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PREFACE 

To   the  Twenty-first  Edition. 

The  First  Edition  of  this  work,  consisting  of  284 
pages,  was  submitted  to  the  Engineers  and  Mechanics  of 
the  United  States  by  one  of  their  number  in  1813,  who 
designed  it  for  a  convenient  reference  to  Rules,  Results, 
and  Tables  connected  with  the  discharge  of  their  Various duties. 

At  the  period  of  its  first  publication,  the  want  of  a 
work  of  this  description  had  long  been  felt,  and  this 
was  undertaken  to  meet  the  requirement,  and,  from  the 
adaptation  of  its  rules  to  the  Metals,  Woods,  and  Manu- 

factures of  the  United  States,  it  has  supplied  that  want 
to  an  extent  beyond  what  was  anticipated. 

This  Edition  was  commenced  in  1856,  is  the  result  of 
much  labor,  and,  in  addition  to  the  design  of  the  original 
work,  it  has  been  essayed  to  embrace  very  general  in- 

formation upon  Arithmetical,  Physical,  and  Mechanical 
subjects. 

The  Tables  comprising  the  Weights  of  Metals,  of  Balls, 
Pipes,  etc.,  were  computed  expressly  for  this  work,  from 
specific  gravities  of  the  different  materials  taken  for  the 
purpose. 

The  proportions  of  the  parts  of  Steam-engines  and  of 
Boilers  will  be  found  to  differ  in  some  instances  from 
English  authorities ;  but  as  they  are  based  upon  the  ac- 

tual results  of  successful  experience,  the  author  is  of  the 
conviction  that  an  adherence  to  them  will  insure  both 
success  and  satisfaction. 

To  the  Young  Engineer  and  Mechanic  it  is  recom- 
mended to  cultivate  a  knowledge  ofPhysical  Laws  and 

to  note  results,  without  which,  eminence  in  his  profes- 
sion can  never  be  securely  attained ;  and  if  this  work 

shall  assist  him  in  the  attainment  of  these  objects,  one 
great  purpose  of  the  author  will  be  fully  accomplished. 



INDEX. 

A.  Pa»e 
Accelerated  Motion   S95 
Acids  100 
Aerodynamics  •••••••  423 

"  Resistance  to  Plane  Surface  424 
Aerostatics   390 

"         Distance  of  Sounds  392 
11         Foretelling  Weather   393 
"         Diameter  of  Balloon   392 

Rarefaction  of  Air   392  Blowers,  Fan  «         Velocity  of  Sound  391  Blowing  Engines 
Air  and  Steam   ^ 
Alcohol,  Proportion  of,  in  Liquors  . .  100 

m      Dilution  of  100 
Algebraic  Symbols  and  Formulae   IS Alimentary  Principles   104 
Alligation   5< 
Alloys  and  Compositions  626 

Melting  Points  530 
Almanac   69 
American  Gauge   H3, 117 
Analysis  of  Substances  and  water  77,  540 

«  Food  78, 102 
Anchors   133, 135,  138,  139 

*      and  Hedges   133 
Weights  of,  etc  133, 13S 

Angle  Iron   117 
Angles  of  Equilibrium  and  Repose  319,  320 Animal  Tower   403 

"         "    Men,  Horses,  etc. .  403,  405 
Animal  Strength  401 
"  "       Horses   402 

Men   401 
Animals,  ages  of  129 
Annuities   59 
Arches  and  Abutments,  etc  555 
Arcs,  To  describe   169 
Arcs,  Circular   199 

u    Semi- Ellipse   201 of  a  Circle,  etc   253 

Page 

Beams   461,  464,  436,  469,  479 
"     Stifnessof   560 

Bells,  Weight  of  131 
Belts   610 
Beton   503 
Birmingham  Gauge   115,  117 
Blacking   625 
Blasting   557 

  60S 
  607,  658 

Density  of  a  Blast  609 "  u       Horsed  power/. . .  609 
Blowing  off   601 
Board  and  Timber  Measure  146 

Spars  and  Poles  147 Beats   651 
Boilers   591 

"      Consumption  of  Fu  el  595 
"      Heating  Surfaces  of   592 
"  Heating  and  Grate  Surfaces  593 
"      Plates,  Bolts,  and  Joints  . . .  595 
"      Pressure  of       595 

Shell  of...   493 
Stay  Bolts   596 

"  Surfaces  and  Joints . . .  590,  597 
"      Thickness  and  Diameter  of.  595 

Weights  of  601 
Boiler  Tubes,  Diam.  and  Weight  of. .  119 
Bolts  and  Nuts,  Dimensions,  etc.  124, 125 

"  Dimensions  and  Weights  of  123 
"  Comparison  of  Proportions  125 

B&ass,  Weight  of   112, llo 
"     Plates,  weight  of  113,  115 
"     Thickness  of   116 
11     Tubes  and  Pip>est  weight  of. .  120 
"     Wire^  weight  of   114 

Bfrasd  and  Copper  Tubes,  Weights  of.  121 
Brazier's  Copper   116 Breast  Wheels   435 

Area  of  the  Earth   103 
Areas,  Lines,  and  Surfaces   244 
Area.s  of  Circles,  Eighths   172 
M  "      To  Compute   176 
u  andCircumf  s  of  Circles,  Tenths  182 
M  u  M  Feet  and  ins.  191 
u    of  Segments  of  a  Circle  205 
44    of  Zones  of  a  Circle   207 

Arithmetical  Progression   52 
Atmospheric  Air,  Consumption  of. . . .  104 

B. 
Babbitt's  Metal   028 Balances,  Fraudulent   145 
Balloon,  capacity,  etc  1G2,  392 Balls,  Weight  and  Dimensions  545 
Barker 8  Mill   441 
Barometer,  Measurement  of  Height  by  391 Barrel,  Dimensions  of   102 

A* 

Bricks,  Volume  and  Number   132 
Brick  Work  450,057* 
I 'ridges,  Length  of,  etc          128,  474,  555 Browning   622 
Buildings,  Capacity  of   103 C. 

Cables  and  Hawsers   135 
11  "         Weight  of  143 
"  "  Diameter,  etc.  134,  138 
"     and  Anchors   139 
"     Breaking  strain   140 
"     Circum  ference  of  137,142 "  "  and  Length . .  IBS 
"     Proof  and  Breaking  Strain. .  142 
"     To  Compute  Strain   136 
"     Units  of  strain   136 

Cables  and  Wire  Rope  compared  ....  141 
Calendar,  Roman   104 



n INDEX. 

Page 
Caloric   523 
Canals,  Flow  of  Water,  etc   375 

"      Resistance  of  Boats  553 Canal  Locks   377 
"         Dimensions   152 Candles   534 

Capillary  Tube   26S 
Cascades  and  Waterfalls  131 
Cast  and  Wrought  Iron,  weight  of  a 

square  foot   11S 
Castings,  Shrinkage  of   560 
Cast  Iron  Halls,  Weight  of   109 

"       Pipes        "    110 Cast  Iron  405 
480 
473 111 127 143 

Jlars 
"  Columns  "  •     Weight  of  Cattle  and  Horses,  space  required  . 

Cattle,  Weight  of  
Cements,  Concretes,  etc.  .  499,  501,  504 
Cements  621,  G26 
Central  Forces   410 
Centre  of  Gyration   411 
Centres  of  Oscillation  and  Per- 

cussion   413 
Centres  of  Gravity   33S 
Centrifugal  Force   410 
Chains,  Cables,  and  Anchors   13S 
Chain  Cables,  Proof  of   142 

"  Diameter  of   134 
"  Diam.  and  Le?ujth  of 

21,  134, 138,  33S 
Chains  and  Ropes   338 
Chain  Rigging,  Links,  etc   138 Chances  and  Odds   65 
Channels  and  Bars,  Dep)ths  of   9u 
Characters,  Explanation  of   16 
Charcoal   5G5 
Chemical  Formula} 
Chinese  Windlass   32S 
Chronological  Eras  and  Cycles 
Chronology   19,  65 

"       Almanac..   69 
1 {      Cycles  of  Sun  and  Moon . .  60 
"      Dominical  Letter  66,69 
"      Easter  aiid  Dates  of  Days  6S 
"      Epacts  67,6^ "      Golden  Number   66 
"      Moon's  Age   68,  70 
"      Number  of  Direction   67 
4t      Numbers  of  the  Month. . .  69 
"      Roman  Indiction   67 

Churches,  capacity  of   103 
Circle   250 
Circles   167 
Circular  Arcs   199 

Ring   262 
Spindles   265,  2«1 "      Zones   25S 

Circumference  of  Circles,  FeH  &  ins.  191 
4  4  "     Eighths...  177 "  "      Tenths  IS? 
"  11    To  compute  1S1 

|  Page Cisterns,  capacity  of.   122 
Clipper  Ships   652 Cloth  Measure   21 
Clouds,  Classification,  etc  303 
Coal   564 
Coal  Fields,  Area,  etc  569 
Cuke   565 
Collision  or  Impact   417 
Columns,  Height  of  130 
Combination   61 
Combustion   569 

"         Volume  of  Air  571 "     Gas  571 
"  "  products  of  Coal  572 
"         Consumption  of  Fuel. . .  572 

Comjoass,  Mariner"1  s,  Degrees  of   37 Compositions  and  Alloys  626 
Compound  Axle   328 
Concrete  or  Beton   503 
Cones   263,  274 
*  'ongelation,  Line  of  perpetual  . .  128,  532 Conic  Sections   2S9 
Conoids   285 
Construction  of  Vessels   611 

"      Area  of  Sails   616 
"      Cost  per  Ton   617 
"      Displacement   613 
"      Elements  of  Vessels  and Boats   651 
"      Resistance  of  Hull   617 
"      Immersed  Surface   612 Sails   618 
"      Ship  building   618 
"      Side  Wheel  and  Projjeller  614 

Copper,  Weight  of   112, 118 
"      Pipes,  iveiglit  of   118 
"      Plates,  weight  of   113, 115 
"  Rods  and  Bolts,  weight  of  . .  117 
"      Tubes  and  Pipes-,       "     . .  120 "      Wire   114 

Copper  and  Brass  Tubes,  weight  of. .  121 
Co-secants  and  Secants   312 
Cosines  and  Sines   301 
Co-tangents  and  Tangents   315 
Cotton  Factories   657 
Cotton  Press   656 
ourses,  Race  and  Trotting   151 
Cranes   335 
Jrops,  Vegetable   101 
Crushing  Strength   471 
Cube   270 
Cubes,  Squares,  and  Roots   210 
Cube  Root,  To  Extract   50 
Cutter,  Steam   649 
Cut  Nails,  number  in  a  pound  127 
Cycloid   262 
ycloidal  Spindle   266,  282 
Cylinder    259,  274 
Cylindrical  Rin^   262,  2S0 Tubes  472 

Ungulas   275 



INDEX. 
Vll 

D.  Page  P*Se 
Dams  and  Tunnels   559  Evolution   49 
Days  of  the  Week   68  Excavation  and  Embankments   404 
Decimal  Fractions   43-46  Explanation  of  Characters   16 
Deflection  of  Bars.  Beams,  etc.  . .  476,  4TS 
Degrees,  Minutes,  and  Seconds  of       i  1- 
Compass  .   37  Factors,  useful   251 

Departures,'  Table  of   36  Fan  Blower     ....    608 
Depth  of  Harbors,  U.  S   96        "     .     Horses  poiver   609 ^  r  „  ,Q,  Kfc/v  Fellowship   53 
Dbtrusive  mbesgth   4b4,  560  ̂       .  Qf  FRevollltioni  any   267,  287 Diamond  Measure   j->  Yb  e-engine,  Steam  654,657" 
Dilution  of  Alcohol   10"  Flags,  U.S  149 
Disc,  revolving   560  '   "J  55  ̂  
?ucount ' J  •  *  •  -         bJ  Flues  and  Tubes   4S8 Dimensions  and  Details  of  STEAM- ERS   
Displacement  of  Vessels  
Distances,  of  Visible  Objects  37,  SS  Flying   409 

"         Geographical   36  Fly  Wheels   416 
"        Railroad*  U.  S   95  I  ood,   78 
"        Travelling   91,  92  Foods,  Value  of   l62 
"      S  tiling  und  Railroad  93,  94,  95  Floors,  Fire-proof   563 Distillation   52S  Forces,  Composition  and  Resolution  .  318 

Distillation  of  Coals   50S|     "      Equilibrium  of   318 Domes,  Diameter  of   131  Foreign  Measures  and  Weights   29 
"     Height  of   130|     «  "  "    Value  of  34 Dominical  Letter,  To  Ascertain  ...  06,  6S  Formulae  and  Algebraic  Symbols   18 
"       Letters   601  Fourth  and  Fifth  Powers   242 

Drainage  of  Lands   553,  Fraudulent  Balances   145 
Draw  ing  Paper   2:.'  j  Frict  ion   342 

r  nits  turn   i  uuet*   *oo 
gog  Fluids,  Motion  of  Bodies  in   444 

j     "     Impulse  and  Resistance  of  . .  441 "     Percus8icnof   443 

Dredging  Machine  51S,  659*1 Dry  Docks  and  Railways   150 
Dubbing   624 
Ductility  of  Metals   453 
Duodecimals   46 
Dynamics   394 

E. 
Earth,  Digging   126 

11     Area  ̂ nd  Population   103 
u     Pressure  of   320 Earthwork   559 
"     Proportion  of  Laborers,  etc.  559 Easter  Day,  To  Ascertain   68 

Elasticity  and  Strength          447,  479 
Elastic  Fluids,  Laws  of   563 
Elementary  Bodies   77 
Elevations,  Heights  of   130 
Ellipse   290 
Ellipses   107 
Ellipsoids   256,  266,  278,  285' Fuel Elliptic  Spindle   283 Embankments  and  Walls   322 

"  Labor  upon   404 
Engines,  Elements  of   053 
Ensigns,  U.  S.  Pennants  and  Elag3  . .  149 
Epacts   67 

"     To  Ascertain,  ete   OS EquatioD  of  Payments   59 

of  A  xles   350,  351 
of  Bearings   346 
and  Fluidity  of  Oils   345 
Influence  of  Velocity   348 
of  Launching   354 
of  Machinery   346 
of 'Machinery  and  Trains  353,  r54 of  Marine  Railway   346 
of  Motion   352 
of  Pivots   351,  352 
Rolling   353 and  Resistance  of  Steamers.  346 
and  Rigidity  of  Cordage. . . .  349 
of  Steam-cm  incs  .  345,  347 
Traction  of  Cai  riages   347 
of  Unguents   344 of  Vehicles   347,  348 
of  Water  in  Pipes  and  Sew- ers  383,  386 
of  Water   389 

Coefficients  of  320,  344,  345,  350,  352 
  504 

Ash, proportion  of   566 
Composition  of   506 
Evaporation  of  Combustible  ..  569 
Evaporative  Powers  of  .  507,  509 
Relative  Value  of   508 
To  Compute  Consumption  of . .  572 
Weights  and  Comp'live  Value  of  505 

G. Equilibrium,  Angles  of  319,  320  Galvanized  Sheet  Iron,  Thickness,  etc.  120 of  Forces   319  Gas   536 
Establishment  of  the  Port,  U.  S        74,  75    "  Pipes  and  Engines   538 
"  "       M     Europe...    75    "  Illumination   534 



viii INDEX, Page  | 

Gas,  Composition  of  London   538 
"    Volume  of,  to  produce  Light  of a  Candle   536 

Gas  Pipes   53S 
"       Thickness  of   125 
"       Volume  of  Discharge  of  . .  537 

Gauge,  American   113 
"      Birmingham   115 Geometrical  Progression   53 
Geometry   163 

"       To  ascertain  Distances  be- tween Inaccessible  Objects  171 
Geographical    Measures    and  Dis- 

tances   21,  36 
Gestation,  Periods  of   104 
Giffard's  Injector   589 
Girders.  .  461,  464,  467,  46S,  469,  470,  475 

"     Combined  with  Chains   474 
"     Hollow   468 

Girders,  Beams,  etc.,  Comparative  Re- 
sistance for  equal  A  reas  467 

"       "    Transverse  Strength  of various  Figures  467 
Glass,  Window  102 
Globes   404 
Glue  ,   622 
Gnomon   244 
Gold,  Thickness  of   116 
Governors   423,538 
Grain,  Standard  Weights  of   102 Gravities  of  Bodies   154 
Grease   625 
Gravitation   396 

"  Velocity  of  Stream  of  Water  401 
Gravity,  Resistance  of,  at  Inclinations  552 
Gudgeons   4S5,  4S8 
Gun  Barrels,  Length  of.   104 
Gunnery   542 

"      Flight,  Time  of   544 
"  Initial  Velocity  and  Ranges  543 
"  Penetration  of  Balls. .  544,  545 
"  "     Shot  and  Shells  544 
"      Percussion  Caps  ..  546 
"      Pe7'cussion  Primers  548 
"      Proportion  of  Poioder  to Shot   546 
"      Range  of  Shot,  etc   542 
"       Ranges  of  Small  Arms  . . .  548 
"       U.  S.  Small  Arms   548 
"      Wadding   546,  548 
"      Weight  and  Dimensions  of Balls   545 
"      Windage   545 Gunpowder   546 
"        Barrels  548 Proof  of   54S 

Gunter's  Chain   21 
IT. 

Harbors,  U.  S.,  Depth  of   96 
Hay   126 
Hauling  Stones,  etc   405 

Page 

Hawsers  and  Cables   136 
"  "  Circumference 
of   137 

Hawsers,  Circumference  of  137, 142 
"       Ropes  and  Wire  Ropes. . . .  140 
"       To  Compute  Strain   136 
"       Units  of  Strain   136 
"       Weight  of   143 Heat  523 

"    Agitation   532 
"    Boiling  Points   529,530 
"    Capacity  for   526 "    Conduction  or  Convection  527 
"    Congelation  and  Liquefaction.  528 "   Distillation   528 
"    Effect  upon  Bodies   529 
"    Evaporation   528 
1 '   Expansion  and  Dilatation  530 
"  "       of  Air  and  Water. .  531 

"       of  Fluids   531 
"   Frigorific  Mixtures  530 
"   Mean  Temperatures  532 
' '    Melting  Points   530 
"   Radiation  of   526 
"    Reflection   527 "   Sensible  and  Latent   524 
"    Specific  525 "    Thermometers   532 
"    Ventilation   533 
li    Volume  of  a  Gas   531 
"    Volume  of  Substances   531 
"   Warming  Buildings  and  Apart- ments  533 
Helix   264 
Heights  by  a  Barometer   391 

"      of  Columns,  Tower,  Domes, etc   130 
"      of  Elevations   130 
"      of  Mountains   130 

High  Water,  Times  of,  and  To  Com- 
pute, etc  72,  76 

"         Bench  Marks   75 
"         Times  of   72 Hills  in  an  Acre  of  Ground  127 

Hollow  Shafts  4S3,  487 
Hoisting  Engine   657 
Horse  Power   6C3 
Horse-shoe  Nails,  Length  of   127 
Horse  Shoes,  Number  of,  etc  127 
Horses  and  Cattle,  Space  required  for  127 
"  "     Transportation  of  127 

Horses,  Weight  of   143 
Horses  402,  406* "  Miscellaneous  Performances  407 

"     Effect  of,  upon  Roads  and 'Canals   553 Hydraulic  Ram  558 
Hydraulics   359 

"       Canal  Locks   377 
"      Coefficient  of  Discharge  of Water   362 
"       Coefficient  of  Discharge  of 

various  0%)enings,ctc.  364,  365 
"      Coefficient  of  Friction  in 

Pipes   3S0 



IXDEX. 

TIypeaxlics,  Difference  between  Lev-  Hvubauu els  .   360, 
w     Discharge  of  Water  through  \ 

different  Apertures   363: 
"      Discharge  of  Fluids  from 

Reservoirs  359 
44      Discharge  of  Fluids  under 

like  Heads   361 
"      Discharge   of  Water  by 

Conduits   361 
14      Discharge    from  Com- 

pound  Reservoirs   362 
**      Discharge  from  Rcctangu- 

lar  Notches,  or  Vertical 
Apertures,  or  Slits.  364,  36S 

"      Discharge  from  a  Trian- 
gular Notch   365 

"      Discharge  from  Rectangu- lar Weirs   364,  36S 
44      Discharge  from  Horizon- tal Slits   365,363 
"      Discharge  from  Rectangu- 

lar Openings  or  Sluices  365, 36S 
44      Discharge  from  Circular 

Openings  or  Sluices  365 
44      Discharge    from  short 
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different  Apertures  . . .  363 Velocity  of  Water  from 
Pipes  and  Sewers  387 

Velocity  of  Flow  to  clear 
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Lifting   406 
Light   534 

"    Combustion,  Temperature,  and Power  of  Gases   539 
"    Comparative  and  Relative  In- tensity of.   534 
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Paper  for  Draughtsmen   625 
Parabola   292 
Parabolic  Spindle   2S4 
Paraboloid   206,261,285 Paraboloid  of  Revolution  286 
Parallelograms   2-i4 
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Polygons   165, 169,  247,  250,  268 
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Powers  of  Numbers   242 
"  "       Table  of   51 Prismoids   260,  27<) 
Prisms   259,  270 
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Projection  of  Water   558 
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Properties  of  Numbers   51 
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"         Compound   48 
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Pulley  !   333 
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R.  Tag9 
Race  Boat   051 
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English,  Lengths  of. .  152 
Race  and  Trotting  Courses   151 
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"       Spikes   125 
Rails,  Weight  of   549 
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Shoemakers'  Measure   22 
Shot  and  Shells,  Weight  of  etc.  .  144, 145 
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different  Figures  484 
Towers,  Height  of  '   130 Tracing  Paper   23 
Traction   402,  404 
Transportation  of  Horses  and  Cattle.  127 
Transverse  Strength   453 
Trapezium   246 
Trapezoid   247 
Travelling  Distances,  IT.  S.   91 

"       Europe   92 
Triangles   244,  2C6 Trigonometry   296 
Trotting  407* Trotting  and  Race  Courses   151 

"       Weights,  and  Distances  of  151 Trussed  Beams  or  Girders  475 
Turbines   439,  440 
Tubes,  Wrought-iron,  welded,  Dimen- sions of   119 

Wrought-iron,  Diameter  and 
Weights  of   119 

Wrought-iron,  Seamless,  Di- mensions, etc   121 
Tubes   468,  470,  472,  4S8,  494 

and  Pipes,  Weight  of   120 
Wrought-iron,  Copper,  or  Brass, 
Weight  of   120 

Tunnels,  Cost  of   556 
Length  of   131 
Railway  and  Shafts   559 
and  Dams   556 

Turnpike  Roads.   553 
U. 

Undershot  Wheels   436 
Unguents,  Experiments  with  344 
Ungulas   260,275 Useful  Factors   251 V. 

Value  and  Weights  of  Foreign  Coins  20,  28 Varnishes   623 
Vegetable  Crops,  Substances  of   101 
Vegetables,  Properties  of   100 
Vegetation,  Limits  of   128 
Velocipedes   657** 
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500 
Ventilation  
Vernier  Scale  • 
Vessels  and  Boats,  Elements  of.   oolj 
Vessels,  Construction  of  611 1 
Veterinary   l£?j Visible  Distance,  of  Objects   al 
Volume  and  Weights  of  various  Sub-  | 

  161 
  40 

rage  PaSe 
533  Weights  of  Men  and  Women   143 

stances  
Vulgar  Fractions 

W. 
Walking 405 
Walls  and  Embankments   322 1 
Walls,  Thickness  of   ££  ,«.•  ri^Mi 
Warming  Buildings  and  Apartments.  533  Weirs,  Overfall 

of  Rolled  Iron   105, 10G 
of  Seamless  Brass  and  Cop- 

per Tabes   121 
of  Sheathing  Nails  110 
of  Tin  Plates   121 
and  Volume  of  Cast-iron and  Lead  Balls   ICO 
and   Volume   of  Various 
Substances   1G1 

of  \Vr ought-iron,  Cojyper, or  Brass  Tubes  and  Pipes  120 
To  Ascertain  the  Weight  of 
a  Bar,  Beam,  etc   146 

Rectangular   363 Sluice   380 

Water- wheels 
Waves  of  the  Sea   541,  553 
Weather,  Foretelling   303 
Wedge   260,271,331 
Weight  and  British  Value  of  Foreign 
Coins   28 

Weight  and  Mint  Value  of  Foreign 
Coins   20 

Weights  anu  Measures,  IT.  S.   20 
"  "        Foreign  ...  29 

Weights,  Ancient   36 
Weights  of  Anchors  and  Kedges  . . .  133 

"      of  Angle  Iron   117 
"      of  Bells   131 

»  J*^«»va*  water  558 
«     Projection  of   558;Wheel  and  Axle   j>27 

Waterfalls  and  Cascades   13  Vvheel  *™™«^^^  gg 
Water  Power   430  5^  Wheel  Work,  Complex   328 431,  440  WhbklS  Diameter  and  Pitch  of  510,  513 

Change  Wheels   513 
Proportions  of,  etc        515,  517 To  Construct  a  Tooth  514 

Wind,  Velocity  and  Force  of   392 Winding  Engines   517 
Windlass,  Chinese   328 
Windmills   424,  550 
Window  Glass   102 
Wire  Gauges   113,  114,  115, 117 
Wire  and  Hemp  Rope   629 
Wire  Roue   137,140,452,  404 

"        and  Cables,  compared  . . .  141 
_  Women,  Weight  of   143 

of  Bolts  and  Nuts         123,  125  Wood,  Impregnation  of  521 
"      of  Brass   11-  Wood,  Timbeb,  etc   510,  oGb 
"      of  Braziers  and  Sheathing       \         "     Seasonirig  and  Preserving  520 

Copper   11 6 1  Wood  Bearing  for  Shafts  346 
"       of  Cast  Iron   Ill,  Wood-working  Machinery  550 
"      of  Cast-iron  Pipes   110  Wood  Work,  To  Preserve  6z6 
"      of  Cast  or  Wrought  Iron  . .  Ill  Woods,  Relative  Value  of   474 
"      of  Cast  Metals  by  Patterns.  162      "     Weight  and  Strength  of  522 
"      of  Cattle  and  Horses   143,  Work,  To  Compute  done  by  any  Ma- 

of  Chains   138    chine   563 
"      of  Copper   112  Work.-,  American,  of  Magnitude  103 
11      of  Copper  Rods  or  Bolts. . .  11 7 j  Writing  upon  Zinc  Labels   625 

of  Galvanized  Sheet  Iron  .  120  Wrought  Iron   406 
of  Grain   102  "     Weight  of   111,118 

"      of  Green  and  Seasoned  Tim-  "    Rigging  ,  130 her   162  "     Tubes  and  Pipes,  Weight  of  120 
M      of  Ingredients   156 
"      of  Iron  and  Copper  Pipes.  118 
"      of  Iron,  Copper,  Lead,  and Zinc   118 
"      of  Iron,  Steel,  Copper,  and 

Brass  Plates   113, 115  Zinc,  Weight  of   148 
of  Iron,  Steel,  Copper,  and       |Zinc  Sheets,  Thickness  and  Weight  of  102 Jira.ssWire   114  Zone,  Circular  .  

«      of  Lead    114  fZone  of  a  Cirete,  A  reas  of   207 
of  Lead  and  Tin  Pipes. . . .  122  Zone  of  a  Circular  Spindle   281 

Base  Ball  and  Cricket,  657**       Fly  Rod  Casting,  406.         Ice  Boats,  020*. Pigeon  and  Bird  Shooting,  620**.       Pigeon  Flying,  40X        Snow  Shoes,  400. 

Y. 

Yacht   645,  652 

Z. 



EXPLANATIONS  OF  CHARACTERS 

Used  in  Calculations  ̂   etc.,  etc. 

=  Equal  to,  as  12  inches  — 1  foot,  or  8x8  =  16x4. 
+  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  8x0  =  72, 

n  X  d,  a .  d,  or  ad,  also  signify  that  a  is  to  be  multiplied  by  d. 
4-  Divided  by,  signifies  division  ;  as  72-^9  =  8. 
:  Is  to,  : :  So  is,  :  To,  signifies  Proportion,  as  2  :  4:  :8  :  16  ;  that  is, as  2  is  to  4,  so  is  8  to  16. 

The  Vinculum,  or  Z?ar,  signifies  that  the  numbers,  etc.,  over 
which  it  is  placed,  are  to  be  taken  together;  as  8-2  +  6  =  12,  or 3x5  +  3  =  24. 

.  Decimal  point,  signifies,  when  prefixed  to  a  number,  that  that  num- 
ber has  some  power  of  10  for  its  denominator;  as  .1  is  J*-,  .15  is  JJL 
etc.  10  100 

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

0  '  "  "'  signify  Degrees,  Minutes,  Seconds,  and  Thirds. Z_  signifies  Angle. 
-1-  signifies  Perpendicular. 
A  signifies  Triangle. 
C  signifies  Square,  as  □  inches;  and  EI  cube,  as  cubic  inches. 
>  1  »  <  L  signify  Inequality,  or  greater  or  less  than,  and  are  put  be- 

tween two  quantities  ;  as  a"]  b  reads  a  greater  than  b,  and  a  lb  reads a  less  than  b. 

.'.  signifies  There/ore  or  Hence. 
V  signifies  Because. 
Q  []  Parentheses  and  Brackets  signify  that  all  the  figures,  etc., within  them  are  to  be  operated  upon  as  if  they  were  only  one:  thus, 

(3 +2)  X  5  =25  ;  .  [8  - 2]  X  5 =30.  V 
p  or  7T  is  used  to  express  the  ratio  of  the  circumference  of  a  circle  to 

its  diameter  =  3.1416. 

a'  a"  a"'  signify  a  prime,  a  second^  a  third,  etc. 
±  f  signify  that  the  formula  is  to  be  adapted  to  two  distinct  cases 
V  Radical  sign,  which,  prefixed  to  any  number  or  symbol,  signifies 

that  the  square  root  of  that  number,  etc.,  is  required  ;  as  Vd,  or  V^ff. 
The  degree  of  the  root  is  indicated  by  the  number  placed  over  the  sign, 
which  is  termed  the  index  of  the  root  or  radical;  as  v' ,  V ,  etc. Notes.— The  degrees  of  temperature  usel  are  those  of  Fahrenheit, 
g  is  the  common  expression  for  gravity =32. 106,  2g=:G4.33,  ̂ /2g=3. 02  feet. 



NOTATION. 

11 

»,  etc.,  set  superior  to  a  number,  signify  the  square  or  cube  root, 

etc.,  of  the  number ;  as  2-  signifies  the  square  root  of  2. 

^  ̂   etc.,  set  superior  to  a  number,  signify  the  square  or  cube  root 
of  the  4th  power,  etc. 

l.i  3.e?  etc,  set  superior  to  a  number,  signify  the  tenth  root  of  the 
17th  power,  etc. 

2,  added  to  or  set  inferior  to  a  symbol,  reads  sub  1  or  sub  2,  and 
is  used  to  designate  corresponding  values  of  the  same  element,  as  h, 
h„  h2,  etc. 

2  3  4,  added  or  set  superior  to  a  symbol,  signifies  that  that  number, 

etc.',  is  to  be  squared,  cubed,  etc.  ;  thus,  42  means  that  4  is  to  be  mul- 
tiplied by  4;  43,  that  it  is  to  be  cubed,  as  43  is  =  4x  4x4  =  64.  The 

power,  or  number  of  times  a  number  is  to  be  multiplied  by  itself,-is 
shown' by  the  number  added,  as  2,  3,  4,  5,  etc. 
&  signifies  Dead  fat,  or  the  location  of  the  frame  of  a  vessel  at  its 

greatest  transverse  section. 
'  "  set  superior  to  a  figure  or  figures,  signify  Feet  and  Inches. 

NOTATION. 

1=1.  7=  VII.  40=XL. 
2=11.  8=VIII  50=L. 
3  =  111.  9=IX.  G0=LX. 
4=  IV.  10=X.  70=LXX. 
5=V.  20=XX.  80=LXXX. 
G  =  VL  30  =  XXX.  90=XC. 
100=C.  10,000=X,  or  CCIOO. 
500=D,  or  10.  50,000  =  1^01-  1000. 

1000 =M,  or  CIO.  60,000 =LX. 
2000  =MM.  100,000  =  C,  or  CCCIOOO. 
5000  =  V,  or  100.  1,000,000 =M,  or  CCCCIOOOO. 
6000=VI.  2,000, 000  =  MM. 

As  often  as  a  character  is  repeated,  so  many  times  is  its  value  re- 
peated . 

A  less  character  before  a  greater  diminishes  its  value,  as  IY=I— V, 
or  1  subtracted  from  5=4. 

A  less  character  after  a  greater  increases  its  value,  as  XI=X  +  I? 
or  1  added  to  10  =  11. 

For  every  0  annexed,  the  sum  is  increased  10  times. 
Tor  every  C  and  0,  placed  one  at  each  end,  the  sum  becomes  10 

times  as  many. 
A  bar,  tli us     ,  over  any  number,  increases  it  1000  times. 
Illustrations.— lSiQ,  MDCCCXL.    18560,  XVII1DLX. 

B* 



18 ALGEBRAIC  SYMBOLS  AND  FORMULAE. 

ALGEBRAIC  SYMBOLS  AND  FORMULAE. 

Where  /  represents  the  length,  c  represents  the  chord, 
b         "  breadth,  a         "  area 
d         "  depth,  r         "  radius, h  height,  v         M  versed  sine, 
h'        "  h  prime,  h/        "  h  sub. 

~  =  sum  of  the  length  and  the  breadth  divided  by  the  depth. 

~=  product  of  the  length  and  the  breadth  divided  by  the  depth. 
l-b 
-^-=  difference  of  the  length  and  the  breadth  divided  by  the  depth. 
p  b3  —product  of  the  square  of  the  length  and  the  cube  of  the  breadth. 
VI 
^—square  root  of  the  length  divided  by  the  cube  root  of  the  breadth. 
VTFb 
— - — -square  root  of  the  sum  of  the  length  and  the  breadth  di- 

vided by  the  depth. 

— ^=cube  root  of  the  difference  of  h  prime  and  h  sub,  divided 
V2g 

by  the  square  root  of  2g. 
cqp  v=c  greater  or  less  than  v.   Here  there  are  expressed  two  values : 

first,  the  difference  between  c  and  v ;  second,  the  sum  of  c  and  v. 
In  tliis  and  like  expressions,  the  upper  symbol  takes  preference  of  the  lower. 

y  «.  +  (c  —  r)2=x.  Add  the  square  of  the  difference  between  the 
chord  and  radius  to  the  area,  and  extract  the  square  root ;  the  result 
will  be  equal  to  x. 

It  is  frequently  advantageous  to  begin  the  interpretation  of  a  formula  at  the  right hind,  as  in  the  above  case. 

/(x  +  y)2 l\J  j  1  —z.    Divide  the  square  of  the  sum  of  x  and  y  by  the 
square  of  y ;  subtract  unity  from  the  quotient ;  extract  the  square  root 
of  the  result ;  multiply  it  by  the  length,  and  the  product  will  be  equal 
to  z. 

2(sin.  75  °)2 ,  ,  ,  . — ..L-  Divide  twice  the  square  of  the  sine  of  the  angle  of 
.    l+(sm.  7ouy 
75°  by  the  square  of  the  sine  of  the  angle  of  75°  added  to  unity. 

(sv%)    (  SV2gh'-b  ) 
Multiply  S  by  the  V  of  2g,  and  this  product  by  the  difference  between 
the  square  roots  of  h  and  h  prime ;  add  this  to  2.303  times  the  com- 

mon logarithm  of  the  quotient  arising  from  dividing  the  product  of  S 
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into  V2()h  diminished  by  b,  by  the  product  of  S  into  ̂ 2gh  prime  di- 
minished by  b,  and  multiply  this  sum  by  the  quotient  of  2a  divided  by 

the  square  of  the  product  of  S  into  V2g,  which  will  be  equal  to  t 
2a  —  3  cos.  9S°  =  2a  +  3xcos.  98°  =  the  sura  of  twice  a  added  to  three 

times  the  cosine  of  98°. 
The  cosine  of  any  angle  greater  than  90°  and  less  than  270°  is  always  —  or  neg- ative. 

39.127-.099S2  cos.  2L=/.  =39.127  +  cos.  2L  x  .09982  =  /. 
Assume  L^46°.    Here,  cos.  2x46°,  being  equal  to  92°  and  less  than  270°,  becomes 

-  - ;  therefore  —  .039S2  and  —cos.  90°  become  +. 

CHRONOLOGICAL  ERAS  AND  CYCLES  FOR  1876. 

The  year  lS76,or  the  101st  year  of  the  Independence  of  the  United  States  of  America, 
corresponds  to 

The  year  73S4-S5  of  the  Byzantine  Era ; 
"      65S9  of  the  Julian  Period ; 
"      5636-37  of  the  Jewish  Era ; 
"      2652  of  the  Olympiads,  or  the  fourth  year  of  the  663d  Olympiad,  commenc- 

ing in  July,  1S75,  the  era  of  the  Olympiads  being  placed  at  775.5 
years  before  Christ,  or  near  the  beginning  of  July  of  the  393Sth 
year  of  the  Julian  Period ; 

"      2629  since  the  foundation  of  Rome,  according  to  Varro; 
"      21SS  of  the  Grecian  Era,  or  the  Era  of  the  Seleucidse ; 
"      1592  of  the  Era  of  Diocletian. 

The  year  1293  of  the  Mohammedan  Era,  or  the  Era  of  the  Ilegira,  begins  on  the 
7th  of  February,  1S76. 

The  first  day  of  January  of  the  year  1S76  is  the  2,406,255  th  day  since  the  com- mencement of  the  Julian  Period. 
Dominical  Letter  B  I  Lunar  Cycle  or  Golden  Number   15 
Epact   4  I  Solar  Cycle   9 

B.C. 
4004. 

Chronology. 
Creation  of  the  World  (according  to  Julius  Africanus,  Sept.  1st,  550S  ;  Samar- 

itan Pentateuch,  4700 ;  Septuagint,  5S72 ;  Josephus,  4C5S;  Talmudists, 
5344;  Scaliger,  3950;  Petavius,  3984 ;  Hales,  5411). 

605.  Geometry,  Maps,  etc.,  first  intro- duced. 
289.  First  Sun-dial. 
219.  Hannibal  crossed  the  Alps. 
219.  Surveying  first  introduced. 
155.  Time  first  measured  by  water. 
51.  Caesar  invaded  Britain. 

Deluge  (according  to  Hales,  3151). 
Chinese  Monarchy. 
First  Egyptian  Pyramid. 
Troy  destroyed. 
Mariner's  Compass  discovered. Foundation  of  Rome. 
Money  coinad  at  Rome. 

234S. 
2203. 
2090. 
11S0. 
1111. 
753. 
576. 
ad. 
214.  Grist  Mills  introduced. 
667.  Glass  discovered. 
991.  Arabic  numerals  introduced. 

1066.  Battle  of  Hastings. 
1180.  Mariner's  Compass  introduced  in Europe. 
13S3.  Cannon  introduced. 
14  )2.  America  discovered. 
1627.  Barometer  and  Thermometer  invtd. 
1752.  New  Style, introduced  into  Britain; 

Sept.  3  reckoned  S-pt.  14. 1769.  James  Watt — First  design  and  pat- 
ent of  a  steam-engine  having  a  separate vessel  of  condensation. 

17S9.  French  Revolution. 

1772.  Oliver  Evans — Designed  the  non- 
condensing  engine.  1792.  Applied 
for  a  patent  for  it.  1801.  Con- structed and  operated  it. 1790.  Water  lines  first  introduced  in  the 
models  of  vessels  in  the  U.  S. 

1797.  John  Fitch — Propelled  a  yawl  boat 
by  the  application  of  steam  to 
side  wheels,  and  also  to  a  screw 
propeller,  upon  the  Collect  pond, New  York. 

1S07.  Robert  Fulton  — First  passenger Steam-boat. 
1827.  First  Rail  Road  in  U.  S.,  from 

Quincy  to  Neponset,  Mass. 



UNITED  STATES  MEASURES  AND  WEIGHTS. 
According  to  Act  of  1866. 

For  Equivalents  of  Old  Measures  and  Weights  to  New,  see  page  G30. Measures 
Denominations  and  Values. Equivalents  in  use. 

Myriameter 
Kilometer  . 
Hectometer 
Dekameter 
Meter  
Decimeter  . 
Centimeter 
Millimeter . 

10  000  meters. 
1  000  meters. 
100  meters. 
10  meters. 
1  meter. 

ioth  of  a  meter. 
iJoth  of  a  meter. 

loVoth  of  a  meter. 

6.2137  miles. 
.62137  mile,  or  3280  feet  and  10  ms. 

328  feet  and  1  inch. 393.7  inches. 
39.37  inches. 
3.937  inches. 
.3937  inch. 
.0394  inch. 

Measures   of  Surface. 
Denominations  and  Values. Equivalent^  in  use. 

Hectare  10  000  square  meters. 
100  square  meters. 

1  square  meter. 

2.471  acres. 
119.6  square  yards. 
1550  square  inches. 

Are  
Centare   

Measures 
Denominations  and  Values. 

of  Volume. 

Equi 
-alents  in  use. 

Names. No.  of Liters. Cubic  Measure. Dry  Measure. Liquid  or  Wine Measure. 

Kiloliter  \ 
or  Sterej 

Hectoliter. 
Dekaliter  . 
Liter  
Deciliter  . . 
Centilliter. 
Milliliter. . 

1000 

100 10 
1 

1 10 
1 100 
i 1000 

1  cubic  meter 

3^0  cubic  meter 10  cubic  decimeters 
1  cubic  decimeter 

xu"  cubic  decimeter 10  cub.  centimeters 
1  cubic  centimeter 

1.308  cubic  yards. 

2  bush,  and  3.35 pecks. 
9.08  quarts. 
.908  quart. 

6.1022  cubic  inches. 
.6102  cubic  inch. 
.061  cubic  inch. 

264.17  gallons. 
26 .417  gallons. 
2.6417  gallons. 
1.0567  quarts. 
.845  gill. 
.338  fluid  oz. 
.27  fluid  drm. "Weiglits 

Denominations  and  Values. Equivalents  in  use. 
Names. Number  of Grams. Weight  of  Volume  of  Water  at  its Maximum  Density. 

Avoirdupois 
Weight. 

Millier  or  Tonneau . 

Myriagram  
Kilogram  or  Kilo. . 
Hectogram  
Dekagram  

Decigram  
Centigram  
Milligram  

1 000  000 
100  000 
10  000 
1000 
100 10 

1 
1 10 

TOO 

_  1 
1000 

1  cubic  meter. 
1  hectoliter. 
10  liters. 
1  liter. 
1  deciliter. 
10  cubic  centimeters. 
1  cubic  centimeter. 
io £h  of  a  cubic  centimeter. 
10  cubic  millimeters. 
1  cubic  millimeter. 

2204:.  6  pounds. 
220.46  pounds. 
22.046  pounds. 
2.2046  pounds. 
3.5274  ounces. 
.3527  ounce. 

15.432  grains. 
1.5432  grains. 
.1543  grain. 
.0154  grain. 

