boiler (flue and return tubular).—Heating surface, 540 sq. feet. Grates, 22.5 sq. 
feet. Area of tubes, 367 sq. ins. IEP, go. 

Weights.—Engine, Wheels, Frame, and Boiler, 61 556 lbs.= 27.4 tons. 

The operation of this vessel was in every way successful, being very fast, economical in fuel, ete., 
and she would have been improved if the hull bad had 15 feet additional length, all other dimensions 
and capacities remaining the same, 

Wood Stern Wheels. 

Passenger and Deck Freight. 

“MonTANA.’?—Horizontat EnGines (Von-condensing).—Length upon deck (over, 
all), 248 feet; at water-line, 245 sect ; beam, 48 feet 8 ins. (over all, 50 feet 4 ims.) ; 
hold, 6 feet ; draught of water at load-line, 5.5 feet. 

Immersed section at load-line, 244 sq. feet. Displacement at mean light draught 
of 22 ins., 594 lons (2000 Lbs.) 

Cylinders.—Two, 18 ins. in diam. by 7 feet stroke of piston. 

Valves, 4.5 and 5 ins. in diam. Piston-rod, 4 ins. Steam-pipe, 4.5 ins. Connect- 
tng-rod, 30 feet in length. 

Water-wheel, 19 feet in diam. by 35 feet face; blades, 3 feet in depth. Shaft, 
ro.25 ins.\in diam. 

Boitlers.—Four (horizontal tubular), 42 ins. in diam. by 26 feet in length. Two, 
flues in each, 15-ins. in diam. , Heating surface, effective, 1023, total 1431 sq, feet. 
Furnace, 6.5 X 17 feet. Grates, 4.16 X 17 feet; surface, 70.8 sy. feet. Smoke-pipes. 
—Two, 3 feet in diam. by 55 feet 3 ins. in height. Wxhaust or Blower draught. 

Calorimeter.—Of Bridge, 15.27; of Flues, 9.82; and of Chimneys, 14.14 sq, feet. 
Areas of grate, compared to calorimeter of flues, 7.2; to ditto. of chimneys, 5; and 
of bridge, 4.6 sq. feet. 

Steam-room, 562; and water space, 294 cube feet. 

Hull.—Frames, 4X 6 ins, and 15, ing. apart at centres. Intermediate do., 4x 6 
ins., and running for 7.5 feet each side of keelson. Planking.—Bottom, oak, 4 ins. ; 
side do., 2.5 to 4 ins. Deck begms, pine, 3 x 6 ins. Deck plank, 2.5 ins. Keelson, 
oak; side do., eight each side, one each 7, 8:75, and g ins., and five 6.75 ins. Wales, 
one each side, 9 and 7 ins. by 3, and one 10 X 2.5 ins. Deck posts, 3.5 X 3 ins. and 4 
feet apart. Deck beams, 5.5 X 3 ins. Knuckles, oak, 6 X12 ins. Bulkheads, one 
longitudinal and one athwartship at shear of stern. Sheathing of wrought iron, 
.0625 to .125 inch from just below light to load-line. 

Hog Posts. —White pine, 8.5 and rz ins. square. Chains, 1.5 ins. in diam, 

\ Weights.—Boilers, 29264; water, 18 351; and boilers, chimneys, grates, and watez, 
65672 Ibs. Hull, oak, 520 5603 Pine, or 437; Bolts, spikes, etc., 8000, and Deck and 
guards, 76000 lbs. ; Hull alone, 310 tons. 

Weight of hull compared to one of iron as 8 to 5, effecting a difference of about 
roo tons. f I 

3 AEH 
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Passenger and Deck Freight. 

(Py pTSBURGH.’? — HORIZONTAL ENGINES (Non-condensing).— Length on deck, 252 

feet; beam, 39 feet ; hold, 6 feet; draught of water at load-line, 2 feet. 

Immersed section at load-line, 75 sq. feet. Displacement at load-draught of 2 feet, 

380 tons (2000 lbs.). 

Oylinders.—Two, 21 ins. in diam. by 7 feet stroke of piston. 

Water-wheel.—21 feet in diam. by 28 feet face. 

Boilers.— 2 (horizontal tubular), 47 ins. in diam. by 28 feet in length. Two fires 

in each. 
Iron Stern Wheels. 

HorRIzONTAL ENGINES (Non-condensing).— Length upon deck, 110 feet ; beam, 14 

Jeet (deck projecting over, 4 feet) ; hold, 3.5 feet. 

Immersed section at load-line, 10.25 sq. feet. - Displacement at load-draught of 1-1 

Feet, 33 tons. 

Cylinders.—Two, of ro ins. in diam, by 3 feet stroke of piston; volume of piston 

space, 1.6 cube feet. 

Wheel.—Diam. 13 feet. Blades, 13; breadth of do., 8.5 feet; depth of do., 8 ins. 

Revolutions, 33 per minute. Boiler, —One (horizontal tubular). Tubes, 100 of2 

ins. in diam. 

Fuel,—Bituminous coal. Consumption, 4480 lbs. in 24 hours. 

Hull.—Plates, keel, No. 3; bilges, No. 4; bottom, No. 5; sides, Nos. 6 and 7. 

Frames, 2.5 X .5 ins., and 20 ins. apart from centres, 

Steel. 

(CHATTAHOOCHEE, ’?—INCLINED ENGINES (Non-condensing).—Length on deck, 157 

feet ; beam, 31.5 feet ; hold, 5 feet. 

Immersed section at load-line, 153 sq. feet. Freight capacity, 400 tons (2000 Ibs.). 

Cylinders.—Two, 15 ins. in diam. by 5 feet stroke; volume of piston space, 12.26 

cube feet. 

Wheel. —One, 18 feet in diam. ; blades, 2 feet in depth. 

Boilers.—Three (cylindrical flued). Diam. 42 ins.; length, 22 feet; 2 flues of 10 

ins. ineach. Heating surface, 690 sq. feet. Grates, 48 Sq. feet. 

Pressure of Steam, 160 tbs. per sq: inch, cut offat.375. Revolutions, 22 per min. 

Consumption of Fuel, 12 tons (2000 lbs.) in 24 hours. Plating of I{ull, .1875 to 

25 inch. Light draught, 2x ins. 

Iron Propellers. 

Vertican Direct Encrxes (Non-condensing).—Length on deck, 70 feet ; beam, 10.5 

feet ; draught, 12 ins. 
i 

Propellers, 2.—2 blades, 16. ins. in diam., set xx ins. below water-line. 

Boiler (tubular coil). Revolutions, 480 per minute. 

Speed, 10.49 miles per hour. ; 

Water led to propellers through tunnels in bottom at sides. : 

«Lovrsn.?—VERTICAL TANDEM ENGINES (Compound).—Length, 60 feet ; beam, 12 

feet ; hold, 4.25 feet. 

Displacement at load-draught of 2.5 Jeet, 8 tons. 

Cylinders, 5 and xo ins. in diam. by 8 ins. stroke of piston. 

Surface Condenser,—Boiler (vertical tubular), 4 feet in diam. by 8.5 in length. 

Iron Sailing Vessels. P 

Passenger and Freight. 

Encuisn.—Suip.—Length upon deck, 178 feet ; do. at mean load-line of 19.16 feet, 177 

feet ; keel, 171 feet; beam, 32.88 feet ; depth of hold, 21.75 feet ; keel (mean), 2.75 fect. 

Immersed section at load-line, 387 sq. feet. Displacement at load-draught of 19.16 

Jeet, 1385 tons ; at deep load-draught of 20 feet, 1495 tons ; and, in proportion to ws 

circumscribing parallelopipedon, .524- } 

Load-line.—Area at load-draught, 4557 sq. feet. Angle of entrance, 57°; of clear- 

ance, 64°. Area in proportion to its circumscrib ng parallelogram, .784. 
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Centre of Gravity, 6.416 feet below mean load-line. Centre of Displacement (erav- 
ity of), 6.25 feet below load-line; and 4.33 feet before middle uy eran of eecine. 

Immersed Surface.—Bottom, 7370 sq. feet. Keel, 1130 sq. feet. Sails, 13 282 sq. feet. 

Meta-centre, 6.66 feet above centre of gravity of displacement. Centre of Effort 
before centre of displacement, 3.5 feet; height of do. above mean load-line, 2 5 ot 

Launch. Wood. 

Stream Lacuncu ‘‘ HERRESHOFP.’’—VERTICAL ENGINE (Compound).—L 
1 inch; beam, 8.75 feet. ; ‘ een engmh, gates 

Displacement at mean load-draught of (to rabbet of keel) 19 ins., 8929 lbs. 

Weights.—Hull and Machinery, 6555 lbs. Coal, 1120 lbs, 

Yachts. Wood. 

‘ AwmRICA,”? SCHOONER. —Length over all, 98 feet ; upon deck. 0 i i 4 feet ; at load-line, 
go. 5 feet ; beam, 22.5 feet ; at load-line, 22 feet a depth of hold, eee feet. Height at 
side from under side of garboard strake, 11 feet. Sheer, forward, 3 feel; aft, 1.5 feet, 

Immersed section at load-line, 121.8 sq. feet. Displacement at load-draught of 8. 
Seet, from under side of garboard strake and of 11 feet aft, 191 tons ; pees eae 
portion to Volume of circumscribing parallelopipedon, .375. 

Displacement at 4 feet (from garboard strake), 43 tons ; at 5 feet, 66 tons; at 6 
feet, 93 tons ; at 7 feet, 127 tons; and at 8 feet, 167 tons.” spe i 

_ Centre of Gravity.—Longitudinally, 1.75 feet aft of centre of length upon load- 
line. Sectional, 2.58 feet below load-line. Of Fore body, 14.25 feet forward; and 
of After body, 19 feet aft. Meta-centre, 6.72 feet above centre of gravity. 2 

Centre of Effort, 3x 17 feet from load-line. Centre of Lateral Resistance, 6.33 feet 
abaft of centre of gravity. Area of Load-line, 1280 sq. feet. Mean girths of im- 
mersed section to load-line, 25 feet. 

Load-draught.—Forward, 4.91 feet; aft, 11.5 feet. Rake of Stem, 17 feet. 

Spars.—Mainmast, 8x feet in length by 22 ins. in diam. Foremast, 70.5 feet in 
length by 24 ins. in diam. Main boom, 58 feet in length. Main gaff, 28 feet. Fore 
gaff, 24 feet. Rake, 2.7 ins. per foot. Drag of Keel, 3 feet. Tons, 170.56. 

“ Jur1a,’? SLoop.—Length for tonnage, 72.25 feet; on water-line, 70 feet 7 ins.; 
beam, 19 feet 8 ins.; hold, 6 feet 8 ins. Tons, 0. M. 83.4; N. M. 43.98. 

Load-draught, 6.25 feet. 
Sails. —Mainsail, hoist, 49.75 fect, foot 54.25, and gaff 27.66; Jib, hoist, 49.75 feet, 

foot 39.5, and stay 63.5. Gaff topsail, hoist, 24.5 feet. 

Aveas.—Mainsail, 2322 sq. feet. Jib, 986, and Topsail, 454. 

Cutters, 

“Para? (English) SLoop.—Length on load-line, 66 feet ; beam, 11.5 feet. 

Immersed section at load-line, 11.5 sq. feet. Displacement, 75 tons. 

‘ Spars. —Mast, deck to hounds, 42 feet. Boom, 58 feet. Gaff, 39 fect. Bowsprit 
outside of stem, 30 fect. Mast to stem, 26 feet. Topmast, foot to hounds, 25 feet, 
Balloon topsail yard, 46 feet. Canvas, area, 3450 sq. feet. Tons, C. H., go. 

Ballast.—At Keel, 38.5 tons. Hull, 1.5 tons. 

“Misonmr”? (English), SLoop.— Length on load-line, 6x feet ; beam, 19.9 feet. 

Immersed section at load-line, 60 sq. feet. Displacement, 55 tons. 

Pilot Boat. 

“wa. H. AsprnwAun,’”? Scnooner.—Length of keel, 74 fect; upon deck, 80 feet ; 
beam, 19 feet ; hold, 7.6 feet. Draught of water, 6 fect forward ; aft, 9.5 feet. 

Keel, 22 ins. in depth. False keel, 12 ins. in depth at centre, 

Spars.—Mainmast, 77 feet in length. Foremast, 76 feet. Main boom, 46 feet. 
Main gaff, 2x feet. Fore gaff, 20 feet. 

Tons:—N. M., 46.32. 
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PASSAGES OF STEAMBOATS. 

Distances in Statute Miles. 

-1807, Clermont, of N. Y., New York to Albany, 145 miles, in 32 hours = 4.53 miles 

per hour, neglecting effect of the tide. 

x181r, New Orleans, of Pittsburgh, Penn. (non-condensing and stern-wheel), Pitts- 

burgh to Louisville, Ky., 650 miles, in 2 days 22 hours. 

1849, Alida, of N. Y., Caldwell’s, N. Y., to Pier 1, North River, 43.25 miles, in x 

hour 42 min., ebb tide = 2.75 miles per hour. Speed = 22.19 miles per hour. 1860, 

30th Street, N. Y., to Cozzens’s Pier, West Point, 50.5 miles, in 2 hours 4 min., and 

to Poughkeepsie, 74.25 miles, in 3 howrs 27 min., 5 landings, flood tide. And 1853, 

Robinson Street to Kingston Light, 90.375 miles, in 4 hours, making 6 landings, 

flood tide. 

1850, Buckeye State, of Pittsburgh, Penn. (non - condensing), Cincinnati to Pitts- 

burgh, 500 miles (200 passengers), 53 landings, in 1 day 19 hours; 4 miles per hour 

adverse current. Speed = 15.63 miles and 1.23 landings per hour. Average depth 

of water in channel 7 feet. 

1852, Reindeer; of N. Y., New York to Hudson, 116.5 miles, in 4 hours 57 min., 

making 5 landings. Flood tide. 

1853, Shotwell, of Louisville, Ky. (non-condensing), New Orleans to Louisville, 

1450 miles, 8 landings, in 4 days 9 hours; 4.5 t0 5.5 miles per hour adverse cur- - 

rent. Speed = 18.8: miles per hour. 

Nore.—In 1817-18 the average duration of a passage from New Orleans to Louisville was 27 days, 

12 hours; the shortest, 25 days. 

1855, New Princess, of New Orleans (non-condensing), New Orleans, La., to Natchez, 

Miss., 310 miles, in 17 hours 30 min.; 3.5 to 4 miles per hour adverse current. 

Speed = 20.98 miles per hour. 

1864, Daniel Drew, of N. Y., Jay Street, N. Y., to Albany, 148 miles, in 6 hours 51 
min.,9 landings. Flood tide. Speed of boat = 22.6 miles per hour. 

1867, Mary Powell, of N. Y., Desbrosses Street, N. Y., to Newburgh, 60.5 miles, in 

2 hours so min., 3 landings; from Poughkeepsie to Rondout Light, 15.375 miles, in 

39 min., flood tide. 1873, Milton to Poughkeepsie, light draught and flood tide, 4 
miles, in 9 min.; and 1874, Desbrosses Street to Piermont, 24 miles, in 1 hour; to” 
Caldwell’s, 43.25 miles, in 1 hows 50 min. Speed = 22.77 to 23 miles per hour. 

Runs from New York to Albany, 146 miles, by different Boats. 

TQ26 a SUI! wan cin ei aiats 12 hours 16 min. | 1852, Fr. Skiddy§...... 6 hours 24 min. 

1826, North America®. 10 ‘* 20 ‘ 1860, Armenia||........ a 

1841, Troyt.....-- Si Ole OME 1864, Dantel Drewt....6 ‘5x 

1841, South Americat..7» “* 28 “* 1864, Ch’ncey Vibbard}. 6 “ 42 “ 

* 7 landings, + 4 landings. t 9 landings. § 6 landings. | xx landings. 

Timing Distance.—From 14th St., Hudson River, N. Y., to College at Mount St. Vincent, 13 miles. 

Norr.—Where landings have been made, and the river crossed, the distance between the points 

given is correspondingly increased. 

1870, R. H. Lee, of St. Louis (non-condensing), New Orleans to St. Louis, Mo., 1180 
miles (without passengers or freight), 4 to 5 miles per hour adverse current; Vicks- 

burg, 1 day 38 min.; Memphis, 2 days 6 howrs 9 min.; Cairo, 3 days x hour.; and to 
St. Louis, 3 days 18 hours x4 min., inclusive of all stoppages. 