For r:    ~'  v  ^""^  ^caomuDic  io  U5cu  imuer  me  lerm  or  are; the  Hectare,  or  100  ares,  is  equal  to  about  2  acres. 
■  The  Unit  of  Capacity  is  the  cubic  Decimetre  or  Litre,  and  the  series  of  measure •• is  formed  in  the  same  way  as  in  the  case  of  the  table  of  lengths. The  cubic  Metre  is  the  unit  of  measure  for  solid  bodies,  and  is  termed  Stere. The  Unit  of  Weight  is  the  Gramme,  which  is  the  weight  of  one  cubic  centimetre 
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of  pare  rater  weighed  in  a  vacuum  at  the  temperature  of  4°  Centigrade,  or  39°. 2 Fahrenheit,  which  is  about  its  temperature  of  maximum  density. 
In  practice,  the  term  cubic  Centimetre,  abbreviated  C.  C,  is  used  instead  of  Mil- 

lilitre,  and  cubic  Metre  instead  of  Kilolitre. 
-A-Ccordiiig  to  Previous  and.  Existing  Laws. 

MEASURES  OF  LENGTH. 

The  Standard  of  measure  is  a  brass  rod,  which,  at  the  temperature 
cf  32°,  is  the  standard  yard. 

Lineal. 
12    inches  =1  foot. 
3    feet  =1  yard. 
5.5  yards  =1  rod. 

40    rods  =1  furlong. 

Inches        Feet-  Yards.        Rods.  Furl. 
36=  3. 
198=    16.5=  5.5. 

7920=  660    =  220    =  40. 
63360  =  5280    =1760    =320  =  8. 8    furlongs  =1  mile. 

The  inch  is  sometimes  divided  into  3  barleji  corns,  or  12  lines. 
A  hair's  breadth  is  the  .02083  (4Sth  part)  of  an  inch. 

1  yard  is  000568  of  a  mile. 1  inch  is  000015S  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. 

6  feet  =  l  fathom.  |     120  fathoms  =  l  cable's  length. 
Geographical  and  Nautical. 

1  degree  of  a  great  circle  of  the  earth  =    69.77  Statute  miles. 
1  mile  =2046.58  yards. 

Log  Lines. 

Estimating  a  mile  at  6139.75  feet,  and  using  a  30"  glass, 
1  knot     =51.1629   feet,  or  51  feet  1.95  inches. 
1  fathom=  5.11629  feet,  or  5  feet  1.395  inches. 

If  a  28"  glass  is  used,  and  8  divisions,  then 
1  knot  =  47  feet  9.024  inches.  |  1  fathom  =  5  feet  11.627  inches. 

The  line  should  be  about  150  fathoms  long,  having  10  fathoms  between  the  chip 
and  first  knot  for  stray  line. 

Note — Uowditch  give3  6120  feet  in  a  sea  mile,  which,  if  taken  as  the  le:;gth,  with 
a  iS  '  ghu-s,  will  make  the  divisions  47.0  feet  and  5.95  feet. 

Cloth. 

1  nail       =2.25  inches  =  .0625  of  a  yard. 
1  quarter  =4  nails. 
5  quarters  =  1  *cll. 

Pendulums. 

G  points  =  1  line.     |     12  lines  =  1  inch. 



22 MEASURES  AND  WEIGHTS. 

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

from  1  to  13,  and  1  to  15. 
Miscellaneous. 

1  palm =3  inches.  1  span  =9  inches. 
1  hand=4  inches.  [        1  metre =3. 2809  feet. 

MEASURE  OF  TIME 

60  seconds  —1  minute. 
60  minutes  =  1  degree. 

360  degrees  =  1  circle. 
3600  =  60. 

1296000  =  21600  =  360. 

Sidereal  day  =  23  h.,  56  m.,  4.092  sec,  in  solar  or  mean  time. 
Solar  day,  mean  =  24  h.,  3  m.,  56.555  sec,  in  sidereal  time. 
Sidereal  year,  or  revolution  of  the  earth,  365.25635  solar  days. 
Solar,  Equinoctial,  or  Calendar  year,  365.24224  solar  days. 

1  day  =  .002139  of  a  year.        |       1  minute  c=  .000694  of  a  day. 30°=1  sign. 

MEASURES  OF  SURFACE. 

144  square  inches  =  1  square  foot. 
9  square  feet     =1  square  yard. 100 

4 
10 

640 

=  1  square  (Architect's  Measure). 
Land.. 

=  1  Square  rod.  Yards  Rods.  Roods. 
=  1  square  rood.  1210 
=  1  acre.  4840  =  160. 

=  1  square  mile.    3097600  =  102400=2560. 
208.T1032G  feet,  69.510109  yards,  or  220  by  193  feet  square=l  acre. 

Papor. 
24  sheets =1  quire.         |         20  quires  =  1  ream. 

Drawing  Paper. 

30.25  square  yards 
40      square  rods 

square  roods  \ 
square  chains) 
acres 

Cap   13     X  16  inches. 
Demy   15.5  X18.5  " 
Medium   18      X22  " 
Roval   19      X24  " 
Super-royal....  19     X27  " 
Imperial.         21.25x29  " 
Elephant   22.25x27.75  " 

Columbia          23  X  33.75  inches. 
Atlas                26  X  33 
Theorem           28  X  34 
Doub.Elephant  26  X  40 
Antiquarian  ...  31  x  52 
Emperor  40  X  60 
Uncle  Sam        48  X  120 
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Tracing  Paper. 
Double  Crown          20x30  inches. 
Double  D.  Crown.. .  3Qx40  44 
Double  D  D.  Crown  40  x  60  " 

Grand  Royal          18  X  24  inches. 
Grand  Aigle   27x40  u Vellum  Writing,  18  to  28  hi  wide. 

Miscellaneous. 

1  sheet    =  4  pages.  1  duodecimo  —24  pages. 
1  quarto  =  8     "  1  eighteenmo=36  4t 
1  octavo  =  16     "  1  bundle       —2  reams. 

Roll  of  Parchment— 60  sheets. 

MEASURES  OF  VOLUME. 

The  Standard  gallon  measures  231  cubic  inches,  and  contains 
8.3388822  avoirdupois  pounds,  or  58373.  troy  grains  of  distilled  water, 
at  the  temperature  of  its  maximum  density  39°. 83,  the  barometer  at 30  inches. 
The  Standard  bushel  is  the  Winchester,  which  contains  2150.42 

cubic  inches,  or  77.627113  lbs.  avoirdupois  of  distilled  water  at  its 
maximum  density. 

Its  dimensions"  are  18.5  inches  diameter  inside,  19.5  inches  outside, and  8  inches  deep ,  and  when  heaped,  the  cone  must  not  be  less  than 
<S  inches  high,  equal  2747.715  cubic  inches  for  a  true  cone, 

Liquid. 
4  gills    =1  pint. 
2  pints  =1  quart. 
4  quarts  =1  gallon. 

2  pints    =1  quart. 
4  quarts  ==1  gallon. 
2  gallons  — 1  peck. 
4  pecks  =1  bushel. 

Dry. 

Gills.  Pints. 

32  =  8. 

Pints.   Quarts  Gallons. 8. 

16  =  8. 
64  =  32  =  8. 

1728  cubic  inches : 
27  cubic  feet  ; 

Cubic. 
=  1  foot. 
-I  yard. 

Inches. 
46656. 

Note.— A  cubic  foot  contains  2200  cylindrical  inches,  3300  spherical  inches,  or 9§06  conical  inches. 

Fluid. 
60  minims  =1  drachm. 
8  drachms  =  1  ounce. 

16  ounces   =1  pint. 
8  pints      =1  gallon. 

Minims.    Drachms  Ounces. 
480. 

7680  =  128. 
61240  =  1024=128. 
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Miscellaneous. 
1  cubic  foot   7.4805  gallons, 
1  bushel   9.30918  gallons. 
1  chaldron =36  bushels,  or   57.244  cubic  feet. 
1  cord  of  wood   128  cubic  feet. 
1  perch  of  stone   24.75  cubic  feet. 

1  quarter  =  8  bushels.  i       1  load  hay  or  straw=36  trusses. 
1  sack  flour=5     »  I       1  M  quills  =1200  quills. 

-         „„,  Galls.  I  Galls 
Butt  of  Sherry  ,   108     Puncheon  of  Brandy  1 10  to  120 
Pipe  of  Port   115     Puncheon  of  Hum.  100  to  110 
Pipe  of  Teneriffe   100    Hogshead  of  Brandy  55  to  00 
Butt  of  Malaga   105     Pipe  of  Madeira   92 
Puncheon  of  Scotch  Whisky.  .110  to  130  j  Hogshead  of  Claret   46 

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

MEASURES  OF  WEIGHT. 

The  Standard  avoirdupois  pound  is  the  weight  of  27  7015  cubic 
inches  of  distilled  water  weighed  in  air,  at  39°. 83,  the  barometer  at  30 inches. 
A  cubic  inch  of  such  water  weighs  252.G037  grains. 

Avoirdupois. 
16  drachms  =  1  ounce. 
16  ounces    =1  pound. 

1 1 2  pounds  =  1  cwt. 
20  cwt.       =  1  ton. 

1  pound  =  14  oz.  1 1  dwts.  16  grs.  troy,  or  7000  grains. 
1  ounce  =18  dwts.  5.5  grains  troy,  or  437.5  grains. 

Drachms       Ounces  Pounds. 256. 
28672  =  1792. 

573440  =  35840  =  2240. 

Troy. 

24  grains  =1  dwt. 
20  dwt.      =1  ounce. 
12  ounces  =1  pound. 

7000    troy  grains  = 
437.5  troy  grains  - 
1 75    troy  pounds  = 
175    troy  ounces  <& 

1    troy  pound  - 
1    avoirdupois  pound  = 

Grains.  Dwt. 
480. 

5760=240. 
1  lb.  avoirdupois. 

1  oz.  14 
144  lbs. 

102  oz.  " .822857  lb. 
1.215278  lbs.  trov. 

20  grains 
3  scruples 
8  drachms 

12  ounces 
45  drops 
2  table  spoonsful 

Apothecaries. 
=  1  scruple. 
=  1  drachm 
=  1  ounce. 
=  1  pound. 
=  1  tea  spoonful  or  a  fluid  drachm 1  ounce. 

Grains.    Scruples.  Drachms. 60. 

480  =  24. 
5760  =  288  =  06. 

The  pound,  ounce,  and  grain  are  the  same  as  in  Troy  Weight. 
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Diamond. 
1  carat  =  4  grains.  16  parts  =*  .8  troy  grains. 
1  grain  =  16  parts.  4  grains  =  3.2 

M  iscellaneoiis. 
1  stone  -  =  u  lbs. 
1  cubic  foot  of  ordinary  anthracite  coal  from  50  to  55  lbs. 
1  cubic  foot  of  ordinary  bituminous  coal  from  45  to  55  lbs. 
1  cubic  foot  of  Cumberland  coal  —    53  lbs. 
1  cubic  foot  of  caunel  coal  =    50.3  'k 
1  cubic  foot  charcoal  =    18.5   14    (hard  wood). 
1  cubic  foot  charcoal  =  ̂ 18      "    (pine  wood). 
1  cord  Virginia  pine   =2700  " 
1  cord  Southern  pine  =3300  <k 

Coals  are  usually  purchased  at  the  conventional  rate  of  23  bushels  (5  pecks)  to  a ton=43.56  cubic  feet. 

MEASURES  OF  VALUE. 
10  mills  =  1  cent.  10  dimes  =1  dollar. 
10  cents = I  dime.  10  dollars  =  1  eagle. 

The  Standard  of  gold  and  silver  is  900  parts  of  pure  metal  and  100 
of  alloy  in  1000  parts  of  coin. 

The  Fineness  expresses  the  quantity  of  pure  metal  in  1000  parts. 
The  Remedy  of  the  Mint  is  the  allowance  for  deviation  from  the  ex- act standard  fineness  and  weight  of  coins. 
The  nickel  cent  contains  88  parts  of  copper  and  12  of  nickel. 
The  new  bronze  cent  contains  95  parts  of  copper  and  5  of  tin  and  zinc. 
Pure  Gold  23.22  grains =$1  00.    Hence  the  value  of  an  ounce  is 

$20  67.183  +  . 
Pure  Silver  371.25  grains  =  $1  00.  Hence  the  value  of  an  ounce  = $1  29.29  +  .  .       .     .  _ 
Silver  coins  of  less  value  than  one  dollar  are  385.8  grains  m  fineness. 

Standard  Gold,  $18  60.465+  per  ounce. 
Standard  Silver,  $1  16.3636+  per  ounce. 
Trade  Dollar,  420.9  grains  in  fineness. 

Double  Eagle  =516    troy  grs. 
Eagle  =258 
Dollar  (gold)  =  25.8 
Dollar  (silver)=412.5 

Half  Dol.  (silv. )  =  192. 9  +  troy  grs. 
5  Cent  (nickel)  =  77.16 
3  Cent      44      -  30 
Cent  (bronze)    =  48 

The  British  standards  are:  Cold,  g|  of  a  pound,*  equal  to  11  parts  pure  gold  am? 
1  of  alloy  ;  Silver,  gg-g  of  a  pound,  equal  to  37  parts  pure  silver  and  3  of  alloy. 

A  Troy  ounce  of  standard  gold  is  coined  into  £3  ITs.  lOd.  2/.,  and  an  ounce  of standard  silver  into  5s.  6d. 
Copper  is  coined  in  the  proportion  of  2  shillings  to  the  pound  avoirdupois. The  Remedy  of  the  Mint  is, 
Gold,  12  grains  per  lb.  in  weight;  Silver,  1  dwt.  per  lb.  in  weight. 

w        of  a  carat  in  fineness ;         "     1  dwt.  per  lb.  in  fineness. 
Copper,       of  the  weight,  both  in  weight  and  fineness. 

•  A  pound  is  assumed  to  be  divided  into  24  equal  parts  or  carats,  hence  the  propor- tion is  equal  to  22  carats. 
c 
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We  I glit  and  Mint  Values  of  Foreign  Grold.  and. 
Silver  Coins. 

By  Laws  of  Congress,  August,  1834,  January,  1S3S,  February  25, 1S53,  Regulations 
of  the  Mint,  November  10,  1S5S,  and  Reports  of  Director  of  1863-71. 

Country. 
Fineness. 

Old New Value. 
Piece. Piece. 

( •    ,  1 

f      14  60 

\      15  5 
1  Ob 910 

910.5 
980 

2-  28  28 

;900 

COO 
0  64  19 

833 1  02  27 

j833 

900 48  m 

,582 902 1  02  64 900 

Ji!  * 

002 899 .  J?,  ,„ 897 
08  04 

914 
4  92 

915 
917  5 10  90  57 

891 

1  '  .  j[0 

1  05 
918.5 1  02  53 

870 15  59  25 900.5 
1  06  07 900 98  1 

26  06 39  22 19  05 925 18  87 

925 
23.  6 

870 (15  59  26 

"(15  66 
nos 

1  06  <9 900 
9  15  35 900.5 9S  17 49  01 901 
1  06  2 877 1  10  05 

895 7  90  01 
R5.0.5 

3  OS  75 
850 

3  60 
851 

833 14  96 83  05 (  97 
1  1  00 850 

1  00  19 

(  7  55  46 8M 
^  3  77  73 (  1  SS  86 G75 20 

Argentine  Republic 

Australia. 
Austria  and  Lonr 
bardy  ,  

Belgium. 
Brazil . . . 

Bolivia . 

Canada  . 

China  
Denmark . 
Central  America. . 

Ecuador . 

Doubloon,  uProvinclas   de  la 
Plata,1'  1S13-32 

Peso  1S13-32 
«    1838,  39 
Sovereign  1S55 
Pound  1852 
Ducat    
Souverain  
Crown,  new   .  . Rix  Dollar    
Florin,  before  1S5S .  .   "  new  
20  Kreutzers  
Sen  do   
Dollar,  Union  Lira   
25  Francs . .    
5     "  ........  

Moidore          4000  reis  6400  ■  V*  .  ... 
20  mil  "  1S54-5 
900  »   
640  "   

1200  « 2000  « Doubloon,  1827-36... 
Dollar,  down  to  1S4S. new  
Half  Dollar,  down  to  1828 
Quarter  u  "  1S2S Half  Dollar,  from  1S30. . . 
Quarter  "      u    1830. . . 20  Cents  
25  u   

1S37. 
1851. 

Doubloon,  from  1819-40. 
Dollar,  from  1817-51 10  Pesos,  since  1855  
Peso,  since  1854-56 .... Half  Peso   .... 
Dollar,  Eng   
2  Rix  Dollars  
10  Thalers  
2  E  (two  escudos)  

average  of  dates .... 4E  
Doubloon,  down  to  1S33  . 
Half  E  (dollar)  
8  R  (dollar),  1S40-42  .... 
8  R  (dollar)  

4E,  2E,  andl  E,  1835-36.... 
2  R  (quarter  dollar),  1833-47  . 

.281 

.112 .363 .357 

.902 

.451 .397 

.215 .S36 

.596 

.254 

.803 .261 

.401 

.575 

.820 .  ROT .871 

.801 

.150 .187  5 

.807 

.804 

.492 

.801 

.209 .205 

.869 
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Table  of  Weiglit  and  Mint  Values- Continu I  Fineness, 

Eliglaud.  . 

Ea.^t  Indies 
Japan  

France. 

.  Sovereign,  1S16-1S51  44        1851  and  since  44  average  
!  Shilling,  1S16  and  since  44  average  

and  Mohnr,  15  rupees  
 Rupee  
jltzebu  (rectangular)  1  new  
Cobang,  old  44  new  
40  FrancsN, 

Germany. 

Average  value  of  20- franc  piece,  $3  84  5. 

Greece . 

Italy... Mexico. 

Morocco  
Netherlands  . 

Norway  . . 
Portugal  . 

Peru. 

20 
10 
5 
1 

20     44  new 
10  Thalers  (Brunswick)  

41  (Hanover)  
Crown  
I  Ducat  
I  Thaler,-  new  I  Florin  or  Guilder,  old  and  new  . 
I  Double  Thaler,  or  3.5  Guilder  . . 
iKromer  Thaler  
136  Grote  
20  Drachms  
1  "   20  Lire  
Doubloon  (8  escudos),  new  

44    (Caliacan  &  Chihuahua. ) 
8  R  (peso),  new  
44  general  average  

■  Bontqui  (40  reals)  10  Guilders  
1  Guilder,  before  1841  
10  Cents  (one  tenth  guilder) . . 
2.5  Guilders,  1841  and  after. . 
1  Guilder,      44  "    . . 2  Rigsdaler  
ICoroa  (crown),  1838   1000  Reis  

|  100    "  -   Doubloons,  1826  to  1837  
20  Pesos,  1 855  and  since  
1  Peso,  old  
Half  Peso  

44  1835-1838   
18  R,  1855   

Pru3?ia. Crown,  new  
Thaler,  before  1857. 44  new  

Venezuela  8  Escudos,  1823  (Popayan). 
|8  Escudos,  1737  to  1843  .... 25.8064  G,  1849  and  since  . 
16.400  M  (Popayan)  
Dollar  (8  reals),  1835-36. . . . "         44  1830  

44         "  1857  

Weight  i Vaiue. 

■  Qu'ue" 

^ieco. 

Piece 
.c56 

915.5 4  84  08 

'.^56.7 

916.5 4  S6  34 
.256-2 

916 4  85  1 .1S2.5 924.5 22  C6 
.178 )25 22  41 
!374 

916 
7  08  18 .374 916 

46  62 
.279 

991 
37  63 .279 890 33  80 .362 568 4  44 

.289 572 3  57  6 
7  72 

.207-5 
SCO 0  84  69 .103.7 S?>9.5 1  93 

.SOO 900 S9S  5 
9S 
19  06 

.207.5 Sr.9.5 3  85  83 .427 
S95 7  90  01 

.427 895 7  90 .G57 900 
6  64  2 .112 

9S3 
2  28  28 

.595 
900 

72  89 .340 9C0 COO 41  65 

1.192 
900 1  46 

.946 
S75 1  12  06 37  05 

.1S5 900 0  44  29 

.719 900 8S  08 

.'207 

898 
3  84  26 

.867  5 S70.5 15  61  05 

.867.5 866 15  52  98 .867.5 903 
1  06  22 

.S66* 

901 1  06  2 1  99  52 
.215 899 3  99  7 
.346 896 42  02 
.034  6 5C9 4  02 

!S04~ 

944 
944 1  03  31 

41  04 .927 
877 

1  10  65 !30S 912 5  80  66 

.950 
912 1  18 035 912 

11  08 
.S67 868 

fl5  55  67 

(15  62 
1  055 

898 19  21  3 
.866 C01 1  06  2 

49 
433 650 38  31 

('.766 

(.772 

909 
(  94 

\     95  05 900 6  64  19 .712 753 72  68 .595 900 
72  89 .868 870 15  61  1 .867 858 15  37  75 

.'867 

868 15  56 .826 8"4 15  31 
.525 8)1  .S 

9  67  51 1  07  05 68 
.803 896 £7  C2 
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Table  of  Weight  and  Mint  Valves— Continued. 
Country. 

Naples  . 

Rome  . 
Russia  . 
Sardinia. 

Spain  . 

Sweden 
Switzerland  . 
Tunis  

Turkey  , 

6  Ducati,  new  
Scudo  (120  grains). 
'2.5  Scudi.  new  1  Scudo  (100  bajochi)  5  Roubles  
1  Rouble  (100  Copecks)  5  Lira  
Lira  (equal  to  1  franc)  
Half  Doubloon,  down  to  1824. . . 100  Reals  
20  Reals  (dollar)  
80  »   Ducat  
Rix  Dollar  
2  Francs  
25  Piastres    

siuce  1845  , 

Tuscany  . 

100 20 

1  "   
Zecchino  (sequin)  
Florin  (100  quattrini) . 

|  Fineness. 
Weight Old 

New 

Value. 

Ounces. Piece. Piece. 

245 
996 

$  c. 
5  04  43 

.844 830 95  34 
!s87 

833 
1  00  05 

.140 
9(l() 

2  CO  47 
.864 900 1  05  84 210 

916 3  97  64 .667 875 7  44 RAO €00 
98 19  06 

433 
8G5 7  75 

896 
4  96  39 
1  01  C5 

.  6iD 
869.5 

3  86  44 •  111 975 
2  23  72 

1.092 750 1  11  48 .323 
899 

39  52 
.161 900 2  99  54 
.511 8.8.5 62  49 
.231 915 4  36  93 
.770 830 86  98 .038 830 4  39 .112 

999 2  31  29 
.220 925 

27  7 

Weights  and  British  Value  of  Foreign  Gold  and 
Silver  Coins  not  included  in  the  foregoing  Table. 
Country. 

Baden   
East  Indies. . 
France  
Hanover  

Hamburg  .. . 
Holland  
Milan . . 

Naples . 
Netherlands  . 
Prussia  
Russia  . 

Spain  . . , 

Sweden  . 

Turkey  
Tuscany  .... Vienna  
United  States 

Ducat  
Sicca  Rupee  
Company's  Rupee. Napoleon  20  franc. Ducat  
Florin  
Rix  Dollar  
Ducat  
Florin   
Sequin  Lira  
Oncetta,  1818  .... Ducat  
Florin,  1816  
Frederick,  1800  . . . 
Rix  Dollar,  Conv'n Ducat,  1796  
Imperial,  1S01  
10  Copecks,  1S02  .. 
Doubloon,  1772  . . . 
pistole,  1801  Dollar  
Ducat  
Rix  Dollar  
Zecchin  
Lira,  1803   
Ducato  
Eagle  Dollar  

Weight 1  Fineness 

;  Fine 

Grains in  Carats 
and  Dwts. u.  s Standard 

1  Metal. 
Grains. 

47.5 
*23.6S75 .987 

46.9 
179.5 12,5. .953 175.8 180. 

220. 
.892 165. 

99.5 21.5625 .898 87.40 
53.75 23.8125 

.'92 
53.33 

50. 18.875 .787 
39.32 450. 212. .860 

397.5 
53.75 23.5625 .982 

52.77 
162. 21T.5 .881 146.8 
53.75 23.75 .9S9 53. 1 9 96. 132. .515 5  .8 
58.25 23.875 

.995 57.95 202. 

.820 295.4 
166. 214.5 .869 148.4 103. 21.5 

.8"4 

92.27 
433. 199. .807 359. ■  54. 

23.625 .984 53.16 
1S5.25 23.5625 .982 

181.87 
32.5 

209. 
.818 28.3 

416.5 21.4375 ..893 372,03 104.25 20.75 .864 90.13 4!  6. 214. .S68 370.9 53. 23.5 .979 51.9 449. 207'!  666 .873 38S.5 24. 
56. 

229. .954 53.4 
342. 197. .821 

r80.7 

258. 21.6 .900 232.2 412.5 216. 
.900 357.03 

$  c.  m. 2  00  7 51.17 P.O. 
178.4 

97.5'? 

58.  IS 
42.9 429.7 
57.57 158.7 

5S.0I 5L1 
63.21 319.4 

160.4 
100.66 388  1 
57.99 

198.41 30.6 
405.85 8  33 
401. 56.61 
420. 
57.8 303.5 

10  00 412.5  |  1  00 

3  85 2  29  7 
1  69  3 

2  27  S 
2  29  9 

2  49  5 

28  9 83  2 

16  02  2 
3  88  1 

2  23  5 
1  40 

*  22  carats  is  the  standard  of  gold,  and  1  carat  is  divided  into  4  grains, t  222  dwts.  is  the  standard  of  silver. 
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FOREIGN  MEASURES  AND  WEIGHTS. 

MEASURES  OF  LENGTH. 

British   The  Imperial  standard  yard  is  referred  to  a  natural  stand
- 

^  *     ard  which  is  the  length  of  a  pendulum  vibrating  sec- 
onds in  vacuo  in  London,  at  the  level  of  the  sea;  meas- 
ured on  a  brass  rod.  at  the  temperature  of  62°. 
Admiralty  knot  =  G080  feet. 

French.  Old  System.    (U.  S.  inches.) 
1  line  =12  points  ...=  0.08881 
1  inch  =  12  lines  =  1.06577 
1  foot  =12  inches  ...  =  12.78916 

I  toise=  6  fcet=  76.735  inches. 

1  league  =  2280.33  toises  (com'n). I  league=2000      toises  (post). 

New  System.    (U.  S.  inches.)    Prior  to  Law  of  1866 
1  decametre  =    32.80899  feet. 

1  hefctometre  =  328.0899  " 1  kilometre    bs  1 093. 633  yards. 
I  myriametre—    6.213825  miles. 

1  millimetre  =  .0393707  inches. 
1  centimetre  =  .3937079 
1  decimetre  =3.9370797 
1  metre*  =39.370797 

Note    la  the  new  French  system,  the  values  of  the  hase  of  each  measure-viz 
Metre  Sre/Stere?  Are,  and  Gramme-are  decreased  or  increased  by  the  following words  prefixed  to  them.  Thus, 

Willi  expresses  the  1000th  part.  I     Deca  expresses  10  times  the  value. 
Centi         «  100th    «  Hecto  100 
Deci  "  10th    4t  I      Kilo  1000 

Myrio  expresses  10000  times  the  value. 

Ta"ble  of  Lengths  of  Foreign  Lineal  Measure. 
Place. I Measure. U.S. Inch. 

Abyssinia  
Aleppo  and  Asia Amsterdam  
Antwerp  Arabia  
Austria  
Baden  
Bavaria  
Belgium1  Bengal  Berlin  
Birmah  
Bohemia2  
Bombay  
Brazil3  Bremen  
Brunswick  
Calcutta  
Canary  Isles*  . . Candia  
Ceylon  
Constantinople 

Pic,  geometrical Pic  
Foot  
FU38  
Guz  
Fuaa  

File  
Cubit  or  Guz. 
Cubit  
Fuss  
Hath  
Cubit  
Fuss  
Sch uh  or  Fuss. 
Cubit  
Foot  
Pic  or  Ell  
iJovid  
Pic  

30.37 20.63 
11.144 
11.275 
25. 12.445 
11.81 
11.48 
39.371 
18. 12.357 18. 
12.445 18. 
25.9S 
11.38 11.23 
18. 
11.128 
25.089 
18.504 
20.89 

Damascus  . . . 
Dantzic  
Denmark  
Dresden  
Egypt  Florence  
Frankfort  .. 
Geneva  
Genoa  
Gibraltar5  . . Greece  
Guinea  
Hamburg. . . 
Hanover  
Ionian  Isles* 
Japan   
Java  . . . 
Leipsic  . 

U.S. Inch. 

China  Chik  or  Covid  . . 
"  Engineer's "  commercial 
Pic  
Fuss  
Fod  
Fuss  
Derah  
Braccio  

Fuss,  Surveyor's Pied  
Piede  Manuale Foot  
Cubit  
Jacktan 
Fuss 

13.125 12.71 
14.1 
22.93 11.3 12.357 
11.15 
25.49 
22.98 14.01 
23.028 13.4S8 
12. 
18. 

144. 
11.279 
11.49 12. 

74.824 

12.+ 

12.357 
11.148 

*  According  to  Captain  Kater's  comparison,  and  the  one  adopted  by  the  U.  S.  Ord- nance Corps  =  39.3707971  inches,  or  3.280999  feet. 

C* 
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Table  of  Lengths  of  Foreign  Lineal  Measures. Continued. 
Measure. 

|  U.  S.  Inch. Covid  
Pie  
Foot  
Pie  
Foot  
Guz  
Piede  
Cubit  or  Carina, 
Foot  
Pal  mo  
Fod  

Pie,  commercial Palmo  
Verschok  
Foot  
Archine  

18.  G 11.107 
12. 
11.128 15.(52 25. 
20.5D2 21. 
IB.  IS 
10.381 
12.353 
21.441 
38.27 
14.032 
7.SS2 13.33 

12.357 12.357 
10.79 
11.592 
9.8 1.75 13.75 

28. 

Place. Measure.        |  U.  S.  Inch. 
Sardinia   
Saxony   
Siam  Sicily  
Smyrna  
Spain  

Sweden   
Switzerland 

Tripoli  Turin  
Turkey   
Tuscany  . . . 
Utrecht. . . . 
Venice  

Vienna Warsaw  . . . 
Ziirich  

Oncia  
Liprando  Fuss  
Ken  
Palmo  
Pic  
Foot  
Toesas  
Palmo  Mayor  . . Vara  
Fot  
Fuss  (Berne)  . . . "  (Geneva).. 
Pic  or  Dreah  . . . Fuss  
Pic  great   Foot  
Pie  
Braccio  Grosso  . 
Braccio  Fuss  
Foot  (Cracow). . 

Talole  of  Lengtlis  of  Foreign  Ptoad  Measures. 
Measure. 

Mile  
Meile  (post) . . 
Stunden  
Kilometre  . . . 
Meile  

U  S. Yards, 

Dain  
League  (16  to  1°) 

"     (IS  to  1°) Meile  
Coss  
Mile  
Li  
Miil  
Post-meile  
Feddan   
Mile  
Mijle  
Miglio  Kilometre 
Mile  (post)  
Mile  (15  to  1°). Stadium  
Jacktan  ...... 
Meile  

Wussa . 
Mile... 
Ink. . . . 

2140. 
S297. 
4SG0. 
1 093.63 
2132. 
2000. 
4277. 
7587. 
6750. 
6S65. 11S16. 
2160. 
1760. 60S.  5 
S238. 
7432. 

,  1.47 
1760. 1093.63 
1809. 1093.6 
S527. 
8101. 1083  33 4. 
S23S. 
8114. 9139. 

24.89 2025. 
2.03S 

Leghorn   Leipsic  Lithuania . . . 
Malta  
Mecklenburg 
Mexico1**  Milann  Mocha  
Naples  
Netherlands . Norway   
Persia  
Poland  
Portugal  
Prussia  . 
Rome . . . 

Russia  . . 
Sardinia  . Saxony  . . 
Siam 

Sweden  
Switzerland  . Turkey  
Tuscany  
Venice . .  

Miglio  
Meile  (post) .  k . 
Canna  
Meile  
Legua   
Miglio  Mile  
Miglio  Mijle  Mile  
Parasang  
Mile  (long)  
Mitha  
Vara  
Mile  (post)  
Kilometre  
Mile  
Verst  
Sashine  
Miglio  
Meile  (post)  Roenung  
League,  legal  . . '  common 
Milla  
Mile  
Meile  
Berri  
Miglio  
M  iglio  

*  Carara,  Palmo,  9.6  ins. r  1.60931  miles— 1  kilometre. 
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MEASURES  OF  SURFACE. 
French.  Old  System. 

]  square  inch  =1.13587  U.  S.  inches. 
1  toise  =6.3946  U.  S.  feet. 
1  arpent  (Paris)        =900  square  toises  =  4089  square  yards. 
1  arpent  (\voodland)=  100  square  royal  perches =6108:24  square  yards. 

New  System. 
1  are  —  \  square  decametre— 1076.4309  square  feet. 

=  100  square  metres=  119.6033  square  yards. 
1  decare=10  ares.  |  1  hectare=100  ares  — 2.4711  acres, 
1  square  metre=  1550.0599  square  inches,  or  10.7643  sq.  feet. 

1  centiare  =  10  7643  square  feet.  |  1  declare  =  11,9603  square  yards. 
Talkie  of  T^engtlis  of  Foreign  IVteasxires  of  Surface- 

Place. Measure. 

Amsterdam  . . .  iMorgen. Austria  .......  Joch  . . . 
Baden  
Berlin  
Bremen  
Brunswick  . . . 
Canary  Isle»4. 
Ceylon  Denmark  
Egypt  
England  Geneva  ...... 
Hamburg .'. ... Hanover  

Vierttl 
Morgen. 

(small) . 

Fanegada   Acre  
Skieppe  
Feddan  al  ris'h. Acre  
Arpent  Scheffel  
Morgen  

9722. G8S4. 
1U76.4 
4305.  G 
3054 I  30T0. 

|  2990. I  2420. 
J  4S40. '  329.75 1  2G74. 
1  4S-10. 1  6179. 

!  5026.34 :  G131.5 

Pla Measure. Square Yards. 

Ionian  Isles Modena  . . . 
Naples  Portugal  . . Prussia  . . . 
Rome.  Russia  
Spain  
Sweden  
Switzerland  . , Turin  
Tuscany  .... 
Vienna  
Zurich  

Misura  Biolca  I 
Moggi  | 
Geira  
Morgen  Pezza  
Dessatina  
Fanegada  (max) El  Area  
Tunnland  
Juchart  (tillage) 
Giornata  
Quadrat  o  Joch  
Juchart  

1445. 
3392. 4165. 
7004. 3054. 
3100. 

13067. 
7CS2. 
119.6 

5S72. 
4k25.9 

4546  7 407.2 
CS84. 425.9 

MEASURES  OF  VOLUME. 

British.  The  Imperial  gallon  measures  277.274  cubic  inches,  con- 
taining 10  lbs.  avoirdupois  of  distilled  water,  weighed  in 

air,  at  the  temperature  of  62°,  the  barometer  at  30  inches. 
6.2355  gallons  in  a  cubic  foot. 

Imperial  bvshel=22\8AV2  cubic  inches. 
*  limped  busJiel=  19.5  inches  diameter,  cone  G  inches  high 

=  2815.4872  cubic  inches. 
For  Grain — 8  bushels  =1  quarter;  1  quarter  =10.2604 

cubic  feet. 
Coal,  or  heaped  measure — 3  bushels  —  1  sack  ;  12  sacks  tt 1  chaldron. 
1  chaldron  =53. 656  cubic  feet,  and  weighs  31 30  pounds. 

French.  Old  System.— \  Boisseau  --  13.01  litres  =  793.963  cubic 
inches,  or  3  437  gallons. 

1  pinte  =0.931  litres,  or  56.816  cubic  inches. 
1  cubic  inch,  1.065773  =      1.20157  U.  S.  inches. 1  cubic  foot  =  2091.8667  U.  S.  inches. 
13.08516  hectolitres...  =  1  chaldron. 

*  When  heaped  in  the  form  of  a  true  cone. 
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French.  New  System.-^ Decilitre =<M 0^7  U.  S.  cubic  inches. 
Litre  —  1  cubic  decimetre,  or  G1.0271  cubic  inches^ 

1.05675  U.S.  quarts. 

Decalitre  ~ 610.271  cubic  inches. 
Kilolitre  —  35.3166  cubic  feet. 
Decistere....  =    3.53166  cubic  feet. 
Stere  (a  cubic  metre)  -  35.3166  cubic  feet  =  61027  0963  cubic  in. 

Decastere  =  353,166  " 

Note.— For  the  Square  and  Cubic  Measures  of  other  countries,  take  the  length  of the  measure  in  table,  page  29-30,  and  square  or  cube  it  as  required. 

Table  of  Vol  mine  of  Foreign  Liquid.  Measures. 
I Measure. 

Amsterdam . 

Antwerp  
Arabia  
Austria  
Bavaria  
Berlin  
Bombay  
Bra  ziP  
Bremen  
Brunswick  
Canary  Isles*  . . Oaridia  
Ceylon  China  
Cognac  
Cologne  
Constantinople . 
Denmark  

,  Anker  , 
Wine  Stekan 
'Stoop  , 
jGudda  ,  j  Mass  ,  
I  Eimer  Anker  , 

, 1  Par rah  
Medida  
1  Stiibchen  

Dresden  . . 
Egypt .... Frankfort 
Florence. . 

Germany(Baden) Geneva  
Genoa  
Gresce  . . 
Hamburg 
Hanover. 
Havana  . 

Holland6  
Hungary 
Ionian  Isles8.. 
Java7   
Leghorn   
Leipsic  . . Lisbon. . . 
Lucerne  . 
Madras  .  . 

Arroba  
Mistatc  
Parrah  , 
Tau  
Brandy  velte Viertel  
Almud  
Anker  
Pot  
Eimer  , 
Ardeb  
Viertel   
Wine  Barile  , 
Oil        "  . Stiitse  
Setier  
Wine  Barile  . 
Pinte   
Kila  
Stiibchen 
Ohm  
Stiibchen . . . 
Arroba  , 
Wine  Arroba 
Kan  
Eimer  , 
Dicotoli 
Kanne  , 
Oil  Barile. . . , 
Wine  "  .... Eimer  , 
Almude 
Ohm  
Marcal  

Cub.  Inch 
2331. 
1183.6 16S. 
554.5 86.3 

3014.3 '2285.7 

6721.1 
165.5 195.9 227. 
949. 
6S1. 

1558.4 
382. 7 

4454.6 
3G3.1 
319.4 2299. 
58.9 4627.6 

1358. 
437.53 

2781.8 2225.6 
915.1 

2760. 
4528.6 

90.6 
2030.1 
220.9 

8836. 
D4X>.6 237.2 947. 
2781. 

61.021 
3454.4 

34.6 111. 
2225.6 
2781. 8 4627.6 
1009.5 3162.8 
749.8 

Madeira  . 
Malaga  .  .  . Malta  
Marseilles 
Milan?*. . . Mocha  
Modena. . . 
Nantes  . . . 
Naples  . . . Norway 

Oporto  . Persia. . 
Poland  . 
Prussia . 

Riga  . Rome 

Rotterdam. 
Russia  
Sardinia . . . Saxony  
Siam  
Sicily  

Smyrna  . 
Spain  . . 

Sweden  
Syria  Switzerland. 
Tripoli  
Trieste  Turkey  
Tunis  
Tuscany. . . . 

Venice1  -. Vienna  . . 

Measure. 
Alquiere  .... Almude  
Arroba  
Caffiso  
Millerolle.. . . Pinte   
Gudda   Fiasco   
Wine  Barique 

u     Barile  . 
Oil  Stajo  
Kanna   
Almude  
Artaba  
Garnice  Anker  
Eimer  
Ohm  Anker  
Wriue  Barile  . 
Oil        "  . Boceale  
Ohm  
Vedro  Barile  
Eimer  
Sesti  
Oil  Caffiso  . . . 
Salma  (Mes'a) Almud Arroba  
Oil  Arroba. . . 
uartillos  
Kanna   
Almud  
Eimer  (Berne) 
Barile  
Eimer  
Almud  ...... Oil  Barile  

Zurich 

Fiasco. . Pinta  . . 
Eimer .  . Mass . .  . 

Note. — In  Bengal  and  Calcutta  the  measures  are  by  weight. 
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Table  of  Foreign  Dry  Measures. 
Place Cubic  Inch.  I 

Abyssinia. . Africa  
Alexandria. 
Austria 
Algiers   . . . 
Amsterdam 
Asia  
Azores  

..Ardeb 
. .  Rebele  . . 
. .  Metze  . . 
. .  Zarni. . . 

Mudde.. 
Sesti.... 
Alquiere Sack  

Barbary  Teraer  . . 
Bavaria  ( Scheffel. Brazil3  !  Alquiere 
Brunswick  |Himt  . . . 
Belgium^  iLitron  . . 
Berlin  j  Scheffel. 
Bombay  jParah  .. 
Bremen  'Scheffel. Cadiz  | Fanega  . 
Canada  12  Minut  . . 
Can  din  Carga  .. 
China  ITau  
Constantinople  Killow. . 
Corsica  Stajo  . . 
Dresden  !  Scheffel, 
Dantzic  I  u   
Denmark  jTonne  
Egypt  Ardeb  
Florence  Stajo  Frankfort  .Malta  
Geneva  'Coupe  Genoa  Miria  
Greece  Kila  
Germany  Walter  (Baden) 
Holland^  Kop  Hanover  Himt  
Hamburg  Scheffel  
Ionian  Isles8  . .  JChilo  Leghorn  Stajo  Lisbon  Alquiere  

Notes.— In  Arabia  the  Tomand  measure^  108  lb 

Place. 
.277. 

{  59-2. 2 375  _\7 1220.5 
CTS6. 
T39.39 T31. 

4147. 
163T.T 

135C9. 
2240. 
1897.9 

61.027 
31S0. 
6721.12 4520. 
343S.8 
2381.5 
9288. 
443. 

20  3. 0014. 
0340.3 3354. 
84S7.6 

10S69.2 
14S7.1 
6  02.4 
4739. 7366.6 
2<>30. 
9154. 

61.027 
1897.9 0429.5 
2218.2 
1487.1 
825.2 

Lisbon  
Leipsic  Madeira  
Malaga  
Modena  
Malta  
Mil  ani»  
Majorca  Madras  
Norway  
Naples  Netherlands. . 
Oporto  Persia  
Poland  Prussia  
Parma  
Rome  

Measure. 

Riga  Rotterdam  . . . 
Russia  Sardinia   
Spain  u 
Sicily  

Smyrna  Sweden  
Siam  
Saxony   
Scotland  
Switzerland . . 
Tripoli  Tuscany  Turkey  
Zurich  
Venice  ii  Vienna  

avoirdupois  of  rice. 

Fanega   
Scheffel .... 
Alquiere . . . Fanega   
Sacco  
Salma  
Soma  
Quarten .... Marcal  
Spann   Tomolo  
Mudde  
Alquiere  . . . Artaba  
Zorrec  
Scheffel  
Stajo  
Rubbio  
Quarta  Loop  
Saik  
Tschetwerik  . . Mina  
Cahiz  
Fanega   
Salma,  grds  . .  . u  general. 
Killow  
Tunna  Se-ti  
Scheffel  
Flrlot  
Maas  (Berne) . Temen  
Stajo  Killoio  
Mutt  
Soma  
Metzen  

In  Bengal  and  Calcutta  the  measures  are  by  weight. 