1870, Natchez, of Cincinnati, Ohio, from New Orleans to Baton Rouge, 120 miles, 
in 7 howrs 40 min. 42 Sec. 

Runs from New Orleans to Natchez, 295 miles, by different Boats. 

1814, Orleans, 6 days 6 howrs 40 min. ‘| 1856, New Princess, 17 hours 30 min. 
1840, Edward Shippen, x day 8 hours. 1870, R. E. Lee, 16 howrs 36 min. 47 sec, 

Ice-boats. 

Distances in Statute Miles. — 

1872, Haze, of Poughkeepsie, N. Y., to buoy off Milton, 4 miles, in 4 min. 
1872, Whiz, of Poughkeepsie, N. Y., to New Hamburg, 8.375 miles, in 8 min, 
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PASSAGES OF STEAMERS AND SAILING VESSELS. 
Distances in Geographical Miles or Knots. 

Steamers. Side-wheels. 
1807, Phenix, of Hoboken, N. J. (John Stevens), New York, N.Y., to Philadelphia 

Penn. First passage of a steam vessel at sea. 

1814, Morning Star, of Eng., River Clyde to London, Eng. First passage of an 
English steamer at sea. : 

1817, Caledonia, of Eng., Margate, Eng., to Cassel, Germ., 180 miles, in 24 hours. 

_ 1819, Savannah, of N.Y., about 340 tons O. M., Tybee Light, Savannah River, Ga., 
to Rock Light, Liverpool, Eng. , 3640 miles, in 25 days 14 hours ; 6 days 21 hours of 
which were under steam. 

1825, Enterprise, of Eng., 500 tons, Falmouth, Eng., to Table Bay, Africa, in 57 
days ; and to Calcutta, India, in 113 days. First passage of a steamer to India. 

1830, Hugh Lindsay, 411 tons, 80 EP, Bombay, India, to Suez, Egypt, 3103 miles, 
in 3x days running time. 

1837, Atlanta, of Eng., 650 tons, Falmouth, Eng., to Calcutta, in gx days. 

1839, Great Western, of Eng., Liverpool to New York, N. Y., 3017 miles, in rz 
days 18 hours. 

1870, Scotia, of Eng., Queenstown, Ireland, to Sandy Hook, N. J., 2780 miles, in 
8 days 7 hows 31 min. 1866, New York to Queenstown, 2798 miles, in 8 days 2 
hours 48 min.; thence to Liverpool, Eng., 270 miles, in 14 hours 59 min.; total, 8 
days 17 howrs 47 min. 

Screw. 

1874, India Government Boat, Steel, length 87 feet, beam x2 feet, draught of water 
3.75 feet, mean speed for one mile 20.77 miles per hour, and maintained a speed of 
18.92 miles in x hows. 

1877, Lusitania, of Eng., London to Melbourne, Australia, via Cape, x1 445 miles, 
in 38 days 23 hours 40 min. 

Sailing Vessels. 

1851, Chirysolite (clipper ship), of Eng., Liverpool, Eng., to Anjer, Java, 13 000 
miles, in 88 days. The Oriental, of N. Y., ran the same course in 89 days. 

1853, Trade Wind (clipper ship), of N. Y., San Francisco, Cal., to New York, N.Y., 
13 610 miles, in 75 days. 

1854, Lightning (clipper ship), of Boston, Mass., Melbourne, Australia, to Liver- 
pool, Eng., 12 190 miles, in 64 days. 

1854, Comet (clipper ship), of N. Y., Liverpool, Eng , to Hong Kong, China, 13 040 
miles, in 84 days. 

1854, Sterra Nevada (schooner), of N. H., Hong Kong, China, to San Francisco, 
Cal., 6000 miles, in 34 days. 

1854, Red Jacket (clipper ship), of N. Y., Sandy Hook, N. J., to Melbourne, Aus- 
tralia, 12 720 miles, in 69 days rx hours x min. 

1855, Luterpe (half-clipper ship) of Rockland, Me., New York to Calcutta, India, 
12.500 miles, in 78 days. 

1860, Andrew Jackson (clipper ship), of Boston, New York, N. Y., to San Fran- 
cisco, Cal., 13 6x0 miles, in 80 days 4 howrs. 

1865, Dreadnought (clipper ship), of Boston, Honolulu, Sandwich Islands, to New 
Bedford, Mass., 13470 miles, in 82 days; and 1859, Sandy Hook, N. J., to Rock 
Light, Liverpool, Eng., 3000 miles, in 13 days 8 hour's. 

1865, Sovereign of the Seas (medium ship), of Boston, Mass., in 22 days sailed 
5391 miles = 245 miles per day. For 4 days sailed 341.78 miles per day, and for 1 
day 375 miles. : 

1866, Henrietta (schooner yacht), of N. Y., Sandy Hook, N. J., to the Needles, 
Dng., 3053 miles, in 13 days 21 hours 55 min. 16 sec. 

1866, Ariel and Serica (clipper ships), of England, Foo-chou-foo Bar, China, to 
the Downs, Eng., 13 500 miles, in 98 days. 

1869, Sappho (schooner yacht), of N. Y., Light-ship off Sandy Hook, N. J., to 
Queenstown, Ireland, 2857 miles, in 12 days 9 hours 34 min. 
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ELEMENTS OF MACHINES AND ENGINES. 

BLOWING ENGINES. 

Furnaces.—Two. Fineries—Two. (England.) 

240 Tons Forge Pig Iron per Week. 

‘Hingine (non-condensing). —Cylinder, vo ins. in diam. by 8 feet stroke of piston, 

Boilers.—Six (plain cylindrical), 36 ins. in diam. and 28 feet* in length. Grates, 

100 sq. feet. 

Blowing Cylinders.—Two, 62 ins. in diam. by 8 feet stroke of piston. Pressure, 

2.17 ibs. per sq. inch. Revolutions, 22 per minute. 

Pipes, 3 feet in diam. x68 area of cylinder. 

Tuyeres.—Each Furnace, 2 of 3 ins. in diam.; x of 3.25 ins.; and 1, 3 of 3 ins. 

Each Finery, 6 of x.33 ins.; and 1, 4 of r.125 ins. 

Temperature of Blast, 600°. Ore, 40 to 45 per cent. of iron. 

Furnaces.—Eight, diam. 16 to 18 feet. Dowlais Tron Works (England). 

1300 Tons Forge Iron per Week ; discharging 44000 Cube Feet of Air per 

Minute. 

Engine (non-condensing).—Cylinder, 55 ins. in diam. by 13 fect stroke of piston. © 

Pressure of Steam.—6o lbs. per sq. inch, cut off at .33 the stroke of piston. Valves, 

120 ins. in area. 
‘ 

Boilers.—Eight (cylindrical flued, internal furnace), 7 feet in diam. and 42 feet in 

length;. one flue 4 feet in diam. Grates, 288 sq. feet. 

Fly Wheel.—Diam., 22 feet; weight, 25 tons. 

Blowing Cylinder, 144 ins. in diam. by 12 feet stroke of piston. 

Revolutions, 20 per minute. Blast, 3.25 Ibs. per sq. inch. Discharge pipe, diam. 

5 feet, and 420 feet in length, Valves. Exhaust, 56 sq. feet; Delivery, 16 sq. feet. 

Furnaces.— Lackenby (England). 

800 Tons Tron per Week. 

Engine (horizontal, compound condensing).— 32 and 60 ins. in diam. by 4.5 

feet stroke of piston. 

Blowing Cylinders. —Two, So ins. in diam. by 4.5 feet stroke of piston. Pressure, 

4.5 lbs. per sq. inch. Revolutions, 24 per minute. 

Pipe, 30 ins. in diam, ; volume, 12.25 times that of blowing cylinders. 

}P.—Engine, 290 lbs. ; Blowing cylinders, 258; efficiency, 89 per cent. 

Valves.—Area of admission, .x6 of area of piston; of exit, .125. 

Volume.—xg0 000 cube feet of air are supplied per ton of air. 

Blower and Exhausting Fan. (Sturtevant’s.) 

piower, | <iat#, | antet. | outtet, | Beet | Peifey: | Stones | Minate, |! 

No. Sq. Feet. |Diam. Ins,|Diam. Ins. Ins. Ins. Per Min, | Cube Feet. 

00 5 5 4 25 No a 3000 500 Cm 

° 6 5:75 4:75 3 2.25 2600 | 600 _ 

I 8 6:5 5.75 a5 Ses 2200) 764 «6 

2 10 75 75 3-75 3-5 1928 1019 -79 
3 14 9 9 4.25 4 1638 1427 I.11- 

4 20 10.5 10.5 5 5 1410 | ‘1936 1.55 

5 27 12 12 6 5:25 1194 2701 25 

6 36 14 14 7 6.5 xo18 3 669 2.86 

7 48 10 16 9 7:5 878 4847 | 3-77 
8 62 18 18 10 5 766 6115 4.76 

9 80 2 21 12 10.5 671 8154 6.35 

10 100 24 24 14 12 598 | ''10702 8.34 

* 4o feet would have afforded economy in fuel. : 
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COTTON FACTORIES.  (English.) 

For driving 22060 Hand-mule Spindles, with Preparation, and 260 Looms, 
with common Sizing. 

Engine (condensing).—- Cylinder, 37 ins. in diam. by 7 feet stroke of piston; 
volume of piston space, 53.6 cube feet. 

Pressure of Steam.—(Indicated average) 16,73 Ibs. per sq. inch. Revolutions, 17 
per minute. - 

Friction of Engine and Shafting.—(Indicated) 4.75 lbs. per sq. inch of piston. 

IEP, 125. Totalpower= x. Available; deducting friction =.717. 

305 hand-mule spindles, with preparation, a 
By p F or 230 self-acting 

Norss.—Hach TEP will drive + ( 104 throstle « “ 

or xo.5 looms, with common sizing. 
Including preparation : 

1 throstle spindle = 3 hand-mule, or 2.25 self-acting spindles. 
1 self-acting spindle = 1.2 hand-mule spindles. 

DREDGING MACHINES. 

Dredging 20 Feet from Water-line, or 180 Tons of Mud or Silt per Hour 
11 Feet from Water-line. 

Length upon deck, 123 feet ; beam, 26 feet. Breadth over all, 4x feet. 

Immersed section at load-line, 60 sq. feet. Displacement, 141 tons, at load-draught 
of 2,83 feet. 

Engine (non-condensing).— Cylinders, two, r2.125 ins. in diam. by 4 feet stroke 
of piston. 

Boilers.—Two (cylindrical flue), diam. 40.5 ins., and length, 20 feet 3 ins,; two 
flues, 14.625 ins. in diam. Heating surface, 617 sq. feet. Grates, 37 sq. feet. 

Pressure of Steam, 25 \bs. per sq. inch; throttle .25 open, cut off at .5 the stroke 
of piston. Revolutions, 42 per minute. 

Buchets.—Two sets of 12, 2.5 feet in length by 15 ins, at top and 2 feet deep; vol- 
ume, 6.25 cube feet. Chain Links, 8 ins. in length by .5 inch diam, 

Scows or Camels.—Four, of 40 tons capacity each, 

STEAM HOPPER DREDGER. (Wm. Simons & Co.) 

: Iron. 

“Neptune? (Hnglish).—Length, 150 feet; breadth, 32 feet. 

Dredge from 6 Ins. to 25 Feet. Capacity of Hopper, 500 to 600 Tons. 
Engines.—Two (compound), 375 EP, for dredging and propulsion, and one for 

raising bucket-frame and anchor-posts. 

A like designed dredger of 1000 tons capacity has dredged 10000 tons silt per 
week and transported it 7.5 miles. 

Dredging 400 Tons of Mud or Silt per Hour, 5 to 35 Feet in Depth. 
Capacity of Hopper, 1300 Tons. 

Engines.—Two (compound), 700. ‘Speed.—7.5 knots per hour. 

Steam Dredging Crane. (English.) 

Lift, 30 Feet per Hour. 

5 . 2 . oi D : e ¥ © he boo] D 

ae | 25 |E.3| 22 | fs |fe2|] oe | 22 12.3] 23 | 2s.) eaF 
SR (Se eee sean | S22 || sk | SE |) Boe) Bap ag 2'5 

iS) B=) Oo, BS RD oS 2 iS) =o o.|)|U8 n a ee 
BS | Aa le al & ga ad Be | Aa |e Al A 3?) ales 

Lbs. Tons. Lbs Tons. | Tons, |C. Yds, || Lbs. | Tons Lbs. | Tons. | Tons. | C, Yds, 
21280 | 2.5 | 1120 | 25 20 20 |\18000) 5 2240 50 40 30 

24640] 3 1680 | 375-132 | 25 |/33480) 7 | 3360] 60 | 54 } 40 
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Iron. 

DrxDGER AND Hopper BarGE (Compound ; English).— Length, extreme, 120 Sect; 

beam, 32 feet ; hold, 10.5 feet. Breadth of bucket well, 6.75 feet. Load-draugnht, 6 feet. 

Cylinders.—21.5 and 4o ins. in diam. by 2.5 feet stroke of piston. Condenser.— 

Surface, 600 sq, feet. Circulating Pump, single acting. —15 ins. in diam. by 15 ins. 

stroke of piston. 
: 

Boiler.— Heating surface, 1x50 sq. feet. Grates, 40 Sq. feet. Steam-room, 300 

cube feet. 

Shaft.—7.75 ins. in diam. 

Bucket ladder.— Of wrought iron, 74 feet in length, 5 feet in depth at centre, and 

2 feet. 2 ins. at ends. Buckets.—34; volume, 15 cube feet each. 

Excavation and Delivery.—For a transit of 7.5 miles, 30co tons per day. 

Hopper Barge.— Length between perpendiculars, 115 feet ; beam, 32 feet ; 

hold, 9 feet xx ins. Load-line with 400 Tons dredge, 8 feet. 

Hoppers.—Length, 50 feet ; breadth at top, 22 feet ; at bottom, 9 feet. 

Cost.—Dredge, $ 90000; Hoppers, $ 18 000 each. 

Maintenance.—Dredger, 1.75 cents; Hopper, 1.7 cents; Towing, 1.2 cents, per ton 

of dredge excavated and delivered. 

“Hercuies,” Panama Canal.— Length on deck, 100 feet ; beams, 40, 60, and 45 

feet ; depth of hold, x2 feet. Slot, 36 Feet in length by 6 feet 7 ins. in width. 

Ways.—Two, one 4o feet and one 60 feet, by 5 feet in width. 

Buckets.—38; volume, 1.33 cube yards. Spuds, 2 feet in diam, and 6o in length. 

Engines.—Two of 100 EP each, and two of 40 EP each. 

Boilers.—Three (horizontal tubular), 16 feet in length. 

Elevator and Discharge.—Maximum, 24 cube yards per minute. 

Crane. (Wood.) 

Hull.—Length on deck, 100 feet ; beam, 44 feet ; load-draught, 4.5 feet. 

Radius of crane, 46 feet; height, 70 feet; counter-balance, 70 tons. 

Boiler.—Heating surface, 500 Sq. feet. Pressure of Steam, 80 Ibs. per sq. inch. 

TB, 150. 

Propellers. —Two, 4.25 feet in diam. Speed, 5 miles per hour. 

Engine to operate crane. Cylinder.— x0 ins. in diam. by x2 ins. stroke of piston. 

FLOUR MILLS. 

30 Barrels of Flour per Hour. 

Water-wheels, Overshot.— 5, diam. 18 feet by 14.5 feet face. Buckets, 15 

‘ns. in depth. Water.—Head, 2.5 feet. Opening, 2.5 ins. by 14 feet in length over 

each wheel. 

5 Barrels of Flour per Hour, and Elevating 400 Bushels of Grain 36 Feet. 

Water-wheel, Qvershot.— Diam. 22 feet by 8 feet face. Buckets, 52 of x 

foot in depth. Water.—Head, from centre of opening, 25 ins. Opening, 1-75 ins. 

by 80 ins. in length. 

Revolutions, 3.5 per minute. Stones, three of 4.5 feet; revolutions, 130. 

Three Run of Stones, Diameter 4 Feet. 

. Ne er One Overshot.— Diam. 19 feet by 8 feet face. Buckets, 14 ins. in 

epth. 
Or, 

Steam-engine (non-condensing). Cylinder, 13 ins. in diam. by 4 feet stroke. 

Boiler (cylindrical flued).—Diam. 5 feet by 30 in length; two flues 20 ins. in d’am., 
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HOISTING ENGINES. 