MEASURES  OF  WEIGHT. 

British.  1  troy  grain       —    .003001  cubic  inches  of  distilled  water. 
1  troy  pound      =22.815080  cubic  inches  of  water. 1  avoir,  drachm  =27.34375  troy  grains. 

1  clove      =   7  pounds.  I         1  truss  straw=36  pounds. 
1  sack  wool=364     "  1  sack  flour  =28.2  « 
,  1  quarter  flour=4  pounds  5  oz.  8.25  dr. 

French.  Old  System. 
1  grain    .  =  0.8188  grains  troy.  I  1  once  =1.0780  oz.  avoirdupois. 
1  gross  ...  =58.9548         "  |  1  Hvre  =1.0780  lbs. 

New  System. 
Milligramme  =  .01543  troy  gr's. Centigramme  =  .15433 
Decigramme  =1.54331 

Gramme  =    15.43316  tr.  gr, 
Decagramme.  =  154.33159  " 
Hectogramme  =  1543.3159  " 
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1  kilogramme  =  2.204737  lbs.  avoirdupois. 1  myriagramme  =22.04737  " 
1  millier  — 1000  kilogrammes  :=  1  ton  sea  weight. 

453.5688  grammes  ==  .4535688  kilogramme  =  1  pound  avoirdupois 
372.2223       "      =.3732223  «       =1  pound  troy 

Table  of  Value  of  Foreign  Weights. 
Pounds 

Cologne  
Constantinople Corsica  
Cyprus  Damascus  .... 
Denmark  
Dresden  
East  Indies  
Kgypt  Florence   
Frankfort  .... 
Geneva   
Genoa  , 
Germany  (Bad.) 

"       (  "  ) 

Weight. 

pois. 
Liter  
Rottoli  
Wakea  
Batman  
Oke  
Pound  (old). .  . "  (Flem.) 
Rottoli  
Maund. .... 
Catty  Oke  
Pfund  
Mark  
Rottoli  ..... 
Catty  
Pfund  
Livre  
Seer  (Factory)  . 

Maund  (Fact'ry) 
Pfund  
Vis  
Seer  
Mark  
Pfund  
Pound   
Pfund  
Rottoli  
Seer  (Factory). 

Maund  (Fact'ry) 
(     f  ) Libra   

Rottoli  
Candy   Tael  or  ounce  . . 
Catty  „ 
Mark  
Oke  
Kilogramme . . . Rottoli  
Oke  
Pund  
Pfund  
Sicca  or  Tola  . . 
Rotl  
Libbra   
Pfund  
Pfund  
Rottolo  
Mark  
I  Pfund  

.6S57 

.6S5T .0571 
16.D74 
2.S29 
1.000 
2.2 .03 
1.19 
3. 2  5S3 
2.843 
1.235 
.6195 1.09 

1.3333 
1.2343 2.2047 
1.8607 
2.0533 

74  667 
82.123 .311 
3.3333 
.7 .5533 

1.09S6 
1.2531 
1.03 
1.008 1.8667 
2.0533 

82.123 
74.667 1.0148 
1.1650 

500. .0833 
1.3333 
.5:56 2.S 

2. '.047 
5.2439 
2.8200 1.1029 
1.031)9 .0257 
1.008 .7486 
1.0314 
1.2143 
1.0483 
.5155 

1.1029 

Place. 

Germany. . 
Greece  
Guinea  Hamburg  . 
Hanover  . . 
Hollands  . . 
Japan7  Java  
Leghorn . . . Leipsic  Madeira . . . 
Madras  Malta  
Milan! i  ... Mocha  
Modena  . . . Morea  
Morocco . . . 
Munich 
Naples  . 
Norway  . 

Weight. 
Unze  . 
Pound  , 
Benda  , Pfund . 

Pondeu   
Catty  
Catty  
Libbra   

Pfund  (comm'n) Vis  
Rottoli  Libbra  
Maund   Libbra  , 
Pound  

Pound  (comm'l) u  (market) 
Pfund  
Rottoli  
Rotolo  (piccolo). 
Skalpund Mark  . . . 

Parma  Libbra  . . 
Persia  'Battel  (shirez)  . "   iDirhem 
Portugal  !  Found Pfund.. 

Libbra . 

Funt. . . Rottolo. Pfund . 

Pi  ussia Rome  
Rotterdam 
Russia  
Sardinia  . Saxony  
Sbiraz  'Batman Siam  Catty  
Sicily  I  Libbra  
u   I  Rottolo  (grosso), 

Smyrna  Oke  u    iCantaro  
Spain1**   Libra  Sumatra  !  Catty  
Sweden  I  Skalpund  
Switzerland  . . ' Pfund  
Tripoli  j  Rottol  
Tunis  |  "   Turin  Libhra  
Turkey  Rottolo  
"   lAlmud  (oil)  u   Oke  

Tuscany  Libbra  
Venice11   I'onnd  
Vienna  j  Pfund  
Warsaw  |  »   

.0057 

.68 11 

.1417 1.0685 
1.0731 2.2057 
1.3 
1.3333 
.7486 

1.0309 1.0119 
3.125 
1.333 2.2046 
3. 

.7046 1.1014 
1.19 1.785 
1.2300 
1.9643 1.0607 .9376 
.465 .7197 

2.1136 
.0214 1.011! 

1.0311 
.7477 

1.0895 
.9026 1.0-183 

1.0309 12.6816 2.5S3 
.7 

1.925 2.829 
127.3 

1.0164 1.333 .9376 
1.1514 1.097 
341 
.813 

1 .2729 
22.6:5 2.8286 

.7486 
2.204  > 
1.235 

A90< 



FOREIGN  MEASURES  AND  V/EIGHTS. 

So 

ZS"otes  to  tlie  preceding  Tallies. 
1.  The  measures  and  weights  of  Belgium  are  the  same  as  those  of  France  and  Holland. 
2.  The  measures  and  weights  of  Bohemia  are  the  same  as  those  of  Austria. 
3!  The  measures  and  weights  of  Brazil,  with  some  additions,  are  the  same  us  those 

of  Portugal.  ' 
A  The  measures  and  weights  of  the  Canary  Isles  are  the  same  as  those  ot  bpam, with  some  variations.  ,  t 
5.  The  measures  and  weights  of  Gibraltar  are  the  same  as  those  01  England. 
6.  Tl>e  measures  and  weights  of  Holland  are  the  same  as  those  of  France  and  Bel- glum. 
7.  The  weights  of  Japan  are  nearly  the  same  as  those  of  China. 
3.  Since  1S1T  the  measures  and  weights  of  the  Ionian  Isles  are  the  same  as  thor-c of  tln^lani,  with  Italian  designations. 
9.  The  measures  and  weights  of  Mauritius  are  the  same  a3  those  of  England  and France. 
10.  The  measures  and  weights  of  Mexico  are  the  same  as  those  of  Spain,  with  some additions  difficult  to  obtain. 
11.  The  measures  and  weights  of  Milan  and  Venice  are  the  same,  and  are  those  of 
12.  The  measures  and  weights  of  Canada,  and  all  the  British  Possessions  in  North 

America,  are  the  same  as  those  of  Great  Britain,  but  the  U.  S.  gallou  and  bushel  are most  in  use. 

SCRIPTURE  AXD  ANCIENT  MEASURES. 
Scripture  Long  Measures 

Inches. 
Digit  =  0.912 
Palm   =  3.648 
Span   =10.944 

Cubit.... 
Fathom . 

Nahud  cubit. 
Egyptian  Long  Measures. 

Feet.  Inchei 
1       5.71      Kcval  cubit. 

Feet. =  7 

Feet. 
..  1 

Inches. 
9.888 
3.552 

Inches. 
8. GO 

Grrecian  Long  Measures. 
Feet.  Inches. Feet. =  604 

=  4835 Digit   =         0.7554  Stadium  . 
Pous  (foot)  =  1       0.0875  Mile  
Cubit  =  1  1.5984J 

Attic  or  Olympic  foot  =  12.108  inches. 
Pythic  or  natural  foot  =  9.7G8  " 
Ancient  Greek  (16  Egyptian  fingers)  11.81  " 
Keramion  or  Metretes".   8.488  gallons 

Inches. 
4.5 

Jewish  Long  Measures. 
Feet.  Fe««. 

Mile  (4000  cubits)  ....  =7296 
Day's  journey          33.164  miles. 

Cubit  =  1.824 
Sabbath  day's  journey =3648 

Roman  Long  Measures. 
Inches. 

Digit   =  .7257^ 
Uncia(inch)....  =  .967 
Pes  (foot)   =11.604 

Feet.  Inches. 
Cubit  =    1  5.406 
Passus  =    4  10.02 
Mile  (millarium)  =  4842 

Roman  Weight. 
Pounds. Ancient  libra  7094 
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Ancient  Weights. 

Attic  obolus. 
Troy  grains, 

j  8.2* 

  1  9.1f 

(51.9* 
"    drachma  -^54.6f (69.  J 

Lesser  mina   3.892 
Greater  mina  J-  of  drachma. 
Talent  =60  minae  =56  lbs.  avoir- 

d"l>ois.  Troy  grains. Drachm  =146.5 

Egyptian  mina  
Ptolemaic  "   
Alexandrian  "   
Denai  ins  (Roman) .... 
"  (Nero)   

Ounce  

Pound   12  Rom 

Troy 

8. 
8. 
9. 

(  51. 

\  62 

54. 

(415. 

-<437. 

(431. 

Llll  Oil 

grains 

326* 
985* 
992* 

9* 

5f 

t 

1* 

2f 

ft ncesc 

Miscellaneous. 

Arabian  foot   =1.095 
Babylonian  foot  =1.140 
Egyptian  finger   =  .06145 

Feet. Hebrew  foot  =1.212 
"      cubit  =1.817 
"      sacred  cubit  =2.002 

GEOGRAPHICAL  MEASURES  AND  DISTANCES. 
To  Reduce  Longitude  into  Time. 

Rule. — Multiply  the  degrees,  minutes,  and  seconds  by  4,  and  the product  is  the  time. 
Example. — Required  the  time  corresponding  to  50°  31'. 

50°  31' 
4 

M.    22'  P*. 
To  Reduce  Time  into  Longitude. 

Rule. — Reduce  the  hours  to  minutes  and  seconds,  divide  by  4,  and the  quotient  is  the  longitude. 
Or,  multiply  them  by  15. 
Example.— Required  the  longitude  corresponding  to  57*.  S'  11.2". h.   m.      a.  m.  s. 

5   8    11.2.  =308   11.2"',  which~4  =  T7°  2'  45.5". 
Or,  multiplying  by  15  : 

-5h.  8m.  11.2s. Xl5  =  77°  2'  45.5". 

Table  of  Departures  fox*  a  Distance  run  of  1  Mile. 
Course. Departure. Course. Departure. 

|  Course. 
Departure. 

'3.5  points. 
4.  " 

.773  1 

.707 4.5  points. 
5. 

.634 

.556 5.5  points. 
1  6. 

.471 

.383 

Thus,  if  a  vessel  holds  a  course  of  4  points,  that  is,  without  leeway,  for  the  distance of  1  mile,  she  will  make  .707  of  a  mile  to  windward. 
Or,  a  vessel  sailing  H.N.E.  upon  a  course  of  6  points  for  100  miles  will  make  3S.3 

mites  (100X.383)  longitude. 
*  Ohristiani. t  Arbuthnot. t  Paucton. 
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Table  showing  the  Degrees,  Minutes,  and.  Seconds 
of  each  Point  of  the  Mariner's  Compass  with  the Meridian. 

Points. 
Sin.  A.* Cos.  A.* Tan  A.* 

.25 2  48  45 
.0489 .99S8 .0491 

.5 
5  37  30 .098 .9f52 

.09S5 
.75 8  26  16 .1467 .9S91 .1484 

1. 11  Id .195 .9S08 .1989 
1.25 14   3  45 .2429 

.97 
.2504 1.5 16  52  30 .2903 .9569 .3034 1.75 19  41  15 .336S .9415 .35T8 

2. 22  30 .3837 
.9239 

.4142 2.25 25  IS  45 .4275 .90 .4729 
2.5 28   7  30 .4714 .S819 .5345 
2.75 30  56  15 .5141 

.8577 .5994 
3. 33  45 .5556 .8315 .6682 
3.25 36  33  45 .5957 .8032 .7416 

3.5 39  22  30 .6344 .773 .8207 
3.75 42  11  15 

.6715 .7409 
.9063 

4. 45 .7071 .7071 
1. 

4.25 47  4S  45 
.7404 .6715 1.103 

4.5 50  37  30 .773 .6344 1.218 
4.75 53  20  15 .8032 .5957 1.348 
5. 5G  15 .8315 .5556 1.497 
5.25 59    3  45 .8577 .5141 

1.668 5.5 
61  52«30 .8819 .4714 1.871 5.75 64  41  15 .904 .4275 2.114 

6. 67  30 .9239 .3S27 2.414 
C.25 70  18  45 .9415 .3368 2.795 
6.5 73   7  30 .9569 .2903 3.296 
6.75 75  5G  15 

.97 
.2429 3.941 

7. 
78  45 .9808 

.lf5 5.027 
7.25 81  33  45 .9891 .1467 6.741 
7.5 84  22  30 .9952 .098 10.153 
7.75 87  11  15 •99S8 .0489 20,555 
8. 90 t .0000 

00 

N.  by  E. . 
N.  by  W. 

N.N.E.. 
N.N.W. 

N.E.  by  N. . . 
N.W.  by  N. . 

N.E.  . 
N.W. 

N.E  by  El . . 
N.W.  by  W.. 

E.N.E.  .. 
W.N.W. 

E.  by  N.. 
W.  by  N. 

f  ! 

S.E.bvE.  .. 
S.  by  W..... 

S.S.E  
S.S.W  

S.E.  by  S. 
S.W.byS. 

S.E.. 
S.W. 

S.E.  byE.  .. 
S.W.  by  W. . 

E.S.E.  . 
W.S.W. 

E.  by  S. 
W.  by  S, 

Ea3t  or  West   East  or  West 
*  A,  representing  course  or  points  from  the  meridian. 

Tahle  of  the  Visihle  Distance  of  Objects  in  Statute 
Miles. 

Height  in Feet. 

.582 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Distance  in 
Miles. 
1. 
1.31 
1.85 
2.27 
2.62 
2.93 
3.21 
3.47 
3.7 
3.93 
4.15 

Height  in  Distance  in Feet.  Miles. Height  in    Distance  in Feet.  Miles. 
It  4.36  30  7.18  150 
12  4.54  35  7.76  200 
13  4.71  40  8.3  300 
14  4.9  45  8.8  400 
15  5.07  50  9.37  500 
16  5.24  55  9.72  1000 
17  5.4  60  10.14  2000 
18  5.56  70  10.97  3000 
19  5.72  80  11.72  4000 
20  5.86  90  12.43  5000 
25  6.55  100  13.1  I  1  mile, 
n  Statute  mile  the  curvature  =  6.99  inches. 

1  Distance  in I  Miles. 

16.05 
18.54 22.7 

26.2 29.3 
41.45 

58.61 
71.79 
82.9 92.68 
95.23 
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The  difference  in  two  levels  is  as  the  square  of  their  distance. 
Illustration. — If  the  height  is  required  for  2  miles, 

12  :  22  :  :  6.99  :  2T.9G  inches; 
and  if  for  ICO  miles, 

12  :  1002  .  :  6.93  :  :  1.103+  miles. 

The  difference  in  two  distances  is  as  the  square  root  of  their  heights. 
Illustration.—  If  the  distance  is  required  for  3  feet, 

V.532=.763  iy/Vi  i  V3=1.732  :  2.27  miles; and  if  for  8  feet, 
V.5S2=.7G3  :  V1    :  V^— 2.823  :  3.70  miles. 

Table  of  the  Visible  Distance  of  Objects  in  Geo- 
graphical or  Nautical  Miles. 

Height  in Feet. 
Distance  in Miles Height  in Feet. 

Distance  in Miles. Height  in 
Feet. 

Distance  in Miles Height  in Feet. 
Distance  m 

Miles. 
*  .663 1. 

11 4.08 30 6.74 150 15.07 
1. 1.23 12 4.26 35 7.28 200 17.4 
2. 1.74 13 4.43 40 7.78 300 21.32 
3. 2.13 14 4.6 45 8.25 400 24.64 

4. 2.46 15 4.77 50 
8.7 

500 27.52 
5. 2.75 

16 
4.92 55 9.13 1000 38.92 

6. 3.01 
17 

5.07 60 9.53 2000 55.04 
7. 3.25 

18 
5.22 70 10.29 3000 67.41 8. 3.48 19 5.36 

80 
11.01 4000 77.84 

9. 3.69 20 5.5 90 11.68 5000 87.03 
10. 3.89 25 6.15 

100 12.31 1  mile. 89.43 

*  For  a  Geographical  or  Nautical  mile,  the  curvature  =  7.CC2  inches. 
Illustration. — If  a  man  at  the  foretop-gallant  mast-head  of  a  ship,  100  feet  from 

the  water,  sees  another  and  a  large  ship  "-hull  to,"  how  far  are  the  ships  apart  ? 
A  large  ship's  bulwarks  are  at  least  20  feet  from  the  water. Then,  by  table,  10)  feet  =12.31 

20  "  ==  5.50 
Distance   17.81  miles. 

Note  The  .076)  pait  should  be  added  for  horizontal  refraction. 
When  an  observation  for  distance  is  taken  from  an  elevation,  as  from 

a  light-house  or  a  vessel's  mast,  of  an  object  that  intervenes  between 
the  observer  and  the  horizon,  or  contrariwise,  the  observer  being  at  a 
horizon  to  the  elevated  object;  the  distance  of  the  observer  from  the 
intervening  object  can  be  determined  by  ascertaining  or  estimating  its 
distance  from  the  horizon  or  elevation,  as  the  case  may  be,  and  sub- 

tracting it  from  the  whole  distance  between  the  observer  and  the  point 
from  which  the  observation  is  taken,  and  the  remainder  will  give  the 
distance  of  the  object  from  the  observer. 

In  this  case,  however,  the  distance  of  the  intervening  object  can  not 
be  computed  unless  the  height  of  it  is  known  or  may  be  estimated. 
Illustration. — The  top  of  the  smoke-pipe  of  a  steamer,  assumed  to  be  50  feet  above the  surface  of  the  water,  is  in  range  with  the  horizon  from  an  elevation  of  100  feet; what  is  the  distance  to  the  steamer  ? 

100  feet  =12.31 
50   "  =  8.70 

3.01  miles* 



GEOGRAPHICAL  DISTANCES  AND  SOUNDING. 

Lengths  of  a  Degree  of  Longitude  on  the 
of*  Latitude,  for  each  Degree  of  Latitude 

parallels from  the 

Lat. Miles.  | Lnt. Miles. 

1° 
53.S9 

19° 

56.73 
2 59.96 20 56.38 
3 59.92 21 56.01 
4 59.S5 22 55.63 
5 59.77 23 55.23 
6 59.67 24 54.SL 
7 59.55 25 D-t.oo 
8 59.42 26 53.93 
9 59.26 27 53.46 

10 59.09 28 52.97 
11 5S.S9 29 

52  48 
12 58.69 30 51.96 
13 58  46 31 51.43 
14 5S.22 32 50.SS 
15 57.95 33 50.32 16 57.67 34 49.74 17 57.38 85 49.15 IS 57.03 36 48.54 

Lat. 

Miles.  ] 
Lat  | 

Miles Lat. Miles. 

37° 

47.92 

55° 

34.41 

i3° 

17. 54 
33 47.28 

56 
33.45 

T/1 44 1D.04 
39 46.63 57 32. 6S 

ID 
ID.  Do 

40 45.96 58 31.79 

to 

1  A  ̂ 9 

41 45.23 59 30.9 77 

lo.O 42 
44.59 60 

CO. 
78 

43 43.83 6L 29.09 79 11.45 

44 
43.16 

62 
2S.17 

SO 10.42 45 42.43 

63 

27.74 
81 

9.38 
46 41.68 

64 26.3 
82 

S.35 
47 4^.92 

65 
25.36 83 

7.31 
48 40.15 66 24.4 

•  84 

6.27 
49 39.36 67 23.44 85 5.23 
50 38.57 

68 22.48 

86 
4.18 5L 37.76 

69 
21.5 

87 

3.14 52 36.94 70 20.52 88 
2. 

53 36.11 71 19.53 
S9 

1.05 54 35.27 
72 

18.54 90 

.00 
Note.— Degrees  of  longitude  are  to  each  other  in  length  as  the  Cosines  of  their  lat- itudes. 

SOUNDING. 

To  Reduce  a  Sounding  to  Low  Water. 
180  A 

1  qp  cos.  — - — J  —  It  ; 

h  representing  vertical  rise  of  tide,  and  h'  sounding  or  depth  at  low  water, 
in  feet;  t  time  between  high  and  low  water,  and  t'  time  from  time  of sounding  to  low  water,  in  hours. 

-  cos.  when         00°,  and  +  cos.  when  >90°. 

Fx  win  e.  Low  water  occurring  at  3.45,  and  high  water  at  10.15  P.M.,  a  sounding 
taken  at  5.30  P.M.  was  18.25  feet;  what  was  the  depth  at  low  water,  the  vertical rise  being  10  feet  ? 

.   h  =  10 feet ;  t'=  5ft.  30m.  —  37?.  45m.  =Vr.  45m.  =  1.75  hours, t  =  lOh.  15m.  —  Sh.  45m.  =  6/i.  30m.  =  0.5  hours. 

Then  ™  (lipcos.  18°^'75)  =  5(l-4S°  27'  24")=5X(1  —  .6031  SO)  =  1.63407  feeL 
Sounding   IS.  25  feet. 
Reduction   1-68407  " 16.56503  feet. 
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VULGAR  FRACTIONS. 

A  Fkaction,  or  broken  number,  is  one  or  more  parts  of  a  Unit. 
Illustration.— 12  inches  are  1  foot. 
Here,  1  foot  is  the  unit,  and  12  inches  its  parts ;  3  inches,  therefore,  are  the  on" fourth  of  a  foot,  for  3  is  the  quarter  or  fourth  of  12. 
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  J  of  a  dollar. The  upper  number  is  termed  the  Numerator,  because  it  shows  the  number  of  nuts used.  1 '  ' 
The  lower  number  is  termed  the  Denominator,  because  it  denominates  or  eives name  to  the  fraction.  1  to 
The  Terms  of  a  fraction  express  both  numerator  and  denominator;  as  0  and  9  are the  terms  of  fi. 
A  Proper  fraction  has  the  numerator  equal  to,  or  less  than  the  denominator:  as,  h etc.  '  *41 
An  Improper  fraction  is  the  reverse  of  a  proper  one ;  as,  f ,  etc. A  Mixed  fraction  is  a  compound  of  a  whole  number  and  a  fraction ;  as,  5f,  etc. A  Compound  fraction  is  the  fraction  of  a  fraction ;  as,  \  of  |,  etc. A  Complex  fraction  is  one  that  has  a  fraction  for  Its  numerator  or  denominator,  or 

both ;  as,  J|_,  or  f_,  or  -2-,  or  ?s,  etc. 
6  4  |  6 

Note. — A  Fraction  denotes  division,  and  its  value  is  equal  to  the  quotient  obtained by  dividing  the  numerator  by  the  denominator;  thus,  ±£-  is  equal  to  3,  and  %L  is 
equal  to  4j.  5 

REDUCTION  OF  VULGAR  FRACTIONS. 
To  Ascertain  tlie  greatest  Number  tliat  will  divide  Two 

or  more  ISTnra."bers  with.ox.it  a  Remainder. 
Rule — Divide  the  greater  number  by  the  less ;  then  divide  the  divisor  by  the  re- mainder; and  so  on,  dividing  always  the  last  divisor  by  the  last  remainder,  until there  is  no  remainder,  and  the  last  divisor  is  the  greatest  common  measure  required. 
Example.— What  is  the  greatest  common  measure  of  1908  and  936? 936)  1908  (2 

1872 ~~ 36)  936  (26 

72 216.   Hence  36  =  greatest  common  measure. 

To  Ascertain  tlie  least  Common  Multiple  of  Two  or*  more Numbers. 

Rule. — Divide  the  given  numbers  by  any  number  that  will  divide  the  greatest number  of  them  without  a  remainder,  and  set  the  quotients  with  the  undivided  num- bers in  a  line  beneath. 
Divide  the  second  line  as  before,  and  so  on,  until  there  are  no  two  numbers  that 

can  be  divided ;  then  the  continued  product  of  the  divisors  and  last  quotients  will give  the  multiple  required. 
Example.— What  is  the  least  common  multiple  of  40,  50,  and  25? 5)  40  .  50  .  25 

5)   8  .  10  .  5 
2)   8  .    2  .  1 

4  .    1  .    1.    Then  5x5x2x4x1x1=200. 
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To  Reduce  Fractions  to  tlieir  lowest  Terms. 

Rule  —Divide  the  terms  by  any  number  or  series  of  numbers  that  will  divide 
them  without  a  remainder,  or  by  their  greatest  common  measure. 

Example.—  Reduce  ||g  of  a  foot  to  its  lowest  terms. 
7 2 Q  ̂ _  in  —  12  —  s  =      -r-  3  =  %.  or  9  inches. 
960  90  '  12  4' 

To  Reel tice  a  ZVIixed  Fraction  to  its  Equivalent,  an  Im- proper Fraction. 
Note.— Mixed  and  Improper  fractions  are  the  same  ;  thus, 
rjULE  —Multiply  the  whole  number  by  the  denominator  of  the  fraction  and  to  the 

product  add  the  numerator;  then  set  that  sum  above  the  denominator. 
Example.— Reduce  23°.  to  a  fraction. 

23x6+2  140 

6      ~~  6 Ex.  2.— Reduce        inches  to  ita  value  in  feet. 
123  -4-6  =  2Dj  ;  that  is,  1  foot  Si  inches. 

To  Reduce  a  Whole  Number  to  an  Equivalent  Fraction 
having  a  given  Denominator. 

Rule.— Multiply  the  whole  number  by  the  given  denominator,  and  set  the  product over  the  said  denominator. 
Example. — Reduce  S  to  a  fraction  the  denominator  of  which  shall  be  9. 

S  X  9  =  72  ;  then      the  result. 

To  Reduce  a  Compound  Fraction  to  an  Equivalent  Sim- 
ple one. 

Rule.— Multiply  all  the  numerators  together  for  a  numerator,  and  all  the  denom- 
inators together  for  a  denominator. 

Note.  When  there  are  terms  that  are  common,  they  may  be  omitted. 
Example.— Reduce  J  of  J  of  §  to  a  simple  fraction. 

IX| x =i-   0r>  h  X I X I  =-?'  H  *to*li*9  the  2's  and  3's. 
Ex.  2.  Reduce  \  of  \  of  a  pound  to  a  simple  fraction. 

2  *  4—  8* 
To  Reduce  Fractions  oFdifferent  Denominations  to  Equiv- 

alent ones  liaving  a  Common  Denominator. 

Rule. — Multiply  each  numerator  by  all  the  denominators  except  its'  own  for  the new  numerators  ;  and  multiply  all  the  denominators  together  for  a  common  denom- inator. 
Note.—  In  this,  as  in  all  other  operations,  whole  numbers,  mixed,  or  compound 

fractions,  must  first  be  reduced  to  the  form  of  simple  fractions. 
2.  When  many  of  the  denominators  are  the  same,  or  are  multiples  of  each  other, 

ascertain  the  least  common  multiple  of  the  denominators,  and  then  multiply  the 
terms  of  each  fraction  by  the  quotient  of  the  least  common  multiple  divided  by  its denominator. 

Example. — Reduce  1,  J ,  and  J  to  a  common  denominator. 
1X3X4=12) 
3X2X3  =  18) 
2X3X4  =  24 

The  operation  may  be  performed  mentally  thus : 
Reduce  ̂ ,  ||,  §,  ami  §  to  a  common  denominator. 

8—8'  3—8'  2—  B* 

D* 
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To  Reduce  Complex  Fractions  to  Simple  ones. 
C. — Reduce  the  two  parts  both  to  simple ach  by  the  denominator  of  the  other. 

t 
Example — Simplify  the  complex  fraction  - 

Rule — Reduce  the  two  parts  both  to  simple  fractions ;  then  multiply  the  numera. tor  of  each  by  the  denominator  of  the  other. 

2#-  f  SX  5  =  40 

4f=:-¥-  3x24=  72  = 

ADDITION  OF  VULGAR  FRACTIONS. 
Rule.— If  the  fractions  have  a  common  denominator,  add  all  the  numerators  to- gether, and  place  the  sum  over  the  denominators. 
Note. — If  the  fractions  have  not  a  common  denominator,  they  must  be  reduced  to one.    Also,  compound  and  complex  must  be  reduced  to  simple  fractions. 
Example.— Add  A-  and  J  together. 

1  I  2  —  4  —  1 
4+4—  4—  *• Ex.  2. -Add  J  of  |  of  gj  to  2  J  of  | 1  V  3  v       —  18 2  A  4  A  10  —  80* 

9i  of  3.  — 12  Y3_  51  Then  18  j_  51  _  i  13 1 ^8  01  4-TX4-32*     ineD'  8  0  +  3  2=  1  1G0* 

SUBTRACTION  OF  VULGAR  FRACTIONS. 
Rule. — Prepare  the  fractions  the  same  as  for  other  operations,  when  necessary; then  subtract  the  one  numerator  from  the  other,  and  set  the  remainder  over  the  com- mon denominator. 
Example.— What  is  the  difference  between  #  and  M 0  b 

Ex.  2.— Subtract  §  from  §. 6X9=54) 
3X8=  24  V  —  54_24_3  0 

8X9  =  72)  ~  72 

MULTIPLICATION  OF  VULGAR  FRACTIONS. 
Rule.— Prepare  the  fractions  as  previously  required;  multiply  all  the  numerators together  for  a  new  numerator,  and  all  the  denominators  together  for  a  new  denomin- ator. 
Example.— What  is  the  product  of  |  and  §  ? 3.  y  3  —  _9___1 

4  *  9  —  3  6  —  4* 
Ex.  2 — What  is  the  product  of  6  and  g  of  5? 

^X-|  of  5  =  fi'x^ -■  %°-  =  20. 

DIVISION  OF  VULGAR  FRACTIONS. 
Rule.— Prepare  the  fractions  as  before ;  then  divide  the  numerator  by  the  numer- ator, and  the  denominator  by  the  denominator,  if  they  will  exactly  divide;  but  if  not, invert  the  terms  of  the  divisor,  and  multiply  the  dividend  by  it,  as  in  multiplication. 
Example— Divide  \5  by  f. £5_i_5_  5_12 
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APPLICATION  OF  REDUCTION  OF  VULGAR  FRACTIONS. 

To  -Ascertain,  tlie  "Valrie  of  a  ITraction  in  3?arts  of  a  wliole Number. 
Rule  Multiply  the  whole  number  by  the  numerator,  and  divide  by  the  denomin- 

ator ;  then,  if  any  thing  remains,  multiply  it  by  the  parts  in  the  next  inferior  denom- 
ination, and  divide  by  the  denominator,  as  before,  and  so  on  as  far  as  necessary  ;  so 

shall  the  quotients  placed  in  order  be  the  value  of  the  fraction  required. 
Example.— What  is  the  value  of  i  of  |  of  9  ? 

Jof  |  =  §;and  |X?  =  1J1=3. 
Ex.  2. — Reduce  3;  of  a  pound  to  an  avoirdupois  ounce. 3 

1 
4)  3  (0  lbs. 16  ounces  in  a  lb. 
4)  48  (12  ounces. 

Ex.  2  Reduce  £j  of  a  day  to  hours. 

To  Reduce  a  Fraction  from  one  Denomination,  to  anotlier. 
Rule. — Multiply  the  number  of  the  required  denomination  contained  in  the  given 

denomination  by  the  numerator  if  the  reduction  is  to  be  to  a  less  name,  but  by  the 
denominator  if  to  a  greater. 

Example. — Reduce  i  of  a  dollar  to  the  fraction  of  a  cent. 

jxioo=i|o=y_. Ex.  2. — Reduce  i  of  an  avoirdupois  pound  to  the  fraction  of  an  ounce, 
1  v i p       16  _  8  _  n2 

Ex.  3. — Reduce  ̂   of  a  cwt.  to  the  fraction  of  a  lb. 

!X4X2S=2^4  =  ̂ . 
Ex.  4.— Reduce  T|  of  ̂   of  a  mile  to  the  fraction  of  a  foot. 

f  of  |  =      X52S0  =  ̂ fp-  =  26_4fl 
Ex.  5.— Reduce  J-  of  a  square  inch  to  the  fraction  of  a  square  yard. 

1  v-fOOfi  —  i—  —  2 2X1ZJ0-  250  2—      1  * 
For  Rule  of  Three  in  Vulgar  Fractions,  see  page  4G. 

DECIMAL  FRACTIONS. 
A  Decimal  Fraction  is  that  which  has  for  its  denominator  a  unit  (1),  with  as 

many  ciphers  annexed  as  the  numerator  has  places ;  it  is  usually  expressed  by  set- 
ting down  the  numerator  only,  with  a  point  on  the  left  of  it.    Thus,  ̂   is  .4; 

is  .35;  x°o°ckh>  is  •00'5 !  anrl  TTnftfoo  is  -00125-  When  there  is  a  deficiency  of  figures in  the  numerator,  prefix  ciphers  to  make  up  as  many  places  as  there  are  ciphers  in the  denominator. 
Mixed  numbers  consist  of  a  whole  number  and  a  fraction  ;  as,  0.25,  which  is  the 

same  as  Bsgfo,  or     £ . 
Ciphers  on  the  right  hand  make  no  alteration  in  their  value;  for  .4,  .40,  .400  are 

decimals  of  the  same  value,  each  being       or  J. 
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ADDITION  OF  DECIMALS. 
Rule.— Set  the  numbers  under  each  other  according  to  the  value  of  their  place?  as in  whole  numbers,  in  which  position  the  decimal  points  will  stand  directly  under  each other;  then  begin  at  the  right  hand,  add  up  all  the  columns  of  numbers  as  in  inte- gers, and  place  the  point  directly  below  all  the  other  points. 
Example.— Add  together  25.125  and  293.7325. 25.125 

293.T325 
318.8575  sum. 

SUBTRACTION  OP  DECIMAL  FRACTIONS. 
Rule — Place  the  numbers  under  each  other  as  in  addition ;  then  subtract  a3  in whole  numbers,  and  point  off  the  decimals  as  in  the  last  rule. 
Example  Subtract  15.15  from  89.175:). 

89.1759 
15.15 
74.0259  remainder. 

MULTIPLICATION  OF  DECIMALS. 
Rule.— Place  the  factors,  and  multiply  them  together  the  same  as  if  they  were whole  numbers ;  then  point  off  in  the  product  just  as  many  places  of  decimals  as there  are  decimals  in  both  the  factors.  But  if  there  are  not  so  many  figures  in  the product,  supply  the  deficiency  by  prefixing  ciphers. 
Example.— Multiply  1.5G  by. 75. 

1.5G .75 

^:JLr  -A  •  V  ' v   ~t*3L,    f,  •'«  '■ 1092 
l.WQ  product. 

BY  CONTRACTION. 

To  Contract  the  Operation,  so  as  to  retain  only  as  many Decimal  places  in  tlie  Product  as  may  "be  thought  nec- essary. 

Rule.— Set  the  unit's  place  of  the  multiplier  under  the  figure  of  the  multiplicand, the  place  of  which  is  the  same  as  is  to  be  retained  for  the  last  in  the  product,  and  dis- pose of  the  rest  of  the  figures  in  the  contrary  order  to  what  they  are  usually  placed in;  then,  m  multiplying,  reject  all  the  figures  that  are  more  to  the  right  hand  than each  multiplying  figure,  and  set  down  the  products,  so  that  their  right-hand  figures may  fall  in  a  column  directly  below  each  other,  and  increase  the  first  figure  in  every line  with  what  would  have  arisen  from  the  figures  omitted;  thus,  add  1  for  every result  from  5  to  14,  2  from  15  to  24,  3  from  25  to  34,  4  from  35  to  44,  etc.,  etc  ,  and the  sum  of  all  the  lines  will  be  the  product  as  required. 
Example.— Multiply  13.57493  by  46.20517,  and  retain  only  four  places  of  decimals in  the  product. 13.574  93 

71  502.64 
54  299  72 
8  144  96-j-  2  for  18 

271  50  +  2  "  IS 
6  79+4  «  35 
14+1  "  5 

 9  +  2  «  21 627.23  20 
Note— When  the  exact  result  is  required,  increase  the  last  figure  with  what  would have  arisen  from  all  the  figures  omitted. 
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DIVISION  OF  DECIMALS. 
Rttle. — Divide  as  in  whole  numbers,  and  point  off  in  the  quotient  as  many  place? 

for  decimals  as  the  decimal  places  in  the  dividend  exceed  those  in  the  divisor ;  but  if 
there  are  not  so  many  places,  supply  the  deficiency  by  prefixing  ciphers. 

Example. — Divide  53  by  6.T5. 
6.75)  53.00000  (r=7.S51+. 

Here  5  ciphers  were  annexed  to  the  dividend  to  extend  the  division. 

BY  CONTRACTION. 
Rule. — Take  only  as  many  figures  of  the  divisor  as  will  be  equal  to  the  number  of 

figures,  both  integers  and  decimals,  to  be  in  the  quotient,  and  ascertain  how  many 
times  they  may  be  contained  in  the  first  figures  of  the  dividend,  as  usual. 

Let  each  remainder  be  a  new  dividend  ;  and  for  every  such  dividend  leave  out  one 
figure  more  on  the  right-hand  side  of  the  divisor,  carrying  for  the  figures  cut  off  as in  Contraction  of  Multiplication. 

Note. — When  there  are  not.  so  many  figures  in  the  divisor  as  there  are  required  to 
be  in  the  quotient,  continue  the  first  operation  until  the  number  of  figures  in  the  di- 

visor are  equal  to  those  remaining  to  be  found  in  the  quotient,  after  which  begin  the contraction. 
Example.— Divide  250S.92S06  by  92.41035,  so  as  to  have  only  four  places  of  deci- mals in  the  quotient. 

92.4103|5)  250S.92SI06  (27.1498 4  60S 
1848  207  +  1 3  696 
660  721 912 646  872+2 832  +4 

13  849 SO 
9  241 74+2 
4  608 6 

REDUCTION  OF  DECIMALS. 

To  Redvice  a  "Vnlgar  Fraction  to  its  Equivalent  Decimal. 
Rule.— Divide  the  numerator  by  the  denominator,  annexing  ciphers  to  the  numer- 

ator as  far  as  may  be  necessary. 
Example. — Reduce    to  a  decimal. 5  5)  _40 

.8* 

to  Ascertain  t lie  Vain e  of  a  Decimal  in  Terms  of  an  Infe- 
rior Denomination. 

Rule  Multiply  the  decimal  by  the  number  of  parts  in  the  next  lower  denomina- 
tion, and  cut  off  as  many  places  for  a  remainder,  to  the  right  hand,  as  there  are 

places  in  the  given  decimal. 
Multiply  that  remainder  by  the  parts  in  the  next  lower  denomination,  again  cutting 

off  for  a  remainder,  and  so  on  through  all  the  parts  of  the  integer. 
Example.— What  is  the  value  of  .875  dollars  ? 

.875 100 

Cents,  87,500 

 10 

Mills,    5.000  =  87  cents  5  mills, 
Ex.  2.— What  is  the  volume  of  .140  cubic  feet  in  inches? 

.140 
172S  cubic  inches  in  a  cubic  foot 

241.920  cubic  inches. 
Ex.  3  What  is  the  value  of  .00129  of  a  foot  ?  .0154S  inches. 
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To  Reduce  Decimals  to  Equivalent  Decimals  of  higlier Denominations . 

Rule.— Divide  by  the  number  of  parts  in  the  next  higher  denomination,  continu- ing the  operation  as  far  as  required. 
Example.  - -Reduce  1  inch  to  the  decimal  of  a  foot. 

1211,00000 
I  .08333  -{-foot 

Ex.  2.  -Reduce  14"  12'"  to  the  decimal  of  ft  minute. 

14"  12'" CO 

852/" 

14.2" 

.23666'  -j-  minute. 

When  there  are  several  numbers,  to  be  reduced  all  to  the  decimal  of  the  highest. 
Rule.— Reduce  them  all  to  the  lowest  denomination,  and  proceed  as  for  one  de- nomination. 
Example,— Reduce  5  feet  10  inches  and  3  barleycorns  to  the  decimal  of  a  yard. Feet.      In.  Be. 

5      10  3 
12 

70 3 213. 

5.9166 
1.9722+ yards. 

RULE  OF  THREE  IN  DECIMALS. 
Rule.— Prepare  the  terms  by  reducing  the  vulgar  fractions  to  decimals,  compound numbers  to  decimals  of  the  highest  denomination,  the  first  and  third  terms  to  the same  name ;  then  proceed  as  in  whole  numbers.    See  Rule,  page  48. 
Example.— If  J  a  ton  of  iron  cost  |  of  a  dollar,  what  will  .625  of  a  ton  cost? 

J=,5    ̂   .5:. 75::. 625 
J=.75  i  .625 

.5)  .4G875 .9375  dollars. 

DUODECIMALS. 

In  Duodecimals,  or  Cross  Multiplication,  the  dimensions  are  taken  in  feet,  inches, and  twelfths  of  an  inch. 
Rule — Set  the  dimensions  to  be  multiplied  together  one  under  the  other,  feet under  feet,  inches  under  inches,  etc. 
Multiply  each  term  of  the  multiplicand,  beginning  at  the  lowest,  by  the  feet  in  the 

multiplier,  and  set  the  result  of  each  immediately  under  its  corresponding  term,  car- 
rying 1  for  every  12  from  one  term  to  the  other.  In  like  manner,  multiply  all  the 

multiplicand  by  the  inches  of  the  multiplier,  and  then  by  the  twelfth  parts,  setting 
the  result  of  each  term  one  place  farther  to  the  right  hand  for  every  multiplier.  The sum  of  the  products  is  the  result. 
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Example. —Multiply  1  foot  3  inches  by  1  foot  1  inch. Feet.  Ins. 
1  3 
1  1 1  3 

1  3 
1  foot.  4  ins.   3  twelfths  of  an  inch. 

Pboop—1  foot  3  inches  is  15  inches,  and  1  foot  1  inch  is  13  inches;  and  15x13 =  195  square  inches. 
Ex.  2.— How  many  square  inches  are  there  in  a  board  35  feet  inches  long  and 12  feet  3^  inches  wide  ? Feet.    Ins.  Twelfths. 35 4 6 

12 
3 4 

424 0 0 
8 10 1 6 11 9 6 0 

434 
3 11 0 0 

Ex.  3.'—  Multiply  2")  feet  6j  inches  by  40  feet  G  inches. 
By  duodecimals,  Ans.  S31  feet  11  inches  3  twelfths  equal  S31  square  feet and  135  square  inches. 
Bv  decimals  40  feet  G  ins.  =  40.5 

20  "  Of-  "  =  20.541666,  etc. 
2         831.937499  feet 

 144 

134.999856  square  ins. 
"VaUie  of  Duodecimals  in  Square  :Feet  and  Indies. 

Sq.Ft.  Sq  Ins.'  Sq  Ft.         Sq  Ins. 
1  Foot  =    1     orl44     i_  of  1  twelfth  =  ̂ a  or  .033333,  etc. 
1  Inch  =  A    "    12    ferf^'^  oo^Tl  "  -006944,  etc. 
1  Twelfth  —  XJ5  "  1 
Illustration  What  number  of  square  inches  are  there  in  a  floor  100  feet  6  inches broad  and  25  feet  6  inches  and  6  twelfths  long? 

2S6G/e<?<  11  ins.  3  twelfths  ~ 2500  feet  135  ins. 

MEAN  PROPORTION. 

Mean  Proportion  i3  the  proportion  to  two  given  numbers  or  term?. 
Rule.— Multiply  the  two  numbers  or  terms  together,  and  extract  the  square  root of  their  product. 
Example.—  What  is  the  mean  proportionate  velocity  to  16  and  81  ? 

16x$l  =  1296,  and  y/\ 296  —  36  mean  velocity. 

RULE  OF  THREE. 
The  Rule  of  Three  teaches  how  to  compute  a  fourth  proportional  to  three  given numbers. 
It  is  either  Direct  or  Inverse. 
It  is  Direct  when  more  requires  more,  or  less  requires  less;  thus,  if  3  barrels  of 

flour  cost  $18,  what  will  10  barrels  co3t? 
In  this  case  the  Proportion  is  Direct,  and  the  stating  must  be, As  3  :  10  :  :  18  :  60. 
It  is  Inverse  when  more  requires  less,  or  less  requires  more;  thus,  if  C  men  build 

a  certain  quantity  of  wall  in  10  days,  in  how  many  days  will  8  men  build  the  like 
quantity  ?  Or,  if  3  men  dig  10£  feet  of  trench  in  7  days,  in  how  many  days  will  2  men perform  the  same  work  ? 



48 
COMPOUND  PROPORTION". 

Here  the  Proportion  is  Inverse,  and  the  stating  must  be, As  8  :  6  :  :  10  :  7.5. 
2:3::   7  :  10.5. 

The  fourth  term  is  always  ascertained  by  multiplying  the  2d  and  3d  terms  togeth. er,  and  dividing  the  product  by  the  1st  term. 
Of  the  three  given  numbers  necessary  for  the  stating,  two  of  them  contain  the  sup- position, and  the  third  a  demand. 
Rule.— State  the  question  by  setting  down  in  a  straight  line  the  three  necessarv numbers  in  the  following  manner : 
Let  the  3d  term  be  that  of  supposition,  of  the  same  denomination  as  the  answer or  4th  term  is  to  be,  making  the  demanding  number  the  2d  term,  and  the  other  num- ber the  1st  term  when  the  question  is  in  Direct  Proportion,  but  contrariwise  if  in Inverse  Proportion ;  that  is,  let  the  demanding  number  be  the  1st  term. 
Multiply  the  2d  an<?  3d  terms  together,  and  divide  by  the  1st,  and  the  product  will be  the  answer,  or  4th  term  sought,  of  the  same  denomination  as  the  2d  term. 
Note.— If  the  first  and  third  terms  are  of  different  denominations,  reduce  them  to the  same.  If,  after  division;  there  be  any  remainder,  reduce  it  to  the  next  lower  de- nomination, divide  by  the  divisor  as  before,  and  the  quotient  will  be  of  this  last  de- nomination. 
Sometimes  two  or  more  statings  are  necessary,  lohich  may  always  be  known  bu  the nature  of  the  question.  .  J 
Example.  — If  20  tons  of  iron  cost  $225,  what  will  500  tons  cost  ? Tons.  Tons.  Dolls. 

20  :  500  :  :  225 500 

2|0)  11250|0 ~5625  dollars. 

Ex.  2.— If  15  men  raise  100  tons  of  iron  ore  in  12  days,  how  many  men  will  raise  a like  quantity  in  5  days? 
Days.  Days.    Men.  Men. As  5  :  12  :  :  15  :  3G 

Ex.  3.— A  wall  that  is  to  be  built  to  the  height  of  36  feet,  was  raised  9  feet  hlgft  by 16  men  in  6  days;  how  many  men  could  finish  it  in  4  days  at  the  same  rate  of  work- ing? 
Days  Davs.  Men.  Men. 
4  :  G  :  :  16  :  24 

Then,  if  9  feet  requires  24  men,  what  will  27  feet  require  ? 
9  :  27  :  :  24  :  72  men. 

COMPOUND  PROPORTION. 
Compound  Proportion  is  the  rule  by  means  of  which  such  questions  as  would  re- quire two  or  more  statings  in  simple  proportion  (Rule  of  Three)  can  be  resolved  in one. 
As  the  rule,  however,  is  but  little  used,  and  not  easily  acquired,  it  is  deemed  pref- erable to  omit  it  here,  and  to  show  the  operation  by  tAvo  or  more  statings  in  Simple Proportion. 
Example. —How  many  men  can  dig  a  trench  135  feet  long  in  8  days,  when  16  men can  dig  54  feet  in  6  days  ? Feet.  Feet.      Men.  Men. 
First   As  54  :  135  :  :  16  :  40 

Days.  Days.     Men.  Men. 
Second   As   8:6::   40  :  30 

Ex.  2.— If  a  man  travel  130  miles  in  3  days  of  twelve  hours  each,  in  how  manv days  of  10  hours  each  would  he  require  to  travel  360  miles? 
Miles.     Miles        Days.  Days. 

First   As  130  :    360    :  :    3  :  S.307 
Hours.  Hours.      Days.  Davs. 

Second   As    10  :  12  :  :  8.307  :  9.9684 
Ex.  3 — If  12  men  in  15  days  of  12  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  3 )0  feet  long,  8  wide,  and 
<;  (lw>P?  120  days. 
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Or,  X>y  Cancelation, 
rcle>  on  the  right  of  a  vertical  line  put  the  number  of  the  same  denomination 

as  that  of  the  required  answer. 
Examine  each  simple  proportion  separately,  and  if  its  terms  demand  a  greater  an- 

wt  r  than  the  3d  term,  put  the  larger  number  on  the  right,  and  the  lesser  on  the  left 
of  the  line;  but  if  its  terms  demand  a  less  answer  than  the  3d  term,  put  the  smaller 
number  oil  the  right  aiid  the  larger  on  the  left  of  the  line. Then  Cancel  the  numbers  divisible  by  a  common  divisor,  and  evolve  the  4th  term 
or  answer  required.  • 

Take  the  preceding,  example  first :  3d  term,  or  term  of  supposition  of  the  same  de- nomination as  the  required  answer.    16  men. 
Vdofcet  require  more  men  than  Sifeet. 

Sdays    a     less        "  delays. 
Statement.  Kesult  by  Cancelation. 

16 
135 

6 2  x5  X3  =  30  men. 
Ex.  3  3d  term,  15  days. 
60  men  require  less  days  than  12  men. 5  hours 

800  feet 
8  M 
6  " 

12  fours. 
30  feet. 

6  " 
3  " 

Statement 15 
12 
12 

300 

Result  by  Cancelation. 

GO 
8 

30 
6 
3 3x4x  10  =  120  days. 

n 3 
* n i 10 

2 
? 
t 

INVOLUTION. 
Involution  is  the  multiplying  any  number  into  itself  a  certain  number  of  times. 

The  products  obtained  are  called  Powers.  The  number  is  called  the  Hoot,  or  first 
power. 
When  a  number  is  multiplied  by  itself  one?,  the  product  is  the  square  of  that 

number  ;  twice,  the  cube;  thre3  times,  the  biquadrate,  etc.    Thus,  of  the  number  5. 
5  is  the  Root,  or  1st  power. 

5x5=  25    u    Square,  or  2d  power,  and  is  expressed  52. 
5x5x5  =  125    u    Cube,  or  3d  power,  and  is  expressed  53. 

5x5x5x5=r  625    u    Biquadrate,  or  4th power,  and  is  expressed  5*. 
The  lesser  figure  set  superior  to  the  number  denotes  the  power,  and  is  termed  the 

Index  or  Exponent. 
Example.— What  is  the  cube  of  9  ?  729. 
Ex.  2.—  What  is  the  cube  of  |  ?  |J. 
Ex.  3.— What  is  the  4th  power  of  1.5?  5.0625. 

EVOLUTION. 
Evolution  is  ascertaining  the  Root  of  any  number. 
The  sign  x/  placed  before  any  number  indicates  that  the  square  root  of  that  num- ber is  required  or  shown. 
The  same  character  expresses  any  other  root  by  placing  the  index  above  it. 

Thus,  V25  =  5,  and  4+2  =  ̂ 36. 
And,   V27  =  3i  and  V  04  ="•  4- Koots  which  only  approximate  are  called  Surd  Roots. 

E 
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TO  EXTRACT  THE  SQUARE  ROOT. 

Rule. — Point  off  the  given  number  from  units'  place  into  periods  of  two  figures each. 
Ascertain  the  greatest  square  in  the  left-hand  period,  and  place  its  root  in  the 

quotient;  subtract  the  square  number  from  this  period,  and  to  the  remainder  britig 
down  the  next  period  for  a  dividend. 
Double  this  root  for  a  divisor;  ascertain  how  maay  times  it  is  contained  in  the 

dividend,  exclusive  of  the  right-hand  figure,  which,  when  multiplied  by  the  numbei 
to  be  put  to  the  right  hand  of  this  divisor,  the  product  will  be  equal  to,  or  the  nexf- 
less  than  the  dividend ;  place  the  result  in  the  quotient,  and  also  at  the  right  hand 
of  the  divisor. 

Multiply  the  divisor  by  the  last  quotient  figure,  and  subtract  the  product  from  the 
dividend;  bring  down  the  next  period,  and  proceed  as  before. 

Note. — Mixed  decimals  must  be  pointed  off  both  ways  from  units. 
Example. — What  is  the  square  root  of  2  ? 

31  2.060OOO  (1.414,  -f. 
1]  1 

Ex.  2.— What  is  the  square  root  of  144? 31  i44  (12 
II  1 221044 

I  44 

00 

SQUARE  ROOTS  OF  VULGAR  FRACTIONS. 
Rule. — Reduce  the  fractions  to  their  lowest  terms,  and  that  fraction  to  a  decimal, 

and  proceed  as  in  whole  numbers  and  decimals. 
Note.— When  the  terms  of  the  fractions  are  squares,  take  the  root  of  each  and  set 

one  above  the  other ;  as,  §  is  the  square  root  of  ||. 
Example.— What  is  the  square  root  of  ̂ ?  .8060254. 

To  Ascertain  tlie  4:th  Ptoot  of*  a  Nunfber. 
Rule.— Extract  the  square  root  twice,  and  for  the  8th  root  thrice,  etc.,  etc. 

TO  EXTRACT  THE  CUBE  ROOT. 
Rule. — From  the  table  of  roots  (page  210)  take  the  nearest  cube  to  the  given  num- 

ber, and  call  it  the  assumed  cube. 
Then,  as  the  given  number  added  to  twice  the  assumed  cube,  is  to  the  assumed 

cube  added  to  twice  the  given  number,  so  is  the  root  of  the  assumed  cube  to  the  re- 
quired root,  nearly;  and  by  using  in  like  manner  the  root  thus  found  as  an  as- sumed cube,  and  proceeding  as  above,  another  root  will  be  found  still  nearer ;  and  in 

the  same  manner  as  far  as  may  be  deemed  necessary. 
Example.— What  is  the  cube  root  of  10517.9  ? 
Nearest  cube,  page  210  ;  10648,  root  22. 

10648.  10517.9 
 2_   2 21296  21035.8 

10517.9  10648. 
31813.9  :  316S3.8  :  :  22  :  21.9 -f. 

To  Ascertain  or  To  Extract  tlie  Square  or  Cu"be  !Floots  of 
Ptoots,  AVliole  !N"uml>ers,  and  of  Integers  and.  Decimals, 
see  Table  of  Squares  and  Cu"bes,  and  Rules,  p.  £10-24:3. 

2811  400 
1  281 

2S24 

 4 

2828 

11900 
11296 
004 
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To  Extract  any  Root  whatever. 
Let  T  represent  the  number.  j  Let  A  represent  the  assumed  power,  r  its  root. 

ti       "      the  index  of  the  power.  I       R       "       the  required  root  of  P. 
Then,  as  the  sum  of  n  +  1 X  A  and  n  —  1 X  P  is  to  the  sum  of  n  + 1 X  P  and  n  —  1 X  A,  so  is  the  assumed  root  r  to  the  required  root  R. 
Example.— What  is  the  cube  root  of  1500? 
The  nearest  cube,  page  210,  is  1331,  root  11. 

P  =  1500,  ?i  =  3,  A  =  1331,  r  — 11  ; 
then,  »i  +  lxA  =  5324,  n  +  lXP=  6000 

n  —  1XP  =8000,  n  —  1 X A  —  2662 
88*4         {  8662  :  :  11  :  11.446-{-. 

To  .Ascertain,  tlie  Root  of*  an  Even  Rower-  greater  tliari tliose  given  in  tlie  Table  of  Square  and.  Cube  Roots. 
Rule  Extract  the  square  or  cube  root  of  it,  which  will  reduce  it  to  half  the  given 

power ;  then  the  square  or  cube  root  of  that  power  reduces  it  to  half  the  same  power ; and  so  on  until  the  required  root  is  obtained. 
Illustration.— Suppose  a  12th  power  is  given  :  the  square  root  of  that  reduces  it 

to  a  6th  power,  and  the  square  root  of  a  6th  power  to  a  cube. 
Example— What  is  the  biquadrate,  or  4th  root,  of  2560000? 

^2560000  =  1600,  and  v/1600  =  40. 

PROPERTIES  OF  NUMBERS. 

1.  A  Prime  Xumber  h  that  which  can  only  be  measured  (divided  without  a  re- mainder) by  1  or  unity. 
2.  A  Composite  Xumber  is  that  which  can  be  measured  by  some  number  greater than  unity.  , 
3.  A  Perfect  Number  is  that  which  is  equal  to  the  sura  of  all  its  divisors  or  ali- 

quot parts ;  as  6  =  gi  J, 
4.  If  tlie  sum  of  the  digits  constituting  any  number  be  divisible  by  3  or  9,  the 

whole  is  divisible  by  them. 
5.  A  square  number  can  not  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. 

Table  of  tlie  first  Nine  Powers  of  tlie  first  Nine 
Numbers. 

1st. 
2d.  | 3d. 4th. 5th. 6th. 7th. 8th 9  th. 

1 1  I 1 1 1 1 1 1 1 

2 4 8 16 
32 

64 12S 256 512 

3 » 27 81 243 729 
21S7 6561 1%S3 

4 16 64 256 1024 4096 16384 C5536 262144 
5 
JL 

125 625 3125 15625 78125 300625 1953125 

6 36 216 1296 7776 46656 279936 1679616 10077696 
7 40 343 2401 16807 117649 823543 57G4801 40353G07 
8 64 512 4096 32768 262144 2097152 16777216 1G4217728 
9 81 729 6561 59049 531441 4782963 43046721 387420489 
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ARITHMETICAL  PROGRESSION. 

Arithmetical  Progression  is  a  series  of  numbers  increasing  or  decreasing  by  a 
constant  number  or  difference;  as,  1,  3,  5,  7,  9, 15,  12,  9,  6,  3.  The  numbers  which 
form  the  series  are  called  Terms;  the  first  and  last  are  called  the  Extremes,  and  the others  the  Means. 

When  any  three  of  the  folloiving  elements  are  given,  the  remaining  tico  can  be  as- 
certained, viz. :  The  First  term,  the  Last  term,  the  Number  of  terms,  the  Common 

Difference,  and  the  Sum  of  all  the  terms. 

To  Ascertain  tlie  Last  Term,  "When  tlie  First  Term,  tlie Common  .Difference,  and.  the  Number  of  Terms  are 
given. 
Rule — Multiply  the  number  of  terms  less  1,  by  the  common  difference,  and  to  the 

product  add  the  first  term. 
Example. — A  man  traveled  for  12  days,  going  3  miles  the  first  day,  S  the  second, 

and  so  on;  how  far  did  he  travel  the  last  day  ? 
12  —  1x5  =  55,  and  55 -f- 3  =  58  miles. 

To  Ascertain  the  Common  Difference,  TVlien  tlie  Number 
of  Terms  and  tlie  Extremes  are  given. 

Rule. — Divide  the  difference  of  the  extremes  by  1  less  than  the  number  of  terms. 
Example  The  extremes  are  3  and  15,  and  the  number  of  terms  7;  what  is  the 

common  difference  ? 
12 15-3-H7-D  =  -  -  =  2. 0 

To  Ascertain  tlie  Sum  of  all  tlie  Terms,  "When  tlie  Ex- tremes ami  Number  of  Terms  are  given. 
Rule. — Multiply  the  number  of  terms  by  half  the  sum  of  the  extremes. 
Example. — How  many  times  does  the  hammer  of  a  clock  strike  in  12  hours  ? 

12  x  ( 12  -f  1  -f  -  2 )  ~  78  times. 

To  -A.scertain  tlie  Number  of  Terms,  "Wlien  tlie  Common Difference  and.  tlie  Extremes  are  given. 
Rule. — Divide  the  difference  of  the  extremes  by  the  common  difference,  and  add 

1  to  the  quotient. 
Example. — A  man  traveled  3  miles  the  first  day,  5  the  second,  7  the  third,  and  so 

on,  till  he  went  57  miles  in  one  day;  how  many  days  had  he  traveled  at  the  close 
of  the  last  day  ? 

57  —  3  +-  2  =  27,  and  27  -f  1  =  28  days. 
To  Compute  two  Arithmetical  ]Vf  eans  between  two  given Extremes. 

Rule. — Subtract  the  less  extreme  from  the  greater,  and  divide  the  difference  by 
3,  the  quotient  will  be  the  common  difference,  which  being  added  to  the  less  extreme, 
or  taken  from  the  greater,  will  give  the  means. 
Example.— Ascertain  two  arithmetical  means  between  4  and  16. 

1G  —  4  -i-  3  =  4  com.  dif. 
4  -J-  4  =  8  one  mean. 10  —  4=12  second  mean. 

To  Compute  anv  Number  of  Arithmetical  IVLeans  between 
two  Extremes. 

Rule.— Subtract  the  less  extreme  from  the  greater,  and  divide  the  difference  by 
1  more  than  the  number  of  means  required  to  be  ascertained,  and  then  proceed  as  in 
the  foregoing  rule. 
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GEOMETRICAL  PROGRESSION. 
Geometrical  Progression  is  any  series  of  numbers  continually  increasing  by  a 

constant  multiplier,  or  decreasing  by  a  constant  divisor,  as  1,  2,  4,  8, 16,  and  15,  7.5, 3.75. 
The  constant  multiplier  or  divisor  is  the  Ratio. 
When  ami  three  of  the  following  elements  are  given,  the  remaining  two  can  be  as- 

certained,  viz.  :  The  First  term,  the  Last  term,  the  dumber  of  Terms,  the  Ratio, 
and  the  Sum  of  all  the  Terms. 

To  Compute  the  Last  Term,  "When  trie  First  Term  and. trie  Ratio  are  Equal. 
Rule.— "Write  a  few  of  the  leading  terms  of  the  series  and  place  their  indices  over 

them,  beginning  with  a  unit.  Add  together  the  most  convenient  indices  to  make the  index  to  the  term  required.  t 
Multiply  the  terms  of  the  series  of  these  indices  together,  'takttne  Pr0(^uct  will  be the  term  required. 
Or,  multiply  the  first  term  by  the  ratio  raised  to  a  power,  den  ted  by  the  number of  terms  less  1. 
Example.— The  first  term  is  2,  the  ratio  2,  and  the  number  of  terms  13;  what  is the  last  term  ? 

Indices,  1  2  3    4  5 
Terms,   2,  4,  8,  16,  32. 

Then  5  -f  5  +  3  =  13  =  s um  of  indices,  and  32 X 32  X  S  =  3192  ==  last  term. 
Or,  2x2i3-i=8192. 
Ex.  2.  The  price  of  12  horses  being  4  cents  for  the  first,  16  for  the  second,  and  64 

for  the  third ;  what  is  the  price  of  the  last  horse?  $107,772.16. 

When  tlie  First  Term  and  trie  Ratio  are  Different. 
Rule. — Write  a  few  of  the  leading  terms  of  the  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  the  term  sought. 

Multiply  the  terms  of  these  series  belonging  to  these  indices  together,  and  take  the 
product  for  a  dividend. 

Raise  the  first  term  to  a  power,  the  index  of  which  is  1  less  than  the  number  of 
terms  multiplied ;  take  the  result  for  a  divisor ;  proceed  with  their  division,  and  the 
quotient  will  give  the  term  required,, 

Exami'i.:;.—  The  first  term  is  1,  the  ratio  2,  and  the  number  of  term3  23;  what  is the  last  term  ? 
Indices,  0  1  2  3   4  5 
Terms,  1,  2,  4,  S,  16,  32. 

Then  5  +  5  +  5  +  5  +  2  =  22  =  sum  of  indices,  and  32x32x32x32x4  =  4194304, 
and  4194304  -4-  the  5th  power  (6  —  1)  of  1  =  1  =  4194304. 

Or,  1x223-1  —  4194304. 
Ex.  2.  If  one  cent  had  been  put  out  at  interest  in  1630,  what  would  it  have  amount- 
ed to  in  the  year  1S34,  if  it  had  doubled  its  value  every  12  years? 

1834  — 1630  =  204,  which^- 12  =  17,  and  17  +  1  =  18  =  number  of  terms. 
Indices,  0  1  2  3    4  7 
Terms,  1,  2,  4,  8,  16,  128. 

Then  7  +  4  +  3  +  2  +  1  =  17,  and  125x16x8x4x2x1  =131072,  and  131072 -f- 1, the  4th  power  (5  —  1)  of  1  =  $1,310.72. 
Ex.  3.  If  a  man  were  to  work  20  days,  for  4  cents  for  the  first  day,  12  for  the  sec- 

ond, and  36  for  the  third,  and  so  on,  what  would  be  the  amount  of  his  pay  upon  the last  day  ? 
Indices,  0    1    2     3      4     5  6 
Terms,   4,  12,  36,  108,  324,  972,  29 16. 

Then  6  +  5  +  4  +  3  + 1  =  19  =  sum,  of  indices,  and  2916x972x324x108x12  = 
1190155742208,  and  this  sum  -4-  the  4th  power  (5  —  1)  of  the  first  term  =  266,  and 11901557422U8  -4-  256  =  4G49045S68  cents. 

E* 
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To  Compute  tlie  Sum  of  tlie  Series,  AVlieii  tlie  First  Terra, 
tlie  Ratio  9  and.  tlie  ]N"u.rriber  of  Terms  are  given. 

Rule. — Raise  the  ratio  to  a  power  the  index  of  which  is  equal  to  the  numher  of 
terms,  from  which  subtract  1 ;  then  divide  the  remainder  by  the  ratio  less  1,  and 
multiply  the  quotient  by  the  first  term. 
Example.— The  first  term  is  2,  the  ratio  2,  and  the  number  of  terms  13  ;  what  is the  sum  of  the  series  ? 
2:3-1  —  8192  —  1  =  8191,  and  8191  4-  (2  —  1)  =  1  =  8191,  and  8191 X 2  =  1G3S2. 
Ex.  2  If  a  man  were  to  buy  12  horses,  giving  2  cents  for  the  first  horse,  6  cents 

for  the  second,  and  so  on,  what  would  they  cost  him?  $5,314.40. 

When  tire  JLast  Term  is  given. 
Rule. — Multiply  the  last  term  by  the  ratio,  and  from  the  product  subtract  the first  term  ;  then  divide  the  remainder  by  the  ratio  less  1. 
Example. — The  first  term  is  1,  the  ratio  2,  and  the  last  term  131072  ;  what  is  the 

sum  of  tli3  series?  £  tj 
131C  diX 2  —  1  =  2G2143,  and  262143  -4-2  —  1  =  2G2143. 

To  Compute  tlie  IRatio,  When  tlie  UTrst  Term,  tlie  Last 
Term,  and  tlie  INTiimlier  of  Terms  are  given. 

Rule. — Divide  the  last  term  by  the  first,  and  the  quotient  will  be  equal  to  the 
ratio  raised  to  the  power  denoted  by  1  less  than  the  number  of  terms;  then  extract 
the  root  of  this  quotient. 
Example.— The  last  term,  or  greatest  extreme  of  a  geometrical  progression,  is  .46, the  first,  or  least  term,  .005,  and  the  number  of  terms  40 ;  what  is  the  ratio? 
.46 
■^±=92,  or  the  39th  power  (40  —  1)  of  the  ratio;  then  log.  92*o-i-—  log.  of 

92  =  1.963TSS,  which  -r-  39=  .0503535,  and  the  number  corresponding  to  the  log.  of .0503535  =  .112293. 

To  Compute  tlie  JNTnmlDer  of  Terms,  When  the  Irtatio,  the 
First,  and  the  Last  Terms  are  given. 

Rule  Divide  the  logarithm  of  the  quotient  of  the  product  of  the  ratio  and  the 
last  term,  divided  by  the  first  term,  by  the  logarithm  of  the  ratio. 
Example. — The  ratio  is  2,  and  the  first  and  last  terms  are  1  and  131072;  what  is the  number  of  the  terms  ? 

2  V 131072  5  41854 
log.  —  =  log.  262144  —  5. 41S51,  and  5.41854 -Mog.  of  2  =  =  18. 1  .oOlOo 

Table  of  Geometrical  Progression, 
Whereby  any  questions  of  Geometrical  Progression  and  of  Double  Ratio  may  be 

solved  by  Inspection,  the  number  of  terms  not  exceeding  56. 
1 1 15 16384 29 26S435456 

43 
4398046511104 

2 2 16 3276S 30 536870912 44 8796093022208 
q 4 

17 65536 
31 

1073741824 
45 

17592186044416 
4 8 18 131072 32 2147483648 46 35184372088S32 
5 16 

19 262144 33 4294967296 

47 

7030S744177664 
6 32 20 524288 34 

85S9934592 
48 

140737488355328 
7 64 21 1048576 35 17179869184 49 281 474976710656 
8 158 22 201)7152 36 34359738368 50 562949953421312 
9 256 23 4194304 

37 
68719476736 

51 

1125S999<  16842624 
10 512 24 8388608 38 137438953472 52 2251799S1 3685248 
11 1024 25 16777216 39 274877906944 53 4503599027370496 
12 2048 26 335.54432 40 549755813888 

54 

900719925474H992 
13 4096 

27 
6710S864 41 1099511 627776 

55 
18014398509481984 14 8192 

28 
134217728 42 2199023255552 56 30008797018963963 

Illustrations.—  The  12th  power  of  2  =  4096,  and  the  7th  root  of  128  =  2. 
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PERMUTATION. 

Petlmttation  is  a  rule  for  ascertaining  how  many  different  ways  any  given  num- ber of  numbers  of  thiDgs  may  be  varied  in  their  position. 
The  permutation  of  the  3  letters  abc,  taken  all  together,  are  6 ;  taken  two  and  two, are  6;  and  taken  singly,  are  3. 
Rule.— Multiply  all  the  terms  continually  together,  and  the  last  product  will  give the  result  required. 
Ex\mple.—  How  many  variations  will  the  nine  digits  admit  of? 

1X2X3X4X5-X6XTX8X9  =  362880. 

When  only  part  oftlie  Numbers  or  Elements  are  talsen at  once. 

Rule  —Take  a  series  of  numbers,  beginning  with  the  number  of  things  given,  de- creasing bv  1  until  the  number  of  terms  equals  the  number  of  things  or  quantities  to 
be  taken  at  a  tune,  and  the  product  of  all  the  terms  will  give  the  sum  required. 

Example  —How  many  changes  can  be  rung  with  4  bells  (taken  4  and  4  together) 
out  of  6?    '  6X5X4X3  =  360. 

When  several  oftlie  Elements  are  alilre 

Rule.— Ascertain  the  permutations  of  all  the  numbers  or  things,  and  of  all  that 
can  be  made  of  each  separate  kind  or  division;  divide  the  number  of  the  permuta- 

tions of  the  whole  by  the  product  of  the  several  partial  permutations,  and  the  que- tient  will  give  the  number  of  permutations. 
Example.— How  many  permutations  can  be  made  out  of  the  letters  of  the  word 

persevere  (9  letters,  having  4  e's  and  2  r's)  ? 
1X2X3X4X5X6X7XSX9  =  3G2SS0  ; 

1X2X3X4  =  24;  1x2=2,  and  24x2  =  4S  ;  and  362880 -5-  4S  =  7560. 

Table  of  Permutations, 

Whereby  any  questions  of  Permutation  from  1  may  be  solved  by  Inspection,  the number  of  terms  not  exceeding  20. 

1  1 5 120 0 3628S0. 

1  13 

|  2 
6 720 10 3628800 

14 6 7 5040 11 39916800 

1  15 

1  24 8 40320 12 479001600 
1  16 

6227020800 
871 7S29 1200 

1307674368000 
209227898S8000 

355GR742S090000 
04023737057280(10 

121645100408832000 
243290200S 176640000 

POSITION. 

Position  is  of  two  kinds,  Single  and  Double,  and  is  determined  by  the  number of  Suppositions. 
Single  ̂ Position. 

RtfLE.— Take  any  number,  and  proceed  with  it  as  if  it  were  the  correct  one; 
then,  as  the  result  is  to  the  given  sum,  so  is  the  supposed  number  to  the  number  re- quired. 
Example  A  commander  of  a  vessel,  after  sending  away  in  boats  J,  J,  and  \ 

of  hi3  crew,  had  left  300  ;  what  number  had  he  in  command? 
Suppose  he  had   600. 

i  of  600  is  200 
\  of  600  ia  100 
|  of  600  is  150  450 

150  :  300  :  :  600  :  1200  men. 
Ex.  2.— A  person  being  asked  his  age,  replied,  if  |  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?  8T-5  Vear8' 
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Dou/ble  Position. 

Rule.— Take  any  two  numbers,  and  proceed  with  each  according  to  the  conditions 
of  the  question  ;  multiply  the  results  or  errors  by  the  contrary  supposition ;  that  is,, the  first  position  by  the  last  error,  and  the  last  position  by  the  first  error. 

If  the  errors  are  too  great,  mark  them  -f-  ;  and  if  too  little,  — . 
Then,  if  the  errors  are  alike,  divide  the  difference  of  the  products  by  the  difference 

of  the  errors  ;  but  if  they  are  unlike,  divide  the  sum  of  the  products  by  the  sum  of the  errors. 
Example. — F  asked  G  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  waa 
the  price  of  the  boat  ? 

Suppose  it  cost. . .  GO    30 6  times. 6 
360 180 

1   30  more and  30 
390 

"210 

300 300 

90  + 

90- 

30  M  position. 60 
2700 5400 90 90  5400 

180)  8100  (45  dollars. 
Ex.  2.— What  is  the  length  of  a  fish  when  the  head  is  9  inches  long,  the  tail  aa 

long  as  its  head  and  half  its  body,  and  the  body  as  long  as  both  the  head  and  tail. 
6  feet 

FELLOWSHIP. 

Fellowship  is  a  method  of  ascertaining  gains  or  losses  of  individuals  engaged  in joint  operations. 
Single  Fellowship. 

Rule. — 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 ;  how  much  is  each  share  ? 

5  :  9500  :  :  3  :  5T00,  A's  share. 
5  :  9500  :  :  2  :  3800,  B's  share. 

Double  Fellowship, 
Or  Fellowship  with  Time. 

Rule. — Multiply  each  share  by  the  time  of  its  interest  in  the  Fellowship;  then,  as 
the  sum  of  the  products  is  to  the  product  of  each  interest,  so  is  the  whole  gain  or  loss to  each  share  of  the  gain  or  loss, 
Example. — A  ship's  company  take  a  prize  of  $10,000,  which  they  divide  according to  their  rate  of  pay  and  time  of  service  on  board.  The  officers  have  been  on  board  6 

months,  and  the  crew  3  months ;  the  pay  of  the  lieutenants  is  $100,  ensigns  $50,  and 
crew  $10  per  month;  and  there  are  2  lieutenants,  4  ensigns,  and  50  men;  what  is 
each  one's  share? 

2  lieutenants  $100  =  200x6  =  1200 
4  ensigns   50  =  200x6  =  1200 
50men   10  =  500x3  =  1500 3900 

Lieutenants   3900  :  1200  :  :  10,000  :  3076.92-4-  2  =  1538.46  Ms 
Ensigns   3900  :  1200  :  :  10,000  :  3076.924-  4=  769.23  " 
Men   3900  :  1500  :  :  10,000  :  3S46.164-50=    76.92  " 
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ALLIGATION. 

Alligation  is  a  method  of  finding  the  mean  rate  or  quality  of  different  materials when  mixed  together. 

To  Compute  the  Mean  Thrice  of  the  UVIixtxire. 
Rule  —Multiply  each  quantity  by  its  rate,  divide  the  sum  of  the  products  by  the 

sum  of  the  quantities,  and  the  quotient  will  be  the  rate  of  the  composition. 
Ex  vmple  —If  10  lbs.  of  copper  at  20  cents  per  lb.,  1  lb.  of  tin  at  5  cents,  and  1  lb.  of 

lead  at  4  cents,  be  mixed  together,  what  is  the  value  of  the  composition? 
10x20  =  200 
IX  5=  5 

J_X  4  =  4 12       )     J  (17.416  cents. 

To  Ascertain,  what  ̂ txant&y  of  each  Article  must  "be 
taken,  When  tlie  Prices  and  Mean  Price  are  given. 

Rule.— Connect  with  a  line  each  price  that  is  less  than  the  mean  rate  with  one  oi 

mWritedtne^iference  between  the  mixture  rate  and  that  of  each  of  the  simples  op- posite the  price  with  which  it  is  connected ;  then  the  sum  of  the  differences  against 
any  price  will  express  the  quantity  to  be  taken  of  that  price. 
Example.— How  much  gunpowder,  at  72, 54,  and  4S  cents  per  pound,  will  compose a  mixture  worth  60  cents  a  pound  ? 

(48  \  12,  at  48  cents. 
60-<54\/  12,  at  54  cents. 

(72;  12     6  =  IS,  at  72  cents. 
Then  12 X 43  + 12  X  5 1  + 1 8  X  72  =  2520 ,  and  2520  ~  12  +  12  +  12  +  6  =  CO  ce nis. 
Note.— Should  it  be  required  to  mix  a  definite  quantity  of  any  one  article,  the 

quantities  of  each,  determined  by  the  above  rule,  must  be  increased  or  decreased  in the  proportion  they  bear  to  the  defined  quantity.  ,„  1fli 
Thus,  had  it  been  required  to  mix  18  pounds  at  48  cents,  the  result  would  be  18  at 48,  IS  at  54,  and  27  at  72  cents  per  pound. 

Wlien  tlie  whole  Coin  position  is  limited. 
Rule.— As  the  sum  of  the  relative  quantities,  as  ascertained  by  the  above  rule,  is 

to  the  whole  quantity  required,  so  is  each  quantity  so  ascertained  to  the  required quantity  of  each. 
EXA3IPLE.— Required  100  pounds  of  the  above  mixture. 
Then  12  +  12  +  18  =  42. Then  42  :  100  :  :  12  :  28.571. 

42  :  100  :  :  12  :  28.571. 
42  :  100  :  :  18  :  42.857. 

SIMPLE  INTEREST. 
To  Compute  tlie  Interest  on  any  G-iven  Snm  for  a  Period of  One  or  more  Years. 

Ri  le.— Multiply  the  given  sum  or  principal  by  the  rate  per  cent,  and  the  num- 
ber of  years  ;  point  off  two  figures  to  the  right  of  the  product,  and  the  result  will  give the  interest  in  dollars  and  cents  for  1  year. 

Example.  —What  is  the  interest  upon  $1050  for  5  years  at  7  per  cent.  ? 
1050X7X5=  36750,  and  367.50  =  $367.50. 

When  tlie  Time  is  less  than  One  Year. 
Rule.— Proceed  as  before,  multiplying  by  the  number  of  months  or  days,  and  di- 

viding by  the  following  units;  viz.,  1.2  for  months,  and  365  or  366,  as  the  case  may 
be,  for  days. 
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Example— What  is  the  interest  upon  $1050  for  5  months  and  30  days  at  7  per cent.  ? 
5  months  and  30  days  =  lS3  days. 

1050X7X183     ■  <  -^F  —  36S5>  an<l  36.85  =  $30.85. 
365  ^ 

The  interest  upon  any  sum  at  6  per  cent.  =  l  per  cent,  for  2  months. 
The  interest  at  5  per  cent,  is  ̂ th  less  than  at  0  per  cent. 
The  interest  at  7  per  cent,  is  -Jth  greater  than  at  6  per  cent. 
The  operation  of  computing  interest  may  be  performed  thus  ; 
Taking  the  preceding  example  —  2  months  ==  1  per  cent  =  10  50 

2      "     =1      "  m50 
1        "     ;3=J        "  5.25 30  days     =  1  month    =  5.25 

,  31.50 Add  Jth  for  7  per  cent.  ==  5.25 

$36.75' 

Note.— The  difference  between  this  amount  and  the  preceding  arises  from  183 days  being  taken  in  the  one  case,  and  half  a  year,  or  182.5  days,  in  the  other. 

COMPOUND  INTEREST. 

If  any  Principal  be  multiplied  by  the  amount  (in  the  following  table)  opposite  the 
years,  and  under  the  rate  per  cent.,  the  sum  will  be  the  amount  of  that  principal  at compound  interest  for  the  time  and  rate  taken. 
Example.— What  is  the  amount  of  $500  for  10  years  at  6  per  cent.  ? 

Tabular  amount   1.790S4,  and  1.790S4X500  =  895.42  dollars. 

Table  showing  tlie  Value  of  SI,  etc.,  for  any  Num- 
ber of  Years  not  exceeding  34,  at  the  Rates  of  5, 

6,  and.  7  per  Ct.  per  Annmn  Compound  Interest. 
Years. 5  Per  Cent. 6  Per  Cent. 7  Per  Cent. Years. 5  Per  Cent. 6  Per  Cent. 7  Per  Cent. 

1 1.05 1.06 1.07 13 1.8S564 2.13292 2.40985 
2 1.1025 1.1236 1.1449 14 1.97993 2.26090 2.57853 3 1.15762 1.19101 1.22504 15 2.07892 2.39655 2.75903 4 1.2155 1.26247 1.31  OS 16 

2,18287 2.54035 2.95216 
5 1.27608 1.33822 1.40255 17 2.29201 2.69277 3.15881 
6 1.34 1.41851 1.50073 IS 2.40661 2.85433 3.37994 
7 1.4071 1.50363 1.60578 

19 2.52695 3.02559 3.61654 
8 1.47745 1.59384 1.71819 20 2.65329 3.20713 3.8697 9 1.55132 1.68947 1.83S46 

21 
2.78596 3.39956 4.14057 10 1.62889 1.79084 1.96715 22 2.92526 3.60353 4.43041 

11 1.71033 1.89829 2.104S5 

23 

3.07152 3.81974 4.74054 
12 1.795S5 2.01219 24 3.22509 4.04873 5.0723S 2.25219 

EEBATE. 

Rebate  is  a  deduction  or  Discount  upon  money  paid  before  it  is  due. 

To  Compute  tlie  Rebate  upon  euxxy  Sum. 
Rttle.  — Multiply  the  amount  by  the  rate  per  cent,  and  by  the  time,  and  divide  the product  by  the  sum  of  the  product  of  the  rate  per  cent,  and  the  time  added  to  100. 
Example.— What  is  the  rebate  upon  $12,075  for  3  years,  5  months,  and  15  days,  at 6  per  cent.  ? 

3  years  5  months  and  15  days  =  3.4574  years. 
12075X6X3.4574    250488.63     Dn_,  KO  ^ 

100+(6x3.4574)-T2l^  =  2074-53-$207453- 
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INTEREST  AND  DISCOUNT. 
To  Ascertain  tlie  Principal,  tlie  Time,  Plate  per  Cent.,  and 

Interest  "being  given. 
Rcle.— Divide  the  given  interest  by  the  interest  of  $1,  etc.,  for  the  given  rate 

and  time. 
Example.—  What  sum  of  money  at  6  per  cent,  will  in  14  months  produce  $14? 

14^.07  =  200  dollars. 

To  Ascertain  the  Trfcate  per  Cent.,  tlie  Principal,  Interest, 
and  Time  "being  given. 

Rri.E. — Divide  the  given  interest  by  the  interest  of  the  given  sum,  for  the  tim?,  at 
1  per  cent. 
Example  If  $32. 66  waa  the  discount  from  a  note  of  $400  for  14  months,  what  was 

that  per  cent.  ? 
The  interest  on  400  for  14  months'at  1  per  cent.=  4.66. Then  32.  G6     4.G6  =  7  per  cent. 

To  Ascertain  tlie  Time,  tlie  Principal,  Hate  per  Cent.,  and 
Interest  Toeing  given. 

Rule. — Divide  the  given  interest  by  the  interest  of  the  sum,  at  the  rate  per  cent, 
for  one  year. 
Example.— In  what  time  will  $103  produce  $11.34,  at  7  per  cent.  ? 
The  interest  on  10S  for  one  year  is  7.56. 

11.34  -T-  7.56  =  1.5  years. 

EQUATION  OF  PAYMENTS. 
Rule.—  Multiply  each  sum  by  its  time  of  payment  in  days,  and  divide  the  sum  of the  products  by  the  sum  of  the  payments. 
Example.—^/  owes  13  $300  in  15  days,  $00  in  12  days,  and  $350  in  20  day3;  when i&  the  whole  due  ? 

300x15=4500 
60X12=  720 

350X20  =  7000 
710      )  12220  (11  + days. 

ANNUITIES. 

To  Ascertain  tlie  Amount  of  Annuity,  tlie  Time,  and  Pate 
of  Interest  "being  given. 

Rule.— Raise  the  ratio  to  a  power  denoted  by  the  time,  from  which  subtract  1 ;  di- 
vide the  remainder  by  the  ratio  less  1,  and  the  quotient,  multiplied  by  the  annuity, will  give  the  amount. 

Note.— $1  added  to  the  given  rate  per  cent,  is  the  ratio,  and  the  preceding  table in  Compound  Interest  is  a  table  of  ratios. 
Example.—  What  is  the  amount  of  an  annual  pension  of  $100,  interest  5  per  cent., which  has  remained  unpaid  for  four  years? 

1.05  ratio ;  then  1.05*—  1  =  1.21550025  —  1  —  .215506  5,  and  .21550. 25 -w  1.05  —  1) .05  =  4.310125,  which  X 100=  $431.0125. 

To  Ascertain  tlie  Present  Worth  of  an  Annuity,  tlie  Time, and  Pate  lieing  given. 
Rule.— Ascertain  the  value  of  it  for  the  whole  time;  and  this  amount  divided  by the  ratio,  involved  to  the  time,  will  give  the  worth. 
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Example. — What  U  the  present  worth  of  a  pension  or  salary  of  $500,  to  continue 10  years  at  6  per  cent,  compound  interest  ? 
$500,  by  the  last  rule,  is  worth  $6590.3375,  which,  divided  by  1.06*0  (by  table, 

page  53,  is  1.79081)  =  $3680.05. 
Or,  multiply  the  tabular  amount  in  the  following  table,  by  the  given  annuity,  and the  product  will  be  the  present  worth. 