Wor Pile Driving, Hoisting, Mining, etc. 

Lidgerwood Manuf’g Co., New York. — 

SINGLE CYLINDERS. DovuBLE CYLINDERS. 

YP Cylinder. Capacity. nga EP Cylinder. Capacity. | ee? 

No. Ins. Lbs. $ No. Ins. Lbs, $ 
4 Cos 1000 600 8 5S 2000 950 
6 6x8 1250 675 12 6x8 2500 1050 
5 ce) 7X10 1800 825 20 7 X10 3500 1350 
15 8 X 10 2800 1050 30 8 X 10 6000 I550 
20 9 X% 12) | »..4000 1275 40 9X 12 8000 2000 
25 10 X 12 5000 1375 5° 10 X 12 go00 2350 

* Complete. 

Details and Operation. 

Boiler. | Leaders: | ‘Lift. Blows Piles | Fuel 

Bag Drew) ape. PRMD ae | a | alg | RS 
Hp Ins. Ins. No. Lbs. Feet. Feet. No, No. Lbs. 
ro* | 12 X 24| 32 X 75| 48 0f2in. | 1953 40 8 tur 25 5° 7O 
20 |14 X 26| 40 X 84 | 800f 2in. | 2700 76 8 to x12 29 100 80 

* Weight complete, 8500 lbs, 

Mining Engines and Boilers. (Various Capacities.) 

Engine, Boiler, etc., as given for Pile Driving, page goz. 

Operation. —250 to 300 tons of coal in 10 hours. wel, 4o lbs. coal per hour. 
Water, 20 gallons per hour. 

Weight of Engine and Boiler, 4500 lbs. 

Hancock Inspirator. For a Lift of Water of 25 Feet. 
* Dischar, A Discharge 

No. Diameter. at ieeaatre Diameter. at Pree 
Steam-pipe. Suction. of 60 Lbs. Steam-pipe, Suction, of 60 Lbs. 

Ins. Ins. Gls. per h’r. Ins. Ins. Gls. per h’r. 

aS) +375 “5 120 || 30 1.25 5A 1260 
12.5 “5 +75 220 35 1.25 1.5 174° 
15 “5 +75 300 40 5 2 2230 
20 “75 I 540 45 Ts'5 2 2820 
25 I 1.25 goo 50 2 2.5 3480 

Temperature of water not over 145° for a low lift, and roo® for a high lift. 

HYDROSTATIC PRESS. (Cotton.) 

30 Bales of Cotton per our. 
ingine (non-condensing), —Cylinder, 10 ins. in diam. by 3 feet stroke of piston. 

ieagg of Steam, 50 lbs. per sq. inch, full stroke. Revolutions, 45 to 60 per 
minute. 

Presses.—Two, with 12-inch rams; stroke, 4.5 feet, 

Pumps.—Two, diam, 2 ins.; stroke, 6 ins. 

For 83 Bales per Hour. 
FEingine (non-condensing).—Cylinder, 14 ins. in diam. by 4 feet stroke of piston. 

Boilers. —Three (plain cylindrical), 30 ins. in diam. and 26 feet in length. Grrates, 
32 8q. feet. Pressure of Steam, 4o lbs. per sq. inch. Revolutions, 60 per minute, 

yh geared 6 to x, with two screws, each of 7.5 ins. in diam. by 1.625 
in pitch. - 

Shag (wrought iron),—Journal, 8.5 ins. Fly Wheel, 16 feet in diam.; weight, 
8960 Ibs. : iy 

4G 
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LOCOMOTIVE. 

‘( BXPERIMENT ”? (Compound).—Cylinders, one each, x2 and 26 ins. in diam., and 

one 26 ins. by 2 feet stroke of piston. 

Boiler.—Heating surface, 1083.5 $4- feet. Grate, 17.1 sq. feet. Pressure of Steam, 

150 lbs. per sq. inch, cut off at .35. Speed, 50 miles per hour. Weight.— Empty, 

34-75 tons. 

Street Railroad or Tramway Engine. 

Cylinder, 7 ins. in diam. by x1 ins. stroke of piston. 

Boiler, 78 tubes 1.75 ins. in diam. by 4 fect in length. Heating surface, 160 Sq. 

fect. Grate, 4.25 sq. feet. Wheels, 2.33 feet in diam. Base, 4.5 feet. Gauge, 4 

feet 8.5 ins. ' 

Cost.—Average per mile in England, 2.52 pence sterling = 4.48 cents. 

PILE-DRIVING. 

Driving One Pile. 

Hngine (non-condensing).—Cylipder, 6 ins. in diam. by x foot stroke of piston. 

Boiler (vertical tubular).—32 ins. in diam., and 6.166 feet in height. Grates, 3.7 

sq. feet. Furnace, 20 ins. in height. ubes, 35, 2 ins. in diam., 4.5 feet in length. 

Revolutions, 150 per minute. Drum, 12 ins. in diam., geared 4 tox. Leader, 40 

feet in height. Ram.—200o Ibs., 2 plows per minute. Fuel, 30 lbs. coal per hour. ‘ 

Driving Two Piles. 

Engine (non-condensing). —Cylinders, two, 6 ins. in diam. by 18 ins. stroke of 

piston, 

Boiler (horizontal tubular).—Shell, diam. 3 feet, and 6 feet in length. Furnace 

end 3-75 feet in width, 3.5 feet in length, and 6 feet in height. 

Pressure of Steam, 60 lbs. per $q. inch. Revolutions, 60 to 8o per minute. 

Frame, 8.5 feet in width by 26 feet in length. Leaders, 3 feet in width by 24 feet 

in height. Rams.—Two, 1000 Ibs. each, 5 blows per minute. 

PUMPING ENGINES. 

CoRLISS STEAM-ENGINE Co., Providence, R. I.—VerticaL- Bram ENGINE (Com- 

pound).—Cylinders,— 18 and 36 ins. in diam. by 6 feet stroke of piston. 

Pumps.—Four plunger, 19 ins. in diam. by 3 feet stroke of piston. Displacement 

per revolution of engine, 84.96 cube feet. 

Boilers.—Three, vertical fire tubular. Grate.—g3 Sq. feet. Heating surface, 1680 

sq. feet. Pressure of Steam, 125 Ibs. per sq. inch, cut off at .22 feet. Revolutions, 

36 per minute. TEP 313. Fly-wheel.—25 feet in diam., weight 62 coo lbs. 

Fuel.—Cumberland coal, 436 lbs. per hour, inclusive of kindling and raising steam. 

Ash and Clinkers, 9.4 per cent. Duty for one week, 113 271 000 foot-lbs. 

Water delivered, 17 62t gallons per minute, against head of 180 feet. 

Duty, average for 1883, per roo Ibs. anthracite coal, 106 048 oo foot-lbs. 

For Elevating 200 000 Gallons of Water per Hour. 

Lynn, Mass. — ENGINE (Compound). —Cylinders, 17.5 and 36 ins. in diam, by 7 feet 

stroke of piston; volume of piston space, 61.2 cube feet. Air Pump (double act- 

ing), rr.25 ins. in diam. by 49.5 ins. stroke of piston. 

Pump Plunger, 18.5 ins. in diam. by 7 feet stroke. 

Boilers. —Two (return flued), horizontal tubular; diam. of shell, 5 feet; drum, 3 

feet; tubes, 3 ins. Length of shell, 16 feet. Grates, 27.5 sq. feet. 

Pressure of Steam, 90.5 lbs. ; average in high-pressure cylinder, 86 lbs., cut off at 

x foot, or to an average of 44-5 Ibs. ; average in low-pressure cylinder, 27 lbs., cut 

off at 6 ins., or to an average of 10.8 lbs. 

Revolutions, 18.3 per minute. Fly Wheel.—Weight, 24 000 lbs. : 

Evaporation of Water, 4644 Ibs. per hour. Loss of action by Pump, 4 per cent. 

Consumption of Coal.—Lackawanna, 291 Ibs. per hour. : 

Duty, 205 772 gallons of water per hour, under a Joad and frictional resistance of 

73-41 lbs, per square inch, equal to 103 923 217 foot-lbs. for each roo lbs. of coal. 
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“Gaskill,” at Saratoga, N.Y. 
Exngine (Horizontal Compound). Cylinders.—High pressure, 2 of 2x ins. diam. 

Low pressure, 2 of 42 ins. diam., all 3 feet stroke of piston. Pumps.—Two of 20 ins. 
diam. by 3 feet stroke of piston. 

Fly Wheel, 12.33 feet in diam.; weight, 12000 lbs. 

Boilers (horizontal tubular).—Two of 5.5 feet in diam. by 18 feet in length. Heat- 
ing surface, 2957 sq. feet. Grates, 51 sq. feet of grate; to heating surface, x to 58, 
and to transverse section of tubes,1 to 7, Chimneys, 75 feet. 

Pressure of Steam.—Mean of 20 hours, 74.25 lbs. per sq. inch. Revolutions, 17.87 
per minute. I[EP.—High-pressure cylinders, 109.2; low-pressure, 76.65. Total, 185.8. 

Fuel.—Anthracite, 6.9 Ibs. per sq. foot of grate per hour. Evaporation, per sq, 
foot of heating surface per hour, 1.175 lbs.; per 1b. of coal, 9.25 Ibs.; per cent. of 
non-combustible, 3.2. 

Duty, 112 899 993 foot-lbs. per roo Ibs. coal. Heating surface per TEP, 14.9. 
Steam per sq. foot of surface per hour, 1.19 Ibs.; per sq. foot of surface per lb, of 

coal per hour from 2129, 11.28 lbs. 

EXxricsson’s Caloric. For an Elevation of 50 Feet. 
Pipes, sai COST. 

Space Volume| Suction re He Deep Well Pump. 
Dimen- occupied. er and oe kad Furnace. Extra. 
FIOEBS our. | Dis- Nut | Pipes per Foot. 

Floor, |Height. charge-} Anthr.| Gas, | Gas, | Coal. Pump.) Plain, |Galvan. 

Ins. Ins. Ins. Gall. Ins. Lbs. | Cub.ft.) 3 3 3 $ $ 
5 |34xXx18} 48 150 | -75 — 15 150 | — — — — 
6 |39X20| 51 200 “75 2.5 18 200 | 210 — = = 
8 |48xXe2r| 63 350 | I 2%) 25 235 | 250 10 -64 86 

i2. |54X27|. 63 800 | 1.5 6 _ — | 320 15 180 rerans 
12* |4o2X521 65 1600 | 2 12 _ — |"450 | 257 |. .92 | 125 

* Over oo feet, 92 cents, + Duplex. 

Including engine and pump, oil-can and wrench, complete in all but suction and 
discharge-pipe. 

SUGAR MILLIS. 

Expressing 40000 lbs. Cune-juice per day, or for a Crop of 5000 Boxes.of 
: 450 lbs. each in fow Months’ Grinding. 

Hingine (non-condensing). —Cylinder, 18 ins. in diam. by 4 feet stroke of piston. 

Boiler (cylindrical flued).—64 ins. in diam. and 36 feet in length; two return flues, 
zo ins. indiam. Heating surface, 660 sq. feet. Grates, 30 sq. feet. 

Pressure of Steam, 60 Ibs. per sq. inch, cut off at .5 the stroke of piston. Revolw- 
tions, 40 per minute. . 
Rolls.— One set of 3, 28 ins. in diam. by 6 feet in length; geared x to 14. Shafts, 

yr and 12 ins. in diam. Spur Wheel, 20 feet in diam. by x foot in width. My 
Wheel, 18 feet in diam. ; weight, 17 400 lbs. 

Weights. Engine, 61 460 Ibs.; Sugar Mill, 65730 lbs.; Spur Wheel and Connect- 
ing Machinery to Mill, 28 680 lbs. ; Boiler, 18 520 Ibs.; Appendages, 6730 lbs. Total, 
181 120 lbs, 

STONE AND ORE BREAKERS, (Blale’s.) 

B sl[5 3 Ane Bo sgly os 
Re- Pulleys, |S.) Sb. ores Re- ulley. (SS blz 48 

No. * = 2.5 |Weight.||No. ‘ 2 a8 2.8 | Weight ceiver. | Dm) Face, a ices elg | ceiver. | Dim. | Face.|/E @ 2. 6 

Ins. Feet.) Ins. | Feet. | EP. Lbs. a Ins, Feet.| Ins. | Feet. | H?. Lbs. 
A | 4X10 | 1.66] 6 250 | 4 4000] 5 | 9X15] 2.5 g | 250 9 | 13360 
x | 5X10 |2.75| 6 180 5 6700|| 6 | 11X15] 2.33] © | 180 9g | 116co 
2 | 7X10 |2 7.5 | 250 |. 6 8o00]| 7 | 13X15] 2.33} 8 | 180 9 | 11760 
2 Pe x15 al 2) Sue 180 9 gtoo|] 8 | 15X20/3-5 | 10 | 150} 12 | 32600 
Ak FRE NAG NG 180 g |x0490|] 9 | 18X24} 6 12 r25e\ex12) ||) "37 500 

Norr.—Amount of product depends on distance jaws are set apart, and specd. 
Product giyen in Table is due when jaws are set 1.5 ins. open at bottom, and ma- 
chine is run at its proper speed and diligently fed. It will alsovary somewhat with 
character of stone. Hard stone or ore will crush faster than sandstone, ¢ 
A cube yard of stone is about one and one third tons, 
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STEAM FIRE-ENGINE. 

Axoskeag, N. H. Ist Class. 

Steam Cylinder.—Two of 7.625 ins. in diam. by 8 ins. stroke of piston. 

Water Cylinder.—Two of 4.5 ins. in diam. 

Boiler (vertical tubular).—Heating surface, 175 84. feet. Grates, 4.75 sq. feet. 

Pressure of Steam.—xoo lbs. per sq. inch. Revolutions, 200 per minute. 

Discharges.—Two gates of 2.5 ins., through hose, one of x.25 ins. and two of x inch. 

Projection.— Horizontal, 1.25 ins. stream, 311 feet; two x inch streams, 256 feet. 

Vertical, 1.25 ins. stream, 200 feet. Water Pressure.—With 1.125 ins. nozzle, 200 Ibs. 

Time of Raising Steam.—From cold water, 25 Tbs., 4 Min. 45 Sec. 

Weights. Engine complete, 6000 Ibs. ; water, 300 Ibs. 

SAW-MILL. 

Two Vertical Saws, 34 Ins. Stroke, Lathes, etc. 

Engine (non-condensing). Cylinder.—x1o ins. in diam. by 4 feet stroke of piston. 

Boilers.—Three (plain cylindrical), 30 ins. in diam. by 20 feet in length. 

Pressure of Steam.—go Ibs. per sq. inch. Revolutions, 35 per minute. 

Norse.—This engine has cut, of yellow-pine timber, 30 feet by 18 ins. in x minute. 

STONE SAWING. 

HWmerson Stone Saw Co. (Diamond Stone Saw, Pittsburgh, Penn. ).— 

20 EP, 150 sq. feet of Berea sandstone, inclusive of both sides of cut, in x hour. 

CHIMNEYS. 

LAwRENcE, Mass. Octagonal, 222 Feet above Ground, and 19 Feet below. 

Foundation, 35 Feet square and of Concrete 7 Feet deep. (Hiram F. Mills.) 

Shaft.—234 feet in height, 20 feet at base, and iz.5 at top; 28 ins. thick at base 

and 8 at top. Core.—2 feet thick for 27 feet, and x foot for 154. : 

Horizontal Flues.—7.5 feet square, and Vertical flue or cylinder of 8.5 feet, 234 

high, with walls 20 ins. thick for 20 feet, 16 for 17 feet, r2 for 52 feet,and 8 for 145 feet. 

Purpose.—For zoo sq. feet grate surface. Weight.—2250 tons. Bricks, 550000. 

New York Steam Heatine Co. Quadrilateral, 220 Feet above Ground 

and 1 Foot below. (Chas. E. Emery, Ph.D.) 

Shaft.—220 feet in height, and 27 feet xo ins. by 8 feet 4 ins. in the clear inside. 

Foundation. —x foot below high water. Capacity.—Boilers of 16 000 EP. 

Cost of Steam-Engines and Boilers complete, and of 

Operation per Day of 10 Hours, inclusive of Labor, 

Fuel, and Repairs. (Chas. HE. Emery, Ph.D.) 