Table  showing  the  Present  Worth,  of  an  Annuity 
at  5,  6,  and.  7  per  Cent.  Compound  Interest  for 
any  Number  of  Years  under  84. 

Years. 5  Per  Cent. 6  Per  Cent. 7  PerCent. Years. 5  Per  Cent. 6  Per  Cent. 7  Per  Cent. 

1 .95238 .94339 .9345 18 11.GS95S 10.8276 10.0591 
2 1.S5941 1.83339 1.808 19 12.0S532 11.15311 10.3356 
3 2.72325 2.67301 2.6243 20 12.46221 11.46992 

10.594  . 
4 3.54595 3.4651 3.3872 

21  . 

12.82115 11.76407 10.8355 
5 4.32948 4.21236 4.1001 22 13.163 12.04158 11.0612 6 5.07569 4  91732 4.7665 

23 
13.48807 12.30338 11.2722 

7 5.78637 5.5S238 5.3892 
24 

13.79S64 12.55035 11.4693 
8 G.46321 6.20979 5.9712 

25 
14.09394 12.78335 11.6536 

9 7.107S2 6.80169 6.5152 
26 

14.37518 13.00316 11.S258 
10 7.72173 7.36008 7.0235 

27 

14.64303 13.21053 11.9S67 
U 8.30641 7.8S6S7 7.49SG 

2S 
14.89813 13.40616 12.1371 

12 8.86325 8.3S384 7.9426 

29 

15.14107 13. 5:;  07  2 
12.2777 

13 9.3*935? 8.S526S 8.3576 30 15.37245 13.76483 12.409 
14 9.89864 9.29498 8.7454 31 15.592S1 13.92908 12  531S 
15 10.37966 9.71225 9.1079 32 15.802G8 14.08398 12.0465 
16 10.83778 10.105S9 9.44G6 33 

16.00255 

14.22917  ' 

12. 753  S 
17 11.27407 10.47726 9.7632 34 16.1929 14.36613 12.854 

Illustration.— As  abovj ;  10  years  at  G  per  cent.  =7.36008,  and  7.3600Sx500  = 36S0.04  dollars. 

When  Annuities  do  not  commence  till  a  certain  period  cf  time,  they  are  said  to  bs in  Reversion. 

To  Ascertain  the  Present  Worth  of  an  Annuity  in  Re- version. 

Rule.— Take  two  amounts  under  the  rate  in  the  above  table,  viz.,  that  opposite the  sum  of  the  two  given  times  and  that  of  the  time  of  reversion  ;  multiply  their  dif- 
ference by  the  annuity,  and  the  product  is  the  present  worth. 

Example.— What  is  the  present  worth  of  a  reversion  of  a  lense  of  $40  per  annum, 
to  continue  for  6  years,  but  not  to  commence  until  the  end  of  2  years,  allowing  6  per cent,  to  the  purchaser? 

6  +  2  =  8  years  =   6. 20979 
2    "    =   1.83339 

4.37640X40  =  175.05.0  dollars. 
For  Half-yearly  and  Quarterly  payments,  multiply  the  annuity  for  the  given  time by  the  amount  in  the  following  table  : 

Rate  per Cent. Half-yearly. Quarterly. Rate  per 
Cent. 

Half-yearly. Quarterly. 

3* 

4* 
4i 5 

1.007445 
1.008675 
1.009902 
1.011126 
1.012343 

1.011181 
1.013031 
1.014877 
1.016720 
1.018559 

62 

61 

7,- 

1.013567 
1.0147S1 
1.015993 
1,017204 

1 .020395 1.022257 
1.024055 
1.0258S0 

Example. — What  will  an  annuity  of  $50,  payable  yearly,  amount  to  in  4  years,  at 5  per  cent.,  and  what  if  payable  half  yearly  ? 
By  table,  page  58,  1.05*  =  1.2155. 
1.2155  —  1     (1.05  —  1 )  =  4.31,  and  4.31  X50  =  215.50  dollars  for  yearly  payment, 

and  215. 50X1. 01 2343,  as  by  above  table  =  218. 16     "  "half-yearly" 
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PERPETUITIES. 
Perpetuities  are  such  Annuities  as  continue  forever. 

To  Ascertain  tlie  "Valne  of  a  3?erpetnal  Annuity. 
rULe.  Divide  the  annuity  hy  the  rate  per  cent.,  and  multiply  the  quotient  by  the 

unit  in  the  preceding  table. 
Example.  What  is  the  present  worth  of  an  annuity  for  $100,  payable  semi-an- 

nually, at  5  per  cent.  ? 
10oV. 05=n  2.000,  and  2,000x1.012348,  from  preceding  table  =  2.02470  dollars. 
For  Perpetuities  in  Reversion,  subtract  the  present  worth  of  the  annuity  for  the 

time  of  reversion  from  the  worth  of  the  annuity,  to  commence  immediately. 
Example. — What  is  the  present  worth  of  an  estate  of  $50  per  annum,  at  5  per 

cent.,  to  commence  in  4  years? 
50^.05  =1000 

$50,  for  4  years,  at  5  par  cent.  =3.54595  (from  table)  X50  =  177.2075 822.7025  dollars, 
which  in  4  year.3,  at  5  per  cent,  compound  interest,  would  produce  $1000. 

COMBINATION. 
Combination  is.  a  rule  for  ascertaining  how  often  a  less  number  of  numbers  or 

things  can  be  chosen  varied  from  a  greater,  or  how  many  different  collections  may 
be  formed  without  regard  to  the  order  of  each  collection. 

The  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  the  3  letters,  a,  &,  c,  taken  all  together,  form  but  one  combination,  abc. 

Taken  tico  and  tico,  they  form  3  combinations,  as  ab,  ac,  be. 
Rule.— Multiply  together  the  natural  series  1,  2,  3,  etc.,  up  to  the  number  to  be 

taken  at  a  time.  Take  a  series  of  as  many  terms,  decreasing  by  1,  from  the  number 
out  of  which  the  combination  is  to  be  made,  ascertain  their  continued  product,  and 
divide  this  last  product  by  the  former. 
Example.—  How  many  combinations  may  be  made  of  7  letters  out  of  12  ? 

IX  2X  3X4X5X0X7 _   5040  3991CS0 
12X11 X10X9X8X7X6- 3991680' an     5040   ~~  '  * 

When  two  Numbers  or  Things  are  Combined. 
Rule.— Multiply  together  the  natural  series  1,2,  3,  etc.,  to  a  less  term  than  the 

number  of  the  combinations ;  ascertain  their  continued  product,  and  proceed  as  before. 
Note.—  The  class  of  the  combination  is  determined  by  the  number  of  elements  or 

things  to  be  taken;  if  two  are  taken  the  combination  is  of  the  2d  class,  and  so  on. 
Example. — There  nr.:  3  cards  in  a  box,  out  of  which  2  are  to  be  drawn  in  a  re- 

quired order.    Here  there  are  2  terms ;  hence  2  — 1  =  1,  and  ̂ — ̂   =  ̂ .=G-=-l  =  6. 
Combination  without  Ttepetitions. 

Rule.— From  the  number  of  terms  of  the  series  subtract  the  number  of  the  class 
of  the  combination,  less  1 ;  multiply  this  remainder  by  the  successive  increasing  terms 
of  the  series,  up  to  the  last  term  of  the  series;  then  divide  this  product  by  the  num- 

ber of  permutations  of  the  terms,  denoted  by  the  class  of  the  combination. 
K\ ample.—  How  many  combinations  can  be  made  of  4  letters  out  of  10,  excluding 

any  repetition  of  them  in  any  second  combination  ? 
10  —  (4  —  1 )  =  7  =  number  of  terms  —  number  of  class,  less  1. 

7x8x9x10  =  5040  =  prod,  of  remainder,  and  the  successive  terms  up  to  the  la^t  term.. 5040 
1x2x3x4  =  24  =  per  mutations  of  the  class  of  the  combination.    Then  ——-  =  210. 

24 

F 



C2 PROBABILITY. 

Combinations  witli  Repetitions. 
In  this  case  the  repetition  of  a  term  is  considered  a  new  combination.    Thus  1,  2 admits  of  but  one  combination,  if  not  repeated;  if  repeated,  however,  it  admits  of three  combinations,  as  1,  1 ;  1, 2 ;  2, 2. 
Rule.— To  the  number  of  the  terms  of  the  series  add  the  number  of  the  class  of the  combination,  less  1 ;  multiply  the  sum  by  the  successive  decreasing  terms  of  the series,  down  to  the  last  term  of  the  series  ;  then  divide  this  product  by  the  number of  permutations  of  the  terms,  denoted  by  the  class  of  the  combination. 
Example.— How  many  different  combinations  of  numbers  of  G  figures  can  be  made out  of  11  ? 

11  +  (0  —  1 )  =  10  =  sum  of  number  of  terms,  and  the  number  of  class,  less  1. 16x15x14x13x12x11  =  5705760  =prod.  of  sum,  and  successive  terms  to  last  term. 1X2X3X4X5X0  =  720=  permutations  of  the  class  of  the  combination.  Then 5765760-    „  „ 
^-  =  8003. Variations  with.  Repetitions. 
Every  different  arrangement  of  individual  number  or  things,  including  repetitions, is  termed  a  Variation. 
The  Class  of  the  Variation  is  denoted  by  the  number  of  individual  things  taken  at a  time. 
Rule  —Raise  the  number  denoting  the  individual  things  to  a  power,  the  exponent of  which  is  the  number  expressing  the  class  of  the  variation. 
Example — How  many  variations  with  4  repetitions  can  be  made  out  of  5  figure* 9 5*  =  625. 

PROBABILITY. 
The  Probability  of  any  event  is  the  ratio  of  the  favorable  cases  to  all  the  cases which  are  similarly  circumstanced  with  regard  to  the  occurrence.  Thus,  from  a  re- ceptacle containing  1  white  and  2  black  balls,  the  probability  of  drawing  a  white  ball, 

by  the  abstraction  of  1,  is  J- ;  the  probability  of  throwing  ace  with  a  die  is  J  :  in 
other  words,  the  odds  are  2  "to  1  against  the  first,  and  5  to  1  against  the  second. Ii«i.-f.n  =  the  whole  number  of  chances,  m  represents  the  number  which  are  fa- 

vorable and  n  the  unfavorable.      m    —  the  probability  of  the-  event. 7)i  -j-7i  r.  r. 
Illustration.— If  a  cent  is  thrown  twice  into  the  air,  the  probability  of  its  falling with  its  head  up,  twice  in  succession,  is  as  1  to  4.    Tims,  it  may  fall : 
1.  The  head  up  twice  in  succession. 
2.  The  head  up  the  1st  time  and  the  wreath  the  2d  time. 
3.  The  wreath  up  the  1st  time  and  the  head  the  2d  time. 
4.  The  wreath  up  twice  in  succession. 
These  are  the  only  results  possible,  and  being  all  similarly  circumstanced  as  to probability,  the  probability  of  each  case  is  as  1  to  4,  or  the  odds  are  as  3  to  1. The  probability  of  either  the  head  or  wreath  being  up  twice  in  succession  is  as  1  to 1,  or  the  chances  are  even,  because  the  1st  and  4th  cases  favor  such  a  result  ;  the probability  of  the  head  once  and  the  wreath  once  in  any  order  is  as  1  to  2,  because the  2d  and  3d  cases  favor  such  a  result;  and  the  probability  of  the  head  or  the  wreath once  is  as  3  to  4,  or  the  odds  are  as  3  to  1,  because  the  1st,  2d,  and  3d,  or  the  2d  3d, and  4th  cases,  favor  such  a  result. 
Note.— 1  to  2  is  an  equal  chance,  for  1  out  of  2  chances  ml  to  1,  being  an  equal chance ;  again,  1  to  5  is  4  to  1,  for  1  out  of  5  chances  is  1  to  4. 
Illus.  2 — Suppose  with  two  bags,  one  containing  5  white  balls  and  2  black,  and the  other  7  white  and  3  black.  The  number  of  cases  possible  in  one  drawing  from each  bag  is  (5-f  2)X(7  +  3)  =1X10  =70,  because  every  ball  in  one  bag  may  be drawn  alike  to  one  in  the  other. 
The  number  of  cases  which  favor  the  drawing  of  a  white  ball  from  both  bags  is 5X7  =  35,  for  every  one  of  the  5  white  balls  in  one  bag  may  be  drawn  in  combina- 

tion with  every  one  of  the  7  in  the  other.  For  a  like  cause,  the  number  of  cases which  form  the  drawing  of  a  white  ball  from  the  1st  bag  and  a  black  one  from  the 2d  is  5x3  =  15  ;  a  black  ball  from  the  1st  bag  and  a  white  ball  from  the  2d  is  7x2 =  14  ;  and  a  black  ball  from  both  is  3x2  =  5. 
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Therefore  the  probability  of  drawing  is  as 
x—  =-  =  1  to  1,  a  white  ball  from  both  bags. 

70  *T0  2 
5*5=  1£_  JL  —  ii  to  3,  a  ichite  ball  from  the  lst,and  a  black  from  the  2d. 70      TO  14 

12^1—  li  —  1=4  to  1,  a  black  ball  from  the  lsf,  and  a  white  from  the  2d. 70      70  5 

:'x2  — iL  — j_  — 32  to  3,  a  Wacfc  ball  from  both. TO      70  35 

5x3  4-  8x  >  _  23  __        ^    f(  whUe  ball  from  one,  a7id  a  black  from  the  other, TO  TO 1      3  _29 
for  both  the  2d  and  third  cases  favor  this  result ;  hence  5+  i£  —  fo* 

5X7  +  5x3  +  2X7 _ 64 32  _  ^  ^  ^  for  the  ljjt TO  TO     35  1 
1  ,  3  1_32 and  3d  cases  form  this  result ;  hence  2  '  fi     5  —  35' 

Again,  if  the  number  of  white  and  black  balls  in  each  bag  are  the  same,  say  5 
white  and  2  black,  5  +  2x5  4-2  =  49,  then  the  probability  of  drawing  is  as 

5*5=  —  =r25  to  24,  a  white  ball  from  both. 49      49  1 
?*?=??= 39  to  10,  a  white  ball  from  the  1st,  and  a  black  from  the  2d. 49  49 

!?_  33  to  10,  rt  black  ball  from  the  1st,  and  a  white  from  the  2d. 49  49 

2x2  —  1  —  45  to  4,  a  Mat*  ball  from  both. 49  49 
Illus.  3—  When  two  dice  are  thrown,  the  probability  that  the  sum  of  the  num- 

bers on  the  upper  sides  is  any  given  number,  say  T,  is  as  follows : 
As  every  one  of  the  six  numbers  on  one  of  the  dice  may  come  up  alike  to  or  in combination  with  the  other,  the  number  of  throws  is  Gx6  =  3G. 

(1  andC) The  number  T  may  be  a  combination  of  ■<  2   u  5V  ;  and  as  these  numbers  may 
(3   "  4) 

be  upon  either  dice,  there  are  3x2  =  6  throws  in  favor  of  the  combination  of  1  ; 0  _  1  mt 
hence  the  probability  of  throwing  T  is  ̂ g—     or  a3  0  to  J. 

Illus.  4  — The  probability  of  a  player's  partner  at  Whist  holding  a  given  card  is as  follows:  v 
The  number  of  cards  held  by  the  other  3  players  is  3x13  =  39;  the  probability, 

therefore,  that  it  is  held  by  the  partner  is  — ,  but  it  may  be  one  of  the  13  cards  which 
13  1 

he  holds ;  hence  the  probability  is  1x13  =  —  =  -,  or  as  2  to  1. 

Illus.  5— The  probability  of  a  player's  partner  at  Whist  holding  two  given  cards is  as  follows:  2 
The  number  of  combinations  of  39  things,  taken  2  and  2  together,  is  g^Tg§  —  ̂   ; 

therefore  the  probability  that  these  2  cards  are  any  given  2  cards  in  the  partner's 1  1  1 
hand  is  39x38  =  -  =  ~  =  740  to  1 ;  but  they  may  be  any  2  cards  in  the  part- 39xl(J  '4l 
ner's  hand;  therefore,  since  the  number  of  combinations  of  13  cards,  taken  2  and  2 

together,  is  J£2-  =  JL  -  78,  the  probability  required  is  JL=  -,  or  as  1 T  to  2. 
"*      '  22 

Similarly,  the  probability  that  he  holds  any  3  given  cards  is  Wrffig  0Y  R*  Gsl  to  2-* 
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The  probabilities  at  a  game  of  Whist  upon  the  following  points  are : 
7  to  5,  that  one  hand  has  two  honors,  and  two  hands  one  ; 
13  to  2,  that  two  hands  have  each  two  honors; 
17  to  2,  that  each  hand  holds  an  honor ; 
5  to  1,  that  one  hand  has  three  honors,  and  one  hand  one; 
94  to  1,  that  the  four  honors  are  held  by  one  hand. 

Illus.  5.— If  5  half  dollars  are  thrown  into  the  air,  the  probability  of  any  of  the possible  combinations  of  their  falling  is  as  follows : 

Hence  the  probabilities  are: 

Q  5=  .03125=  1  to  31         5  heads; 

5X  Q  b=  .15625  =  5  to  27  4  heads  and  1  tail  ; 

10 x  (^j  5=  •  3125  —5  to  11  3  heads  and  2  tails; 

10 X  Q  5—  .31£5  =  5  to  11  2  heads  and  3  tails; 

5x  (~j  &=  .15G25  =  5  to  27  1  head  and  4  tails; 
.03125  =  1  to  31  5  tails. 

©-■
 

favor  of  ^       °     Ji(    probability  is  }it 
[C  «  7  "  10  J  (.^        "  G, 

All  Wagers  are  founded  upon  the  principle  of  the  product  of  the  event,  and  the 
contingent  gain  being  equal  to  the  amount  at  stake. 
Illustration  Suppose  3  horses,  A,  B,  and  C,  are  started  for  a  race,  and  I  have 

wagered  12  to  5  against  A,  11  to  6  against  B,  and  10  to  7  against  C. 
If  A  wins,  I  win  6  +  7  —  12  =  1. "B    "    I   "  5  +  7-11=1. 
"C    "    I  "  5  +  6-10  =  1. 

Hence  I  win  1,  whichever  horse  wins,  from  having  taken  the  field  against  each horse  at  the  odds  named. 

(A  are  5  to  12")  ( iu  favor  of  A» The  odds  given  in  )  R  u  6  «  n  [ ;  the  ̂ corresponding favor  of 

and  —4-  —  4-'—  —  —  =  1.06  =  1.06  to  1  in  favor  of  the  taker  of  the  odds. 
II  '  17    17 —  17 The  odds  given  upon  the  first  seven  favorite  horses  entered  for  the  Oaks  Stakes  of 

182S  were  so  great  that  the  probability  in  favor  of  the  taker  of  the  odds  when  reduced was  as  follows  : 
f    1.    5  to  2         3.    4  to  1         5.    14  to  1         7.    15  to  1 

The  odds  were  j    2>    g  tQ  2         4    7  to  1         6.    14  to  1 
^4x3x16  =  102 

2,2,1,1,1,1.1      4.5,  3      4,1,3      )lx7Xl6  =  112 
-j  +  t+p  +  «4-TR+Tp,  +  Tr^^  +  lTn+  =  ̂ ^+R  +  ̂ ^j3x7X  3=  63 (JX3X16  336 

= '~  =  1 .092  =  1. 092  to  1 ,  in  favor  of  the  taker  of  the  odds,  yet  neither  of  the  horses 
upon  whicli  these  odds  were  given  won. 

Illus.  2.— If  the  odds  are  3  to  1  against  a  horse  running  a  race,  and  6  to  1  against 
another  horse  winning  a  second  race,  the  probability  of  the  1st  horse  w  inning  is  J, 
and  of  the  other  i.    Therefore  the  probability  of  both  the  races  being  won  is 
and  the  odds  against  it  27  to  1 ,  or  1000  to  37.037.    The  odds  upon  such  an  event  were 
given  in  1823  at  1000  to  00,  or  16.67  to  1. 



CHRONOLOGY. 65 

Table  showing  the  Odds  "between.  Results  or Chances,  and  between  any  Number  and  the 
Whole  Number,  at  the  various  Odds  against  each, 
also  the  Value  of  each  Chance  in  parts  of  lOO. 

Odds  asaiust Value  of Odds  against Value  of Odds  against each. 
Value  of 

each. Chance. each. Chance. Chance. 
Even 50. 

3^  to 1 22.22 to  1 9.52 
11     to  10 47.62 

4  " 

1 

2o!"
" 

10       "  1 
9.09 

6  « 5 45.45 

4X  " 

1 1S.1S 12      «  1 
7.7 

5  " 4 44.44 
5  "  " 

1 16.66 15      «  1 6.25 
" 

6  lt 
4 42.1 " 1 15.38 IS      «  1 

5.26 
4 40. 

6  " 

1 

14,28 
20      '>  1 476 

6K  " 
4 38.1 

6X  " 

1 13.33 25      "  1 
3.S4 

7  u 4 36. 3G 

7  " 

1 12.5 30      "  1 3.22 
1)4  11 

4 34.73 

%  " 
8  " 

1 11.76 
40     »  1 2.44 

9  •  It 1 33.33 1 11.11 50     u  1 
1.96 

9%  M 
1 2S.57 

8>£  " 

1 10.52 
60      "  1 1.64 

3  w 1 25. 

9  " 
1 10. 

100      "  1 .99 
Operation. — Divide  100,  or  the  unit,  as  the  case  may  be,  by  the  sum  of  the  odds, 

and  multiply  the  quotient  by  the  lesser  chance  or  odds. 

Illustration. — 6to  4.   64-4  =  10,  and  —  x4r=40  =  value  of  chance. 

CHRONOLOGY. 

A  Solar  day  is  measured  by  the  rotation  of  the  earth  upon  its  axis  with  respect  to the  Sun. 
The  motion  of  the  Earth,  on  account  of  the  ellipticity  of  its  orbit  and  of  the  pertur- 

bations produced  by  the  planets,  is  subject  to  an  acceleration  and  retardation.  To 
correct  this  fluctuation,  time-pieces  are  adjusted  to  an  average  or  mean  solar  day 
{mean  time),  which  is  divided  into  hours,  minutes,  and  seconds. 

In  Astronomical  computation  and  in  Nautical  time  the  day  commences  at  M.,  and 
in  the  former  it  is  counted  throughout  the  24  hours. 

In  Civil  computation  the  day  commences  at  midnight,  or  A.M.,  and  is  divided  into two  portions  of  12  hours  each. 
;  A  Solar  Year,  termed  also  an  Equinoctial,  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  365.24224  solar  days,  or  365  days,  5  hours,  48 minutes,  and  49.536  soconds. 
A  Year  is  divided  into  12  calendar  months,  or  365  days. 
A  Calendar  Month  varies  from  28  to  31  days. 
A  Mean  Lunar  Month*  or  lunation  of  the  moon,  is  29  days,  12  hours,  44  minutes, 2  seconds,  and  5.24  thirds. 
A  Bissextile  or  Leap  Year  consists  of  366  davs  ;  the  correction  of  ono  year  in  four 

to  termed  the  Juhan;  hence  a  mean  Julian  year  is  365.25  days. 
In  the  year  15S2  the  error  of  the  Julian  computation  of  a  year  had  amounted  to  a 

period  of  10  days,  which,  by  order  of  Pope  Gregory  VIII.,  was  suppressed  in  the  Cal- endar, and  the  5th  of  October  reckoned  as  the  15th. 
The  error  of  the  Julian  computation,  .00770  days,  is  about  1  day  in  128.79  years, and  the  adoption  of  this  period  as  a  basis  of  intercalation  is  termed  the  Gregorian Calendar,  or  New  Style,t  the  Julian  Calendar  being  termed  the  Old  Style. 
The  error  of  the  Gregorian  year  (365.2425  days)  amounts  to  1  day  in  C57 1.4286 yeare. 
The  New  Style  was  adopted  in  England  in  1752  by  reckoning  the  3d  of  September a.s  the  14th. 

iaPk  an  En«lif5h  law<  fehe  yoars  1800i  1900i  2100,  2200,  2300,  and  2500,  and  any  other 100th  year,  excepting  only  every  400th  year,  commencing  at  2000,  are  not  to  be  reck- oned Bissextile  years. 
*  Ferguson.  f  Now  adopted  in  every  Christian  country  except  Russia. 
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The  Dominical  or  Sunday  Letter  is  one  of  the  first  seven  letters  of  the  alphabet, 
and  is  used  for  the  purpose  of  determining  the  day  of  the  week  corresponding  to  any- given  date.  In  the  Ecclesiastical  Calendar  the  letter  A  is  placed  opposite  to  the  1st 
day  of  the  year,  January  1st ;  B  to  the  second;  and  so  on  through  the  seven  letters; 
then  the  letter  which  falls  opposite  to  the  first  Sunday  in  the  year  will  also  lall  op. 
posite  to  every  following  Sunday  in  that  year. 

In  the  Ecclesiastical  Year  the  intercalary  day  is  reckoned  upon  the  24th  of  Feb- 
ruary ;  hence  the  24th  and  25th  days  are  denoted  by  the  same  letter,  the  dominical 

letter  being  set  back  one  place. 
In  the  Civil  Year  the  intercalary  day  is  added  at  the  end  of  February,  the  change 

of  letter  taking  place  at  the  1st  of  March. 

To  Compute  tlie  Dominical  Letter. 
Rule  Divide  the  number  of  centuries  and  the  years  of  the  given  century  each 

by  4,  and  the  years  again  by  7  ;  multiply  the  remainders  respectively  by  2,  2,  and  4; 
add  together  the  three  products,  and  increase  their  sum  by  1  ;  then  divide  the  whole 
sum  by  7,  and  the  remainder  will  be  the  ordinal  number  of  the  dominical  letter  re- 
quired. 

Note — If  0  remain,  it  will  be  the  7th,  or  G. 
Example. — "What  will  be  the  dominical  letter  for  the  year  1942? 
Centuries  =  19,  which  —  4  =  4,  and  3  rem.  ;  years  =  42,  which  ~  4  =  10,  and  2 rem. ;  and  42  again  by  7  =  0,  hence  the  remainders  =  3.2.0. 
Then,  3x2  =  6;  2x2=4,  and  0x4  =  0,  and  G+4-4-04-1  =  11,  and  11-^-7  =  4  re- mainder, the  ordinal  number  of  the  required  letter  being  D. 
Note — In  bissextile  years  two  dominical  letters  are  used,  one  before  and  the  other 

after  the  intercalary  day. 
A  Dominical  Cycle  is  a  period  of  400  years,  when  the  same  order  of  dominical  let- 

ters and  days  of  the  week  will  return. 
A  Cycle  of  the  Sun,  or  the  Sunday  Cycle,  is  the  28  years  before  the  same  order  of 

dominical  letters  return  to  the  same  days  of  the  month,  and  it  is  considered  as  hav- 
ing commenced  9  years  before  the  era  of  the  Julian  Calendar. 

To  Compute  tlie  Cycle  of  tlie  Sun. 
Rule. — Add  9  to  the  given  year  ;  divide  the  sum  by  2S  ;  the  quotient  is  the  num- 

ber of  cycles  that  have  elapsed,  and  the  remainder  is  the  number  or  years  of  the 
cycle. 

Note. — The  use  of  this  computation  is  the  determination  of  the  dominical  letter 
for  any  given  year  of  the  Julian  Calendar  for  each  of  the  28  years  of  a  cycle. 

By  the  adoption  of  the  Gregorian  Calendar,  the  order  of  the  letters  is  necessarily 
interrupted  by  the  suppression  of  the  century  bissextile  years  in  1900,  2100,  2200, 
etc.,  and  a  table  of  dominical  letters  must  necessarily  be  reconstructed  for  the  fol- 

lowing century. 
The  Lunar  Cycle,  or  Golden  Number,  is  a  period  of  19  years,  after  which  the  new 

amons  fall  on  the  same  days  of  the  month  of  the  Julian  year,  within  1.5  hours. 
The  year  of  the  birth  of  Jesus  Christ  is  reckoned  the  first  of  the  Lunar  Cycle. 

To  Compute  tlie  Lunar  Cycle,  or  G-olclen  lNrum"ber. 
Rule. — Add  1  to  the  given  year  ;  divide  the  sum  by  19,  and  the  remainder  is  the 

golden  number. 
Note. — If  0  remain,  it  is  19. 
Example.— What  is  the  golden  number  for  1866? 

1866  -4- 1  -r- 19  =98,  and  the  remainder  =  5  =  the  golden  number. 
Note. — There  are  two  objections  to  the  permanency  of  this  lunar  period.  In  the 

first  place,  the  Julian  year,  which  is  the  basis  of  the  computation,  does  not  correctly 
represent  either  the  mean  solar  or  the  Gregorian  year.  In  the  second  place,  a  pe- riod of  6939.75  days  is  nearly  1.5  hours  in  excess  of  235  mean  astronomical  lunations  ; 
ind  hence  the  correct  time  of  the  new  moon  will  in  successive  cycles  occur  so  much 
jarlier,  and  will  retrogade  a  day  in  every  308  years. 
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The  Epact  for  any  year  is  a  number  designed  to  represent  the  age  of  the  moon  on the  1st  day  of  January  of  that  year. 
To  Coixipxite  tlie  Epact. 

rule  Multiply  the  golden  number  less  1  by  11,  divide  the  product  by  30,  and 
the  remainder  is  the  result  required. 

Note. — If  0  remain,  it  is  29. 
Example.— Required  the  epact  for  1S65? 
The  golden  number  ==  4. 

4  _  1 X 11  =  33,  and  33  -4-  30  =  1  and  3  remainder ;  hence  3  ==  epact. 
To  Compute  tlie  Roman  In  diction.. 

rcle.  Add  3  to  the  given  year;  divide  the  sum  by  15,  and  the  remainder  is  the 
indiction. 
Note.— If  0  remain,  the  Indiction  is  15. 

The  Diom/sian  Period  is  a  period  of  532  years,  the  product  of  the  lunar  and  solar 
cycles  (19x23),  and  it  was  designed  for  the  purpose  of  including  all  the  varieties  of the  new  moons  and  dominical  letters,  so  that  after  every  532  years  they  were  ex- 
pected  to  recur  in  the  same  order.  The  measure  of  the  lunar  eyele,  however,  not  be- 

ing exact,  and  the  Sunday  cycle  being  interrupted  at  the  centenary  years  that  are not  bissextile,  this  period  is  altogether  in  disuse. 
129  -f  (given  year  — 1800)  =  year  of  the  Dionysian,  extending  to  2203. 

Tlie  Xumber  of  Direction  is  the  number  of  days  that  Easter-day  occurs  after  the 21st  of  March. 
Easter-day  is  the  first  Sunday  after  the  first  full  moon  which  occurs  upon  or  next 

after  the  21st  of  March  ;  and  if  the  full  moon  occurs  upon  a  Sunday,  then  Easter-day 
is  the  Sunday  after,  and  it  is  ascertained  by  adding  the  number  of  direction  to  the 
21st  of  March.    It  is  therefore  March  N  -f-  21,  or  April  N  — 10. 
Illustration.— If  the  number  of  direction  is  19,  then  for  March,  19  -f  21  =  40,  and 

40  — 31  =  9  =  9M  of  April  ; 
again  for  April,  19  —  10  =  9  =  9th  of  April. 
Note.— The  moon  upon  which  Easter  immediately  depends  is  termed  the  Paschal Moon. 
Full  Moon  is  the  14th  day  of  the  moon,  that  is,  13  days  after  the  preceding  day  of 

,he  new  moon. 

Perpetual  Ta"ble  for  Ascertaining  tlie  Number  of 
Direction,  trie  Epact  and.  Dominical  Letter  "being given. 

Dominical  Letter. Dominical  Letter. 
2 

W A B C D E P 6 

04 

w A B c D E F G 

No. No. No. No. No. No. No. 
No. No. No. No. No. No. No. 

0 26 27 28 29 30 
24 

25 
15 

12 

15 14 
15 

9 
10 1 26 27 28 29 23 

24 25 16 12 13 14 8 9 
10 2 26 27 

28 22 
23 24 25 17 

12 
13 7 8 9 

10 

3 26 27 21 22 23 
24 

25 18 
12 

6 7 8 9 

10 

4 26 20 21 22 
23 24 25 

19 
5 6 7 8 9 

10 

5 19 20 21 22 23 24 25 20 5 6 7 8 9 
10 

4 
6 19 20 21 

22 
23 24 18 21 5 6 7 8 9 3 4 

7 19 20 21 22 23 17 18 22 5 6 7 8 2 3 4 
8 19 20 

21 
22 16 17 IS 23 5 6 7 1 2 3 4 

9 19 20 21 15 
16 

17 18 
24 

33 
34 

35 
29 

30 
31 32 to 19 20 14 15 

16 17 18 

25 

33 
34 35 29 30 31 32 11 19 13 14 

15 16 

17 

18 

26 33 34 
28 

29 

30 
31 32 12 12 10 14 15 16 17 18 

27 33 

27 23 

39 30 31 

32 

13 12 13 14 15 16 17 11 
28 26 

27 
28 

29 
30 

31 
32 14 12 13 14 15 16 

10 11 2!) 
26 

27 
28 

29 

30 
31 25 
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Perpetual  Table  for  Ascertaining  Easter-day,  tlie 
Epaet  and.  Dominical  Letter  toeing  grven. 

1 DOMIN ical  Letter Dominical  Letter. 
W A B c 

1  D 

E F G 

p. 

A B c D b: 
_l_ 

'JUL 

Apr. Apr. Apr. Apr. Apr. Apr. Apr. 
Mar. 

0 16 17 IS 19 20 
14 

15 
10 

2 4 
'  29* 3) 

31 
i 

1 16 17 18 
19 13 14 15 Mar. 2 16 17 18 
12 

13 14 
15 

IT 
2 a 28 29 30 

31 
i 3 16 17 11 

12 
13 

14 
15 

Mar. 
4 16 10 11 

12 
13 14 15 

18 
2 

27 
2S 29 

30 31 i 
5 9 10 11 

12 
13 14 

15 

Mar. 
6 9 10 11 12 13 14 8 19 

20 
27 

28 

29 

30 31 i 7 9 10 11 12 
13 7 8 Mar. 

8 9 10 11 

12 
0 7 8 

20 

26 27 
2S 

29 

30 
31 

25 9 9 10 11 5 6 7 8 

21 
26 

27 
28 29 

30 
24 25 

10 9 10 4 5 6 7 8 22 
26 

27 
28 

29 

23 
24 25 

11 9 3 4 5 6 7 8 23 

26 27 28 

22 23 
24 

25 12 2 4 5 6 7 8 Apr. 
Apr. 

Apr. 25 
25 

Apr. Apr. Apr. Apr. 13 2 3 4 5 6 7 Mar. 1 24 
25 

23 
23 

24 24 

19 
19 

20 
20 21 

21 22 
22 14 2 3 4 5 6 

31 
1 2(5 23 24 

18 

19 
20 

21 
22 

Mar. 
27 

23 17 18 19 
20 

21 22 15 2 3 4 5 
30 31 1 

28 

29 
16 
16 

17 
17 18 

IS 
19 
19 

20 
20 

21 21 22 15 

The  Roman  Indiction  is  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. 

The  Julian  Period  is  a  cycle  of  79S0  years,  the  product  of  the  Lunar  and  Solar 
Cycles  and  the  Indiction  (19X2SX15),  and  it  commences  at  4714  years  B.C. 

6513  -f  (given  year  —  1S00)  =  year  of  the  Julian  Period,  extending  to  3267. 
Note.— If  the  year  of  the  Julian  Period  is  divided  by  19,  28,  15,  or  32,  the  re- 

mainders will  respectively  give  the  Lunar  and  Solar  Cychs,  the  Indiction,  and  the Year  of  the  Dionysian. 

Dates  of  the  Day  of  the  Week,  corresponding  to 
the  Day  determined  by  the  preceding  Table. 

Thus,  if  Monday  is  the  day  determined  by  the  year  given,  the  following  dates  arc the  Mondays  in  that  year  : 
February, March, 
November. 

February,* 
August. 

May. 
January, 

October. 
January,* 
April, July. September, 

December. June. 

1 2 3 4 5 6 7 
8 9 10 11 12 13 14 

15 1G 17 IS 
19 

20 
21 

22 23 24 

25 
26 

27 

28 

29 30 31 

Note.— In  leap-year,  January  and  February  must  be  taken  in  the  column marked  *. 
To  Compute  the  Moon's  Age. 

Rule.— To  the  day  of  the  month  add  the  epact  and  member  of  the  month,  then 
subtract  29  days  12  hours  and  44  minutes  (the  period  of  a  mean  lunation)  as  often  as 
the  sum  exceeds  this  period,  and  the  result  will  give  the  moon's  age. 
Note.— This  is  an  approximate  rule,  serviceable  only  when  the  lunations  of  the m6on  are  not  known  with  precision. 



TABLE  OF  EPACTS,  DOMINICAL  LETTERS,  ETC.  G9 

Numbers  of  tlie  IMontli. 
d.  JL.\  d.  A.  |  d  h.  d.  h. 

Januarv   0   0    April  1  16  •  July  4   2    October   7  11 
February          1  17    May   2    3    August  5  13    November  8  23 
March   4  |  June  3  14  |  September..  7        December  9  10 
Example.— Required  tbe  ag2  of  tbe  Moon  on  the  5th  of  February,  1S59. 
Given  day   5  ) 
Epaet  26     V  32(7.  177?.,  from  which  subtract  29.12.  =  2  days  5  hours. Number  of  month  . .  1.17) 

Ta"ble  of  Epacts,  Doniinical  Letters,  arid,  air  Alma- nac,  fyoxn  17  7  3  to  19G1. 
Dom.  i 

-g 

t Dom. 

*j 

Dom. 
Years. Days. Let- ters. EL 

Years. Days. 
Let- 
ters. 

s 
K Years. Days. 

Let- 

teis. 
1773 Tuesday. C  1 1S16 

Friday.* GF 
1 1S59 Tuesday. B 

26 

1774 Wednesd. B 17 1817 Saturday. E 12 1S60 
Thursday.* 

AG 
7 

1775 Thursday. A 2S ISIS Sunday. D 
23 1S61 

Friday. 
F 

IS 

1776 F  rid  a  v.* GF 9 1S19 Monday. c 4 1S62 Saturday. E 29 
1777 Saturday. E 

20 
1S20 Wednesd.* BA 

15 

1S63 
Sunday. D 

11 
177S Sunday. D 1 1-21 Thursday. G 26 1S64 

Tuesday.* CB 
22 

1779 Monday. 
Wednesd.* 

c 
12 1^22 Friday. F 7 1865 Wednesd. A 3 

17S0 BA 
23 

1823 Saturday. E 18 1866 Thursday. G 14 
1781 Thursday. G 4 1S24 Monday.* 

DC 
29 1867 Friday. 

F 

25 
1782 Friday. F 

15 1S25 Tuesday. B 
11 1868 

Sunday."* 

ED 6 
1783 Saturday. E 26 1S26 Wednesd. A 22 1S69 

Monday. C 17 
17S4 Monday.* DC 7 1827 Thursday. 

Saturday.* 
G 3 1S70 Tuesday. B 

28 

17S5 Tuesdav. B IS 1828 FE 
14 

1871 Wednesd. A 9 
1786 Wednesd. A 29 IS  29 Sunday. D 

25 
1872 

Friday.* 
GF 

20 

1787 Thursday. 
Saturday.* 

G 11 1830 Monday. C 6 1S73 Saturday. E 1 
1788 FE 

22 
1831 Tuesday. B 

17 1874 Sunday. D 12 
1789 Sunday. D 3 1832 Thursday-* 

AG 
28 

1875 Monday. C 23 
1790 Monday. c 14 1833 Friday. F 9 1876 

Wednesd.* 
BA 4 

1791 Tuesday. B 25 1S34 Saturday. E 20 
1877 Thursday. G ir, 

1792 Thursday  * 
AG 6 ls35 Sunday. D 1 1878 Friday. 

F 
26 1793 Friday. F 17 1S30 Tuesday.* CB 12 1879 Saturday. 

Monday.* 

E 7 
1794 Saturday. E 

2> 
1S37 Wednesd. A 23 1880 

DC 
IS 

1795 Sunday. D 9 1S3S Thursday. G 

»4 

1881 Tuesday. B 
29 1796 Tuesday.* CB 

20 
1839 Friday. F 

15 
1SS2 Wednesd. A 11 

1797 Wednesd. A 1 1840 Sunday.* 
ED 

26 

1883 Thursday. G 

22 
179S Thursday. G 12 1S41 Monday. C 7 1884 

Saturday.* 
FE 3 

1799 Friday. F 
23 

1842 Tuesday. B 
18 1S85 Sunday. D 14 

1800 Saturday. E 4 1843 Wednesd. A 
29 18S6 Monday. C 

25 
1801 Sunday. D 15 1844 

Friday.* GF 11 1887 Tuesday. B 6 
17 1802 Monday. C 26 1845 Saturday. E 

22 
18S8 

Thursday* 
AG 

1803 Tuesday. B 7 1846 Sunday. D 3 1889 Friday. 
F 28 

9 1804 Thursday* AG 18 1847 Monday. C 14 1S90 Saturday. E 
1S05 Friday. F 20 1848 

Wednesd.* 
BA 

25 

1891 Sunday. D 

20 

1806 Saturday. E 11 1849 Thursday. G 6 1892 Tuesday.* CB 
1 

1807 Sunday. D 22 1850 Friday. F 
17 1893 

Wednesd. A 

12 

1808 Tuesday.* CB 3 1851 Saturday. 

Monday.* 
E 28 1894 Thursday. G 

23 

1809 Wednesd. A 14 1852 DC 9 1895 Friday. F 4 
1810 Thursday. G 25 1853 Tuesday. B 

20 

1890 
Sunday.* 

ED 

15 

1811 Friday. F 6 1S54 Wednesd. A 1 1897 Monday. C 
26 1812 Sunday.* 

ED 17 1855 Thursday. 

Saturday.* 
G 

12 
1898 Tuesday. B 7 

1S13 Monday. C 28 1856 
FE 

23 

1899 Wednesd. A 

18 
1814 Tuesday. B 9 1857 Sunday. D 4 1900 Thursday. G 

29 

1815 Wednesd. A 
20 1858 Monday. C 

15 
1901 

Friday. F 
10 

Use  of  the  Talle.— To  ascertain  the  day  of  the  week  on  which  any  given  day 
of  the  month  falls  in  any  year  from  1773  to  1901. 

Illustration. — The  great  fire  occurred  in  New  York  on  the  16th  of  December, 
18;i5 :  what  was  the  day  of  the  week? 

Opposite  1886  h  Sunday  ;  and  by  the  preceding  table,  under  December,  it  is  ascer- 
tained that  the  13th  was  Sunday  :  consequently,  the  16th  was  Wednesday. 



70 moon's  age,  new  moon,  etc. 

Table  showing  the  Age  of  the  Moon  on  the  Day 
preceding  the  first  Day  of  a  Month,  for  the  Years 
1876  to  1880,  at  13  M.,  at  New  York. 

[By  S.  H.  Wright,  A.M.,  Ph.D.] 
Month. 1876. 1877. 1878. 1879. 1880. 

3  21  47 15  22  37 26  18  46 7  19  17 18    5  34 
5   2  57 17    3  14 28    2  32 9  5 19  18  13 
4  10  23 15   7  8 26   8  27 7  12  58 19    5  53 
5  20  41 16  14  6 27  21  24 S  19  56 20  16  16 

May  6  10 16  23  12 27  19  47 9  3 21   1  40 
S    1  33 18  11  24 29    3  57 10  10  44 22  10  19 

July  8  18  34 19    2  15 4  15 10  20  18 22  18  48 
August  10  11  49 20  IS  39 1  19  12 12   7  45 24   3  32 
September  12   4  20 22  11  30 3  11  8 13  20  55 25  13  16 
October  12  19  7 23    4  3 4   3  2 14  11  9 26    0  15 
November  14   7  16 24  14  16 5  17  45 16    1  44 26  12  4 
December  14  16  31 25   8  12 6   7  35 16  17  41 28   0  28 

January,  1SS1,  3h. 

Table    showing    the    Times    or    Periods    of  New 
Moons  at  New  York  for  the  Years  1876  to  1880. 

Month. 1870. 1877. 1878. 1879. 1880. 

T>. H.  M. D. H.  M. 
D. 

H.  M. 

D. 

H.  M. 

D. 

H.  M. 
Jan  26 9    3  a.m. 14 8  46  a.m. 3 9  28  a.m. 22 7  A.M. 

11 
5  47  p.m. Feb. . . . 25 

1  37  " 
13 

4  52  l- 

2 

3  33  u 
20 

11    2  p.m. 
10 

6  24  a.m. 
March  . 25 3  19  r.M. 14 9  54  r.M. 3 2  36  p.m. 

22 
4   4  " 

10 7  44  p.m. 
April . . 24 2  A.M. 13 

0  4S  u 
2 

4  13  " 

21 
9  A.M. 9 10  20  a.m. 

May . . . 23 
10  22  u 

13 0  36  a.m. 

Is? 

8  3  a.m. 
9  4  p.m. 21 

1  16  « 

9 

1  41  * 
June  . . 21 5  26  p.m. 11 

9  45  » 
30 7  45  a.m. 

19 
3  42  p.m. 7 5  12  p.m. 

July... 21 0  11  a.m. 10 5  M  p.m. 
29 

4  48  p.m. 
19 

4  15  A.M. 7 8  28  a.m. 
August 

19 7  40  " 
9 0  30  A.M. 28 0  52  a.m. 17 3    5  p.m. 5 10  44  p.m. 

Sept.  .. 17 4  53  p.m. 7 
7  57  " 

26 

8  58  " 
16 0  51  A.M. 4 11  45  a.m. Oct  17 4  44  a.m. 6 4  44  p.m. 

25 
G  15  p.m. 15 

10  16  " 
3 11  56  p.m. Nov  . . . 15 7  29  r.M. 5 3  4S  a.m. 24 4  25  a.m. 13 6  19  p.m. 2 11  32  a.m. 

Dec. . . . 15 1  23  " 
4 5  14  p.m. 23 4  42  p.m. 13 

6  26  a.m. 

{a? 

10  13  p.m. 9  a.m. 
January,  1SS1,  SOtf.  Oh.  36??i.  A.M. 

To  Compute  the  Age  of  the  Moon  at  Meridian  on 
any  Day  in  the  Years  1876  to  1SSO. 

Role. — Look  in  the  table  for  the  year,  and  under  it,  in  the  line  op- 
posite to  the  given  month,  is  given  a  period  which,  when  added  to  the 

dny  of  the  month,  will  give  the  age  of  the  moon,  or  the  period  since  it 
was  new,  on  the  meridian  of  New  York. 

When,  however,  the  sum  of  this  period  and  the  day  of  the  month 
exceeds  the  period  of  the  actual  lunation,  subtract  the  period  of  the  lu 
nation  therefrom  ;  and  if  the  remainder  yet  exceeds  the  lunation,  sub 
tract  a  like  period,  and  the  remainder  will  give  the  age  in  days,  hours, and  minutes. 

Note — When  the  Period  of  an  actual  Lunation  can  not  be  determined,  subtract 
29  days,  12  hours,  44  win.,  which  is  the  period  of  a  mean  lunation,  and  proceed  as for  an  actual  lunation. 



moon's  age  and  lunations. 

71 Example.—  Required  the  age  of  the  moon  in  New  York  on  the  22d  of  May,  1879, at  M  M. 
Under  1879,  and  opposite  to  Mav,  in  the  table  preceding  (p.  70),  is  Or/.  3/?.,  to  which 

add  ̂   days  =  31  days  3  hours;  from  which  subtract  the  period  of  a  mean  lunation 
=  (3ld  3ft.)  —  (29d,  lih.  Urn.)  =  Id.  14ft.  16m.,  the  age  required. 

Bu  Actual  Lunation,  as  by  the  following  Rule,  the  age  is  as  follows: 
tTime  of  new  moon  for  Mav,  1879, 21rf.  lft.  18m.  A.M.)  +  30  days  in  the  preceding 

month  \pril  =  (51c?  lft.  10m.);  from  which  subtract  the  time  of  the  preceding  new 
moon  (table,  p  70),  (21d.  9//.  A.M.)  =  29c?.  16ft.  16m„  the  moon's  actual  age  when  new 
in  May.  Hence  (31</.  3/-)  —  (29cf.  lC/i.  16m.)  =  Id.  10A.  44m.,  the  moon's  age  at  12  M. on  22d  May. 

To  Compute  the  Period  of  Lunation. 
plL-r  v :._From  the  sum  of  the  time  of  the  new  moon  at  which  a  re- 

quired lnnation  ends,  and  the  number  of  days  in  the  preceding  month, 
subtract  the  time  of  the  preceding  new  moon,  and  the  result  will  give 
the  period  required. 

Note  —If  the  minuend  ia  in  P.M.,  and  subtrahend  in  A.M.,  add  12  hours  to  the 

result ;  'and  if  the  minuend  is  in  A.M.,  and  the  subtrahend  in  P.M.,  subtract  12  hours from  the  result. 
A  Mean  Lunation  is  29.53053S7  days  =  29  days  12  hours  44  win.  2  sec.  and  5  24 

nrimes  '  but  a  True  Lunation  varies  with  every  moon ;  hence,  when  the  sum  ot  the 
enact  and  day  of  the  month  exceeds  29d.  12ft.  44m.,  the  age  of  the  moon  will  not  be 
ascertained  uith  precision  unless  the  lunation  under  computation  happens  to  be  the 
exact  length  of  the  mean.  But  all  epacts  and  days,  the  sum  of  which  is  less  than 
29d  12/i  44m.,  can  be  ascertained  by  the  use  of  the  table  and  rule  with  exactness. 
"  Thns  'on  the  9th  of  January,  1864,  the  moon's  age  at  New  York  was  29c/.  20ft.  33m. —  29d  12ft  44???  =7ft.  49m. ;  but  9ft.  11m.  was  the  exact  age,  and  that  lunation  was 
29c/.  lift.  22m.  Again,  on  the  Sth  of  January,  the  day  preceding,  the  moon's  age  was 284.  20ft.  33m.  at  12  M.,  the  exact  time  given  by  a  like  table  and  rule. 
Example.— Required  the  period  of  lunation  ending  20th  February,  1S79. 
Time  of  new  moon  20c/.  lift.  2???.  P.M.  (table,  p.  70) +  31  days  in  the  preceding 

month,  January  ==(5 Id.  lift.  2m.)  —  (22-i.  7ft.  A.M.),  time  of  preceding  new  moon 
(table,  p.  70)  =  29c/.  4ft.  2m.;  to  which  add  12  hours  for  period  from  P.M.  to  A  M. r=29(/.  16ft.  2m.,  the  period  required. 

To  Compute  tlie  Age  of  tlie  Moon  at  Mean  ISToon 
at  any  other  Location  than  at  ]STew  York,  or  that 
given  in  the  Table. 
Rule. — Ascertain  the  age  as  per  preceding  rule,  and  add  or  subtract 

the  difference  of  longitude  or  time,  according  as  the  place  may  be  west 
or  east  of  it,  to  or  from  the  time  determined  by  the  rule. 

]>xample.— What  will  be  the  age  of  the  moon  at  Cincinnati,  Ohio,  on  the  1st  of 
January,  1S79  ? 

Difference  of  longitude  =  41  min.  58  sec. ;  hence,  by  table  and  rule  page  70,  age  of 
the  moon  at  New  York  on  that  day  at  12  M.  is  7  days  19  hours  17  min. ;  to  which 
add  41  min.  58  sec.  =.1  days  19  hours  58  min.  58  sec. 
Note  The  time  of  the  moon's  Southing,  or  of  its  age,  when  ascertained  for  New 

York,  will  answer  approximately  for  any  part  of  the  Atlantic  coast,  as  it  crosses  the 
different  meridians  at  the  same  relative  time  that  it  does  at  New  York,  and  does  not, 
therefore,  need  a  correction  for  any  difference  of  longitude  when  the  longitude  is  not very  remote. 

The  moon's  Southing,  as  usually  given  in  the  United  States  Almanacs,  both  Civil 
and  Nautical,  is  computed  for  Washington  ;  but  as  the  time-table  (p.  90)  is  computed for  the  meridian  of  New  York,  this  location  is  given  in  the  preceding  tables,  for  the 
purooee  of  maintaining  a  uniformity  of  expression. 
When  the  time  of  new  moon  is  ascertained  for  a  location,  and  it  is 

required  to  ascertain  it  for  any  other,  add  the  difference^  longitude 
or  time  of  the  place,  if  east,  and  subtract  it  if  it  is  west  of  it. 
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To  Compute  tlie  Time  of  High.- water  next  after 
tne  Moon's  Transit,  or  Southing,  at  Different  Lo- 

cations, without  the  aid.  of  a  Nautical  Almanac. 

Rule. — From  the  table  (p.  70)  note  the  period  of  time  under  the 
year,  and  opposite  to  the  month  for  which  the  time  of  the  high-water  is 
required. 

To  this  number  add  the  day  of  the  month,  and  subtract  the  period 
of  the  actual  lunation,  if  it  can  be  determined,  and  if  not,  2§d.  12/?. 
44?>l  (a  mean  lunation)  from  the  sum,  when  it  exceeds  the  period  of the  lunation  used. 

Opposite  to  this,  the  age  of  the  moon,  in  the  left-hand  column  of  the 
following  table,  note  the  hours  and  minutes  in  the  adjoining  column, 
which  add  to  the  time  of  high-water  of  the  given  place,  on  the  days 
of  the  full  and  change  of  the  moon,  or  the  establishment  of  the  Port  (for 
which  see  following  table),  and  subtract  \  2h.  26//*.,  or  24//.  52///.  (a  lunar 
day),  whenever  the  result  exceeds  either  of  these  times,  and  the  re- 

mainder will  give  the  time  of  high-water  required. 
Example. — Required  the  time  of  high-water  at  New  York,  January  30th,  1879, 

next  after  the  moon's  transit. 
In  table,  opposite  to  January  and  under  1879  is  7c?.  197*.  7m.,  which  being  added 

to  30,  the  day  of  the  month  —  'did.  19 h.  7m.  — 29cZ.  14/<.  7  m.  (the  actual  lunation  end- 
ing with  the  new  moon  in  January,  1879)  =  8d.  57?.  z^the  moon's  age  on  that  day  at 12  M. 

Opposite  to  8c?.  in  the  following  table  (p.  73)  is  6ft.  44)?/.  P.M.,  and  the  difference 
between  that  and  8.5i.  or  12/?.  =  25m.. ;  hence  8c?.  5/?  8c?.  —5/?.,  and  as  12/?. :  25m. 
:  :  5/?. :  10.4m.,  which  added  to  6//.  44???.  =  6h.  54  -f  -  m. ;  which  added  to  8/?.  13m.  (the 
establishment  of  the  Port,  or  the  time  of  high-water  at  the  full  and  change  of  the 
moon  at  Governor's  Island,  New  York)  =  15/?.  7m.,  from  which  subtract  127?.  26??/.. =  27?.  41m.  P.M. 

When  the  moon  souths  at  an  hour  which,  when  added  to  the  establishment  of  the 
Port,  exceeds  12  hours  after  M.,  then  the  first  tide  that  succeeds  this  southing  of  the 
moon  occurs  in  the  A.M.  of  the  ensuing  day. 

When  the  time  of  the  tide  preceding  this  is  required ;  from  the  sum  of  the  moon's southing,  and  establishment  of  the  Port,  subtract  127i.  26???.,  and  the  remainder  will 
give  the  time  of  high-water  on  that  day. 

Illustration. — On  the  9th  of  June,  1864,  the  time  of  the  moon's  southing  at  New York,  was  4/?.  12m.  P.M.,  to  which  add  8/?.  13???.  for  the  establishment  of  the  Port, 
and  the  sum  is  127?.  25m.,  from  which  subtract  127?.,  and  the  difference  of  25  is  25m, 
A.M.  of  the  next  day,  the  10th. 

When  the  time  of  high-water,  following  the  meridian  passage  of  the  moon,  ex- ceeds 12  P.M.,  it  is  in  the  A.M.  of  the  following  day. 
Thus,  if  the  moon  souths  at  New  York,    47?.  12???.  P.M. Establishment  of  the  Port,  8  13 

12    25  — 12  hours,  25  min.  from  M.  of  one 
day,  or  25  min.  A.M.  of  the  following  day. 

When  the  time  of  high-water  preceding  the  moon's  southing  is  required,  subtract from  the  time  obtained  as  above  127?.  26m.,  the  half  of  a  lunar  day,  or  contrariwise 
if  the  half  of  a  lunar  day  exceeds  the  time. 
,  Thus,  127?.  26m. 

Time  as  above,       12  25 
—  1,  or  =  1  min.  before  M.  of  the  day. 

Note  The  time  for  a  tide  being  ascertained,  that  of  the  next  succeeding  is  as- 
certained by  the  addition  of  12  hours  26  minutes. 

To  Corn  prate  the  Time  of  High-water  oy  the  Aid 
of  the  American  Nautical  Almanac. 

Rule. — Ascertain  the  time  of  transit  of  the  moon  for  Greenwich 
preceding  the  time  of  the  high-water  required, 
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For  any  other  location  (west  of  Greenwich),  multiply  the  time  in 
the  column  ;'  diff.  for  one  hour"  by  the  longitude  of  the  location  west 
of  Greenwich,  expressed  in  hours,  and  add  the  product  to  the  time  of 
transit. 

Note. — It  is  frequently  necessary  to  take  the  transit  for  the  preceding  astronom- 
ical day,  as  the  latter  does  not  end  until  noon  of  the  day  under  computation. 

Example. — Required  the  time  of  high-water  at  New  York  on  the  ̂ 5th  of  August, 1S64. 
Longitude  of  Xew  York  from  Greenwich  =  47*.  56 m.  3  sec,  which,  multiplied  by 

2.17  mm.,  the  difference  for  1  honr=  10.71  min.  for  the  correction  to  be  added  to  the 
time  of  transit,  to  obtain  the  time  of  transit  at  New  York. 

Time  of  transit,  13/<.  SS.Sm.;  then  lS/i.  3S.8m.  -\-  10.71m.  =  18  hours  49.5  min. 
Time  of  transit  at  New  York,    24d.  18/i.  50m. 
Establishment  of  the  Port,  8  13 

£&f.   3 h.   3?n.  =  time  of  high-water. 
Xote. — The  time  of  the  25th  at  3/t.  3m.  Astronomical  computation  =  25th  at  3/<. 3m.  P.M.  Civil  Time. 

To  Compute  the  Time  of  High-water  at  the  Fxill 
and.  Change  of*  the  Moon.,  the  Time  of  High- wa- 

ter and  the  Age  of  the  Moon  on  any  Day  being 
given. 

Rule. — Xote  the  a^e  of  the  moon,  and  opposite  to  it,  in  the  last  col- 
umn of  the  following  table,  take  the  time,  which  subtract  from  the  time 

of  high-water  at  this  age  of  the  moon,  added  to  \2h.  26?».,  or  24//.  52w. 
as  the  case  may  require  (when  the  sum  to  be  subtracted  is  the  great- 

est), and  the  remainder  is  the  time  required. 
Example — What  is  the  time  of  high- water  at  the  full  and  change  of  the  moon  at New  York? 
The  time  of  high-water  at  Governor's  Island  on  the  25th  of  Jan.,  1864,  was  9//. 20m.  A.M.  civil  time.    The  age  of  the  moon  at  12  M.  on  that  day  was  16c?.  Sh.  59m. 
Opposite  to  16  day*,  in  the  following  table,  is  13A.  lwi.,  and  the  difference  between 

16c/.  and  16r/.  12h.  =  (16.5)  is  25m. ;  hence,  if  12/<.  z=25m.  16d.  8h.  59  w.  —  lM.^Sh. 
59m.  — 18.7,  or  19m.,  which,  added  to  13/t.  lm.  =13//.  20m. 

Then  9ft.  '20m.  -f-12/j.  26m.  (as  the  sum  to  bo  subtracted  is  greater  than  the  time; —  13//.  20m.  =  21/i.  46m.  —  13//.  20m.  =  8  hours,  26  mm. This  is  a  difference  of  but  13  minutes  from  the  establishment  of  the  Port. 

Table  snowing  trie  Time  after  apparent  Xoon  "be- fore the  jYtoon  next  passes  the  Meridian,  the  Age 
at  Xoon  "being  given.  (S.  II.  Weight,  A.M.,  Ph.D.) Age  of Moon. 

Moon  at 
Merid'n. Ape  of Moon. 

Moon  at 
Merid'n. 

Ape  of Moon. Moon  at Meridian. Ape  of Moon. 
Moon  at 
Meridian. 

Age  of Moon. 
Moon  at Meridian. 

Days. n.  m. Days. II.  M. Days. H.  M. Days. H.  M. Days. 
Ha  M. P.M. P.  M. P.M. A.M. A.M. 

0 6 5  03 12 10  06 18 15  OS 

24 

20  11 
25 6.5 5  28 

'  12.5 

10  31 18.5 15  34 
24.5 20  37 

1 50 7 5  53 13 10  56 
19 

15  59 
25 

21  02 1.5 1  16 7.5 
6  19 13.5 11  21 19.5 16  24 25.5 21  27 

2 1  41 8 6  44 14 11  47 
20 

16  49 
26 

21  52 
A.M. 2.5 2  06 8.5 7  09 14.5 12  12 20.5 17  15 26.5 22  17 2  31 9 7  34 15 12  37 

21 
17  40 27 

22  43 3.5 2  57 9.5 7  59 15.5 13  02 21.5 IS  05 
27.5 23  OS 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 13  53 22.5 13  56 28.5 23  58 5 4  12 11 9  15 17 14  28 

23 19  21. 
29 24  24 5.5 4  3S 11.5 9  40 17.5 14  43 23.5 19  46 29.5 24  48 

G 
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Tide-Table  for  the  Coast  of*  the  United  States, 
Showing  Time  of  High-water  at  the  Full  and  Change  of  the  Moon,  termed 

the  Establishment  of  the  Port,  being  the  Mean  Interval  between  Time 
of  Moon's  Transit  and  Time  of  High-water. 

[By  Prof.  A.  D.  Baciie,  U.  S.  Coast  Survey.] 

Places  and  Time. 

COAST  FROM  PORTLAND 
TO  NEW  YORK. 

Portland  Me. 
Portsmouth  ...  N.  H. 
Newburyport. .  Mass. 
Salem   u 
Boston  Light. .  " 
Bostonf   u 
Nantucket  ....  u 
Edgartown. ...  u 
Holmes's  Hole.  u 
Tarpaulin  (Jove  u 
Wood's  Hole,  n.  side. 
Wood's  Hole,  s.  side. 
Bird  Isl'd  Light,  Mass. N.  Bedford  Entrance  ) 

(Dumpling  Rock) .  \ 
Newport  R.  I. 
Point  Judith  ...  u Montauk  Point.  N.Y. 
Sandy  Hook....  N.  J. 
New  Yorkt  N.Y. 
LONG  ISLAND  SOUND. 
Watch  Hill  R.  I. 
Stonington  Ct. 
Little  Gull  Isl'd. N.Y. New  London  Ct. 
New  Haven   w 
Bridgeport   u Oyster  Bay . . . 
Sands's  Point . New  Rochelle  . 
Throg's  Neck. 

.  N.Y. 

COAST  OF  NEW  JERSEY. 
ColdSpr'g  Inlet.  N.  J. 
Cape  May  Landing  " 
DELAWARE  I5AY  AND 

RIVER. 
Delaware  Breakwater 
Higbee's  (Cape  May). 
L'gg  Isl'd  Light.  N.J. Ma  lion's  River. .  Del. 
Newcastle   " 
Philadelphia  ....  Pn. 

Rise  and 
Fall. 

c 
as 

w 
h. m. Feet. Feet. 11 25 9.9 

7.6 
11 

23 
9.9 7.2 11 22 9.1 6.6 11 13 10.  G 7.6 11 

12 

10.9 
8.1 11 

27 
10.3 8.5 

12 
24 3.G 2.6 

12 
16 2.5 

1.6 
it 

43 1.8 1.3 
8 4 

2.8 
1.8 

7 53 4.7 3.1 
8 34 

2.0 

1.2 7 5J 5.3 
3.5 

1 57 4.6 2.8 
7 

4"> 

4.6 3.1 
7 32 

8.7 
2.6 8 20 2.4 1.8 

7 23 5.6 4.0 8 
13 

5  4 

9 0 3.1 2.4 
0 7 

32 
2.2 

9 38 
2.9 2.3 

9 28 3.1 
2.1 

11 16 
6.2 5.2 

11 11 

8.0 
4.7 

11 7 9.2 5.4 
11 13 

8.9 6.4 11 22 8.6 6.6 
11 20 9.2 

6.1  ! 

7 G2 5  4 
3.6 

8 19 6.0 4.3  i 

8 0 
45 3.0  | 

S 33 6.2 
3.9  | 

9 4 7.0 

5.1  | 

9 52 6.9 
ill 11 53 

6.9 
13 

41 6.8 

5.1  [| 

Places  and  Time. 

CHESAPEAKE  IiAY  A1SD RIVERS. 
OldPt,  Comfort§.  Va. 
Point  Lookout  . .  Md. 
Annapolis   u Bodkin  Light. . .  u 
Baltimore   u James  R.(CityPt.)Va. 
Richmond   u 
COASTS  OF  N.  A¥D  S. 
CAROLINA,  GEORGIA, 
AND  FLORIDA. 

Hatteras  Inlet  .  N.  C. 
Beaufort   u 
Smithv.  (C.  Fear)  " Charleston  ||    (C.  II.  ) Wharf)  . . .  S.  C. 
Fort  Pulaski  Ga. 
Savannah  (DryDock  ) Wharf)  Ga.  } 
St.  Augustine. . .  Fla. 
Cape  Florida  ...  u 
Sand  Key   " 
Key  West   « 
Tampa  Bay   u Cedar  Keys  (Depot  ) 
Key)  Fla.  j 
WESTERN  COAST. 

San  Diego  Cal. 
San  Pedro   " 
Cuyler's  Harbor.  u 
San  Luis  Obi-po.  u 
Monterey   " South  Farallone.  u 
San  Francisco  . .  " Mare     Island  (San  j 

Francisco  Bay)  . .  \ 
Benicia  Cal. 
Ravenswood. ...  u 
Bodega   u Humboldt  Bay  .  " Astoria  Or. 
Nee-ah  Harb*r,Wash. 
Port  Townshend  '* 
Semi-ah-moo  Bay  '* 

h.  m. 8  17 12  58 17  4 
18  8 
18  5^ 14  37 
16  58 

7  4 
7  26 
7  19 7  26 

7  20 8  13 
8  21 8  S4 
8  40 
9  22 11  21 

13  15 
9  38 
9  39 9  25 
10  8 
10  22 10  37 
12  6 
13  40 

14  10 12  33 
11  17 
12  2 
12  42 12  33 

3  49 4  50 

Rise  and 
Fall. 

Note.— The  mean  interval  has  been  increased  12  hours  26  minutes  (half  a  mean 
lunar  day)  for  some  of  the  ports  in  Delaware  River  and  Chesapeake  Bay,  so  as  to 
give  the  succession  of  times  from  the  mouth  ;  hence  12  hours  26  minutes  U  to  be 
subtracted  from  the  establishments  which  are  greater  than  that  time,  in  order  to  give the  interval  required. 
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Bencli  ZNIarlis  referred  to  in  preceding  Table. 
t  Boston. — The  top  of  the  wall  or  quay,  at  the  entrance  to  the  dry-dock  in  the 

Charlestown  navy-yard,  14.  TO  feet  above  mean  low-water. %  New  Yoek — The  lower  edge  of  a  straight  line,  cut  in  a  stone  wall,  at  the  head 
of  the  wooden  wharf  on  Governor's  Island,  14.51  feet  above  mean  low-water. 

§  Old  Point  Comfokt,  Va.—  A  line  cut  in  the  wall  of  the  light-house,  one  foot 
from  the  ground,  on  the  southwest  side,  11.  feet  above  mean  low-water. 

|  Charleston,  S.  C— The  outer  and  lower  edge  of  embrasure  of  gun  No.  3,  at 
Castle  Pinckney,  10.13  feet  above  mean  low-water. 
Establishment  of  the  Port  for  several  Places  not 

included  in  the  preceding  Table. 
Time. 

Rise and 
Fall. Place. Time. 

Rise and 
Fall 

H.  M Feet. H .  M. 

Ft. 3  30 1 Cape  Henry  . . . .  Va. 7  51 G 
8  15 5 

Me. 
11  30 

15 12 60 
Egg  Harbor  . . .  N.  J. 9  34 5 

11 

12 

Halifax  . .  N.  S. 7  30 

!» 

11 25 I  Hell  Gate  . .  N.  Y. 
9  35 G 

11  30 11 
2  30 

2 
11  30 G Providence  . . .  R.  I. 8  25 5 
9  1 5 N,  S. 

12 
30 

Albany  N.  Y. 
Amboy  N.  J. 
Bay  of  Fundy  N.  S. 
Blue  Hill  Bay  
Campo  Bello  Me. 
Cape  Ann   u Cape  Cod  Mass. 
Cape  Hatter.is  N.  C. 

Rise  and  Fall  of  Tides  at  several  Places  in  the 
Gnlf  of  Mexico. 

St.  George's  Island.  .Fla. Pensacola   " 
Fort    Morgan  (Mobile  ; 
Bay)  Ala.  \ Cat  Island  Miss. 

Southwest  Pa 83  La. 

tii 

Mea
 

el 

pa 

v. 
Feet. Feet. Feet 1.1 1.8 .6 
1.0 1.5 .4 
1.0 1.5 A 
1.3 1.9 

.6 
1.1 1.4 .5 

I.-le  Domic-re  La. 
Entrance  to  Lake  Oal-  ) casieu  La.  \ 
Galveston  Texas 
Aransas  Pass  ....  44 
Brazos  Santiago. .  u 

g. 

Z 
Feet. Feet. 

Feet. 1.4 
1.2 

.7 

1.5 
1.1 

.G 1.1 l.G 

.8 
1.1 

l.S .0 .9 1.2 .5 
Establishment  of  the  Port  for  several  Places  in 

Europe,  etc. 
Port.  I        Country.        '  Time.  [  Port.  j        Country.        j  Time. 

Netherlands 

England  Ireland  
France   

Netherlands  . 

England  

Amsterdam  
Antwerp  
Beachy  Head  . . . 
Belfast  
Bordeaux  
Bologne  Bremen  
Brest  Harhor  . . . 
Bristol  
Cadiz  i Spain 
Calais  |Erance  Calf  of  Man  I  St.  Geo.  Channel 
Cape  St.  Vincent .  'Spain  Chatham  j  Engl  and  Cherbourg  [France  
Clear  ('ape  Ireland  Cork  Harbor  !  '*   
Cowes  Isle  of  Wight  . . 
Tkrrer  Her  I  England  
Dublin  Bar  ;  Ireland  

3 
4  25 

11  50 
10  431 G  50  j 
11  25 
6  I 
3  47 
7  21 1  40 
11  49 11  5 
2  GO 
I  2 
7  49 4  0 
5  1 10  40 II  12 
11  12 

Funchal  
Gravesend  | 
Greenock  : Havre-de-Grace . . 
Holyhead  Hull  
Lisbon   
Liverpool  
London  Bridge  . . . Nassau  
Newcastle  
Pembroke  Dk.-y'd Quebec  
Portsmouth  D.-y'd Rye  Bay  Sierra  Leone  
Southampton  
Thahiefi  P.,  mouth Watcrford  Harbor 
Woolwich  

Madeira  
England  
W.  C.  of  Scotl'd Franco  
VVales  
England  
Portugal  
England  Paver  Tlinlnes  . 
New  Provider. e.  • England  Wales  
Canada  ....... 
England  
Africa . . . 
England . 
Ireland . 

England 

11  30 1  14 
8 9  51 

10  11 

6  29 2  30 11  1(5 2  7 

7  30 
1  22 
6  12 g 

11  41 
II  20 I  8  15 III  40 

|12 

!  o  o 
!  2  15 
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To  Approximate  to  tlie  Time  which  lias  elapsed  from 
Low  or  Iligli  "Water,  "by  knowing  tlie  R,ise  or  l^all  of tlie  TidLe  in  tlie  Interval. 

If  the  proportion  of  the  rise  and  fall  in  a  given  time  were  the  eaitte  in  the  differ- 
ent ports,  this  could  easily  be  shown  in  a  single  table,  giving  the  proportional  ripe 

and  fall.  The  proportion,  however,  is  not  the  same  in  different  ports,  nor  in  the same  port  for  tides  of  different  heights. 
The  following  table  shows  the  relation  between  the  heights  above  low-water  for 

each  half  hour,  for  New  York  and  for  Old  Point  Comfort,  and  for  spring  and  neap titles,  at  each  place.  Units  express  the  total  rise  of  high- water  above  low-water,  and 
the  figure.-?  opposite  to  each  half  hour  denote  the  proportional  fall  of  the  tide  from high -water  onward  to  low  water. 

Table  to  Ascertain  the  Rise  and  Fall  of  a  Tide  for 
any  Given  Time  from  High  or  Low  Water, 

Giving  the  Height  of  the  Tide  above  Low -water  for  each  Half  Hour  before 
or  after  High-water,  the  Total  Range  being  taken  as  Equal  to  1. 

Time  before or  after 
High-water. 

New York Old  Pt.  Comfort. Time  before 
or  after 

High  water 
New York. 

Old  pt Comfort. 
Spring. Neap. Spring. Neap. Spring 

Neap. Spring. 
Neap. 

h.  m. 

30 1 
1  30 
2 
2  30 
3 

i. 
.08 
.94 
.SO 
.80 .72 
.60 

1. 
.98 
.93 
.86 
.72 
.59 
.45 

i. 
.98 
.95 
.88 .80 
.70 .59 

1. 
.9S 
.94 .87 
.7S 
.68 .57 

h.  m. 
3  30 
4 4  CO 
5 5  SO 
6 6  30 

.49 

.39 .28 

.18 
.09 .05 

.31 

.19 

.10 

.02 

.49 .37 

.26 .17 

.08 .03 

.44 .34 

£2 
.13 

.05 .01 

Spying  tides  occur  about  2  days  after  the  full  and  change  of  the  moon,  and  Neaps two  days  after  the  first  and  last  quarter. 
Illustration.— At  New  York,  3  hours  after  high-water,  a  spring  tide  has  fallen  .6 

(.60)  of  the  whole  fall.  Suppose  the  whole  rise  and  fall  of  that  day  to  be  5.4  feet, 
then  3  hours  after  high-water  the  tide  will  have  fallen  3.24  feet,  or  3  feet  3  inches 
nearly.  Conversely,  if  a  spring  tide  has  fallen  3  feet  3  inches,  we  know  that  high- water  has  passed  about  3  hours. 

Tides  of  the  GKilf  of  Mexico. 
On  the  coast  of  Florida,  from  Cape  Florida  around  to  St.  George's  Island, near  Cape San  Bias,  the  tides  are  of  the  ordinary  kind,  but  with  a  large  daily  inequality.  From 

St.  George's  Island,  Apalachicola  entrance,  to  Derniere  Isle,  the  "tides  are  usually  of the  single-day  class,  ebbing  and  flowing  but  once  in  24  (lunar)  hours.  At  Calcasieu 
entrance  the  double  tides  reappear,  and  except  for  some  days  about  the  period  of  the 
moon's  greatest  declination,  the  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,  Pensacola,  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  noth- 

ing, there  are  generally  two  tides  at  all  these  places  in  the  24  hours,  the  rise  and fall  being  quite  small. 
The  highest  high  and  lowest  low  waters  occur  when  the  greatest  declination  of  the 

moon  happens  at  full  or  change.  The  least  tides  when  the  moon's  declination  is nothing  at  the  first  or  last  quarter. 
Titles  of  the  IPacific  Coast. 

On  the  Pacific  coast  there  is,  as  a  general  rule,  one  large  and  one  small  tide  during 
each  day,  the  heights  of  two  successive  high-waters  occurring,  one  A.M.,  and  the 
other  P.M.  of  the  same  24  hours,  and  the  intervals  from  the  next  preceding  transit 
of  the  moon  are  very  different.  These  inequalities  depend  upon  the  moon's'declina- tion.    When  the  moon's  declination  is  nothing,  they  disappear,  and  when  it  is  the 
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greatest,  either  north  or  south,  they  are  the  greatest.  The  inequalities  for  low-water are  not  the  same  as  for  high,  though  they  disappear,  and  have  the  greatest  value  at 
nearly  the  same  time. 
When  the  moon's  declination  is  north,  the  highest  of  the  two  high  tides  of  the  24 

hours  occurs  at  San  Francisco,  about  eleven  and  a  half  hours  after  the  moon's  south- 
ing (transit) ;  and  when  the  declination  is  south,  the  lowest  of  the  two  high  tides  oc- curs about  this  interval. 

The  lowest  of  the  two  low-waters  of  the  day  is  the  one  which  follows  next  wg 
highest  high-water. 

To  Convert  Chemical  Fprmulae  into  a  Mathematical 
Expression. 

Rule.— Multiply  together  the  equivalent  and  the  exponent  of  each  substance,  and 
the  product  will  give  the  proportion  in  the  compound  by  weight.  Divide  1000  by 
the  sum  of  their  products,  and  multiply  this  quotient  by  each  of  these  products,  and 
the  products  will  give  the  respective  proportion  of  each  part  by  weight  in  1000. 
Example.— -The  chemical  formulae  for  alcohol  is  C4tf602.  Required  their  pro- 

portional parts  by  weight  in  1000? 
C4  Carbon     =  6.1  X  4  =  24.4)  (525.82) 
H6  Hydrogen  =    1x6=  0    V  X 21. 55 -J  129.3  >  by  weight. 
02  Oxygen    =    8x2  =  16    )  (344.S  ) 

1000-^-40.4   =21.55  IAJ9.92 
Elementary  Bodies,  witli  tlieir  Symbols  and 

Equivalents. 
Body. Symb. 

Equiv.  | Body. 
Symb.|  Equiv. 

Body. 

Symb. Equiv. Aluminium Al 13.T Hydrogen. . . II 1. Potassium  . . . K 
39.2 Antimony . Sb 64.0 I 126.5 Rhodium  .... R 52.2 Arsenic  As 37.T Ir i)8.5 Ruthenium  . . 

Ru 
52.1 Barium  . . . Ba 63.6 

Fe 
28. Selenium  Se 40. 

Bumuth. . . Bi T1.5 Lantanium. . Ln 48. 

Si 

22. 
B 11. 

Pb 
103.7 Silver  

Ag 

108.3 Bromine  . . Br 78.4 Lithium  L 7. 
Na 

23.5 
Cadmium. . Cd 558 Magnesium.. 

Mg 

12.7 Strontium  . . . Sr 
43.8 Calcium. .  . Ca 20.5 Manganese. . Mn 

26. 
S 

16.1 Carbon  . . . C 6.1 Mercury  

Ilg 

200. Tellurium  . . . 

Te 

64.2 
Cerium  .  . . Ce 

46. Molybdenum Mo 
47.9 Tb Chlorine  . . CI 35.5 Ni 29.5 Thorium  

Th 
60. 

Chromium . Cr 26.2 Niobium. . . . Nr Tin  

Sn 
58.9 Cobalt  Co 29.5 Nitrogen  N 14.2 Titanium  Ti 24.5 

Columbium Ta 184  8 No Tungsten  W 92. 
Copper  Cu 31.7 Osmium  Os 

99.7 Uranium  u 60. 
Didymium. D 48. 

() 
8. Vanadium . . . V 68.5 Erbium  ... . E Palladium  . . Pd 53.3 Y 

32. Fluorine  . . F 1S.T Pelopium . . . Pe Zn 32.3 Glucinum  . G 6.9 Phosphorus  . P 15.9 Zirconium  . . . 
Zr 

34. Gold  Au 196.6 Platinum  . . . Pt 9S.S 

Analysis  of  certain  Organic  Substances  by  "Weiglit. 
Car- Hydro- Oxy- Nitro- 

Car- Hydro- 
Oxy- Nitro- bon. 

gen. gen. gen. 
bon. 

gen. gen. gen. 

Sugar  4>.2 6.6 51.2 
44.2 6.4 47.6 1.8 

Starch 44.2 
6.7 40.1 

06.7 

8.5 

19.6 
5. 

42.7 6.4 50.9 Cinchonin  . . . 
77.8 7.4 

5.9 8.9 Lignin  52.5 5.7 41.8 Quinine  75.8 
7.5 8.6 8.1 Tannin  .... 52.6 3.8 43.6 70.9 
6.7 

17.4 

5. 

Indigo  73.3 2.5 10.4 7r».  4 6.7 11.1 
58 

Camphor . . . 73.4 10.7 14.6 
.3 65. 5.5 27. 

2.5 

Caoutchouc. 87.2 12.8 
72.3 6.4 16.3 

5. 

Albumen . . . 52.9 7.5 23.9 15.7 
Oil,  Spermaceti 78. 11.8 

10.2 53.4 
7. 

19.7 19.9 Castor  

74. 
10.3 15.7 

Casein  59.8 7.4 11.4 21.4 Linseed. . . 
76. 

11.3 12.7 
18  9 

9.7 
26.2 45.2 i:2.7 

12.9 34.4 
Gelatine  . . . 47.9 7.9 27.2 17. Atmospheric  air 77. 

23? 
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HUMAN  AND  ANIMAL  SUSTENANCE. 

Nitrogen. Grs. 
200 
180 

Least  Quantity  of  Food  required  to  sustain  Life. Carbon. Grs. 
Adult  Man,  4300 
Adult  Woman,  3900 

Mean,  4100  190 
These  quantities  and  proportions  are  contained  in  about  2  lbs.  2  oz. 

ordinary  bakers'  bread. 
A  man,  for  his  daily  sustenance,  requires  about  1220  grs.  nitrogenous 

matter,  and  bread  contains  8.1  per  cent,  of  it. 
Therefore  2  lbs.  2  oz.  =14875  grains  X  8. 1=1 205  grains. 

Nutritive  Values  of  Food  in  Grains  per  Pound. 
Food. 

Beef.  
Barley  Meal  
Bakers'  Bread  Buttermilk  
Bullock's  Liver  Beer  and  Porter. . . 
Carrots  
Cheddar  Cheese . . . 
Cocoa  
Dry  Bacon  Fat  Pork  
Flour,  Seconds  
Fresh  Butter  
Green  Vegetables. . 
Green  Bacon  
Indian  Meal  
Lard  
Molasses  

Carbon. Nitrogen. 
1.854 184 
2.563 68 

1.975 
88 387 
44 

934 
204 

274 1 508 
14 

3.344 306 
3.934 

140 
5.987 95 
4.113 106 
2.700 

116 

6.456 
420 

14  • 

5.426 76 
3.016 120 
4.819 
2.395 

Food. Carbon. 
Mutton  
New  Milk  
Oat  Meal  
Pearl  Barley  
Potatoes  
Parsnips  
Rye  Meal  Rice  
Red  Herrings  
Split  Peas  
Sugar   Skimmed  Milk. . . 
Skim  Cheese  
Suet  
Salt  Butter  
Turnips  
Whey  
Whitefish  

1.900 599 

2.831 
2.660 769 

554 2.693 
2.732 
1.435 2.698 
2.955 438 1.947 
4.710 
4.585 263 

154 

871 

Nitrogen. 

189 44 
136 
91 
22 
12 
86 
68 

217 

248 43 

483 

13 
13 195 

Nutritive  Equivalents.     Computed  from  the  Amount  of  Nitrogen  in  the 
Substances  when  Dried.    Human  Milk  at  1 . 

Rice  
Potatoes  
Corn  
Rye  Radish  
Wheat  
Barle}T  Oats  
Bread,  Black. 
Bread,  White. 
Peas  
Lentils  
Haricots  
Beans  
Milk,  Cows'. . Egg,  Yolk  
Oysters  

.81 .84 1 
1.06 
1.06 
1.19 
1.25 1.38 
1.66 
1.42 2.39 
2.76 
2.83 
3.20 
2.37 
3.05 
3.05 

Cheese  
Eel  
Mussel  
Liver,  Ox .. 
Pigeon  Mutton  
Salmon  
Lamb  

Egg,  White Lobster  
Skate  
Veal  
Beef  
Pork  
Turbot  
Ham  , Herring 

3.31 
4.34 5.28 
5.70 7.56 
7.73 

7.76 
8.33 8.45 
8.59 
8.59 
8.73 
8.80 8.93 
8.98 

9.10 
9.14 



X1  KJKJXJt 

Quantities  of  Different  Foods  required  to  furnish  1220  Grains  of 
Nitrogenous  Matter. 

Cheese  
Pease  
Meat,  lean  
Fish,  White  
Meat,  fat  
Oatmeal  

Pounds. 
.4 .7. .9 

1 
1.3 
1.5 

Corn  Meal  
Wheat  Flour. .  . 
Bacon,  fat  
Bread  
Rye  Meal  Kice  

Pounds. 1.6 
1.7 Milk  
1.8 

2.1 2.3 
2.8 Beer  or  Porter. . 

DIGESTION. 

Time  required  for  Digestion  of  several  Articles  of  Food. 
(Beaumont,  M.D.) 

Apples,  sweet  and  mellow. . . sour  and  mellow .... 
sour  and  hard  

Barley,  boiled  
Beans,  boiled  
Beans  and  Green  Corn,  boiled 
Beaf,  roasted  rare  

roasted  dry  
Steak,  broiled  
boiled  
boil'd,  with  mustard,etc. tendon,  boiled  
tendon,  fried  
old  salted,  boiled  

Beets,  boiled  
Bread,  Corn,  baked  

Wheat,  baked,  fresh  . . 
Butter,  melted  
Cabbage, crude  

crude,  vinegar  

crude,  vin'r,  boil'd  | Carrots,  boiled  
Cartilage,  boiled  
Cheese,  old  and  strong  
Chickens,  fricasseed  
Custard,  baked  
Duck,  roasted  | 
Dumplings,  Apple,  boiled. . . . 
Eggs,  boiled  hard  

boiled  soft  
fried  
uncooked  
whipped,  raw  

Fish,  Cod  or  Flounder,  fried. . 
Cod,  cured,  boiled  
Salmon, salt'd  and  boil'd Trout,  boiled  or  fried. . . 