Water Evap- |! Goal per >| Sup- | cost ree 

IFP. Engine. orated per ei Labor. one | of Operat?n, 

Ve fe seas TEP. | Day. pairs. Coal.® eee 

| Lbs. | Lbs. | Lbs. | Lbs. | $ $ $ 
6.25 | Portable Vertical ate) 42 7-5 | 56 304| 1-75 |} °-33 +73) 2.86 

12.5 pame wesseice on gt AGT Sk 717| 3-75 | +41 | 1-33] 3-56 
29 Horizontal...... S| 32 8 40 I 308 | 2.25 .60 | 2.43] 5.45 

112 ' |Single Condensing...| 23 8.8 || 26.r | 3300] 3.75 | 1-27 | 6.14] ‘12-66 

276 tt M4 ...| 22.2 | 8:8 | 25.2] 7831) 4.25 | 2.12 |14.58| 22.27 
552 Us et ..| 22.2 | 8.8 | 25.2 | 15 663 | 6 4.02 |29.26| 41.52 

* $4.42 per ton (2240 Ibs.), including cartage. 
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GRAPHIC OPERATION. 

Solutions of Questions by a Graphic Operation. 

‘x. Ifa man walks 5 miles in x hour, how far will he walk in 4 hours? 
3 4  Operation.—Draw horizontal line, divide it into equal parts, 

as 1, 2, 3, and 4, representing hours. From each of these 
points let fall vertical lines A C, x 1, etc., and divide A C into 
miles, as 5, 10, 15, and 20, and from these points draw equi- 
distant lines parallel to the horizontal. 

Hence, the horizontal lines represent time or hours, and 
the vertical, distance or miles. 

Therefore, as any inclined line in diagram represents both 
time and distance, course of man walking 5 miles in an hour 
is represented by diagonal Ae; and if he walks for 4 hours, 

continue the time to 4, and read off from vertical line A C the distance = 20 miles. 

2. How far will a man walk in 2 hours at rate of ro miles in x hour ? 
His course is shown by the line Ao, representing 20 miles. rs 

3. If two men start from a point at the same time, one walking at the 
rate of 5 miles in an hour and the other at ro miles, how far apart will they 
be at the end of 2 hours? 

Their courses being shown by the lines A and A 0, the distance 7 0 represents 
the difference of their distances, 10 ~ 20= 10 miles. 

4. How long have they been walking? 
Their courses are now shown by the lines A o and A 4, the distance 2 4 represents 

the difference of their times, or 2 ~4—=2 hours. 

5. When they are 10 miles apart, how long have they been walking? 
Their courses are again shown by the lines Av and A 0, the distance 7° 0 repre- 

sents the difference of their distances of 10 miles, and A 2, 2 hows. 

6. If a man walks a given distance at rate of 3.5 miles per hour, and then 
runs part of distance back at rate of 7 miles, and walks remainder of dis- 
tance in 5 minutes, occupying 25 minutes of time in all, how far did he run? 
‘s OVE xz on C Operation.— Draw horizontal line, as A C, 

representing whole time of 25 minutes; set 
off point e representing a convenient fraction 
of an hour (as 10 minutes), and a7 equal to 
corresponding fraction of 3.5 miles (or .5833); 
draw diagonal A n, produced indefinitely to O, 
and it will represent the rate of 3.5 miles per 
hour. 

Set off C * equal to 5 minutes, upon same 
I scale as that of A C; let fall vertical 7 s, and 
* draw diagonal C u at same angle of inclination 

as that of An; then from point w draw diagonal w O, inclined at such a rate as to 
represent 7 miles per hour; thus, if 7 represents rate of 3.5 miles, s O, being one 
half of the distance, will represent 7 miles. 

The whole distance between the two points is thus determined by C a, and dis- 
tance ran by w s, measured by scale of miles employed. 

Verification.—The distances A e and A 7% are respectively ro minutes —.166 of an 
hour, and .5833 mile =.166 of 3.5 miles. Hence, C x=.875 mile, and ws=.5833 
mile. Consequently, the man walked AO—.875 miJe = 15 minutes, ran O w= 
.5833 mile = 5 minutes, and walked w C =.2916 mile. 

7. If a second man were to set out from C at same time the man referred 
to in preceding question started from A, and to walk to A and return to C, 
at a uniform rate of speed and occupying same time of 25 minutes, at which 
points and times will he meet the first man? 

Operation.—As AC represents whole time, and C x distance between the two 
points, » z and z # will represent course of second man walking at a uniform rate, 
and he will meet the first man, on his outward course, at a distance from his start- 
ing-point of A, represented by A 0, and at the time A a; and on his return course 
at distance A v, x m, and at the time A c. 

4G* 

CG. Siti so § S84 
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MISCELLANEOUS. 

No., Diameter, and Number of Shot. (American Standard.) 

Compressed. Buck Shot. 7 

No. Diam. ey No. Diam. | ~ oon | No. Diam. | Blt 

Inch. No, Inch, No. || Inch, No. 

3 +25 284 I 3 173 | oo +34 115 
2 27 232 ° 132 140 000 -36 98 

Balls, .38 Inch, 85 No. per Ib. ; .44 Inch, 50 No. per Ib. 

Chilled Shot. 

f h = i 5 

No, | Diam. sero | No. | Diam. er &:.|| No. | Diam. won | No. | Diam. | 2S. 

Inch. No. Inch. | No. Inch. No. | Inch. No. 

12 .o5 | 2385 | 9 .08 585 ||. 6 II 223 I 16 73 

11 .06 | 1380 | 8 Trap | 495 | 5 12 172 B 17 61 

ro | Trap | 1130 8 -09 | 409 |} 4 13 136 BB 18 52 

ro | .07 | 868 | 7 |Trap| 345 || 3 14 | 109 ||BBB) .19 | 43 
g |Trap| 736 l! 7 # 299 || 2 15 88 | 

Drop Shot. 

= . Pellets |! . Pellets |} y- . |Pellets|) 3 . Pellet: 
No. Diam. = On pe. Diam-| per On, No. Diam. ver Oz. No. |Diam. ae 

Inch. No. | Inch. | No. Inch. | No. ch. | No. 

Extra Fine Dust | .or5 | 84 021 \9 Trap | 688 5 12) 168 || BBB| .19 | 42 

Fine Dust .03 | 10784]| 9 | -o8 | 568 || 4 ra (532 T -s 6 

Dust -O4 4565 || 8 | Trap} 472 3 14 106 3 

12 05 2320 | 8 Ae 399 |} 2 5 | 86 || TT 2r | 32 

Ir 06 1346 || 7, | Trap} 338 I I 7 

10 Trap| 1056 | rab tare 4 201 ae HE G7 59 F gai ie 

10 ene OF 848 || 6-| sxx | 218 || BB | +18 | 50 || FF | .23 | 24 

The scale of the Le Roy standard (adopted by the Sportsman’s Convention) com- 

mences with .2x inch for TT shot, and reduces .ox inch for each size to .05 inch for 

No. rz. The number of pellets per oz. being the actual number in perfect shot. 

The number of pellets by this standard is nearly identical with that of the Amer- 

ican Standard. 

Tatham’s scale is same as Le Roy’s, but number of pellets is deduced mathemat- 

ically, by computing them from the specific gravity of the lead. 

Drains, Diameter and Grade of, to, Discharge Rainfall. 

Diam. 3 rage Acres, || Diam. S aoe, Acres. || Diam. erate Acres. || Diam. ery Acres. 

Ins. Ins. Ins. Ins. 

4 30 AG 40 4 60! |) 2.1 80 5.8 

20 6 20 ns 9 120 2.1 15 240 7.8 

5 80 ds} 7 20 ra 80 235; x20 | 7.8 

60 .6 60 | 15 60 | 2.75 80 | 9 

20 I 8 120 1.5 12 120 45 60 | 10 

6 60 I 80 1.8 80 55) 18 240 | 10° 

British and Metric Measures, Commercial Equivalents 

of. (G. Johnstons Stones, F. R. S.) 

Length. Millimeters. | Weight. Grammes. | Volume, ' Cube Cadeneter: 

TNCH tances cineess 914.4 | Pound.......-.. 453-6 Gallon. <...\. Faire nay t 

INGO eeys sehen se 304.8 Ounce. ce Oa Quarta here etemecs 1136. 

ard Sc emtietts 25.4 Grain... 2s... -0648 | OUNCE. 6... sees e 5 Donk 
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Physical and Mechanical Hlements, Constructions, 
and Results. 

Belting. Double. — 600 ¥P (to be transmitted) + velocity of belt in feet per 
minute, or r9gr FH + ntmber of revolutions per minute x diameter of pulley in feet 
= width in ins. Machine Belts.—1500 to 2000 HP = velocity of belt in feet per 
minute = width inins. (Zdward Sawyer.) 

Blast Pipe of a Locomotive. Best height is from 6 to 8 diameters 
of pipe, and best effect when expanded to full diam. of pipe at 2 diameters from base. 

Boiler Riveting. A riveting gang (2 riveters and x boy) will drive in shell, 
furnace, etc., a mean of r2.5 rivets per hour. 

Brick or Compressed Fuel is composed of coal dust agglomerated 
by pitchy matter, compressed in molds, and subjected to a high temperature in an 
oven, in order to expel the moisture or volatile portion of the pitch and any fire- 
damp that may exist in the cells of the coal. 

Bridge, Highest. At Garabil, France, 413 feet from floor to surface of water, 
and 1800 feet in length. 

Bronze, Malleable. P. Dronier, in Paris, makes alloys of copper and 
tin malleable by adding from .g5 per cent. to 2 per cent. quicksilver. 

Building Departinent, Requirements of. (New York.) 

Furnace Flues of Dwelling Houses hereafter constructed at least 8-inch walls on 
each side. The inner 4 ins. of which, from bottom of flue to a point two feet above 
2d story floor, built of fire-brick laid with fire-clay mortar; and least dimensions of 
furnace flue 8 ins. square, or 4 ins. wide and 16 ins. long, inside measure; and when 
furnace flues are located in the usual stacks, side of flue inside of house to which it 
belongs may be 4 ins. thick. If preferred, furnace flues may be made of fire-clay 
pipe of proper size, built in the walls, with an air space of x inch between them, 
and 4 ins. of brick wall on outside. 

Boiler Flues to be lined with fire-brick at least 25 feet in height from bottom, 
and in no case walls of said flues to be less than 8 ins. thick. 

_ All flues not built for furnaces or boilers must be altered to conform to the above 
requirements before they are used as such. 

Buildings, Protection of, from Lightning. A wire rope of 
4 lbs. per yard is held to be the most efficient. 

| Sti ductors, weighing 8 Ibs. per yard and 4 lbs, for duplicated and all others, 
ea Balti 50 feet spare ies Perel every portion of the building to which 
they are applied within 25 feet of their protection. 

Tron is the best material for a conductor; it should be continuous, and all joints 
soldered. Several points are preferable to one, and greater surface should be given 
to connections with the earth than usually practised. (Sir W. Thompson.) 

For other information, see Van Nostrand’s Magazine, N. Y., Aug. 1882, page 154. 

Cement. Jron to Stone.— Fine iron filings, 20 parts, Plaster of Paris, 60, and 
Sal Ammoniac, 1; mixed fluid with vinegar, and applied forthwith. 

Chimney Draught. W—wh=D. W and w representing weights of a 
cube foot of air at external and internal temperatures, h height of chimney or pipe in 
feet, and D value of draught. See Weight of Air, page sar. 

Chinese or India Inlx improves with age, should be kept in dry air, 
and in rubbing it down. the movement should be in a right line and with very little 
pressure. 
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Coal, Effective Value of- Theoretical quantity of heat per PP is 

2564 units per hour, and average quantity of heat in a lb. of coal that is utilized 

in the generation of steam in a boiler is 8500 units; hence, theoretical quantity 

of coal required per HP per hour = as =.3 lbs., after the water has been heated 
500 

into atmospheric steam, being theoretically nearly 7.5 per cent. of total heat re- 

quired to change 30 Ibs. water at 60° into steam of 6o lbs. effective pressure. 

The total heat developed by the combustion of coal, when sutilized evaporatively, 

ranges from .55 to .8, but in practice it does not exceed 65 per cent. 

Coast and Bay Service. A velocity of current of 2.5 feet per second 

will scour and transport silt, and 5 to 6.5 feet sand. For river scour the velocities 

are very much less. 

Cold, Greatest. —220°, produced by a bath of Carbon, Bisulphide, and 

liquid Nitrous Acid. 

Corrosion of Iron and Steel. The corrosion of steel over iron is, 

as a mean, fully one third greater. 

Cost of Hamily of Mechanics in Wrance ranges from $220 

to $600 per annum, of which clothing costs 16 parts, food 61, rent 15, and mis- 

cellaneous 8. 

Crushing Resistance of Brick. A pressed brick of Philadelphia 

clay withstood a pressure of 500000 lbs. for a period of 5 minutes. : 

Earthwork. Shovelling. — Horizontal, 12 feet. Vertical, 6 feet. When 

thrown horizontal, 12 to 20 feet, x stage is required, and from 20 to 30, 2 stages. 

When vertical, 6 to 10 feet, x stage is required. 

Wheelbarrow. —Proper distance up to 200 feet. 

Number of Loads and Volume of Earth per Day. 

One Laborer. (C. Herschel, C. E.) 

Distance. | Trips. | Volume. \| Distance. | Trips. | Volume. || Distance. | Trips. Volume. 

Feet. No. Cub. Yds. || Feet. No. Cub. Yds. Feet. No. Cub. Yds. 

20 120 23-5 150 96 13-3 350 88 11.6 

50 110 16.9 200 O4 12.8 400 86 11.2 

79° 100 14.4 250 92 12.4 450 84 10.9 

100 98 13.8 || 300 go 12 500 82 10.5 

Volume of a barrow load, 2.5 cube feet. 

Porlable Railroad and Hand Cars.—For a distance of 550 feet, 60 cube yards can 

be transported per day. 

Horse Cart—Volume of Earth transported per Day. 

One Laborer. 

Distance. | Trips. | Volume. || Distance. | Trips. Volume. || Distance. | Trips. Volume. 

Feet. No. Cub. Yds.|| Feet. No. Cub. Yds.|| Feet. No, Cub. Yds. 

300 86 ay A 1000 43 8.6 2000 25 5 

500 67 13.6 1500 3r 6.4 || 2500 2 4.3 

Volume of each load, 8 cube feet. 

Ox Cart is less in cost at expense of time. 

Electric Light, Candle Power of. Maxim Incandescent Lamp.— 

Current with 30 Faure cells, 74 volts, 1.81 Ampéres, x6 standard candles. With 50 

like cells, 124 Volts, and 3.2 Ampéres, 333 candles. (Paget Hills, LL.D.) : 

The clavated electric lights at Los Angeles, Cal., are distinctly visible at sea for a 

distance of 80 miles. 

—Cylinder.—3o ins. in diam. by 5 feet stroke of piston. Boilers (cylindrical fine). — 

7o ins. in diam. by 4p feet in length. Weights.— Engine, 105 000 |bs. ; Boilers, com- 

plete, 75000 Ibs. ; Sugar-mill, 40 ins. by 8 feet, 220 050 Ibs. ; Connecting Machinery, 

137179 lbs. Cane carriers, etc., 46 787 lbs. ? 

Engine and Sugar Mill, Weights of. ENGINE (non-condensing). 
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Filtering Stone. Artificial.—Clay, 15 parts; Levigated Chalk, 1.5; and 
Glass Sand, coarse, 83.5. Mixed in water, molded, and hard burned. 

Wire-engine, Steam. Relative effect for equal cost compared with a 
hand engine, as x to x13. Each ITEP requires about 112 weight of engine. 

Floating Bodies, Velocities of. At low speeds resistance increases 
somewhat less than square of velocity. In a Canal, at a speed of 5 miles per hour, 
a large wave is raised, which at a speed of 9 miles disappears, and when speed is 
superior to that of the wave, resistance of boat is less in proportion to velocity, and 
immersion is reduced. 

Length of Vessel.—The proper length for a yessel in feet (upon the waye-line 
theory) is fifteen sixteenths of square of her speed in knots per hour. 

Flow of Air. 67 /h= Velocity per second x C. h representing column 
of water in ins., and C a coefficient ranging from 56 to 100. 