Fowls,  boiled  or  roasted  
Goose,  roasted  
Gelatine,  boiled  

1 
2 
2 
2 
2 
3 
3 
3 
3 
2 
3 
5 
4 
4 
3 
3 
3 
3 
2 
2 
4 
4 
3 
4 
3 
2 
2 
4 
4 
3 
3 
3 
3 
2 1  30 
3  30 
2 
4 
1 
4 
3 
2 

30 

30 

Heart,  Animal,  fried  
Lamb,  boiled  
Liver,  Beef's,  boiled  Meat  and  Vegetables,  hashed. 
Milk,  boiled  or  fresh  | 
Mutton,  roasted  

broiled  or  boiled. . . . 
Oj'sters,  raw  roasted  

stewed  
Parsnips,  boiled  
Pigs,  Sucking,  roasted  

Feet,  soured,  boiled  
Pork,  fat  and  lean,  roasted. . . 

recently  salted,  boiled. "  "  fried.. 
"  "  broiled 

\\  "  raw... Potatoes,  boiled  
baked   
roasted  

Rice,  boiled  
Sago,  boiled  
Sausage,  Pork,  broiled  
Soup,  Barley  

Beef  and  Vegetables. . . Chicken  
Mutton  or  Oyster  

Sponge-cake,  baked  
Suet,  Beef,  boiled  

Mutton,  boiled  
Tapioca,  boiled  
Tripe,  soured  
Turkey,  roasted  |  ;  ; 

boiled  
Turnips,  boiled  
Veal,  roasted  fried  

Brains,  boiled.  
Venison  Steak,  broiled  
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1-1  CO  CO  CO CO  CO      iO  CO  rH  C 
co'  h  h  c^i  cc  <n  h  h  h 
(NC5  >0  Ci  rH  ̂  
CO*  to       CO*  CM  CO*  rH 

CO  rH  CO  rH 
CO  CO  CO  CO*  CO 

r-l      ̂   CO  ̂   CO      rH  iO  t>CO  CO  -^H  JCO  CO 
CO  O  id  GO  CJS  CO*  CO  CO       O  O  CO  l>  ci COCO^tiOCOiOL-COiOiOrH 
t>-       CO  CO  l>  tO  tJH  10 
rH       CO       CO  r-l  r-i  CO     "  r 

CO  tO  ̂   CO  r-l  !. 
3  rH  td  CO  CO*  CO 

CO  r-J  CO  S CO  CO  CO 
CO     ©  ̂  

CO  -— i  tH  CO  >0  rH  CO  rH  tO  •  rH  CO  rH  CO 
O*  CO  CO        CO*  CO*  rH*  CO*  CO  tO  CO  CO  r-t  rH  rH Hn       r-l       HH  r-iCOCO 

OrHrfiOCOt^COCiiO'HH  ^  CO  CO  !>•  tO  CO  <H/I 
CO'  tO  ̂   CO*  rH  Tj?  CO  CO  r-i*  CO  rH  rH*  rH  rH  CO  rH*     *  tO 

CO  (X)  H  (X)  00  O  CO  tO  -H  C5  O  00  H  >C  C3  CO 
to  CO  C5  t— i  CO*  to"  GO  CO*  tO  CO  CO  tO  CO*  r- *  rioCOH rHCOCOr-lTtlL^rH  rH  rH  CO 

CO  CO  CO  »OCOCOtOCOrHrHGirHO 

•   o  r-H 

HH  f>  pH .5  *£  .2  fccr*  ̂ 3 

Q  a) 

u  H 

■ffl  c 

bjj*^  13 

«  o 

0 

3  cJD^ 
phmw 

E£  Ph 

3  O 
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Alimentary  Principles. 
The  primary  division  of  Food  is  into  Organic  and  Inorganic. 
The  Organic  is  sub-divided  into  Nitrogenous  and  Non-Nitrogenous  : 

the  Inorganic  is  composed  of  water  and  various  saline  principles.  The 
former  elements  are  destined  for  the  growth  and  maintenance  of  the 
body,  and  are  termed  the  "plastic  elements  of  nutrition."  The  latter are  designed  for  undergoing  oxidation,  and  thus  become  the  source  of 
heat,  and  are  termed  **  elements  of  respiration,"  or  "  Calorifaciant. " 

Although  Fat  is  non-nitrogenous,  it  is  so  mixed  with  nitrogenous  matter  that  it 
becomes  a  nutrient  as  well  as  a  calorifaciant. 

Calorific  Powers  of  Different  Foods. 

Xote. — livery  pound  of  water  raised  1°  F.  is  equivalent  to  7T2  lbs.  lifted  1  foot in  height. 
Calorific  Power  and  Mechanical  Energy  of 10  Grains  of  the  following 

Foods,  in  their  Normal  Condition,  when  completely  Oxidized  in  the 
Animal  Body. 

Food. Water  raised 1°  in  lbs. Pounds  raised 
1  foot  in  height. Food. Water  raised 1°  in  lbs. Pounds  raised 

1  foot  in  height. 

Dry  Flesh  13.12 
12.85 
8.61 

10.13 
9.92 6.65 

Arrow  Root. . 
Batter  

10.06 
18.68 
20.91 

7.77 
14.42 
16.14 Lump  Sugar. . Beef  Fat  .  . . 

Sugar,  crude   95 
Molasses   77 
Buttermilk   6.4 
Carrots   6.1 
Parsnips   5.8 

Sugar   in  "Various  Products 
(Per  Cent.) 

Oatmeal   -r>.4 Milk  5.2 
Barley  Meal   4.9 
Rye  Flour  3.7 Wheat  Bread  3.6 

Potatoes   3.2 
Turnips   3.1 Peas  2 
Corn  Meal  4 
Rice  4 

Volume  of  Oxygen  required  to  Oxidize  100  parts  of  the  following Foods  as  consumed  in  the  Body  : 

Cxrape  Sugar   106  I  Albumen   150 
Starch...!   120  |  Fat   293 

Hence,  assuming  capacity  for  oxidation  as  a  measure,  albumen  has 
half  the  value  of  fat  as  a  food-producing  element,  and  a  greater  value 
than  either  starch  or  sugar. 

Relative  Value  of  Various  Foods  as  Productive  of 
Force. 

When  Oxidized  in  the  Body. 
Cabbage   1 
Carrots   1.2 
EgK,Wbite   1.4 Milk  1.5 
Apples   1.5 Ale   1.8 
Fish   1.9 
Potatoes   2.4 
Porter  2.6 

Mackerel . 

Sugar  
Tsinglass  Rice  

2.8 Pea  Meal  9 
9.1 4 
9.3 5.1 Oatmeal  . .  9.3 5.4 10.4 

7.9 
16.3 

8 Butter  17.3 8.7 
21.6 

8.9 21.7 



82 
FOOD. — 

MISCELLANEOUS  NOTES. 

Analysis  of  Various  Fruits. 
Fruit. Water. Sugar. Acid. Albumen. Pectous Substances. 

Seeds, 

Skin,  etc. 
Ash. 

Apple .  . 85 7.6 1 .2 2.8 
2.9 .5 

Pear . . . 84 7.4 .1 1 3.3 
4.6 

.3 

Grape. . 80 
13.7 1 

.8 

.6 

3.5 

.4 
MISCELLANEOUS  NOTES. 

SHOT. 

Diameter  and  !N~iim"ber  of  ̂ Pellets  in  an  Ounce  of 
I^ead  Shot,  American  Standard.— [Le  Roy  &  Tatham.] 

No. Diameter in  Inches. Pellets. No. Diameter in  Inches. Pellets. No. 
Diameter in  Inches. PelletF. 

TT .21 32 1 
.16 

09 7 .10 278 T .20 3S 2 .15 82 
8 

.9 

375 
BBB .19 44 3 

.14 
98 9 

.8 560 
BB .IS 49 

4 
.13 

121 10 .7 822 B .17 5S 5 
.12 

149 it 

.0 

982 
C 

.11 
209 12 

.5 
1778 

"Weather-foretelling  IPlants.— [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  acaidis;  its  flowers  close.  Clover,  Tri- 
folium  pratense,  and  its  allied  kinds,  and  Whitlow  grass,  Draba  verna; 
they  droop  their  leaves.  Nipple-wort,  Lampsana  communis;  its  blos- 

soms will  not  close  for  the  night.  Yellow  Bedstraw,  Galium  verum; 
it  swells,  and  exhales  strongly ;  and  Birch.  Betula  alba,  exhales  and 
scents  the  air. 

Indications  of  Rain. — Marigold,  Calendida  pluvialis ;  when  its  flow- 
ers do  not  open  by  7  A.M.  Hog  Thistle,  Sonchus  arvensis  and  olera- 

ceus;  when  its  blossoms  open. 
Rain  of  short  duration. — Chickweed,  Stellaria  media;  if  its  leaves 

open  but  partially. 
If  cloudy. — Wind  flower,  or  Wood  Anemone,  Anemone  memorasa; 

its  flowrers  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,  Calendida  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  memo- 
rasa;  if  it  bears  its  flowers  erect.  Hog  Thistle,  Sonchus  arvensis  and 
oleraceus ;  if  the  heads  of  its  blossoms  close  at  and  remain  closed  dur- 

ing the  night. 
*  The  Chickweed  spreads  its  leaves  at  9  A.M.,  and  the}-  remain  open  until  noon. 
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Loconaoti^e  Traction  and.  Resistance. 
Formula  to  ascertain  the  Traction  of  a  Locomotive. d*lP  =  T. 

D 
d  representing  diameter  of  cylinder  in  inches;  7,  length  of  stroke  of  piston;  and 
D,  diameter  of  ivheel  in  feet  or  inches;  the  mean  pressure  in  pounds  per  square 
inch  \  and  T,  the  traction  in  pounds  at  rails. 

Formula  to  ascertain  the  Resistance  of  a  Locomotive  and  Train  upon 
a  Level  Railway. 

S2 

ius=R- 
S  representing  speed  of  train  in  miles  per  hour;  and  R,  resistance  of  each  ton 
(2240)  of  the  gross  weight  in  pounds. 

Estimated  Consumption  of  Bituminous  Coal  per  actual 
Horses'  Power. 
,r,        r  t-    •  Coal  in  lbs. Type  of  Engine.  per  hour. 

Improved  Compound  
Ordinary,  with  surface  condenser  and  superheater. 
Ordinary,  Injection  
Non-condensing  2. 

3.5 4.5 0. 

Expansion  and  Contraction  of*  Building  Stones. [Lieut.  W.  H.  C.  Bartlett,  U.  S.  E.] 
Expansion  or  Contraction  for  each  Degree  of  Temperature. 

For  One  Inch,  j  For  One  Inch. 
Granite  000004825   Sandstone  000009532 
Marble  0000056G3  |  Whitepine  00000255 

Resistance  of  Stones,  etc.,  to  tlie  Effects  of  Freezing. 
Various  experiments  show  that  the  power  of  stones,  etc.,  to  resist 

the  effects  of  freezing  is  a  fair  exponent  of  that  to  resist  compression. 

To  Preserve  Moat. 

Meat  of  any  kind  may  be  preserved  in  a  temperature  of  from  80°  to 
100°,  for  a  period  of  ten  da)'s,  after  it  has  been  soaked  in  a  solution  of 
1  pint  of  salt  dissolved  in  4  gallons  of  cold  water  and  %  gallon  of  a 
solution  of  hisulphate  of  calcium. 

By  repeating  this  process  the  preservation  may  be  extended  by  the 
addition  of  a  solution  of  gelatin  or  the  white  of  an  egg  to  the  salt  and 
water. 

Silk. — A  thread  of  silk  is  the  2500th  of  an  inch  in  diameter. 

Spider's  Thread. — Four  miles  of  a  spider's  thread  weighs  one  grain. 
Soap  Bubble. — The  film  of  a  soap  bubble  is  the  2500000th  of  an inch  in  thickness. 
Gold  Leaf  is  the  280  000th  part  of  an  inch  in  thickness. 
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.Air  and  "Ventilation. 
An  average-sized  man  will  exhale  from  his  lungs  and  body  from  .6  to 

.7  of  a  cubic  foot  of  carbonic  acid  per  hour.  A  lighted  oil  lamp  or  two 
candles  will  furnish  the  same  volume. 
Assuming,  then,  that  there  are  4  volumes  of  carbonic  acid  in  10  000 

volumes  of  air,  and  that  a  man  in  a  room  with  a  lighted  lamp  or  two 
candles  furnishes  from  1.2  to  1,4  cubic  feet  of  acid  per  hour,  there  will 
be  required  to  maintain  the  air  at  the  required  condition  for  health  for 
one  man,  the  allowable  pollution  of  it  being  6  volumes  hi  10  000,  fully 
3000  cubic  feet  of  fresh  air.  By  experiments  made  in  Paris  it  was  shown 
that  there  was  required  from  2400  to  3120  cubic  feet  per  hour. 

rtesu.lt  of  Observations  of  tlie  "Vitiation  of  tlie  Air. 
[Angus  Smith,  M.D.] Atmosphere   3.2  to  3  4    Theatres,  average   8.  to  32 

City  Parks   3.2  to  8.8    Offices  u    IT.  to  22 
"    Streets   3.8  to  4.4    Workshops    "    20.  to  30 

"     in  a  fog   6.    to  6.8    Mines  "    78.  to  250 
[See  continuation,  p.  029.] 

Ijatitnde  and  Longitude  of  Principal  Places  and 
Public  Observatories. 

Compiled  from  the  Records  of  the  U.  S.  Coast  Survey  and  Topographical 
Engineer  Corps,  the  Imperial  Gazetteer,  and  BoivditcKs  Navigator. 

Longitude  computed  from  the  Meridian  of  Greenwich. 

L.  represents  Light-home;  Ch.,  Church;  S.  H.,  State-house;  C.  1L,  Cuslom-house ; 
'c.  S.,  Coast  Survey ;  and  Obs.,  Observatory.  • N.  and  &,  the  divisions  of  the  Latitude;  and  E.  and  W.,  the  courses  East  and  J] est of  Greenwich. 

Place. '  Latitude  !  Longitude. 
WORTH  AND  SOUTH    I  N. 

AMERICA.  o     /  // 
Acapulco  Mex.  16  50  19 
Albany  N.  Y.  42  39  50 
Annapolis  Md.  38  5S  42 
Ann  Arbor  Mich.  42  1G  4S 
Antigua, E.Pt...W.T. 1 17  05 Auburn  N.Y.  42  55 
Augusta  Ga.  33  28 
Augusta  Me.  44  IS  43 Austin  Tex.  30  13  30 
Baltimore,  Mon't. .  Md.  139  IT  48 
Bangor,  M.Ch....  Me.  44  4S  20 
Baton  Rouge  La.i30  26 
Benicia...  Cal.|3S  03  21 
Beaufort,  ArsenU,  S.  C. 
Bellevue,  Am.  Fur  Co. Post  
Boston,  S.H  Mass. 
Boston,  L   u Balize  La. 
Brazos  Santiago.  .Tex. 
Bridgeport  Conn Bristol  V. 
Brooklyn,  N.  Yd Brunswick  .... 
Buffalo,  L  
Burlington 

11.  I 
.N.Y. 
.  .Me. 
N.  Y. 
N.J. 

Burlington  Vt 

32  25  57 

38  08  24 
42  21  30 
42  19  36 29  08  05 
26  06 
41  10  30 
41  49  11 
40  42 43  54  29 
42  50 
40  04  52 
44  27 

W. 

99  49  09 
73  44  49 
76  29  06 S3  43  03 
61  45 
76  2S 81  54 
69  50 97  39 
76  36  39 
6S  45  42 91  IS 
122  07  13 
SO  41 
95  47  46 
71  03  30 
70  53  06 89  01  04 
97  12 73  11  04 
71  16  05 
73  5S  30 69  57  24 
78  59 74  52  37 
78  10 

Place. 
NORTH  AND  SOUTH 

AMERICA. 
Bath, W.  S. Ch....Me. 
Barnegat,  L  N.  J. Beaufort  N.  C. 
Barbadoes,S.Pt..W.  L 
Buenos  Ayres.  .Brazil 

'  N. 

43  54  55 39  46 
34  43  05 13  03 

g. 

34  36  OS 

N. 42  22  48 
45  11  05 34  17 

Cambridge,  Obs.. Mass. 
Calais,  C.  S.  Sta'n,  Me Camden  S.  C. 
Canandaigua  N.  Y.  [42  54  09 
Cape  Ann,  S.  L. .  Mass.  42  38  11 
CapeCod.L.P.L..  14    42  2 
Cape  Flat' ry,L,.W.  T. 1 48  23  15 Cape  Hancock,  Colo.  P.  |46  16  35 
Cape  Hatteras,  L .  N.  C,  35  1 5  0  ? 
Cape  May,  L  N.  J.  38  55  4S 
Cape  Pace  N.  s.  46  39  24 
Cape Henlopan,L. Del.  38  46  06 Cape  Fear  N.  C.  33  48  : 
Cape  Carnaveral,  Fla.|£8  27  30 

Longitude. 

Cape  Florida,  L. . Caraccas  . .  Maracaibo 

Cape  St.  Roquo,  Brazil 
Cape  Horn,  S.  Pt.  1  Ler- I    mit's  Island  

39  54 10  30 
S. 

5  28 

55  59 

W. 

69  48  40 
74  06 
76  39  28 59  37 

5S  22 

71  07  40 
67  16  30 80  33 
77  17 
70  34  10 
70  09  48 124  43  54 
124  01  45 
75  30  54 
74  57  IS 53  (4  3 
75  04  07 77  57 SO  33 
SO  09  02 67  01  30 
35  17 

07  16 
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Ta"ble  of  Latitude  and  Longitude— (.Continued). 
Place.  I  Latitude.   Longitude.  |  Place.  Latitude,  j  Longitude 

77  13 

65  36 SI  15 
75  57 
76  0 
59  4S 
65  45 82  56 
79  55 

XOSTII  AND  SOUTH  S. 
AMERICA.  0  / 

Callao,  Flag  Staff,  Peru  12  4 

I  N- 
Cape  Sable  N.  S.  43  24 
Cape  Sable,  C.  S. ,  Flo. ,  25   6  53  j 
Cape  Charles  Va.l37    7  18) 
Cape  Henry,  L....  u  36  55  30 
Cape  Breton          14    45  57 Castine  Me.  44  22  30 
Cedar  Keys,  Depot  Isl.  ,29    7  27 
Charleston,  C.Ch..S.C..  32  46  41 
Chagres,  Centre  of  Pla- teau N.G.   9  20       SO  1 
Cheboygan,  L... Mich. \4b  40  9  84  24 
Chicago,  R.  C.  Chi. HI.  41  53  48  S7  37 
Cincinnati,  Obs.. Ohio ,39  5  54  S4  23 
Charles  town,  B.  Hill 
Monument  ...Mass.  42  22  36 

Carthagena  N.G.  10  26 
Cleveland,  L  Ohiol41  31 
Columbia,  S.  1L . .  S.  C.  !33  59  57 Columbus  Ohio  39  57 
Concord,  S.  H..  .N.  HJ43  12  29 
Corpus  Christi...  Tex.  27  47  18 
Council  Bluffs,  Neb.  T.I41  30 
Crescent  City,  L.  .Cal.  41  44  34 
Campeachy . .  Yucatan,  19  49 
Dayton  Ohio  39  44 
Des  Moines  Iowa  41  35 
Detroit,  St.  P.  Ch., Mich.  42  19  40 
Dover  Del.  39  10 
Dover  N.  H.  43  13 
Dominica,N.I'r,W.I.  15  38 Dubuque  Iowa  42  29  55 
Eastport,  Un.  Ch..Me.44  54  10 
Edenton,  C.  II. . .  N.  C.  36   3  27 
Erie,  L  Penn.  42    8  43 
Fredericksb'g,  E.  Ch., Va.  38  18  6 
Falls  St.  Anth'y,  Minn.  44  5S  40 Fire  Island,  L...N.  Y.  40  37  54 
Fort  Gibson,  Ind.  Ter.  25  47  35 
Fort  Laramie. .  Neb.  T.  42  12  10 
Fort  Leavenworth,  Ks.  39  21  14 
Frankfort  Ky.  3S  14 
Frederick  Md.  3!)  24 
Frederickton  N.  B.'46  3 
Galvesto^Cath'^Tex.^O  18  17 Gloucester,  E.  P.  L., Mass.  42  34  47 
Guadaloupe,  S.  W.  Pt., W.  1. 115  57 
Georgetown  Ber.i32  22  2 

S. Guayaquil  Quito  2  13 
Grand    Cayman,   E.  N. Pier  w.  I.  19  20 
Havana,  Moro..  .Cuba  23  9 
Hole  in  the  Wall,  L., 

Bahamas.  25  51  5' Halifax,  Obs.,  D.Y'rd, N.  S.  44  39  4 

71  3 
75  38 81  51 
SI  1 
S3  3 
71  29 97  27 95  4S 
124  11 90  33 
84  11 
93  40 
S3  2 75  30 
70  54 
61  26 
90  39 66  58 
76  35 80  4 

77  27 
93  10 
73  12 95  15 
104  47 
94  44 
84  40 
77  IS 66  38 
94  46 

54 

23 

70  39  33 

01  44 64  37 

79  53 
81  10 
82  21 
77  10 
03  35 

II 

NOBTH  AND  SOUTH AMERICA. 
Harrisburg  Penn. 
Hartford,  S.  H. .Conn. 
Holmes     Hole,  Ch., 

Mass. 
Huntsville  Ala. 
Hudson  N.  Y. 
Indianapolis  Ind. 
Jackson  Miss. 
Jalap  a  Mex. 
Jefferson  City  Mo. 
Key  West,  L  Flo. 
Kingston,  C.  H.  .C.  W. 
Kingston  J  amaic  1 1 Knoxville  Tenn. 
Laguayra  ..Maracaibo 
Lima  Peru 

Lancaster  Penn. 
Lexington  Ky. 
Little  Rock  Ark. 
Lockport  N .  Y. 
Los  Angelos  Cal. 
Louisville  Ky. 
Lowell.  .St.  A.'s  Ch., Mass. 
Matamoras  Tex 
Mac  Idas  Bay  Me. 
Madison,  Dome.. Wis. 
Marblehead,L..  .Mass. 
Matagorda,  C.  S.  Sta- tion Tex. 
Mexico  Mex. 
Macon,  Arsn'l  . . .  .Ga. Milwaukee  Mich. 
Montgomery,S.H.Ala. 
Mobile,  E.  Ch   " Montreal  C.  E. 
Monterey,  C.  S.  Sta- tion  <  tel. 
Martinico,  S.  Point, W.  I. 
Montserrat,W.  E.  Pi'r, 

W.  I. Maracaibo,  Maracaibo 
Monte  Video,  RatlsPd, 

Brazil 
Mona  Island,  E.  Pier, 

W.  I. Matanzas  Cuba 
Nantucket,  S.  Tower, 

Mass. 
Nashville,  U. . .  Tenn. 
Nassau,  L  N.  I'. Natchez  Miss. 
Nebraska,  Junction  of Forks  of  Platte  Riv. 
New  Bedford. . .  .Mass. 
Newbern  N.  C. 
Newburgh  N.  J. 
Newburyport,  E.  L., Mass. 

N. 
16 

45  59 
27  15 
36 
14 
55 23 

30  ! 

36 

15 

S8  46 
52  50 

°4  31 

30  14 
41  29 25  45 50  24 
2  24 

22  46 41  26 

31 37  36 
2T 

48 
31) 
53 

N. 
7 
3 

16  54 
9  3: 5  2 

34 38  10 

20 31 
42  48  25 

W. 

76  511  " 

72  40  45 

70  35  59 S6  57 
73  46 
56  5 
90  8 
96  54  30 
92  8 
SI  47  IS 76  28  37 
76  46 
53  54 
67  2 
77  6 

76  20  33 
54  18 92  12 
7S  46 118  10  44 
55  30 

71  19  2 97  27  50 
67  22 59  '23  26 

70  50  39  " 95  57  29 
99  5  6 S3  37  39 
57  54  4 
86  17  4S 
88    1  29 
73  32  56 

122  49  31 
60  55 
62  12 
71  45 
56  13 

67  47 
SI  40 
70  5  36 
86  49  3 
77  21  2 
91  24  42 

101  21  24 
70  55  16 
77  5 
74  1 
70  48  40 
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Table  of  Latitude  and.  Longitude— (Continued). 
Place. 

N. 

39  39  36 
41  IS  26 
41  21.  16 
29  57  46 
41  29  12 
40  42  43 

Norfolk,  F.  Bank.  .Va.  36  50  50 

"  33 

23  24 
6  28 45 
3 :  23 

NORTH  AND  SOUTH 
AMERICA. 

Newcastle,  E.Cli.  .Del. 
New  Haven,<Jol,  Conn. 
New  London,  P.  Ch., Conn. 
New  Orleans, M't.  .La. Newport,  L  R.  I. 
NewYouk,C.II.N.Y. 

Latitude.  ]  Longitude. 

Norwich  Conn, 
Nantucket,  L  Mass. 
Ocracoke,  L  N.  C. 
Ogdensburg,  L. . .  N.  Y. 
Olympia  Wash.  T. 
Ottawa  C.  W. 
Old  Point  Comfort,  L. . 

Va.  37  0  2 
Panama,  Cath'l,  N.  G.  8  57  9 
Pensacola,Sq're.*.Flo.  30  24  33 Perote  Mex.  19  28  57 
Philadelphia,   S.  H., 

Penn.  39  56  53 
Pittsburg  Penn.  140  32 "    37  13  47 

44  42 Petersburg,  C.  H. .  Va. 
Plattsburg  N.  Y. 
Plymouth,  C.  S.  Stat'n, Mass. 
Point  Hudson.  .W.  T. 
Portland,  C.  II.... Me. 
Providence,  U.  Ch.R.  I. 
Portsmouth,  n.l.N.  H. 
Puebla  de  los  Angelos, Mex. 
Porto  Rico,  N.  E.  Pier, 

W.  I. 
Port  an  Prince.  .W.  I. 
Porto  Cabello,  M'caibo Porto  Belio  N.  G. 
Prairie  du  Chien,Wis. 
Quebec,  Citadel . .  C.  E. 
Raleigh,  Square. . N. C. 
Richmond,  Cap.  ..Va. 
Rochester,  Rochr.  H., N.  Y. 

Rio  Janeiro,  Sugar  L'f 
Sackett's  Harb'r,  N.Y. Savannah,  Exch. . .  Ga. Sacramento  Cal. 
St.  Augustine  Flo. St.  Louis   Mo. 
St.  Paul  Minn. 
Salem,  Spire  Mass. Saltillo   .Mex. 
Salt  Lake  City..  .Utah San  Antonio  Tex. 
San  Diego,  C.S.O., Cal. 
Sandusky,  L  Ohio 
Sandy  1  look, L...N.  J. 
San  Francisco,  Presi- dio Cal. 

57  23 
7  3 

39  2S 
49  26 
4  14 

15 

24 
33 28 

34 
2 

49  12 
46  50 32  16 

43    8  1' 50 
N. 55 
4  52 34  41 

48  30 
37  28 
52  46 
31  12 26  22 
46  8 
25  22 41  58 3>  30 
27  42 

W. 

75  33  27 
72  55  £5 
72    5  29 
90  2  30 
71  IS  29 
74  3 
76  18  47 
72  7 
70    2  24 75  5S  51 
75  30 122  55 
75  42  4 

76  IS  6 79  27  17 
87  12  4 
97  8  15 
75  S  42 
SO  2 
77  23  55 
73  26 
70  39  47 

122  44  33 
70  14  5S 
71  23  59 
70  42  12 
9S    2  21 
65  39 
72  16  3 6S  7 
79  40 91  8  35 
71  12  15 
78  37  50 
77  25  43 

77  51 
43  9 
75  57 
81    5  15 

121  27  44 
81  f5 
90  15  16 
95  4  54 
70  53  36 
101  1  4r 112    6  5 
98  29  If 

117  13  22 82  42  15 
73  59  4S 

37  47  36  122  26  48 

Place. Latitude.  I  Longitude. 
NORTH  ANT)  SOUTH 

AMEHICA. 
San  Francisco,  C.  S. 

Station  ....  Cal.  37 
San  Louis  Obispo.  **  |35 
San  Pedro   "  33 Santa  Fe  X.  Mex.  35 
Schenectady  N.  Y.  !42 
Syracuse   "  43 Springfield,  L  111. 
Stoniugton,  Li . .  Conn. 
Sweet  Water  River, 
Mouth  of.  ..Neb.  T. 

St.  Christopher,  N.  Pt., W.  I. 
St.   Eustatia,  Town, W.  I. 
St.  Josephs  Mo. St.  Bartholomew,  S. 
Point  W.  I. 

St.  Martius,  Fort.  u 
St.  Croix,  Obs   « 
St.  John's   u 
St.  Thomas,  Fort  Ch'  n, W.  I. 
St.  Domingo  W.  I. 
St.  Jago  de  Cuba,  En- trance W.  I. 
St.  Vincent's,  S.  Point, 

W.  I. Turk's  Island,  N.  Pt. G.  Turk  W.  I. 
Tobago,  N.E.P'r.  u Trinidad,  Fort  . .  u Tampa  Bay,E.Key.Flo. 
Tallahassee   M Tampico,  Bar. .  ..Mex. Taunton,  T.  C.  Ch., Mass. 
Toronto  C.W. 
Trenton,  P.  Ch. .  .N.  J. 
Troy  .  ...Un'y.  ..N.Y. Tuscaloosa  ..... .Ala. 
Utica,  Dut.  Ch...N.Y. Vandalia  111. 
Vera  Cruz  Mex. 
Victoria  Tex. 
Vincennes  Ind. 

N. 

Valparaiso,  Fort,  Chili 

Washington,  Capitol 
WestPoint,Obs.M.A., 

N.Y. Wheeling  Va. 
Wilmington,  C.  11., N.C. 
Wilmington,   T.  II., 

Del. 
Worcester,   Ant.  II., Mass. 
York  Penn. 
Yorktown  Va. 

36 42  27  IS 

17  24 

122  23  19 
38  120  43  31 
20  US  16  3 
6  106  1  22 

73  55 76  9  16 
89  33 
71  54 

19  58 

13  9 

33 
N. 

3S  53  20 

41  23  26 40  7 

34  14  3 
39  41  27 
42  16  17 39  58 

37  13 

107  45  27 

C2  50 
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Table  of  Latitude  and  Longi tude- (Continued). 
I  Latitude.]  Longitude 

EC  ROPE,  ASIA,  AFRICA,  N. 
AND  THE  OCEANS.       0  / 
Antwerp  51  13 
Alexandria,  L  ;31  12 
Archangel  [61  32 
Athens  !37  5S 
Aleppo  36  11 
Algiers,  L   36  47 Amsterdam   52  22 
Borneo,  Roads   5 
Batavin,  Obs. , 
Bussorah  
Botany    Bay,  Cape Koads  
Barcelona  
Bombay,  Flag  Staff. . 
Bristol  

6  S N. 
30  30 

Bremen  
Berlin,  Obs  
Brussels,  Ob?  
Benco  >len,  Fort,  Su- matra   

34  2 N. 
41  23 
IS  56 
51  27 
>3  5 
>2  30  16 
50  51  10 

Cape  Clear  . 
Calais  
Constantinople,  St. 
Sophia   

Cape  St.  Mary,  Mada- 
gascar   

3  43 N. 
51  2o 

Canton  
Cronstadt  
Copenhagen  
Cape  of  G.  IIope,Obs. 
Cadiz  
Calcutta  
Christiana  , 
Corinth  
Cairo  
(Jandia  
Ceylon,  Pt.  Pedro  
Congo  River  . 
Dublin  
Dover  

Edinburgh  
Falkland  Inlands,  St. 

Helena,  Ob?  
Fayal,  S.  E.  Point . . . 
Feejee  Croup,  Ovo- lau,  Ob?  

50  5S 
41  1 

5  39 
N. 23  7 

59  59 
55  41 

S. 
33  5G N. 

36  32 
22  34 
59  55 
37  54 30  3 
35  31 
9  49 

S. 6  8 
N. 

53  23 12 
51  8 
55  57 S. 
15  55 N. 
38  30 

S. 
17  41 

E. 
O  / 
4  24 29  53 40  33 

23  44 
37  10 
3  4 
4  53 

115 
106  50 
4S 

151  13 
2  11 

72  54 
W. 2  35 E. 

5  49 
13  23  45 4  22 

102  19 W. 
9  29 E. 
1  51 

28  59 
45  7 

m  u 29  47 
12  34 
IS  28  45 

W. 
6  IS 

E. S3  20 
10  43 
22  52 31  J  8 
25  8 80  23 

12  9 W. 
0  20  30 E. 

1  19 
W. 3  12 

5  45 

28  42 
E. 

17S  53 

|  Latitude.  I  Longitude. 
EUROPE,  ASIA,  AFRICA, AM)  THE  OCEANS. 

Geneva. . 

Gibraltar. 

Hood's  Island,  Marq's 
Hamburg. , 
Havre  
Jeddo   
Jerusalem  . 

Liverpool,  Obs  

Leyden  
Leghorn,  L  
Lisbon  . 

Leipsic  
Moscow  
Malta,  Valetta. . 
Messina,  L.  . . . 
Madrid . 
Malaga. 

Mocha  
Muscat  
Marseilles  
Majorca,  Castle  . Manilla  
Madras  

New  Zealand,  N.  Cape 
New  Hebrides,  Table Island  
Niphon,  Cape  Idron, 
Japan   

Naples.  L  
Navigators'  Islands, 

Opnun,  V.  Pier  
Owhyhee  
Odessa  
Pekin  
Palermo,  L  
Paris,  Obs  
Prince  of  Walt  s  [sl'd, Torres  Strait  
Porto    Praya,  Cnpe 

Verd  Islands 

N. 

L. 

43  46 11  16 
W. 

32  3S 16  55 
51  2S  3S E. 

4G  11 
59 

6    9  15 

W. 1  42 104  5 
55  52 4  16 30  7 5  22 

44  k:4 

E. 

S  53 
21  19 157  52 

S. 

9  26 
13S  57 

N. 53  33 9  5S 
49  29 6 

140 
31  4S 37  20 • W. 
53  24 

47 
3 
E. 

52  9 
28 

4  29  15 
43  32 10  18  . 

W. 
3S  42 9  9 

E. 

20 
12  22 

55  49 35  33 35  54 14  30 
38  12 15  35 

W. 40  25 
3  42 30  43 4  26 

13  20 
E. 

43  12 23  37 58  35 
43  18 5  22 30  34 2  23 14  36 121  2 
14  4 9 80  15  45 

S. 
34  24 173  1 
15  28 1G7  7 

N. 
34  36 3 138  50  35 
40  50 

14  16 S. 

W. 14  9 101)  2 
20  23 155  54 N. 

E. 

46  28 30  44 39  54 
116  2S 13  22 

13 
2  20 

10  46 142  12 N. 

W. 14  54 23  3 
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Table  of 
Place. 

EUROPE,  ASIA,  AFRICA, AND  TLIE  OCEANS. 
Port  Jackson  

Rome,  St.  Peter's  Rotterdam  

Scilly  Islands  
Sevastopol  
Smyrna  Siam  
Surat,  Castle  
Santa  Cruz  Ten. 

Singapore  
Sydney   
Seville  

Latitu.de  and.  Longitude— (Continued). 
Latitude.    Longitude.  Place.  Latitude.  Longitude. 

S. 

38  51 N. 
41  54 
5  54 

S. 
16  30 

N. 44  37 
35  26 14  55 
21  11 
2S  2S 

1  17 S. 
33  52 

N. 36  50 

32 

E. 

151  IS 
12  27 
4  29 W. 

155  10 E. 
33  30 27  7 

100 
72  47 W. 
16  16 E. 

103  50 
151  23 W. 

5  58 

EUROPE,  ASIA,  AFRICA. ANT)  THE  OCEANS. 
Senegal,  Fort  
Sierra  Leone  
Suez  

St.  Helena . 
Stockholm,  Obs. 
St.  Petersburg  . . 
Toulon  
Tripoli  Tunis,  City  
Tangier  Venice  
Vienna  
Warsaw,  Obs.  . . 

N. 

O       j  // 
16  1 

S. 8  30 N. 
29  59 

S. 15  55 

N. 59  20  31 
59  56 
43  07 
34  54 36  47 
35  47 
40  50 
4S  13 52  13  5 

Zanzibar  Island.  .Sp.  |  6  28       89  33 

Public  and  Private  Observatories. 

Longitude  given  in  Time. 

Albany,  Dudley. 
Berlin  
Birr  Castle,  Earl of  Rosse  
Brussels  

Cambridge,  U. 
Cambridge  .  . . 

Cape  of  G-.  Hope . 
Copenhagen,  Uni- versity   
Dublin  
Edinburgh 
Florence  — 
Geneva . . . . 

Latitude. Longitude. Place. Latitude. Longitude. 
N. w. 

N. 

W. 

h.  m.  s /    //  /// h.  in.  s. 
42 39  49.55 4  54  59 

52 53 
24  47. S 12  .11 

E. 

E. 

52 30  16.7 53  35 5 
13 

4  8.1 5  20  57.3 
W. Marseilles  

43 
17  50 21  29 

53 5  47 31  40 9 

55 

45  19.8 2  30  16.96 
E. Munich,  Bogen- 50 51  10.7 17  28 9 48 S  45 46  26.5 
W. Naples,  Capo  di 42 22  49 4  44  32 Monte  

40 

51  46.6 56  58.86 
E. 38 6  44 53  24.17 52 12  51.6 
22 75 48 

59  13 9  20.63 
S. 

W. 

33 56  3 1  13  55 50 48  3 4  23.9 N. 

E. 

55 40  53 50  19 S 40 48  30 4  44  49.02 
W. Rome,  College. . . 41 53  52.2 49  54.7 

23  13 25  22 
59 

20  31 1  12  14. S 
57  23.2 12  43 6 St.  Petersburg  . . E. 

Academy  59 55  29.7 2    1  13.5 
43 46  41.4 45  3 6 

W. 

46 11  59.4 24  37 7 
Santiago  de  Chili '33 

26  24. S 4  42  18.9 
W. Washington .... 

38 

53  39 
5   8  12 

38 54  26.1 5    8  IS 15 L'nkrechtsberg, 

E. 

: 

2S  38 

49 

35  49 
1   9  .1 

E L.M.Rutherfurd, 
W. 

33  5 39  54 1 New  York 49 43  4S.53 4  55  55.73 51 
20  20.1 49  28 5 

S. 

E. 

52 
9  28.2 17  57 5 

33 

51  41.1 10  4  59.86 
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Table  showing  tlie  Difference  in  the  Time  at  the 
following  Places. 

Longitude  computed  both  from  New  York  and  Greenwich. 
New  York.  Greenwich. 

Acapr.lco  | 
Albany  I 
Alexandria,  Egy't Algiers  | Amsterdam  
Antwerp  | 
Auburn  j Augusta  Ga.J Austin  i 
Baltimore  
Bangor  Barbadoes  
Bath  
Baton  Rouge  
Berlin  j Beaufort ..  ..N.  C 
Boston  S.  H.| 
Bombay  Bremen  
Bridgeport  Brunswick  
Buffalo,  L  
Burlington . .  N.  J. 
Buenos  Ayres .... 
Brooklyn,  N.Yard 
Cadiz  
Callao  
Calais,  Me. 
Calcutta  
Canton  
Cape  Race  
Cairo  Egypt 
Cape  May   
Cape  Horn  
Chicago  Cincinnati  
Charleston  
Cleveland  
Columbus. .  .Ohio 
Concord  N.  H. 
Charlestown  
Columbia  S.C. 
Corpus  Christi  . . . 
Cape  of  Good  Hope 
Constantinople  . . 
Copenhagen   
Dayton   Detroit  
Dubuque   
Dublin  
Dover  N.  H. 
Dover  DeL 
Fastport  
Edinburgh  Erie  
Florence   
Fort  Leavenworth 
Frederieksb'g,  Va. 
Frederickt'n,N.B. Frankfort. . .  .Ky. 

S.  m.  s. 
1  43  ITS. I  IF. 
0  55  32 
5  8  16 
5  15  32 
5  13  30 

9  52S. 
41  30 

1  34  36 10  27 
89  57  F. 
57  32 
16  45 

1  9  12S. 
5  49  35F. 

10  38  & 
II  46F. 9  47  36 

5  31  16 3  16 
16  10 19  56  S. 
3  30 1    2  32 P. 6 

4  30  48 12  52  9. 
26  53F. 

10  49  20 
12  28  56 
1  23  44 
7  1  12 

3  54S. 
36  56F. 
51  31 S. 4'  58 
23  43 
31  24 
36  12 
10  4F. 
11  47 2S  8S. 

1  33  48 
6  9  55F. 
6  51  56 
5  40  10 40  448. 

30  10 
1    6  40 
4  30  3SF. 

12  24 
6  S. 
2S  4F. 

4  43  12 
24  178. 

5  41  4F. 
1  22  56  S. 

13  49 
29  27  F. 
42  40  S. 

h.  m. 
6  39 4  54 
1  59 

12 19 17 
5  5 5  37 
6  30 5  6 
4  35 
3  53 
4  31 6  5 

53 5  6 
4  44 
4  51 

35 
4  52 
4  39 5  15 
4  59 3  53 
4  55 25 
5  8 
4  29 
5  53 
7  32 3  32 
2  5 
4  59 4  19 
5  50 5  37 
5  19 
5  27 
5  32 
4  45 4  44 
5  24 6  29 1  13 
1  55 50 

5  30 5  32 
6  2 

25 
4  43 
5  2 
4  (il 12 5  20 45 
6  18 
5  9 
4  26 5  38 

17S. 59 
32F. 
10 

32 30 52  S. 

36 
30 27 
3 

28 
15 12 35F. 
3SS. 14 
36F. 10 44  S. 

50 
50 

30 
2S 
54 

12 
52 
7 

2<>F, 
56 10  S. 12  F. 54  S. 
4 

31 58 
43 24 

12 50 
13 8 4S 
55F. 56 16 
4  IS. 
10 40 22 
36 

56 48 17 

4F. 56  S. 
49 
33 
40 H 

Funchal  
Galveston  
Genoa  
Geneva   
Georgetown,  Ber.. Gibraltar  
Glasgow  
Greenwich  
Halifax  N.  B. 
Harrisburg  
Hamburg  
Hartford  
Havana  
Havre  
Hudson  
Huntsville  
Indianapolis  Jackson  
J.eddo  
Jerusalem  
Jefferson  City  
Kingston..  .C.W. 
Kingston  . .  .Jam. Knoxville  
Leghorn  Lima  
Lisbon  
Liverpool  Little  Rock  
Lexington  
Louisville  
Lowell  
Macon  
Madrid  
Malaga  
Malta  , 
Manilla  
Marseilles  
Matanzas  
Matagorda  Matamoras  
Mexico  
Milwaukee  
Mocha  
Mobile  
Montreal  
Monterey  Cal, 
Montgomery  Moscow  
Monte  Video  
Naples  Natchez  
Nassau,  L  
Nantucket,  S.  Ch. Nashville  
New  Orleans  
New  London  
Newport  New  Bedford  

New  York.  | Greenwich. 
h.  m.    s.  I 

h,  m.  s. 3  4S  20F. 1    7  40 1  23  8S. 0  19  8 
5  31  32F. 35  32F. 
5  20  37 24  37 

37  32 4  18  2SS. 
4  34  32 21  28 4  3S  50 17  4 

4  50 
41  40 4  14  20 11  20  S. 5   7  20 5.  35  52  F. 39  52F. 
5  17 4  50  43  S. 