Circularvorifices, thin Plates 09.6 nts E. RL we Sse Eelolew oid ++ 656 tO .79 
Cylindrical, mouth-pieces, Shorts J... 0062 eee cece lb eweccedtls {82 ‘Sar Sal 

do, do. rounded at inner end.............4. 9a {2793 
Conical converging mouth-pieces ne ce 
Conoidal mouth-piece, alike to contracted vein..............- AO Tves 

1000 (T'—2) 
Flues, Corrugated. (Wm. Parker.) = Working stress in 

lbs. per sq. inch. T representing thickness in 16ths of an inch, and D diameter in ins, 
Steel, corrugations 1.5 ins. deep. Experiments upon a furnace 31.875 ins. in 

diam., 6.75 feet in length, and with 13 corrugations. 

Foundation Piles. When piles are driven toa solid foundation, they act 
as columns of support, and are designated Columns, and when they deriv® their 
supporting power from the friction of the soil alone, they are termed Piles. 

Authorities differ greatly as to the factor of safety for Piles, varying .1 to .ox of 
impact of ram. (Wetsbach.) 

As columns, their safe load may be taken at from 750 to goo lbs. per sq. inch. 
Authorities give a higher value (Rankine and Mahon, rooo); but it is to be borne 
in mind that when piles are driven to a solid resistance, they are frequently split, 
and consequently their resistance is much decreased. 

As a rule, the following coefficients for ordinary structures are submitted: 

When the piles are wholly free from vibration consequent upon external impulse, 
-35 to .4, and when the structures are heavy and exposed to irregular loading, as 
storehouses, etc., .15 to .2. 

Ordinarily, the bearing of a properly driven pile not less than ro ins. in djam. may 
be taken at ro tons. 

Friction of Bottoms of Vessels. At a velocity of 7 knots per 
hour, a foul bottom requires 2.42 EP over that for a clean bottom. 

Friction of Planed Brass Surfaces in muddy water is .4 pressure, 

Gas, Steam, and Hot-air Engines. Relative costs of gas, steam, 
and air engines per HP: Otto Gas engine, 8.75; Steam engine, 3.5; and Hot-air 
engine, 4. 

JHeat. Available heat 
expended per JEP per hour 

consumption of coal per [P. 

Coal 14000 X 772 units = 10808000. Theoretical evaporative power = 15 lbs, 

16431 535 
5 404 000 

16 431 535 
= Total heat of combustion x Coefficient for fuel — 

water. Efficiency of furnace =.5; then 10808 000 X .5 = 5 404 000, and 

= 3.04 lbs. per [FP per hour. 

Ice Boats, Speed of. Maj.-Gen, Z. B. Tower, U.S. A., assigns the speed of 
Ice boats at twice that of the wind, and the angle of sail, to attain greatest speed, 
to be less than go°. 

Japan Coal. Analysis of Bitwminous.—Specific Gravity, 1.231. Carbon, 
77.59. Hydrogen, 5.28. Oxygen, 3.26. Nitrogen, 2.75. Sulphur, 1.65 Ash, 8.49, 
and loss, .98. ) 

Its evaporative effect = 4.16 lbs. water per Ib. of coal. 
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Tuee-way. A full modelled vessel, with an immersed section of x to 6 of her 

longitudinal section, and with an area of 36 sq. feet of sails to 1 of immersed sec- 

tion, will drift to leeward x mile in 6. A medium modelled vessel, with an im- 

mersed section of x to 8, and with like areas of sail and section, will drift x in 9. 

Light, Standard of. Photometric, English.—Spermaceti candles, 6 per 

Ib. ; 120 grains per hour. Carcel burner = g.5 candles. . 

Locomotive Axles, Friction of. .o16 of weight. Hence, if radius of 

wheel = .1, axle friction at periphery — + 10 = 3.73 at periphery. 

Mercurial Gauge. To preyent freezing, apply or introduce Glycerine on 

top of column. 

Metal Products of U. S., 1882. Value, $222 000000. 

Mississippi River, Silt in. Near St. Charles the volume of silt 
borne per day in 1879 was 475457 cube yards, and on one day, July 3, it was 
4113600. At times the yolume equals 3 ozs. per cube foot of water. 

Motive Power. A Sailing vessel having a length 6 times that of her 

breadth, requires, fora speed of x10 knots per hour, an impelling force of 48 lbs. per 
sq. foot of immersed section. 

Mowing Machine. Kirby’s (Auburn, N, Y.)—670 lbs., 2 horses, 1 acre- 
heavy clover in 46 min. 

Ordnance, Energy of. In a competitive test of a 9-inch Woolwich 
gun, and a 5.75-inch Krupp, the energy per inch of circumference of bore was re- 
spectively 118 and 123 foot-tons; their penetration therefore by the wronght-iron 
standard being about the same, but their total energies were respectively 16 400 
and 5800 foot-tons. 

At Mepper a shot of rro lbs., with a velocity of r749 feet per second, and a strik- 
ing energy of 2300 foot-tons, passed through a target composed of two plates of soft 
wrought iron 7 ins. thick, with ro ins. of wood between them, and passed 800 yards 
beyond. 

Petroleum. One lb. crude oil heated x 1b. water 315.75° = 28.21 lbs, water 
at 60° converted to steam at 212°. Relative evaporative effects of Oil and Anthra- 
cite coal as x tO 3.45. 

Population, Comparative Density of, and Number of: 
Persons living in a House in different Cities. 

Chicago, 4; Baltimore and Naples, 4.5; Philadelphia, 6; London, Boston, and 
Cairo, 8; Marseilles, 9; Pekin, xo; Amsterdam, 11; New York, 13.5; Hamburg, 
17.07; Rome and Munich, 27; Paris, 29; Buda Pesth, 34.2; Madrid, 40; St. Peters- 
burg, 43.9; Vienna, 60.5; and in Berlin, 63. 

Power of a Voleano. An eruption of that of Cotopaxi has projected 

a mass of rock of a yolume of roo cube yards a distance of g miles. 

Power Required to Draw a Vessel or Load up an In- 

clined Hydrostatic Rail or Slip Way. (Wm. Boyd, Eng.) 

WI=R; Cd W+D=F; and Pd’ c=f W representing weight of vessel, or 

load and cradle, I inclination of ways, as length — rise, R resistance of vessel or load, 

F friction of cradle and rollers, and f friction of plunger in stuffing-box, all in tons, 

Cand c coefficients of friction of cradle and stuffing-box, d diameter of axle of rollers, 

d' product of circumference of plunger and depth of collar or stuffing, all in ins. , and 

P pressure per sq. inch on plunger, im lbs. 
rise " 

Hence, W length =I, and R+F-+/= power in tons. 

ILLUSTRATION. — Assume weight of a vessel and cradle 2000 tons, pressure on 

plunger 2500 Ibs. per sq. inch, inclination of ways 1 in 20, diameters of axle of roll- 

ers and of rollers 3 and xo ins., depth of collar 2 ins., and circumference of plunger 

50; what would be the power required? C=.2, and c=.6. 

Then 2222 = x00 tons ; DSA R08 86 tons ; g500 X2 X59 458 = 67 tons ; 
20 pe) 2240 

and 100+ 120-++ 67 = 287 tons. 
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Propeller Steamer, Ordinary Distribution of Power 
in a. Power developed by engine, 88 [HP; Power expended in its operation, 12. 

Per cent. Per cent, 
Friction of load..... mimests fala 25) Power expended by slip of propeller.... x14 

“4 of propeller ........ 7.5 - = in propulsion......... aX 

Pump, Centrifugal, has lifted water 28 to 29 feet, drawn it horizontally 800 
feet, and then lifted it r5 feet, Also drawn it 24 feet, and projected it 50 feet. 

Railway Trains. Power and Resistance.—A railway train running at 
rate of 60 miles per hour = 88 feet per second, and velocity a body would acquire 

pet 

in falling from 88 feet = 88 + 8.02 = 120.3 feet. Consequently, in addition to power 
expended in frictional and atmospheric resistance to train, as much power must be 
expended to put it in motion at this speed, as would lift it in mass to a height of 
121 feet in a second. . 

If the train weighed 100 tons = 224000 lbs., then 224000 X 120.3 = 26747 200 
foot-lbs., and if this result was obtained in a period of 5 minutes, it would require 
120.3 + 5 X 224000 + 33000 = 163.3 HP in addition to that required for frictional 
resistances. 

To raise the speed of a train from 40 (58.66 feet per second) to 45 (66 feet per sec- 
ond) miles per hour, the power required in addition to that of friction would be as 

2 — Se | 

58.66 + 8.02 = 53.44 feet is to 66 + 8,02 == 67.57 feet = 67.57 — 53-44 = 14.13 feet. 
Assume a train of roo tons, running at rate of 60 miles per hour, and total retard- 

ing power at .x its weight roo 10=10. Then 224000 X 10 X 120.3 = 20.947 200 + 
22 400 = 1203 feet, which train would run before stopping. If, however, train was 
ascending a grade of x in roo, the retarding force =.11 (11 + 100) of weight = 
24640, distance in which train would come to rest would be 26 947 200 24 640 = 
1093.6 feet. 

Relative Non-conductibility of Materials. 

MareERIAL. Per cent. Materia. Per cent. Martenra. |Per cent. 

Bainelts sic... 100 Mineral wool, No.1} 67.5 || Lime, slacked... al 48 
Mineral wool, No. 2| 83.2 ||/Charcoal......... 63-2 ||. Asbestos ......... | 36.3 

2 “ andtar} 71.5 || Pine wood........ 55-3 ||Coal ashes........ 34-5 
Sawdustyeeexaeste < 68 LOAiny siete e ceteers 55 Air space, 2 ins...| 13.6 

Resistance to a Steam-vessel in Air and Water. Inair 
ro per cent. of [H?, and-in water, at,a speed of 20 miles per hour, go per cent., or 8 
IE per sq. foot of immersed amidship section. 

Saws, Circular. 30 ins, in diameter, are run at 2000 revolutions per minute 
= 3.57 miles. 

Spur Gear has been driven at a velocity of x mile per minute. 

Sugar Mill Rollers. 5 feet by 28 ins., at 2.5 revolutions per minute, 
requires 20 EP, and 18 feet per minute is proper speed of such rolls. 

Surface Condensation, Hxperiments on. (B. G. Nichol.) 
Tube of Brass, .75 Inch External Diameter. No. 18 BWG. Surface = 1.0656 

sq. feet. Duration of Experiment, 20 Minutes. 

Sream. Vertical. Horizontal. 

Memperainres 7 weyers « 255° 256° 253° 254° 
Pressure per sq. inch per gauge... 17.75 Ibs.| 18.25 Ibs. |16.75° Ibs.| 17.25 lbs. 
Condensation by tube surface....| 18.5835 ‘ | 29.9585 ‘' | 24-0835 ‘' | 43.0835 ‘ 

‘*-per sq. ft. of **” perhour| 52.32 °° ** 184.34 |“ | 67:8 Sati fi 7 tote jan ch 
Condensed during experiment. ...| 19.0625 ‘‘ | 30.4375 ‘‘ | 24.5625 ‘‘ | 43.5625 ¢ 

Steamers’? Hngines, Weights of. Lngine, Boiler, Water, and all 
Fittings ready for Service per {EP. 

Mercantile steamer.......... 480 Ibs. | Light draught............... 280 lbs, 
English Naval!C 00.0.0 060 FOr te | LOL PECOCS 200 eya'esayn sieleimioinial¥) olor 60 ‘¢ 

Ordinary Marine Boiler with Water,........ 196 Ibs. 

Wind, Pressure of. Estimate of. upon Structures.— 30 Ibs. per sq. foot. 
Per lineal foot of a locomotive train = ro feet in height, 300 lbs. per sq. foot. 

A Tornado has developed a pressure of 93 lbs. per sq. foot. 
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Via Suez Canal. Passages by Steamers. 1882, ‘‘ Stirling Castle,”’ Shang. 
hai to Gravesend, in 29 days 22 hour's and 15 min., including x day 22 hours and 30 
main. in coaling and detentions. 

““Glenare,’? Amoy to New York, N. Y., in 44 days and 12 hours, including deten- 
tion at Suez. From Gibraltar in 11 days. 

Zine Foil in Steam-boilers, Zinc in an iron steam-boiler consti- 
tutes a voltaic element, which decomposes the water, liberating oxygen and hydro- 
gen. The oxygen combines with fatty acids and makes soap, which, coating the 
tubes, prevents the adhesion of the salts left by evaporation. The mealy deposit 
can then be readily removed. 

Piles. To Compute Extreme Load a Foundation Pile will Sustain. 

Pang =L. R representing weight of ram, P weight of pile, and L extreme 

load, all in lbs.; h height of fall of ram, and s distance of depression of pile with last 
blows, both in feet. 

ILLUSTRATION. —Assume a ram 1ooo lbs. to fall 20 feet upon a pile of 4oo lbs., 
what resistance will the earth bear, or what weight will the pile sustain when 
driven by the last blow, from a height of 20 feet, .5 inch? 

S=.5 Of 12 ins. =.0416. 

10007 X 20 20 000 
Then = 

400-+ 1000 X .o416 58.24 = 343406 Lbs. 

Perimeter. The limits or bounds ofa figure, or sum of all its sides. 

Of a canal it is the length of the bottom and wet sides of its transverse section. 

Elood Wave. ‘The flood wave of the Ohio River in March (1884) was 71 
feet x inch at Cincinnati, being higher than that of any previous record. 

Iee. Crushing Strength of, as determined by U. 8. testing machine, ranged 
from 327 to rooo Ibs. per sq. inch. 

Atmosphere. If pure air is exhausted of 2.5 per cent. of its oxygen, it will 

not support the combustion of a candle. 

Blasting Paper. Unsized paper coated with a hot mixture of yellow — 
prussiate of potash and charcoal, each 17 parts; refined saltpetre, 35; potassium 
chlorate, 70; Wheat starch, ro, and water, r500. ; 

Dry, cut into strips, and roll into cartridges. 

Circular Saws. Speed, gooo feet per minute. Thus, for an 8 ins., 4500 
revolutions, and progressively up toa 72 ins., 500 revolutions. (Hmerson.) 

Woods, Relative WMalue of, compared with 100 lbs. of 

Good Hay. 

Additional to page 203. 

Lbs. Lbs. Lbs, 

ACOMME 3 panes seein G6.) TANSCEM. W '. nies camels 59 | Ry@...- sense eee eens 54 
Barley and Rye, mix’d 179 | Mangel-wurzel....... 3301) DULNIDS Bi etnias 504 
Barley straw .......++ 180 | Pease and Beans..... 45 | Wheat........ Pe Ow 
Buckwheat.......... 64 | Pea-straw ..... ... 153 | Wheat, Pea, and Oat- 
Buckwheat straw.... 200.| Potatoes........ Saag) FPS CMa rine eters 167 

Depth of the Ocean. Mean depth is estimated by Dr. Krummel at 

1877 fathoms = .4624 geographical mile. ; : 

Gas-engine. A gas-engine 1.5 actual EP will cost, with gas at 8 cents per 
hour, ro cents per hour for ro hours. (Am. Hnginee7.) 

Liocomotive. Average daily run roo miles at a cost of $12.80 for driver, 
fireman, fuel, and repairs. (N. J. Central R. R. Co.) 

Consumption of Fuel per Mile. Passenger, 25 to 30 lbs. coal. Freight, 45 to 55 
Ibs., or one cord wood per 4o miles. 
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‘Masonry. In laying stones in mortar or cement, they should rest upon the 
course beneath them, more than upon the material of joint. 

Steel Gun _ (rupp’s). Bore, 15.75 ins.; length of bore, 28.5 feet; of 
gun, 32.66 feet. Weight, 72 tons. Charge, 385 lbs. prismatic powder; projectile, 
chilled iron, 1660 Ibs., with an explosive charge of 22 lbs. of powder. 

Moment of shot at muzzle, estimated at 31 000 foot-tons, and range 15 miles. 

Saw-Mill. 7722 feet of x inch Poplar boards in One Hour. 

Engine (Non-condensing), Cylinder.—r2 by 24 ins. stroke of piston. 

Boilers.— Two (cylindrical flued), 38 ins. in diam. by 26 feet in length, two 14 ins. 
return flues in each. Heating Surface.—780 sq. feet. Grates.—42.5 sq. feet. 

Pressure of Steam.—t125 lbs. per sq. inch, cut off at 16.5 ins. 

Revolutions.— 250 to 350 per minute. Saws.—Two circular, 60 and 66 ins. in 
diam. 

Nore.— Grates set 28 ins. from under side of boilers, without bridge-wall, and a 
combustion chamber under boilers, 4 feet in depth. Fuel, sawdust. 

Steam Heating. 62500 cube fect of space requires 6000 sq. feet of heat- 
ing surface to attain a temperature of 70° in the vicinity of the city of New York 
in its coldest weather. 

Or, One sq. foot of iron pipe will heat 10.5 cube feet of space in an ordivary build- 
ing, temperature of exterior air 70° (Felix Campbell.) 

Velocity of Steam. Steam at a pressure of 60 Ibs. + atmosphere has 
a velocity of efflux of 890 feet per second, and as expanded, a velocity of 1445 feet. 

Blasting. In small blasts x lb. powder will detach 4.5 tons material, and in 
large blasts 2.75 tons. (See page 443.) 

Delta Metal (Iron and Bronze). Specific gravity 8.4. Melting point 1800°. 
(See page 384). f 

Jarrah Wood of Australia. Impervious to insects and the Teredo 
Navalis. 

_ Natural Gas and Bituminous Coal. Relative water evaporat- 
ing powers. Gas, 20 to 21 lbs. Coal, g lbs. 

Free Board of Vessels. For each foot of depth of hold (from ceiling 
to under side of main deck), .x inch added to 1.5 ins. for a depth of 8 feet. Thus, 

for 24 feet depth 1.5.1 X 8 © 24 = 3.1 ins. (American.) 

Or, 2 ins. for 8 feet depth and .x for each foot in addition thereto. (Lloyd’s.) 

Colors for Working Drawings. 

IBYASS jarsi0i-\-18 Gamboge. Steel ...... Neutral tint, light, 
Bricks. « «+0 Carmine. Watery. Cobalt. 
WAY on ceieicetet 03 Burnt Umber. BOGE siaveins « Burnt Sienna. 
Concrete....Sepia with dark markings. Burnt Umber. 
Copper...... Lake and Burnt Sienna. Stores Yellow Ochre. 
Granite..... India Ink, light. 3 avid fF “ and Black, 
Tron, cast ...Neutral tint. Karths ue “* and B’t Umber. 

“ wrought. Prussian Blue. “+ | Red and Indigo. ¥ 
Padi tieievernts Ind. Ink tinged with P. Blue. Burnt Sienna and Indigo. 

Stowage of Chain Cable. Square of diameter of chain in ins. mul- 
tiplied by .35 will give volume of space required to stow x fathom. 

Asphalt Mortar. Bitumen x part, powdered asphalt 7.5 parts, sand .6 
part, and resin oil .28 part. 

Melt bitumen, add asphalt broken small, than resin oil and sand. 

Asphalt Concrete. Asphalt mortar 11 parts and broken stone 9 parts, 

Asbestos is a fibrous variety of Actinolite or Tremolite, composed of silica, 
alumina, magnesia, oxide of iron, and water. It resists heat, moisture, and many 
acids. 

4H 
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Daily Food of an Esquimau.- Flesh of a sea-horse 8.5 and 

_ Bread 1.75 Ibs., Soup 1.25, Spirits x, and Water .g pint. (Sir W. #. Parry.) : 

Coignet?s Concrete. For walls that resist moisture.—Sand, Gravel, and 

Pebbles, 7 parts; Argillaceous Earth 3 parts, and Quicklime x part. 

Hard and quick setting.—Sand, Gravel, and Pebbles, 8 parts; Earth, burned and 

powdered Cinders, each x part, and Unslacked hydraulic Lime x.5 parts. For a very 

hard mixture, add cement x part. ° 

Transmission or Conductivity of Temperature in the 

Earth. At Edinburgh thermometers set at a depth of 16 feet in the earth at- 

tained their maximum and minimum at about six months after the corresponding 

maximum and minimum of the surface, being lowest or coldest in July. 

The average rate of transmission of heat, as observed at Schenectady, N. Y., was, 

downwards, 2.9 feet per month, and upwards 3.4 feet. (Olin H. Landreth.) 

Shafts. When loaded transversely, the diameters of the journal should first 

be determined, its dimensions then at any other point can be deduced from those 

diameters. It being observed that the diameters at any two points should be pro- 

portional to the cube roots of the stress at those points. 

Journals. —For operation at high speed a greater length is required than for low 

speed. The less their length, the less may be its diameter for a given stress, and 

consequently the friction will be less. 

When in constant operation, a large surface is required to reduce heating, and 

as friction increases with diameter, not with length, for like stress, it is best to 

lengthen. 

Wrought Iron. — For so revolutions length to diameter as r.2 to x, and for every 

so revolutions additional .2 should be added. Thus, for rooo revolutions the length 

to diameter should be 5 times. Cast Jron.— Length to diameter as .o, and Steel 

as 1.25 of above value. (W. C. Unwin.) 

Non-conducting Materials. By the investigations of Prof. J. M. 

Ordway of New Orleans, he determined the relative non-conducting values of the 

following materials, compared with a naked pipe, to be: 

Hair-felt, burlap. ........-.0eeeeee I Cork in Strips... 2... cee eee e eee 2 

Asbestos paper, hair-felt, duck..... riz8 | Rice-chaff.. 2.0... 2. cto eee sree es a2 

Pine CHATCOML cere aeticreieiis selec eee 1.26 | Clay and vegetable fibre .......... 2.8 

Air SPACO 2. voce even eee ences 4 Naked pipe ..... cee cece eer eceee 31 

(Engineering, vol. 39, page 206.) 

Marine Transportation of Troops. Height between decks 

(deck to under side of beam), men 6 feet, horses 7 feet. Hatchways.—Horses at 

least ro by 10 feet. Vessels. —Horses, beam not less than 30 feet. Men, all ranks, 

2 to 2.5 tons capacity; horses, ro tons. Rations.—If biscuit in bags, 10 000 require 

950 cube feet of volume; if it is in barrels, 1350 cube feet. 

Cabins. —Officers, 30 sq. feet and x95 cube feet of volume, two men 42 sq. feet, and 

270 cube feet of volume, and for each additional man xo sq. feet, exclusive of bed 

space of 6 by 2 feet. 

Hammocks.—To compute number that can be swung under a deck. 

t—3 7) 

6 “36 
(Sir G. Wolseley.) 

=n. lUrepresenting length under deck in feet, and b breadth in ims. 

Elorse-Power of Boilers.— 30 lbs. water evaporated into dry 

steam, from feed at 100°, under a pressure of 70 lbs. per sq. inch mercurial gauge. 

(Centennial Exhibition, 1876.) 34.5 lbs. water as above from feed at 212° into steam 

at 212°. (Am. Soc. Mechanical Engineers.) 
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Penetration, of Light in Water. Mediterranean, clear sunlight. 
In March, at a depth of 1200 feet; in winter, 600 feet. (M. M. Fol and Sarasin.) 

Railroad. Horse. First in operation in 1826-7. 

Weedles. First in use in 1545. 

Iron ge teamers. First build in 1830. 

Iuucifer Match. First made in r829. 

Watches. First constructed in 1476. 

Tuoad on Stone per sg. foot. Church of All-Saints at Angers, 86 000 lbs. 
Pantheon at Rome, 60000 lbs. 

Plexible Paint for Canvas. Yellow soap 1.66 parts. Boiling 
water 1. Grind while hot with .83 parts oil paint. 

Euel. Evaporation of 9 lbs. water from 212°: 

x 1b. good coal. -75 lb. petroleum. 
2 Ibs. dry peat. 2.5 lbs. dry wood. 
3.25 ‘* cotton stalks. 3.5 ‘¢ brush wood. 
3-75 ‘* wheat straw. 4 “ megass, or cane refuse. 
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River Steamboat. ‘Wood Side Wheels. 

Freight and Passenger. 

& Bostona.”?—HoRIzONTAL LEVER Enernes (Non-condensing).—Length on deck, 

302 feet x0 ins.; beam, 43 feet 4 ins. ; hold, 6 feet. Tons, 993-52. 

Immersed section of light draught of 26 ins., 83 sq. feet. Capacity for Preight, 1200 

tons (2000 Lbs.). 

Cylinders.—Two of 25 ins. in diam. by 8 feet stroke of piston. 

Boilers.— Four of steel, 47 ins. in diam. by 30 feet in length, 6 flues in each. 

Heating surface, 903 sq. feet. Grate surface, 98 sq. feet. 

Pressure of Steam, 154 lbs. per sq. inch, cut off at .625. 

Revolutions, —per minute. Speed, 10 miles per hour against current of upper 

Ohio, 3 to 5 miles. 

Teo Compute Meta-centre of Hull of a Vessel. 

Operation of Formuia in Naval Architecture, page 660. 

Assume a sharp-modelled yacht, 45 feet in length, 13.5 feet beam, and 9.5 feet 

hold, with an immersed amidship section of 42 sq. feet, and a displacement of goo 

cube feet at a mean draught of water of 6 feet. 

3d 
Zl y ” — Meta-centre. See pages 650, 659. 

¢ 
Ordinates (d) taken at intervals of 2.5 fect are as follows: 

3 
y*’=o= . y 85 = 6.53 = 287.495 | yes hes SEE 

yrs -69== 236 J9° = 6.73 = 300.763 : ras = 13.824 

Vignes 2.197 Be 8975 — FSH gro ES, 98-808 
3°=- 23 = 8 11> = 6.5 == 287.496 Pia a Se rates 

Vives ee an 5 297-49 | ve 512 

y4°=2,.89= 21.952 Ye 0:85 = 24414 Vie ky = 

y5'=3.6= 46.656 ys =58 =195.212 2272.814 

es = 125 yu =5 = 125 = 

y7 = 5.83 = 195.112 YO S42 = 74.088 5992-035 

Summation of function of cubes of ordinates for value of fy’ dx = 5682.035. 

682.035 
Ande fof 2 eS OF 6.31 = 4.21 feet. 
: 3 goo 3 

Notr.—The other elements of this vessel are: 

Area of load-line, 401.12 sq. feet ; Displacement in weight, 27.974 tons ; do. at load- 
draught, .955 tons per inch; Depth of centre of gravity of displacement below load- 
line, a 40 feet; Volume of displacement, to volume of immersed dimensions, 26.8 
per cent. 

To Compute Height of Jet in a Conduit Pipe from a 
Constant Head. (Weisbach.) 

h y? lV’ 
Rae ee =h’, and - =h"’. hh’, and hk” representing heights 

vane aee d d 
due to velocity of efflux, loss of head and of ascent, U length of pipe or conduit, and & 
and ad diameters of pipe and jet, all in feet, v velocity of efflux in feet per second, C 
and C’ coefficients of friction of inlet of pipe and outlet, and z a divisor determined ‘ 
by experiment with diameters of .5 to x.25 ins., ranging from 1.06 to 1.08. 

Intusrration.—If conduit pipe for a fountain is 350 feet in length, and 2 ins, in 
diameter, to what height will a jet of .5 inch ascend under a head of 4o feet? 

Assume C andC’.8 and.5, h=25 feel, d=2 ins. =.166, and .5 =.5 12 =.0416. 

Th 2 = 4.9 feet. cee 350) (.0476\@ 4.9 feet. 

‘ 5 766 .166 
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To Compute Head and Discharge of Water in Pipes of 
Great Length. 

It becomes necessary first to determine the velocity of the flow, which is= 
ANY a= 

3.1410 a2 * 
in cube feet, and d diameter of pipe in ins. 

Vi 
=1273 a independent of friction. V representing volume of water 

V2gh 

r+C+e4 

Coefficients of friction C, for velocity of flow, range from .0234 to -orgx for veloci- 
ties from 3 to 13 feet per second, and ¢ that for the pipe asa mean at.s. See Weis- 
bach’s Mechanics, Vol. i., page 43r. 

ILLUSTRATION.—What head must be given to a pipe 150 feet in length and 5 ins. 
in diameter, to discharge 25 cube feet of water per minute, and what velocity will 
it attain at that head? C==.024 andc=,5. 

When head, length, and diameter of pipe are given, =U; 

BEX T22 
Then 1,273 eee = 1.273 X 2.4= 3.055 feet velocily per second, and 

2 

(: +.5-+.024 cco Sie 1.5+8.64 X.14 = 1.42 feet head. 
5 64.33 

ds 

Vi=h 

ILLUSTRATION.—Assume elements of preceding case. 

e ; 
V 3125 55:9 5 /150 X 25.677 Then 4.72 —\=—"—. =4. = = 25. eet, and .538 2p / ————-— M 4.72 = 4.72% aes 67 cube feet, 53 rs 
150 1.42 

= .538 X 77/69 607 = .538 X 9.30r =5 ins. 

, ; INI ise 
Or, 4.72 =V in cube feet per minute, and .538 yee = din ins. 

To Compute Fall of a Canal or Open Conduit to Con- 

duct and Discharge a Given Volume of Water per 
Second. 

Coefficient of friction in such case is assumed by Du Buat and others at 
007 505. 

Cc LP x Aa =h, h representing height of fall, l length of canal, and p net perime- 
A ¥ 5 , 3 

ter, all in Feet ; A area of section of canal in sq. Jeet, and v velocity of flow in feet 
per second, sn 2 ohm 

ILLUSTRATION 1.—What fall should be given toa canal witb a section of 3 feet a 

bottom, 7 at top, and 3 in depth, and a length of 2600 feet, to conduct 40 cube feet 
of water per second? 

4/32 2 = Jet, A= (hi BEBE 15 sq. feet, and C=.0076, p=3+(V3?+ 22 X 2) = 10.21 , A= 5 ) 

AO ae sf vv Soya feet. 

2600 X 10.21 2.667 

15 64.33 ¢ i 
2.—What is volume of water conducted by a canal, with a section of 4 feet at 

bottom, x2 at top, and 5 in depth, with a fall of 3 feet, and a length of 5800 feet? 

= 13.45 X11 = 1.48 feet. Then .0076 

n/greXeghae. Aa 2214% 5 — 46 59, feet, and p=4+(V57-++ 4? X 2) = 
Pp 2 

16.8 feet. 

Then / eee Biers eh 76 as 40. 
V .0076 X 5800 X 16.8 CNA de 740.544 

40 X 3.23 feet velocity = 129.2 cube feet. 

For Dimensions of transverse profile of a canal, see Weisbach, page 492, vol. i. 

X 193 = 3-23 feet, and 
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STEAM, VACUUM, AND HYDROSTATIC GAUGES. (Crosby’s.) 

INCHES. 

Diameter of Dial..| 12 10 | &.5 {| 6.75 | 6 5.3 [| 4.5. | 3-571 €4a6 

Brass No......-.- 00 ° I ay 3 4 5 6 7 

YOM INO." syoreisierare = _ 1.5 2.5 ZA an 87 IS Bes 1 Os Vegas 

ADJUSTABLE-POP SAFETY-VALVES. (Crosby’s.) 

INCHES. 

Diameter of Valve.| 1 | 5225, | o1.5, Sut 22 Saha | Za 4 5 

Capacity in H....] 10 | 20 30 50 | 80 100 | 150 | 200 | 300 

STEAM SIPHON. An Independent Lifting Pump. 

Capacity for a Discharge Pipe 2 Ins. in Diameter, per Minute. 
Water raised. | Pressure. Discharge. \ Water raised. | Pressure. | Discharge, 

Feet. Ins. ease Gallons, Feet. Ins. Lbs. Gallons. 

14 6 30 63.54 13 2 60 119.68 
x3 2 40 85.71 13 2 vic) 138.44 
13 2 50 100 | 13 2 J 80 157-57 

DISTANCES, VELOCITIES, AND ACCELERATION. 

To Compute Velocitie@ of an Accelerated Body. 

Vo2+ (20'S), Or, v+ tv =V. vand wv’ representing original and accelerated 

velocities, and V final velocity, all in feet per second ; S distance or space passed over 

=V’. V’ representing average velocity in in feet, and t time in seconds. = 

feet per second. V’t=S, and 2W’—V=v2. 

ILLUSTRATION I.—A body moving with a velocity of ro feet per second, is acceler- 

ated at rate of 4 feet per second, per second, for a period of 6 seconds; what are its 

different velocities? 

vaio, v=4 t=6. 

: EOS ee . ro + 34 : ; 
Then, 10 + 6 X 4 = 34 feet final velocity. ee eae Jeet average velocity. 

22 X 6 = 132 feet distance passed over. V 102 + (2 X 4 X 132) = 1156 = 34 Jeet, 

and 2X 22 —34 = 10 feet original velocity. 

v— Vv V2—v? 
And, "=, OL ae = <i 0s, vetouvS=V4, 

2 

V—v 
7 =t, and VV2—20 S=2. 

2.— A body is projected vertically with a va@ocity of 200 feet per second, and is 

retarded at the rate of 30 feet per second, per second; what height will it have 

passed through when its velocity is reduced to 80 feet per second, and in what time? 

V==200, v= 30, and V= 80. 
Be 8 

Then apes = 4 seconds. a X 4= 560 feet. 
oO 

3.—A vehicle being drawn with a velocity of 25 feet per second, ts accelerated 

5 feet per second, per second; what is its velocity and time of operation at the end 

of 100 feet? : 

Vis 25, w= 5eand= Vie T00. 

00 — 25 
Then + = 15 seconds. reo-f 25 X 15 = 937-5 feet. 



APPENDIX. 919 

4.—A stream of water, after flowing a distance of 120 feet, is ascertained to have 
a velocity of 4o feet per second, with an accelerating velocity of 2 feet per second, 
per second; what was its primitive velocity and time of flow? 

S 020,09 Vi = 40,".9% =o: 

Then V 402 — 2 X 2 X 120 = 33.47 feet. £3247 = 3.26 seconds. 

Delivery and Hriction in Hose. 

(R. F. Hartford, Am. Soc, C. E.) 

Hose 2.5 ins. in diameter. Nozzles not exceeding 1.5 ins. 

Rubber or Leather, .o408 vd? and .497 cd? /P=G; [tes oid 

y G .51G .0484 G? 
Jae 4 12.18¢,/P and A =v, acts =P 012 857, OiGa Us 

.003175 bc? d4Pl and .coooz14 blv?d*=p; Pip =e". Pegi 
v2 : 314.96 (r—z) 46750.82 P (r—a) 

2.306 (P—p) and ey gee eer and Sines 4 oe cle 

h ; 
Le a= H, 1—.003175 bc? d4l and 4 —p=zx. G representing gallons dis- 

charged per second, v velocity in feet per second, P pressure of stream at hydrant or 
source of supply, p pressure lost in hose, and P’ pressure at nozzle, all in lbs. per sq. 
foot, d diameter of nozzle in ins., H head of supply at hydrant, h head at nozale, and 
L length of hose, all in feet, x fraction of P at nozzle, b coefficient of material of hose, 
and ¢ for nozzle. 

b =x for rubber hose and r.167 for leather. 
c =.82 for smooth nozzle and .64 for ring. 

InLusTRATIoN.—Assume length of a rubber hose 209 feet, pressure at hydrant roo 
Ibs., diameter of ring nozzle 1.25 ins., and volume of discharge 4.97 gallons per 
second; what are the other elements to be obtained by preceding formulas? 

-497 X .64 X 1.257 X V/100= 4.97 gallons. a irae 

24.51 X 4.07 2.012 X 4.97 __ ; 4.0484 X 4.977 _ 100 
/ zs and oy A la 1.25 ims. east oe 100 lbs, 

-012 857 X 1 X 4.977 KX 200 = 63.52 Lbs. 100 — 63.52 = 36.48 lbs. 

= 77-96 feet 

96? 
100 X .3648 = 36.48 lbs. 2.306 (100 — 63.52) = 84.12 feet. OEE = 84.12 feet. 

89 X 2 G 
I—.003175 X 1 X .647 X 1.25% X 200 = 1 —.6352 =.3648 =. 

314.96 (1 —. 3648) YLhFOO BY 46 750.82 X 100 (1 —.3648) bb phedsi ys 

Td O42 XK 2, 25% ne 1 X 77.96?’ 1.25* 
100 84.12 % 63.52 
— — 63.52 = .3648 = 2; CORBET ae et. Teo mn 0382, mv sOs eo 5648 146.47 fe 

For Vertical Jets, see page 549. 

Gauging of Weirs. 

ot =p Celt 4 
When there ts an Initial Velocity. (H--h2—h?)*®—=W’. H and H’ represent- 

ing depth of water on weir, and when corrected to include effect of initial velocity of 
approaching water, and h head to which this velocity is due, all in feet. 

Velocity in Pipes. OVrIl=V. r representing mean radius or hydraulic mean 
depth,* I sine of angle of inclination equal to loss of head per unit of length, V velocity 
in feet per second, and C a mean coefficient of 142. 

In small Channels. C= 30 to 50. 

Norr.—Sectional area of a pipe or conduit, divided by perimeter, is termed mean raQlus, and when 
the pipe, conduit, or channel is but partially filled, the area is termed hydraulic mean depth. 

* See also page 552. 
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Metric Factors. In addition to pp. 27-37. 

By Act of Congress, July, 1866. By French Metric Computation, 

Measures. 

1 Liter per cube meter = .007 48 gallons per cube foot...) 007 48 gallons. 

Weights and Pressures. 

x Centimeter of mercury per sq. inch =.192 91 lb. per s192 9117 DB. 

sq. inch 
1 Atmosphere (14.7 lbs.) = 6.6679 kilograms 6.6678 kilograms. 

x Inch of mercury per sq. inch = 2.54 centimeters......- 2.54 centimetres. 

x Pound per sq. inch = 453.6029 JTAMS...+++++++-2+00e 453-5926 grammes. 

1 Cube foot per ton = .0279 cube MELEr...-+++++++-+++++ .0279 cubic metre. 

Heat. 

x Caloric per Kilogram = 1.8 heat units per 1b....+++-+--| 1-8 heat units. 

Velocity. 

1 Meter per second = 3.280 833 feet per second .........- | 3-280 869 feet. 

Power and Work. 

x Kilogrammeter ( X m) = 2.2046 X 3.28083...+-++++-+ 7-233 foot-lbs. 

x Foot-pound = .138 26 kilogrammeters .....+-++++++++ ‘ -138 25 kilogrametre. 

x Kilogram per cheval = 2.2352 lbs. per EP...-.-.++++++ 2.2353 pounds. 

x Sq. foot per H =.091 63 sq. meter per cheval......++-+ -0g1 63 sq. metre. 

Miscellaneous. . 

x Avoirs Lb.= —-453.6 kilogram. x Sq. Foot = .092903 sq. meter. _ 
x Ton = ‘1.016057 tonne. zr Cube Foot —.028317 cube meter. 
1Sq. Inch = 645.161 29 sg. mill’rs, x Cube Yard = .764559 cube meter. 

x Mile per hour = 26.8225 meters per minute. 
x1 Knot “ ‘ (6086.44 feet) = 30.9192“ ef % 
x Cube Meter per minute = 7.848 cube yards per hour. 
Tero Myer 56°) re == 45.8718.'5 \aneters, St 5 S$ 

2 v2 
Tuocomotive Brakes. = — and —~=distance in which a train 

.. 64.4 f 30f ae 
stopped. v and V representing velocity in feet per second, and miles per hour, and 
Sf proportion of resistance of brakes to weight of train. ; 

Brakes, self-acting, on all wheels, f=.14. Ordinary hand, f= .023 to.031. ASs- 
cending x in.s5 resistance is f+ 2 ; descending x in.5 f—2’. 4 

Hydraulic Rams. Efficiency decreases rapidly as height to whi 
is to be raised increases above the fall or head. ci Rk Ce 

Number of times the height to which the water is raised exceeds that of the head 
of the supply and efficiency per cent. (Walter S. Hutton, C. and M. EL.) 

Number. s.. 4 5 (6 ¢7 8 9 azo 3x 322 29 ox@y 257 ab 16M ig! ao ) 2 
Efficiency... 75 72 68 62 57 53 48 43 38 35 32 28 23 17 co I2 g 

Speed of water in pumps, 200 feet per minute, 
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ORTHOGRAPHY OF TECHNICAL WORDS AND TERMS. 

Orthography in ordinary use of following words and terms is so varied, 
that they are here given for the purpose of aiding in the establishment of 
a uniformity of expression. 

Abut. To meet, to adjoin to at the end, to border upon. <Abut end of a log, etc., 
is that having the greatest diameter or side. 

But and Butt end, when applied in this manner, are corruptions. 

Adit. In Mining, the opening into a mine. 

Amidships. The middle or centre of a vessel, either fore and aft or athwartships. 
The amidship frame of a vessel is at (J, and is termed dead flat. 

Arabesque. Applied to painted and carved or sculptured ornaments of imaginary 
foliage and animals, in which there are no perfect figures of either. Synonymous 
with Moresque. 

Arbor. The principal axis or spindle of a machine of revolution. 

Arris.. A term ih Mechanics, the line in which the two straight or curved sur- 
faces of a body, forming an exterior angle, meet each other. _ The edges of a body, 
as a brick, are arrises. 

Ashiar. In Masonry, stones roughly squared, or when faced. 

Athwart. Across, from side to side, transverse, across the line of a vessel’s 
course. 

Athwartships, reaching across a vessel, from side to side. 

Bagasse. Sugar-cane in its crushed state, as delivered from the rollers of a mill. 

Balk. In Carpentry, a piece of timber from 4 to ro ins. square. 

Baluster. A small column or pilaster; a collection of them, joined by a rail, forms 
a balustrade. 

Banister is a corruption of balustrade. 

Bark. A ship without a mizzen-topsail, and formerly a small ship. 

Bateau. A light boat, with great length proportionate to its beam, and wider at 
its centre than at its ends. 

Batten. In Carpentry, a piece of wood from x to 2.5 ins. thick, and from x to 7 
Ins. in breadth. . When Jess than 6 feet in length, it is termed a deal-end. 

Berme. In Fortifications and Engineering, a space of ground between a rampart 
and a moat or fosse, to arrest the ruins of a rampart. The level top of the embank- 
ment of a canal, opposite to and alike to the towpath. 

Bevel. A term for a plane having any other angle than 45° or 90°. 

Binnacle. The case in which the compass, or compasses (when two are used), is 
set on board of a vessel. 

Bit. The part of a bridle which is put into an animal’s mouth. In Canpentry, a 
boring instrument. 

Bitler End. The inboard end of a vessel’s cable abaft the bitts. 

Bilts. A vertical frame upon a deck of a vessel, around or upon which is secured 
cables, hawsers, sheets, etc. 

Bogie. Piyoted truck, to ease the running of an engine or car around a curve. 

Boomkin. A short spar projecting from the bow or quarter of a vessel, to extend 
the tack of a sail to windward. 

Bowlder. A stone rounded by natural attrition; a rounded mass of rock trans- 
ported from its original bed. 

Breast-summer, A lintel beam in the exterior wall of a building. 

Buhr-stone. A stone which is nearly pure silex, full of pores and cavities, and 
used for Mills. 

Bunting. Woolen texture of which colors and flags are made. 

Burden. A load. The quantity that a ship will carry. Hence burdensome. 

Cag. Asmall cask, differing from a barrel only in size. Commonly written Keg. 
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Caliber. An instrument with semi-circular legs, to measure diameters of spheres, 

or exterior and interior diameters of cylinders, bores, etc. 

A pair of Calibers is superfluous and improper. 

Calk. To stop seams and pay them with pitch, etc. To point an iron shoe so as 

to prevent its slipping. 

Cam. An irregular curved instrument, having its axis eccentric to the shaft 

upon which it is fixed. 

Camber. To camber is to cut a beam or mold a structure archwise, as deck- 

beams of a vessel. 

Camboose. The stove or range in which the cooking in a vessel is effected. The 

cooking-room of a vessel; this term is usually confined to merchant vessels; in 

vessels of war it is termed Galley. 

Camel: In Engineering, a decked vessel, having great stability, designed for use 
in the lifting of sunken vessels or structures. Also to transport loads of great 
weight or bulk. 

A Scow is open decked. 

Cantle. A fragment; a piece; the raised portion of the hind part of a saddle. 

Cantline. The space between the sides of two casks stowed aside of each other. - 
Een a cask is laid in the cantline of two others, it is said to be stowed bilge and 
cantline. 

. 

Capstan. A vertical windlass. 

Caravel. A small vessel (of 25 or 30 tons’ burden) used upon the coast of France 
in herring fisheries. ‘ 

Carlings. Pieces of timber set fore and aft from the deck beams of a vessel, to 
receive the ends. of the ledges in framing a deck. 

Carvel built.—A term applied to the manner of construction of small boats, to 

signify that the edges of their bottom planks are laid to each other like to the man- 

ner of planking vessels. Opposed to the term Clincher. 

Caster, A small phial or bottle for the table. Casters. Small wheels placed 

upon the legs of tables, etc., to allow them to be moved with facility. 

Catamaran. A small raft of logs, usually consisting of three, the centre one be- 

ing longer and wider than the others, and designed for use in an open roadstead 

and upon a sea-coast. 

Chamfer. A slope, groove, or small gutter cut in wood, metal, or stone. 

Chapelling. Wearing a ship around without bracing her fore yards. 

Chimney. The flue of a fireplace or furnace, constructed of masonry in houses 

and furnaces, and of metal, as in a steam boiler. See Pipe. 

Chinse. To chinse is to calk slightly with a knife or chisel. 

Chock. In Naval Architecture, small pieces of wood used to make good any de- 

ficiency in a piece of timber, frame, ete. See Furrings. 

Choke. To stop, to obstruct, to block up, to hinder, etc. 

Cleats. Pieces of wood or metal of various shapes, according to their uses, either 

to belay ropes upon, to resist or support weights or strains, as sheet, shoar, beam 

cleats, etc. 

Clincher built. A term applied to the construction of vessels’ bottoms, when 

tho lower edges of the planks overlay the next under them, 

Coak, A cylinder, cube, or triangle of hard wood let into the ends or faces of two 

pieces of timber to be secured together. The metallic eyes in a sheave through 

wich the pin runs. In Naval Architecture, the oblong ridges banded on the masts 

of ships. 

Coamings. Raised borders around the edges of hatches. 

Coble. A small fishing-boat. 

Cocoon. The-case which certain insects make for a covering during the period 
of their metamorphosis to the pupa state. 
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Cog. In Mechanics, a short piece of wood or other material let into the faces of 
a body to impart motion to another. A term applied to a tooth in a wheel when it 
is made of a different material than that of the wheel. In Jfining, an intrusion of 
matter into fissures of rocks, as when a mass, of unstratified rocks appears to be in- 
jected into a rent in the stratified rocks. 

Cogging. In Carpentry, the cutting of a piece of timber so as. to leave a part 
alike to a cog, and the notching of the upper piece so as to conform to and receive 
it. Alike to indenting or tabling. 

Colter. The fore iron of a plough that cuts earth or sod. 

Compass. In Geometry, an instrument for describing circles, measuring figures, etc. 
A pair of Compasses is superfluous and improper. 

Connecting Rod. In Mechanics, the connection between a prime and secondary 
mover, as between the piston-rod of a steam-engine and the crank of a water-wheel 
or fly-wheel shaft. E 

The term Pitman is local, and altogether inapplicable. 

Contrariwise. Conversely, opposite. Crossways is a corruption. 

Corridor. A gallery or passage in or around a building, connected with various 
departments, sometimes running within a quadrangle; it may ve opened or enclosed. 
In Fortifications, a covert way. 

Cyma. A molding in a cornice. 

Damasquinerie. Inlaying in metal. 

Davit. A short boom fitted to hoist an anchor or boat. 

Deals. In Carpentry, the pieces of timber into which a log is cut or sawed up. 
Their usual thickness is 3 by 9 ins. and exceeding 6 feet in length. 

Improperly restricted to the wood of fir-trees. 

Dike. In Engineering, an embankment of greater length than breadth, imper- 
vious to water, and designed as a wall to a reservoir, a drain, or to resist the influx 
of a river or sea. 

Dingay (Nautical). A ship or vessel’s small boat. 

Dock. In Marine Architecture, an enclosure in a harbor or shore of a river, for 
the reception, repair, or security of vessels or timber. It may be wholly or only 
partially enclosed. See Pier 

When applied to a single pier or jetty, it is a misapplication. 

Dowel. A pin of wood or metal inserted in the edge or face of two boards or 
pieces, so as to secure them together. 

This is very similar to conking, but is used in a diminutive sense. An illustration of it is had in the 
manner & cooper secures two or more pieces in the head of a cask. 

Draught. A representation by delineation. The depth which a vessel or any 
floating body sinks into water. The act of drawing. A detachment of men froin 
the main body, etc. 

Ordinarily written draft. 

Dutchman. In Mechanics, a piece of like material with the structure, let into a 
slack place, to cover slack or'bad work. See Shim. 

Edgewise. An edge put into a particular direction. Hence endwise and sidewise 
have similar significations with reference to an end and a side. 

Edyeways is a corruption. 

Euphroe. A piece of wood by which the crowfoot of an awning is extended. 

Fault. In Mining, a break of strata, with displacement, which interrupts opera- 
tions. Also, fissures traversing the strata. 

Frelloe, Felloes. The pieces of wood which form the rim of a wheel. 

Fetch. Length of a reservoir, pond, ete., along which the wind may blow towards 
the embankment or dam. 

Flange. <A projection from an end or from the body of an instrument, or any 
part composing it, for the purpose of receiving, confining, or of securing it toa sup- 
port or toa second piece. 

. Flier. In Carpentry, a straight line of steps in a stairway. 

Frap. To bind together with a rope, as to frap a fall, ete. 
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Frieze. In Architecture, the part of the entablature of a column which is between 

the architrave and the cornice. 

Frustum. The part of a solid next the base, left by the removal of the top or 

segment. 
; 

Frustrum, although used by some lexicographers, is erroneous. : 

Furrings. Strips of timber or boards fastened to frames, joists, etc., in order to 

bring their faces to the required shape or level. 

Galeting. Putting galets into pointing-mortar or cement. 

Galets. Pieces of stone chipped off by the stroke ofa chisel. See Spall. 

Galivt. A small galley built for speed, having one mast, and from x6 to 20 thwarts 

for rowers. A Dutch-constructed brigantine. 

Gate. In Mechanics, the hole through which molten metal is poured into a mold 

for casting. Geat aud Gett are corruptions, 

Gearing. A series of teeth or cogged wheels for transmitting motion. To geara 

machine is to prepare to connect its parts as by an articulation. 

Gingle. To shake so as to produce a sharp, clattering noise, commonly Jingle. 

Girt. The circumference of a tree or piece of timber. Girth. The band or strap 

by which a saddle or burden is secured upon the back of an animal, by passing 

around his belly. In Printing, the bands of a press. 

Gnarled. Knotty. 

Grave. To clean a yessel’s bottom by burning. 

Graving. Burning off grass, shells, etc., from a ship’s bottom. Synonymous 

with Breaming. 

Grommet. A wreath or ring of rope. 

Gymbal Ring. A circular rynd for the connection of the upper millstone to the 

spindle by which the stone is suspended, so that it may vibrate upon all sides. 

Harpings. The fore part of the wales of a vessel which encompass her bows, 

and are fastened to the stem. Cat haxpings, ropes which brace in the shrouds of 

the lower masts of a vessel. 

Hogging. A term applied to the hull of a vessel when her ends drop below her 

centre. See Sagging. 

Horsing. In Naval Architecture, calking with a large maul or beetle. f 

Jam. To press, to crowd, to wedge in. In Nautical language, to squeeze tight. 

Jamb. <A pier; the sides of an opening in a wall. 

Jib. The projecting beam of a crane from which the pulleys and weight are sus- 

pended. A sail in a vessel. 

Jibe. To shift a boom-sail from one tack to another; hence Jibing, the shifling 

of a boom. 

Jigging. Washing minerals in a sieve. 

Keelson. The timber within a vessel laid upon the middle of the floor timbers, 

and exactly over the keel. When located on the floors or at the sides, it is termed a 

sisters or a side keelson, 

Kerf. Slit made by cut of a saw. - 

Kevel. Large wooden cleats to belay hawsers and ropes to, commonly Cavil. 

Lacquer. A spirituous solution of lac. To varnish with lacquer. 

Lagan. Articles sunk in the water with a buoy attached. 

Laitance. A pulpy, gelatinous fluid washed from the cement of concrete depos- 

ited in water, y 

Lap-sided. A term expressive of the condition of a vessel or any body when it 

will not float or sit upright. 

Lay-to. To arrest headway of a vessel, without anchoring or securing her to a 
buoy, ete., as by counterbracing her yards, or stopping her engine. 

Leat, A trench to conduct water to or from a mill-wheel. 

Leech. In Nautical language, the perpendicular or slanting edge of a sail when 
not secured to a spar or stay. P 
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Luf, The fullest part of the bow of a vessel. 
Mall. A large double-headed wooden hammer. 

Mantle. To expand, to spread. Mantelpiece. The shelf over a fireplace in front 
of a chimney. 

Marquetry. Checkered or inlaid work in wood. 

Matrass. A chemical vessel with a body alike to an egg, and a tapering neck. 

Mattress. A quilted bed; a bed stuffed with hair, moss, etc., and quilted. 

Mitred. In Mechanics, cut to an angle of 45°, or two pieces joined so as to make 
a right angle. 

Mizzen-mast. The aftermost mast in a three-masted vessel. 

Mold. In Mechanics, a matrix in which a casting is formed. A number of pieces 
of vellum or like substance, between which gold and silver are laid for the purpose 
of being beaten. Thin pieces of materials cut to curves or any required figure. In 
Naval Architecture, pieces of thin board cut to the lines of a vessel’s timbers, etc. 

Fine earth, such as constitutes soil. A substance which forms upon bodies in 
warm and confined damp air. - 

This orthography is by analogy, as gold, sold, old, bold, cold, fuld, etc. 

Molding. In Architecture, a projection beyond a wall, from a column, wainscot, etc 

Moresque. See Arabesque. 

Mortise. A hole cut in any material to receive the end or tenon of another piece. 

Muck. A mass of dung in a moist state, or of dung and putrefied vegetable matter. 

Mullion. A vertical bar dividing the lights in a window ; the horizontal are 
termed transoms. 

Wet. Clear of deductions, as net weight. 

Newel. An upright post, around which winding stairs turn. 

Nigged. Stone hewed with a pick or pointed hammer instead of a chisel. 

Ogee. A molding with a concave and convex outline, like toan 8S. See Cyma 
and Talon. 

Paillasse. Masonry raised upon a floor. A bed. 

Pargeting. In Architecture, rough plastering, alike to that upon chimneys. 

Parquetry. Inlaying of wood in figures. See Marquetry. 

Parral.. The rope by which a yard is secured to a mast at its centre. 

Pawil. The catch which stops, or holds, or falls on toa ratchet wheel. 

Peek. The upper or pointed corner of a sail extended by a gaff, or a yard set ob- 
liquely toa mast. To peek a yard is to point it perpendicularly to a mast. 

Pendant. A short rope over the head of a mast for the attachment of tackles 
thereto; a tackle, etc. 

Pennant. A small pointed flag. 

Pier.’ In Marine Architecture, a mole or jetty, projecting into a river or sea, to 
protect vessels from the sea, or for convenience of their lading. See Dock. 

Erroneously termed a Dock. 

Pile. In Engineering, spars pointed at one end and driven into soil to support a 
superstructure or holdfast. | pile is ‘a corruption. f 

Pipe. In Mechanics, a metallic tube. The flue of a fireplace or furnace when 
constructed of metal; usually of a cylindrical form. 

The term or application of Stack (which refers solely to masonry) to a metallic pipe is a misappli- 
cation. 

Piragua. A small vessel with two masts and two boom-sails. 

Commonly termed Periy-augur. 

Pirogue. A canoe formed from a single log, propelled by paddles or by a sail, 
with the aid of an outrigger. 

Plastering. In Architecture, covering with plaster cement or mortar upon walls 
or laths. In England, termed laying, if in one or two coat work; and pricking up, 
if in three-coat work. 

Plumber block. A bearing to receive and support the journal of a shaft, 

Polacre. Masts of one piece, without tops. 
41 
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Poppets. In Naval Architecture, pieces of timber set perpendicular toa vessel's 

bilge-ways, and extending to her bottom, to support her in launching. 

Porch. An arched vestibule at the entrance of a building. A vestibule supported 

by columns. - A portico. 

Portico. A gallery near to the ground, the sides being open. A piazza encom- 

passed with arches supported by columns, where persons may walk; the roof may 

be flat or vaulted. 

Pozzuolana. A loose, porous, volcanic substance, composed of silicious, argilla- 
ceous, and calcareous earths and iron. 

Prize. In Mechanics, to raise with a lever. To pry and a pry are corruptions, 

Proa, Flying. A narrow canoe, the outer or lee side being nearly flat. A frame- 
work, projecting several feet to the windward side, supports a solid bearing, in the 
form ofacanoe, Used in the Ladrone Islands, 

Purlin. In Carpentry, a piece of timber laid horizontal upon the rafters of a 
roof, to support the covering. 

Ramp. In Arthitecture, a flight of steps on a line tangential to the steps. A 
concave sweep connecting a higher and lower portion of a railing, wall, ete. A 
sloping line of a surface, as an inclined platform. 

Rarefaction. The act or process of distending bodies, by separating their parts 
and rendering them more fare or porous. It is opposed to Condensation. 

Rebate. In Mechanics, to pare down an edge of a board or a plate for the purpose 

of receiving another board or plate by lapping. To lap and unite edges of boards 
and plates. In Naval Architecture, the grooves in the side of the keel for receiving 
the garboard strake of plank. 
Commonly written Rabbet. 

Remou. &ddy water without progressive action, in bed of a river; a return of 
water against direction of flow of a river. 

Rendering. In Architecture, laying plaster or mortar upon mortar or walls. 
Rendered and Set refers to two coats or layers, and Rendered, Floated, and Set, to 
three coats or layers. 

Reniform. Kidney-shaped. 

Resin. The residuum of the distillation of turpentine. Rosin is a corruption. 

Riband. In Naval Architecture, a long, narrow, flexible piece of timber. 

Rimer. A bit or boring tool for making a tapering hole. In Mechanics, to Rime 
is to bevel out ahole. Riming. The opening of the seams between the planks of a 
vessel for the purpose of calking them. 

Rotary. Turning upon an axis, as a wheel. 

Rynd. The metallic collar in the upper mill-stone by which it is connected to 
the spindle, 

Sagging. A term applied to the hull of a vessel when her centre drops below her 
ends. The converse of Hogging. 

Scallop. To mark or cut an edge into segments of circles. 

Scarcement. ..A set back in the face of a wall or ina bank of earth. A footing. 

Scarf. To join; to piece; to unite two pieces of timber at their ends by running 
the end of one over and upon the other, and bolting or securing them together. 

Scend. The settling of a vessel below the level of her keel. 

Selvagee. A strap made of rope-yarns, without being twisted or laid up, and re- 
tained in form by knotting it at intervals. 

Sennit. Braided cordage. 

Sewage. Tho matter borne off by a sewer. 

Sewed. In nautical language, the condition of a vessel aground; she is said to be 
genes by as much as the difference in depth of water around her and her floating 
epth. 

Sewerage. The system of sewers. 

Shaky. Cracked or split, or as timber loosely put together. 

Shammy. Leather prepared from the skin of a chamois goat. 
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Sheer. In Naval Architecture, #he curve or bend of a ship’s deck or sides. To 
sheer, to slip or move aside. 

Sheers. Eleyated spars connected at the upper ends, a used to elevate heavy 
bodies, as masts, etc. 

Shim. In Naval Architecture, a piece of wood or iron let into a slack place in a 
frame, plank, or plate to fill out to a fair surface or line. 

Shoal. A great multitude; a crowd; a multitude of fish. 
School is a corruption. 

Shoar. An oblique brace, the upper end resting against the substance to be sup- 
ported. 

Sholes. Pieces of plank under the heels of shoars, etc. 

Shoot. A passage-way on the side of a steep hill, down which wood, coal, etc., are 
thrown or slid. The artificial or natural contraction of a river. A young dig. 

Sidewise. See Hdgewise. 

Signalled. Communicated by signals. 
Signalized, when applied to signals, is a misapplication of words. 

Sill. A piece of timber upon which a building rests; the horizontal piece of tim- 
ber or stone at the bottom of a framed case. 

Siphon. A curved tube or pipe designed to draw fluids out of vessels. 

Skeg. The extreme after-part of the keel of a vessel; the portion that supports 
the rudder-post. 

Slantwise. Oblique; not perpendicular. 

Sleek. To make smooth. Refuse; small coal. 

Slecker. A spherical-shaped, curved, or plane-surfaced instrument with which to 
smooth surfaces. 

Slue. The turning of a substance upon an axis witbin its figure. 

Snying. A term applied to planks when their edges at their ends are curved or 
rounded upward, as a strake at the ends of a full-modelled vessel. 

all. A piece of stone, etc., chipped off by the stroke of a hammer or the force 
ofa blow. Spalling, breaking up of ore into small pieces. 

Spandrel. In Architecture, the irregular triangular space between the outer lines 
or extrados of an arch, a horizontal line drawn from its apex, and a vertical line 
from its springing. 

Sponson. An addition to the outer side of the hull of a steam vessel, commencing 
near the light water-line and running up to the wheel guards; applied for the pur- 
pose of shielding the deck-beams from the shock of a sea. 

Sponson-sided. The hull of a vessel is so termed when her frames have the out- 
line of a sponson, and the space afforded by the curvature is included in the hold. 

Sponding, Sponsing, etc., are corruptions. 

Squilgce. A wooden instrument, alike to a hoe, its edge faced with leather or 
vulcanized rubber, used to facilitate "the drying of wet floors, or decks of a vessel. * 

Stack. In Masonry, a number of chimneys or pipes standing together. The 
chimney of a blast furnace. 

The application of this word to the smoke-pipe of a steam-boiler is wholly erroneous. 

Stage. In Engineering, the interval or distance between two elevations, in shovel- 
ling, throwing, or lifting. 

Steeving. The elevation of a vessel’s bowsprit, cathead, ete. 

Strake, A breadth of plank. 

Strut. An oblique brace to support a rafter. 

Style. The gnomon of a sun-dial. 

Sump. In Mining, a pit or well into which water may be led from a mine or work. 

Surcingle. A belt, band, or girth, which passes over a saddle or blanket upon a 
horse’s back. 

Swage. To bear or force down. An instrument having a groove on its under 
side for the purpose of giving shape to any piece subjected to it when receiving a 
blow from a hammer. 
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Syphered. Overlapping the chamfered edge of one plank upon the chamfered 

edge of another in such a manner that the joint shall be a plane surface. 

Talus; In Architecture, the slope or batter of a wall, parapet, etc. In Geology, 

a sloping heap of rubble at foot of a cliff. 

Template. In Architecture, a wooden bearing to receive the end of a girder to 

distribute its weight. ? 

Templet. A mold cut to an exact section of any piece or structure. 

Tenon. The end of a piece of wood, cut into the form of a rectangular prism, de- 

signed to be set into a cavity of a like form in another piece, which is termed the 

mortise. 
; 

Terring. The earth overlying a quarry. 

Tester. The top covering of a bedstead. 

Tholes.. The pins in the gunwale of a boat which are used as rowlocks. 

Thwarts. The athwartship seats in a boat. 

Tide-rode. The situation of a vessel at anchor, when she rides in direction of the 

current instead of the wind. 

Tire. The metal hoop that binds the felloes of a wheel. 

Tompion. The stopper of a piece of ordnance. The iron bottom to which grape- 

shot are secured. 

Treenails. Wooden pins employed to secure the planking of a vessel to the 

frames. 

Trepan. In Mining, the instrument used in the comminution of rock in earth- 
boring at great depths. 
Trestle. The frame ofa table; a movable form of support. In Mast-making, two 

pieces of timber set horizontally upon opposite sides of a mast-head. 

Trice. In Seamanship, to haul or tie up by means of a rope or tricing-line. 

Tue-iron or Tuyere. The nozzle of a bellows or blast-pipe in a forge or smelting- 

furnace. ; 

Vice. In Mechanics, a press to hold fast anything to be worked upon. 

Voyal. In Seamanship, a purchase applied to the weighing of an anchor, leading 

to a capstan. 

Wagon: An open or partially enclosed four-wheeled vehicle, adapted for the 

transportation of persons, goods, etc. 

Wear. In nautical language, to put a vessel upon a contrary tack by turning 

her around stem to the wind. 

Weir. A dam across a river or stream to arrest the water; a fence of twigs or 

stakes in a stream to divert the run of fish. 

Whipple-tree. The bar to which the traces of harness are fastened.. 

Wind-rode. The situation of a vessel at anchor, when she rides in direction of 

the wind instead of the current. 

. Windrow. A row or line of hay, etc., raked together. 

Withe. An instrument fitted to the end of a boom or mast, with a ring, through 

which a boom is rigged out or mast set up. ; 

Woold. To wind; particularly to bind a rope around a spar, etc. 

Roil. To render turbid, to stir or mix. 

THE END. 
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