33  25S. 5  29  25 
4  55  30F. 

24 

50 4  55  4 
51  4SS. 5  47  48 

48  20 
5  44  20 

1    4  32 0    0  33 
14  10  F. 9  20  F. 
7  25  20 2  29  20 
1  12  32  S. 6   8  32S. 

9  54  S. 
5   5  54 

11  4 5   7  4 
39  30 5  35  30 

5  37  12F. 41  12F. 
12  24S. 5   8  24S. 

4  19  24F. 30  30 
4  44 

12 
1  12  4SS. 0   8  48 41  12 5  37  12 40 

5  42 
10  44P. 4  45  16 
38  80S. 5  34  30 

4  41  52F. 14  8 4  3S  16 17  44 
5  54 5S  F. 

13    0  8 8    4  8 5  17  2s 21  28 30  40S. 5  20  40  S. 
1  27  49 0  23  49 1  33  51 6  29  51 
1  40  20 <>  36  20 
55  30 5  51  30 

7  48  48 F. 2  52  4SF. 
50  OS. 5  52  OS. 
1  49  F. 4  54  11 

3  11  18S. S    7  IS 
49  11 5  45  11 

7  IS  12F. 2  22  12F. 
1  11  8 3  44  52  S. 
5  53  4 57  4F. 1    9  38  S. 0   5  3SS. 

13  24 5   9  24 
15  08  F. 4  41  22 
51  10  S. 5  47  1G 

1    4  10 0   0  10 
7  38  F. 4  4S  22 10  50 4  45  14 

12  19 4  43  41 
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New  York,  j  Greenwich 
Table— (.Continued). 

L 
h   m  s h  m  s 

— 4  5G  S. 
4S. 4  5G  4 

G  14 5   2  14 
4  18F. 4  51  42 
9  15S. 5   5  15 
7  32 F. 4  4S  28 

0)  5S  5G 2    2  56F. 
6  S. 5    2  S. 
9  12 5   5  12 
6  48 5   2  45 

5  2T  3G 10  23  3G 
5   5  20F 9  2  OF. 

21  48  S. 5  17  48  S. 
12  41  52F. 7  45  52F. 13  3GS. 5   9  36S. 
5  49  28F. 53  2SF. 
24  8S. 5  20  8S. 
4  34 5   0  34 
2  IGF. 4  53  44 15  1 4  40  59 

33  24 4  22  36 
13  12 4  42  49 52  48  S. 

5  4S  4S- 
10  24F. 4  45  36 

3  22 1  34 
1   8  34S. 6   4  34 11  ilF. 4  44  49 

IS  31 S. 5  14  31 
2    3  24F. 2  56  3G 

13  43  S. 5   9  43 
5  13  56F. 17  56F. 
5  45  48 49  4S 

15  24 S. 5  11  24S. 
7  48 5   3  48 

3   9  51 8   5  51 
3  50  56F. 15  4 

28  21 S. 5  24  21 
2  51  53 7  4S  53 

34  49 5  30  49 
1  37  57 6  33  57 
2  32  24 7  28  24 12  25F. 4  43  35 3  13  47S. 8   9  47 
2    8  5 7    4  5 

11  52  F. 6  56  F. 
5   9  32  S. 10   5  32  S. 
4  32  8F. 23  52 
4   2  48 53  12 

Place. New  York. Greenwich. 
h.  m.  e. h.  TO.  *. 
11  36  F. 6  40  F. 20 

4  55  40  S. 
1    2  12S. 5  58  12 IF. 4  55  59 8  24 4  47  36 

37  17 4  18  43 
36  19 4  19  41 37  12 4  18  48 
16  32 4  39  28 7  28  S. 5    3  28 6  44  23F. 1  48  2SF. 

7    6  16 2  10  16 
G  57  1G 2    1  16 
6    8  24 1  12  24 4  83 23  S. 

30  20S. 5  26  20 
1    5  1 6  11 
1  16  20 6  12  20 
2  22  43 7  18  43 8  37 

5   4  37 
85  1 5  31  1 
42  24 5  38  24 

1  35  27 6  31  27 
11  37  F. 4  44  23 21  33  S. 5  17  33 5  17  38F. 21  28F. 

5  4S  44 52  44 1  17 4  £4  43S. 
3  2S. 4  59  2 5  36  24F. 40  24F. 

54  48  S. 5  50  48  S. ■  11  20F. 
4  44  40 4  52  S. 5    0  52 

9  IGF. 4  46  44 
1  0  ss. 5  56  8 
1  28  34 6  24  34 53  40 5  49  40 
5  53  '  4F. 

57  4F. 
6    1  32 1    5  32 1  32  4S. 6  28  4S. 
G  20  9F. 1  24  9F. 12  IS. 5   S  12  S. 

G  11 5    2  11 
15  47 5  11  47 
26  48 5  22  48 12  F. 4  55  4S 
8  .47 

4  47  13 
10  40  S. 5   6  40 10  16 5   6  16 

New  York  . 
Newburg . . . 
Newcastle  . . 
New  Haven . 
Norfolk  
Norwich  
Odessa  
Odgensburg Old  Point  Comfort 
Ottawa  
Owhyhee  
Paris  
Panama  
Pekin  
Petersburg  
Palermo  
Pittsburg  
Philadelphia  
Plattsburg  
Portland  
Porto  Rico  
Portsmouth,  N.  H. Pensacola  
Providence  
Porto  Praya  
Prairie  du  Chien. 
Quebec  
Raleigh  
Rio  Janeiro  
Richmond  
Rotterdam  
Rome  
Rochester  
Sackett's  Harbor. Sacramento  
Santa  Cruz, Ten' fe Savannah  
San  Diego  
Sandusky  
San  Antonio  
Salt  Lake  City . . . Salem  
San  Francisco  
Santa  Fe  
Singapore  
Sydney   Seville  
Sierra  Leone  

Siam  
Schenectady  
Springfield....  111. Sandy  Hook  
Stonington  
St.  Croix  
St.  Thomas  
St.  John's...  W.  I. St.  Domingo  
St.  Jago  de  Cuba  . Smyrna  Suez  
St.  Petersburg  . . . Stockholm  
St.  Helena  
St.  Augustine. . . . St.  Louis  
St.  Paul  
St.  Joseph  Mo. 
Syracuse   
Tampa  Bay  Tallahassee  
Tampico  Par Taunton  
Toronto  
Toulon  
Tripoli  Troy  
Trenton  
Tunis  
Tuscaloosa  
Turk's  Island. . . . Utica  
Valparaiso  Vandalia  
Vera  Cruz  
Vincennes  
Venice  
Vienna  
Victoria  Tex. "Warsaw  
Washington,  Cap. 
Wilmington,  Del. 
Wilmington,  N.C. Wheeling  
West  1  oint  
Worcester  
York  
Yorktown  

F  rejjresenting  Fast,  and  S  Slow. 
To  Ascertain  tlie  Difference  of  Time  between 
New  York  and.  Greenwich  and.  any  Place  not 
given  in  the  Table. 
Reduce  the  longitude  of  the  place  to  time,  and  if  it  is  W.  of  the  as- 

sumed meridian  it  is  Slow  ;  if  E.,  it  is  Fast. 
If  the  difference  for  New  York  is  required,  and  it  exeeds  4h.  56m., 

subtract  this  sum,  and  the  remainder  will  give  the  difference  of  time,  S. ; 
and  if  it  does  not  exceed  it,  subtract  the  difference  from  it,  and  the  re- 

mainder will  give  the  difference  of  time,  F. 
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Sailing  Distances  between  various  Ports  of  En- 
gland, tlie  CanadaSj  the  United.  States,  etc.,  etc. 

Halifax  to  Liverpool  Boston  to  Halifax  
44     u  Liverpool  (y?a  Halifax) Philadelphia  to  Liverpool  

Cape  Bonavista  to  Cape  Spear. . . 
Cape  Spear  to  Cape  Race  
Cape  Race  to  Liverpool  

"       "  Halifax  
44       u  Boston  
«       44  New  York  
44       44  Philadelphia  
44       44  Cape  Pine  St.  Johns,  N.  F.,  to  Quebec  *«■  44  Boston  
M  44  Liverpool  11  44  Galway  44  *«  Bristol  u  44  Greenock  
"  M  St.  Peter's  L't. 
M  u  Cape  Spear  . . 
M  44  Cape  Race  .. . 44  u  C.  Bonavista . New  York  to  Minatitlan  

44       44  Puerto Cabello, Hon- duras)  

Miles 

2,463 383 
2.S56 
3,147 T6 

55 
1,992 

457 
835 

1,0<>4 1,155 
19 

891 
890 

1,950 1,077 
1,930 
1,818 183 

5 eo 

72 
1,902 
2,114 

New  York  to  Panama, via  C.  Horn 
New  Orleans  to  Minatitlan  

44         u  Puerto  Cabello, Honduras  
Bermudas  to  Nassau  
Panama  to  David  Chiriqui 14      1,4  San  Juan  del  Sud  

M       u  Gulf  of  Fonseca  44       44  Acapulco  
14       u  Manzanilla  
u       "San  Diego  44       44  Monterey  
44      4  4  San  Francisco  

San  Francisco  to  San  Juan  del  Sud u 44  Gulf  of  Fonseca. 
u 44  Manzanilla  .... 
u kf 

a 44  Columbia  R.Btr 
u 44  Portland  
u 44  Port  Townshend 
u 44  Victoria  

11,329 S1G 

Sailing  Distances  between  various  Ports  and.  New 
York:  and.  London. 

Not  included  in  the  preceding  Table. 
Miles.  Miles. Miles Miles. 

Alexandria  . . 4893 2,^80 
Icork  

Amsterdam. . 3291 262 
Barbadoes . . . 1S55 3,812 1  Funchal  Batavia  9972 11.492 
Bermudas  . . . 682 3,142 9522 10, 7«3 Greenock  

340 3,084 3428 408 
Bristol  2979 501 Hobart  Town . 
Buenos  Ayre.- 0010 0,162 Kingst'nvJam. 3125 1.115 

9350 11,531 Cape  Race. . . 1004 2,249 

5G0 
200 

1,303 721 807 
789 

2,700 
4,197 11,368 

4,305 10,149 
10,838 
3,447 

PoriHacola  . . , 
Philadelphia . 
Quebec  Queenstown.. Rio  Janeiro . . 
St.  Helena. . . 
St.  Johns  
Southampton SAvan  River . . 
Teneriffe  
Tortuga.s  Venice  
Washington  . 

1623 
227 

1360 2780 
4970 5096 
1064 
5103 

848ii 
2909 
1151 
4953 530 

4,654 
3,404 
3,0S0 
551 

5,076 

3,433 2,214 211 
10,661 
1,522 
4,192 
2,950 
3,612 Distances  between  several  Cities  of  tlie  XT.  S., 

Not  included  in  Table  on  page  01. 

New  Orleans  to  Cairo  44  Jackson  
Memphis       "  Grenada... 44  44  Little  Kock, 
St.  Louis       44  Cairo  **  44  Oman  i . .  . 

Miles. Miles. 
548 

St.  Louia 
319 

183 Louisville 490 
100 377 
134 185 
147 Montgomery 

163 

479 St.  Louis 5S5 
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Table  showing  the  least  Water  in  the  Channels  of 
certain  Harbors,  Rivers,  and  Anchorages  on  the 
Coast  of  the  United  States.  [U.  S.  Coast  Survey.] 

ATLANTIC  COAST. 
Harbors,  eit Locations. Feet. Feet. 25  5 flu.  (\ 

16 24  9 27 

oO. \t 

45 

53  5 14  Q 
l'+.O 

7  5 
10.  1 G.5 
15  5 30 

3S  9 

24 

30  Q 
2S 

37  O 
19 28  2 
28  5 

Oo.O 

18 OQ 14 
24  2 24 
QJ.  0 7  7 17 
36  9 21 
24  9 81 34  9 

AO 45.9 
23 27.8 17 

01  Q 21 
OK  Q 31 
OO.o 

23 27  8 
22 26  9 
13.5 IS  A 

lo.  0 
14 

10  1 iy.  i 13 
1Q  1 lO.  1 6  5 

in  o 

10 

iiq 
07 P1  Q O  I  .O 

1 1  t\ 11.0 
32 36 1 1 

Qf>  Q 
oi'.a 
/tO  A 

o  i Z4.c> Ott 
26 

29.1 
27 

304 

Gl 

04.5 43 43.5 27.5 33.4 

20 

25.9 
20 

26 
24.5 30.5 

30 3G 20.5 
27 

24  5 30.7 
IS.  5 

?4.7 
21.5 

27.5 

30 
32.5 

Kennebec  River  
Portland  Me. 
Portsmouth  N.  H. 
Newburyport  
Ipswich  
Annisquam  
Gloucester  
Salem  , .  Mass. 
Boston  Mass. 

Plymouth  
Barnstable  Harbor. . . 
Newport  R.  I. 

New  York  . 

Arthur's  Kill. 

Kill  von  Kull . 

Newark  Bay  . . 
Hudson  River. 

Delaware  Bay . 

Delaware  River 

Up  to  Hanniwell's  Point  Breakwater  to  anchorage  
Channel  off  town  
Narrows  to  the  city  
Over  Bar  
Over  Bar  
Over  Bar  
Channel  to  S.  E.  Harbor  
Up  into  inner  Harbor  
Southern  Ship  Channel  Inside  of  Salem  Neck  
Channel,  Lov ell's  and  Gallop's  Islands  
Channel,  Governor's  and  Castle  Islands  Up  to  anchorage  
Anchorage  in  the  Cow  Yard  Over  Bar  
Anchorage  S.  and  W.  of  Goat  Islaud  Wharves  inside  of  Goat  Island  
Newport  to  Prudence  Island  
Mount  Hope  Bay   
Gedney's  Channel  Swash  Channel  
South  Channel  
Main  Channel  
Ship  Channel,  after  passing  S.W.  Spit  buoy. 
Anchorage  Perth  Amboy  
*Woodbridge  to  Rossville  fRossville  to  Chelsea  
t  Chelsea,  Western  Channel,  to  Elizabethport . 
Elizabethport  to  Shooter's  Island  
Shooter's  Island  to  Bergen  Point  L.  H  
Bergen  Point  L.  H.  to  New  Brighton  
§  Bergen  Pt.  L.  H.  to  mouth  of  Hackensack  R. Castle  Garden  to  Manhattanville  
Manhattanville  to  Yonkers  
Yonkers  to  Piermont  
HPiermont  Perry  to  Sing  Sing  
Sing  Sing  to  Haverstraw  HaverstraAv  to  Peekskill  
If  Main  Channel,  passing  Delaw're  Breakwat'r Off  Brandywine  L.  II  
Main  Channel  to  Bombay  Hook  L  
Main  Channel,  Liston's  Point  Main  Channel  to  Reedy  Island  
Main  Channel,  Reedy  Island  L.  H  
Opposite  Delaware  City  
L'p  to  Marcus  Hook  Opposite  Chester  
Bar  off  Hog  Island  
Greenwich  Point  to  Philadelphia  
Capes  at  entrance  to  Hampton  Roads  Chesapeake  Bay . 

*  Two  bars,  each  a  quarter  of  a  mile,  have  a  less  depth  than  18  feet. 
f  A  small  shoal,  with  12  feet,  lies  in  the  middle  of  the  Kill,  opposite  the  wharf  at  Blazing  Star; and  another,  with  10  feet,  a  quarter  of  a  mile  to  the  northward;  but  deeper  water  is  found  on  the east  side  of  both.  . 
X  A  shoal,  with  4  feet,  obstructs  the  eastern  channel,  half  way  between  Chelsea  and  its  junction with  the  main  channel. 
§  From  Bergen  Point  Light,  half  way  to  Newark  Bay  Light-house,  17  feet  may  be  carried. i|  A  shoal  of  12.5  feet  occurs  about  a  mile  below  Sing  Sing. 
II  Soundings  varying  between  10  and  15  fathoms. 
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Harbors,  etc. _ 

Table— {Continued). 
ATLANTIC  COAST. 

Locations. Feet. Feet. 

59 
G1.5 

25 

27.5 
21 

23.5 

23 

25.5 

27 

29.5 

33 
35.5 

1G 
1S.5 19 21.5 

23 25.5 

15 
17.5 

13.5 16.3 

S.5 
11.7 

12.5 15.7 
7 9.9 

25.5 
23 

14 17.G 
7 9 

10 
12.4 

19 
21.4 

7 
5.5 
G.T 

15 

17.8 
7 9.8 s 

12.5 7 10.S 
27 

30.8 9 12.G 13 
17.S 

21 

25.8 11 
1G.1 

10 
15.1 

11 
16.1 

G.5 

12.5 
12 

17.8 
17 

22.9 14 
19.9 25.9 

19 
26 

81 38 

11 

17.5 
12 18.6 

13 
19  G IS 25 15.5 
22.1 

24 

30.  G 15 21.8 33 44.8 

<;i 

27.8 9 15.8 13 19.8 11 1(3.8 
7 

11.5 

Chesapeake  Bay  

Potomac  River  , 

Elizabeth  River. .Va. 
HatterasInlet..N.  C. 
Ocracoke  Inlet  
Albemarle  Sound  
North  River  N.  C. 
Beaufort  N.  C. 

Anchorage,  Hampton  Roads  
Hampton  Roads  to  SewaU's  Point  
S.  of  Sewall's  Point  (one  mile  and  a  half). . Up  to  Norfolk  
Hampton  Roads  to  James  River  

Cape  Fear   
Georgetown  S.  C. 

0ttU'a  Bay  
Charleston  S.  C. 

Stono  Inlet  
North  Edisto  
St.  Helena  Sound . 

York  River  Va.  Tail  of  York  Spit  to  Yorktown  
James  River  Va.  White  Shoal  Bar  

Up  to  Jamestown  Island  Bar  
Channel  to  one  mile  above  Deep  Water  L.  H. 
Jamestown  Island  Bar  
Harrison's  Bar  
*  Trent's  Reach  *  Warwick  Bar  
*  Richmond  Bar  
Norfolk  to  Navy -yard  Over  Bar  
tOver  Bulkhead  into  Pamlico  Sound  
Over  Bar  
Anchorage,  Wallico's  Cbannel  
t  Light-boat  off  Caroon's  Point  
tUp  the  Sound  to  Martin's  Point  t  At  entrance,  and  seven  miles  up  from  Albe- marle Sound  
Main  Channel  
Through  the  Slue  
New  Inlet  Bar  
Entrance  to  Winyah  Bay  
Anchorage  inside  of  North  Island  
Up  to  Georgetown  
Over  Bar  
Anchorage  
M;»in  Bar  
North  Channel  
Maffit's  Channel  Over  Bar  
S.  or  Main  (  liannel  
s.  Channel  
8.  Edisto  
S.  E.  Channel 
Bar  near  Tybee  Island, 
Tybee  Roads. 
Channel  up  to  city 

Channel  to  Vernon  River 
S.  Channel  to  Ogeechee  River Over  Bar 
Entrance  over  Bar 
Anchorage  in  Sound Over  Bar 
Entrance  to  Sound 
Turtle  River  to  Blythe  Island To  Brunswick  over  Bar 
To  Brunswick,  Channel 

8t.  Mary's   Ov St.  Johns  River. .  Flo.  Over  Bar  
*  The  effect  of  neap  and  spring  tides  is  very  small.    The  depth  is  affected  much  more  sensibly  bv the  nsfc  of  the  river  above.  * 
t  The  tide  diminishes  rapidly  after  entering  the  Inlet. 
%  There  are  no  lunar  tides  in  Albemarle,  Currituck,  and  Pamlico  Sounds- 

Savannah   
Os.sabaw  Sound 

Sapelo  Sound  
Uoboy  Bar  (Inlet)  . . , 

S^.  Simon's  Sound  . . , 
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T  a"b  1  e — ( Continued) . 
ATLANTIC  COAST. 

Locations. Feet. Ffe-et 
23 25.1 
7 11.2 20 21.5 20 

27.5 
1 1 

12.5 34 
35.3 97 

a\ 

28.3 o\) 31.3 97 9Q  Q 

30 
ol.o 

AK Aa  9 

O-t 
KK  9 Do.  Jj 
20.4 

17 
18.4 Q 
in  p. 

9 
11.5 9 11.5 7 
9.5 

15.5 17.1 
19 

20.6 13 
14.1 

10 
11.1 13 
14 22.5 
23.5 

27 

2S 21 
22 21 

22 36 

37 

12  • 

13 
7.5 8.7 

15 16.2 19 20.2 
8 

9.2 

19 
20.3 19.5 
20.8 

IS 
19.3 

16 
17.3 14 15.3 

15.2 16.5 9.5 10.6 

12 

13.1 9.5 10.6 

10 
11.1 8 
9.1 15  5 

16.6 7.5 
8.7 15 

16.2 

27 

28.4 

.  14 15.4 8 
9.6 

6  5 S  1 

48 
49.6 

42 

43.6 
5.5 

7.4 
7.5 

9 

12 13.1 
8 

9.1 
8 

9  1 9 I'll 9 

10.1 
4 

4.9 

St.  Johns  River  .  .Flo. 
St.  Augustine  Florida  Reef  

Key  West  . 

Tortugas  . . . 
Tampa  Bay  . 
Waecasassa  Bay 
Cedar  Keys  
St.  Mark's  

St.  Gecrge's  Sound 
Apalachicola  \ 

St.  Andrew's  Bay. .  . Pensacola  

Mobile  Bay  and  River 

Mississippi  Sound  . . . 

Ship  Island  Harbor  . . 

Cat  Island  Harbor. . . 

Mississippi  Delta  .... 
Northeast  Pass . . 
Southeast  Pass  . . 
South  Pass  
Southwest  Pass  , 
Barrataria  Bay. . 

Derniere,  or  Last  Isl'd 
Atchafalaya  Bay  

Vermilion  Bay . . Calcasieu  River  . 
Sabine  Pass  
Galveston  Bay  . . 
San  Luis  Pass . . . 
Brazos  River  
Matagorda  Bay. . Aransas  Pass  . .  . 
Rio  Grande  

Channel  up  to  Jacksonville  
Over  Bar  
Cape  Florida  L.  H.  W.  S.W.  %  W  
Turtle  Harbor  entrance  , 
Inside  the  Reefs,  Hawk  Channel  
Key  Sambo  Channel  
Main  Channel  to  middle  buoy  on  Shoals  
Shoals  to  anchorage  
Sand  Key  Channel  
W.  Channel  
N.  W.  Channel  
S.  W.  Channel  
Over  Bar  
Channel  Egmont  and  Passage  Keys  
Channel  to  anchorage  
Main  Channel  over  Bar  
Over  Bar   
Up  to  Fort  St.  Mark's  E.  entrance  over  Bar  
Anchorage  
*Over  Bar   Up  to  anchorage  
*Main  Channel,  over  Bar  *Over  Bar  . .  
Bar  to  Navy-yard  Wharf  at  Pensacola  
*Over  outer  Bar  
Main  Channel  to  Fort  Morgan  
To  Upper  Fleet  
*Grant's  Pass  to  Pascagoula  Wharf  Horn  Island  Pass,  over  Bar  
Anchorage,  Horn  Island  
Up  to  Pascagoula  Wharf  
*  Channel  N.  W.  Channel  
Anchorage  
*Ship  Channel  S.  Pass  
Shell  Bank  Channel  
*Pass  a  1' Outre,  N.  Channel  S.  Channel  
*Over  Bar,  N.  entrance  *  Entering  ^Channel  Channel  
*Bar  of  Grand  Pass  
Grand  Passage  to  Independence  Island  
*Chan'l  inside,  and  N.  of  Ship  Isl'd  Shoal  L.  S. Channel  N.  of  Ship  Island  Shoal  
Entrance  to  Cut-off  Channel  buoy  On  Bulkhead  
Mouth  of  Atchafalaya  River  
Mid-channel  off  L.  H  
*  Entrance  over  Bar  
^Across  the  Bar  
*  Entrance  over  Bar  
*Over  Bar  
*Over  Bar  
*  Entrance  over  Bar  
*Aransas  Pass  

...j  Channel  
The  highest  tides  occur  at  the  moon's  greatest  declination. 
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Harbors,  etc. 

Table— {Continued). 
F  ACIFIC    C  O  A  S  T. 

Locations. Feet. Fe«t. 
27.4 3 1  3 
18 21  0 
IS 21  9 54 

5S 

36 
40 

75 

79 

IS 
22 37 
41  1 

30 

34 
36  S 

24 
27.8 

42 45  9 
30 

33.9 

27 

31.6 

2S 
32.1 G6 
70.1 54 
5S.1 

3G 40  1 
33 

37  1 25 
?0  5 

25 
30  5 

24 2§  i 

17 

21.1 
10 14  1 3G 

40  1 48 
»)..o 

<S 
52  4 

o0 
34  4 

22 26  6 20 
24  7 

21 
26  2 4G 51  7 

11 16.7 
13 

19 
24 

30  5 
19 25  5 
16 22  5 

IS 
24  5 

25 
31  5 

22 

2S.5 36 
42.5 

54 60.4 

45 
51.4 

25 31.4 
IS 

24.4 48 
54.4 36 42.4 

18 24.4 20 
28 46 
54 

18 29.5 
11 

225 

San  Diego  Bay  
San  Pedro   
Point  Duma.  , 
San  Buenaventura. . . 
Santa  Cruz  Island  . . , 
Santa  Barbara  
San  Miguel  Island. . . 
Coxo  Harbor  
San  Luis  Obispo.  
San  Simeon  
Monterey  Harbor  
Santa  Cruz  Harbor . 
San  Francisco  Bay  . 

San  Francisco  Harbor 
Mare  Island  Straits  . . 

Ballenas  Pay  
Sir  Frs.  Drake's  Bay. Tom  ales  Bay  
Bodega  Bay  Coast  
Albion  River  
Mendocino  City  Shelter  Cove  
Humboldt  Bay  
Crescent  City  Harbor 
Kwing  Harbor  
Kooa  Bay  
(Jropqoa  River  Columbia  Hirer  

Shoalwater  Bay  
Grenville  Harbor. . . 
Nee-ah  Harbor  
False  Dungeness  . . . 
New  Dungeness  
Smith's  Isl'd,  N.  side Bellingham  Bay.. . . Port  Townshend .... 
Port  Ludlow  
Port  Gamble  
Seattle  
Blakely  Harbor  Steilacoom  Harbor. . 
Olympia  Harbor  . . . 

Entrance  
Abreast  of  La  Plaza  
Point  Pedro  and  Dead  Man's  Island  . Anchorage  
Anchorage  
Anchorage,  Prisoner's  Harbor  Anchorage  inside  of  Kelp  
Cuyler's  Harbor  Anchorage  
Anchorage  
Harbor  anchorage  
Anchorage  
Near  shore  
Anchorage  
From  Four-f.ithom  Bank  to  S.  shore  . 
Rincon  Point  
Market  Street  Wharf  
Cunningham's  Wharf  On  the  liar  
Mid-channel  
Mid-channel,  Navy-yard,  and  Vallejo 
Inside  of  Breakers,  Duxbury  Reef  Inside  the  Point  
Over  Bar  
Inside  of  Reef,  off  Point  
Haven's  anchorage  Anchorage  
Anchorage  
Anchorage  Channel  
Anchorage  off  city  
Anchorage  Over  Bar  
Oh  Bar,  opposite  Micl-channel  
N.  Channel  to  Raker's  Bay  *Entranca  into  S.  Channel  On  Par  of  S.  Channel  
On  Bar  
S.  Channel  
Anchorage  
Anchorage  
Anchorage?  
Anchorage  
Anchorage  near  Kelp  
Anchorage  
Anchorage  
Anchorage  
Anchorage  
Anchorage  
Anchorage  
Anchorage  
Mid-channel  

*  21  feet  may  be  carried  in  at  meafi  low  water. 
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Proportion  of* 
Small  Beer. .  .1.    and  1. 
Cider  5. 2  and  9. 
Porter  3.5  and  5. 
Brown  Stout.  5.5  and  C. 
Ale  0.87  and  10. 
Perry   7. Rhenish   7. 
Moselle   8. 
Johannisberger   8. 
Elder  Wine   8 . 
Claret  ordinaire  ....  8. 
Tokay   9, Rudesheimer   10, 
Marcobrunner  11 , 
Gooseberry  Wine  . .  11 
Frontignac   12, llockheimer   12, 

Alcohol  in  lOO  Parts 
I_ji<l-U.OrS.-(BKANDE.) 

OS  Vin  de  Grave   12.08 
8  Champagne   12.61 
20  "      Burgundy  14.57 S  Hermitage,  red  12.32 

u        white..  17.43 
26  Amontillado  12.63 
5S  Barsac   13.86 
7  Sauterne   14.22 
71  White  Port   15. 
,79  Bordeaux  15.1 
,99  Shiraz   15.52 
,33  Malmsey   16.4 
,72  Sherry  17.17 
,6         «     old  23.86 .84  Alba  Flora   17.26 
,89  Constantia,  red   18.92 
03  Port   23. 

of  the  following 

Colares   19 .  7!j 
Lisbon   18.94 
Malaga   17.2 
Cape  Muscat   18.25 Teneriffe   19.79 
Lachryma   19.7 
Currant  Wine   20.55 
Madeira   22.27 

"     Sercial   27.4 
Marsala   25 . 09 
Raisin  Wine   55.12 
Cape  Madeira   29.51 Gin   51.6 
Brandy   53.39 Rum   53.68 
Irish  Whisky   53.9 
Scotch  Whisky   54.32 

TABLE  SHOWING  THE  DILUTION  PER  CENT.  NECESSARY  TO  REDUCE 
SPIRITUOUS  LIQUORS. 

Water  to  be  added  to  100  volumes  of  spirit  when  of  the  following  strength : 
Strength 
Required. 90 85 80 75 70 

65 

60 

55 
50 

Per  cent. Per  cent. Per  cent. Per  cent. Per  cent. Per  cent. Per  cent. Per  cent. Percent. Per  cent. 
S5 5.9 
80 12.5 6.3 
75 20 13.3 6.7 
70 28.6 21.4 14.3 7.1 65 3S.5 30.8 23.1 15.4 7.7 
60 50 41.7 33.3 25 10.7 

8.3 55 63.6 54.5 45  5 36.4 27.4 
18.2 

9.1 

50 
80 

70 60 
50 

40 
30 

20 
10 

40 125 112.5 100 87.5 
75 62.5 50 37.5 

25 

30 200 1S3.3 166.7 150 133.3 116.7 
100 

83.3 66.7 

Illustration. — 100  volumes  of  spirituous  liquor  having  90  per  cent,  of  spirit 
contains  :  alcohol,  90,  water,  10=100. 

To  reduce  it  to  30  per  cent,  there  is  required  200  volumes  of  water. 

Hence  200  -f  10  =  210,  and  —  =  —  =  80  sph'ifc'  or  30  per  cent. 210     70     70  water, 
Acids. 

Acetic  Acid  (Vinegar),  the  acid  of  Malt  beer,  etc.,  etc. 
Lactic  Acid,  the  acid  of  Millet  beer  and  Cider. 
Tartaric  Acid,  the  acid  of  Grape  wine. 

Order  of  Acidity  of  several  Wines. 
1.  Moselle. 
2.  Rhine. 

3.  Burgundy. 
4.  Madeira. 

5.  Claret. 
6.  Champagne. 

7.  Port. 8.  Sherry. 

Nutritions  Properties   of  different  "Vegetables   and  Oil- cake, compared  with  each  other  in  Quantities. 
Bran,  wheat.  .2.75  and  3. Corn   3. 
Bailey   3. 
Pea  straw   3. 
Clover  hay   4. 
Hay   5. Potatoes   14. 

1. 
,  15 

1.6 
2.5 
2 

Old  Potatoes   20. 
Carrots   17.5 
Cabbages   IS. 
Wheat  straw   26. 
Barley    u    26. Oat        "    27.5 
Turnips   30. 

Illustration.— 1  lb.  of  oil-cake  is  squal  to  IS  lbs.  of  cabbage. 
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Divisions  of'tlie  Compound  Snbstances  of  tlie  cultivated Crops  of  Vegetables. 
Divisions. 

Vegetable. Saccharine Oleaginous Albuminous 
or  Sugar}  . 

or  Oil}. or  Fleshy. 

Per  Cent. Per  Cent. Per  Cent. 
Wheat  Flour*  55 

%X 

10  to  19 
Barley 60 

2.4 12  to  15 
Oat* 

00 

5^ 

14  to  19 
Rye GO TO 12 

75 7 40 2.4 24  to  23 
Peas   50 

2.4 24 

IS 2 2 

Turnips  
11 2 
9 2 

Bran  

3# 

10 
Wheat  Straw  2.4 
Oat  ■*   4 
Clover  Hay  3.4 

Sulphur,  Phos- phorus, Iron,  etc. 
Per  Cent. 20  to  30 

30 40 15 

30 30 

8  to  15 
5  to  8 

58 
GO 
90 

IMiiieral  Constituents  absorbed  or  removed  from  an  Acre 
of  Soil  by  several  Crops.— (Johnson.) 

Potassa  
Soda  
Lime  
Magnesia  
Oxide  of  Iron  
Phosphoric  Acid  . 
Sulphuric  Acid  
Chlorine  
Silica  
Alumina  

Wheat, 
25  bushel*. 

Lbs. 29.  G 
3. 

12.9 10.G 
2.G 

20.  G 10.G 
2. 

118  1 

210. 

Barley, 

40  bushels. 

Turnips, 

20  tons. 

Hay, 

1.5  tons. 
Lbs. Lbs. Lbs. 17.5 47.1 3S.2 
5.2 

8.2 

12. 
17. 

29.9 
44.5 

9.2 19.7 7.1 *i 7.1 

.0 
25.8 

4G.3 
15.1 2.7 

13.3 9.2 

\% 

3.6 4.1 
T29.5 247.8 

7S.2 
2  4 

213. 423. 209. 

Yield  of  Oil  from  Several  Seeds. 
Per  Cent. 

Poppy  5G  to  63 Cress  56  to  5S 
(.'as  tor  
Sunflower. 

Per  Cent. 
25 
15 

Per  Cent. 
Hemp   14  to  25 Linseed  11  to  22 

Average  Quantity  of  Tannin  in  several  Substances. — (MORFIT.) 
Per  Cent. 

Catechu,  Bombay   55. 
"      Bengal   44. Kino   75. 

Nutgalls,  Aleppo   G5. 
4  4      Chinese   69. 

Oak,  old,  inner  bark  21.  and  14.2 
"    young,     "    15.2 
44       "      entire  bark   G. 
44       M      spring-cut  bark   22. 
"       44      root  bark   8.9 

Chestnut,  American  rose,  bark  ...  8. 
44       horse,        44    2. 

Sassafras,  root  bark   5& 
Sumac,  Sicily  and  Malaga   10. 

"      Virginia   K). 
"     Carolina   5. 

Willow,  inner  bark   ic' "      weeping   io. Sycamore  bark   io. 
Tan  shrub  44    13. 
Cherry-tree   24. 
Tormentil  root   /o. 
Cornells  San  guinea   44. 
Alder  bark   30" 

*  100  lbs.  of  wheat  flour  contains  :  Fine  flour    .  . .   40  1  Blue  flour  . .  5 Common  flour  . .   80  1  Brnn,  etc.  . .  25 
Middlings  .  . .  10 

I* 
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FOODS,  MANURES,  ZINC,  GLASS,  BARBEL'. 

Analysis  of  different  Articles  of  Food,  with  Reference 
only  to  tlieir  Properties  for  giving  Heat  and  Strength. 

In  100  Parts. 
Substances. 

Beef,  meat  
Liver, Calf's. . . Cod-fish,  salted Sardines  
Mackerel  
Eels  
Lggs  
Milk, Cow's... . Oysters  Lobster  

Car- bon. Nitro- 

gen. 

Substances. 

Car- 

bon. 

11 Cheese,  Chest' r 41.04 
15.68 3.93 42 16 5.02 

44 

29 
6 Wheat  41 

19.26 3.T4 Flour. .  . 3S.5 30.05 2 
41 

13.5 
1.9 

Barley  
40 

8 .66 44 
7.18 2.13 Buckwheat  42.5 10.06 2.93 41 

gen. 

4.13 
4.5 
3.G6 
3 
1.64 
1.75 
1.9 1.7 

2.2 1.8 

Oatmeal  
Bread,  stale  . . . Potatoes  
Carrots  
Wine  
Alcohol  
Beer,  strong. . . 
Oil,  Olive  Butter  
Coffee  

Car- 
Nitro- 

bon. 

gen. 
44 

1.95 28 
1  07 11 

.33 5.5 .31 4 .015 
52 4.5 .08 
98 

83 .64 
9 1.1 

.5,  and  tbe  equivalent  amount  of  nitrog- 

Standard  Weights  of  G-rain  per  Bushel. 

Note. —Multiply  the  figures  representing  tbe  nitrogen  by enons  matter  is  obtained. 

Lbs.  I                             Lbs.  I  Lbs.  I 
Wheat  60  I  Corn  and  Rye..  50  |  Oats   32  |  Barley. 

Lbs. 48 

Relative  "Value  of  Foods  compared  with  lOO  Ids.  of  Good Hay. 
Lbs.  Lbs. 
400     Cornstalks,  dried  ...  400 275     Carrots   276 
374    Rye   54 Wheat   45 

Oat  straw   195    Barley   54 

Clover,  green. . 
Corn,  green  . . . Wheat  straw . . 
Rye  straw   442 

Lbs. Oats   57 
Corn   59 
Sunflower  seeds   62 
Linseed  cake   69 
Wheat  bran   105 

IVIanures. 
Relative  Fertilizing  Properties  of  various  Manures. 

Peruvian  Guano...  1.       I  Horse   .018  I  Farm-yard...  .0298 
Human,  mixed  069  |  Swine  044  |  Cow  0259 

Or,  1.  lb.  guano  =  14>£  human,  21  horse,  22>£  swine,  33^  farm-yard,  and  38^ ow. 
ZINC — SHEETS. 

Thickness  and  "Weight  per  Square  Foot. Inch. 
.0635  =  18  oz.  • .  0761  =  20  oz. 

Inch. 
.0311=10  OZ. 
.0457  =  12  oz. 

Inch. 
.0534  =  14  oz. 
.0611  =  16  oz. 

,  WINDOW  GLASS. 
Thickness  and  Weight  per  Square  IToot. 

No. Thickness. Weight. No. Thickness. Weight. No. Thickness. Weight. 

12 
13 
15 16 

Inch. 
.059 .063 
.071 
.077 

Oz. 12 
13 15 
16 

17 
19 
21 24 

Inch. 
.0S3 
.091 
.1 .111 

Oz. 
17 

19 21 
24 

26 

32 36 

42 

Inch. 
.125 
.154  . 
.167 

.2 

Oz. 

26 

32 36 42 

Dimensions  of  a  Barrel. 

Diameter  of  head,  17  ins. ;  bung,  19  ins. ;  length,  28  ins. ;  volume,  7689  cub.  ins. 

Pyramids  of  Egypt. 
~  7 IK  fppt       i  Ileicht    450.75  feet. 

»ne7%i::::::::::  SSSU I »  
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Capacity  oPtlie  IPrincipal  Clivirches  and  Opera,  Houses. 
Estimating  a  person  to  occupy  an  area  of  19.7  inches  square. 

Churches. 
St.  Peter's   54000 Milan  Cathedral   37  000 
St.  Paul's,  Rome   32  000 
St.  Paul's,  London   25  600 St.  Petronio,  Bologna   24400 Florence  Cathedral   24300 
Antwerp  Cathedral   24  000 
St.  Sophia's,  Constantinople   23  000 

i  St.  John,  Lateran   22  C00 
Notre  Dame,  Paris   21000 
Pisa  Cathedral   13  000 
St.  Stephen,  Vienna   VI  400 
St.  Dominic's,  Bologna   12  000 
St.  Peter's,  Bologna   11400 Cathedral  of  Sienna   1 1  (  00 
St.  Mark's,  Venice   7  000 

Opera  Houses  and  Theatres. 
Carlo  Felice,  Genoa   2560 
Opera  House,  Munich   2370 
Alexander,  St.  Petersburg   2332 
San  Carlos,  Naples   2240 
Imperial,  St.  Petersburg   2160 
La  Scala,  Milan   2113 

Academy  of  Paris   20:)2 
Teatro  del  Licao,  Barcelona   4000 
Covent  Garden,  London   26S4 
Opera  House,  Berlin   1636 
New  York  Academy   2526 

11      u    Stadt   3000 
Area  and  IPopxilatioii.  oPtlie  Eartli. 

Divisions. Area. Population.         |  Pop.  to  Sq.  Mile. 

Total  

Square  Miles. 14  491000 
3760  000 16313  000 
10936000 
4500  000 

70  677  000 
295954000 
55S  562  000 
71 604  000 
23  261  000 

5 

79 
35 
6 
5 

50  000  000 1020  05S000       |  20.4 

About  r^th  of  the  whole  population  are  born  every  year,  and  nearly  an  equal 
number  die  in  the  same  time ;  making  about  one  birth  and  one  death  per  second. 

The  latest,  and  apparently  the  fairest,  estimate  of  the  world's  population,  makes it  1 150  000  000,  divided  as  follows  : 
Mulattoea   315000  000 
Blacks   173  000  00  0 
Mohammedans   140  000  000 
Jews  \   14  000  000 

00  000  0C0 

Whites   640  000000  I 
Copper-colored   22  000  000  | 
Pagans   076  000  000  I 
Christians   320000  000  | 

The  320000  000  Christians  are  divided  as  follows  : 
Church  of  Rome   170000000  |  Greek  and  East  Churches . 

Protestants   90000000 
American  Works  of  ]V£agiiitnd.e. 

Croton  Aqueduct,  N.  Y.— lias  a  capacity  of  100000  000  to  118000  000  gallons  per 
day,  and  from  Dam  to  Receiving  Reservoir  is  38.134  miles  in  length. 

Illinois  Central  Railroad. — Length,  Chicago  to  Cairo  3G5  miles,  Centralia  to  Dun- 
leith  344  miles,  total  709  miles. 

National  Road. — Over  the  Cumberland  Mountains  to  Illinois  Town,  650%  miles 
in  length,  and  80  feet  in  width.    Macadamized  for  a  width  of  30  feet. 

Suspension  Bridge,  Niagara  River. — Wire,  span  1042  feet,  10  ins. 
Stones. — Of  the  U.  S.  Treasury,  Washington,  are  heavier  than  any  in  the  Pyra- mids of  Egypt. 
Washington  Aqueduct,  D.  C.  (Captain  M.  C.  Meigs,  U.  S.  Engineers). — Conduit, 

cylinder  of  masonry  9  feet  in  diameter.  Stone  arch  over  Cabin  John's  Creek,  220 feet  span,  57^  feet  rise. 
Iron  pipe  bridge  over  Reck  Creek,  200  feet  span,  20  feet  rise.  Arch  of  2  lateral 

courses  of  cast-iron  pipe,  4  feet  internal  diameter,  and  \yz  ins.  thick.  These  pipes 
conveying  the  water  not  only  sustain  themselves  over  the  great  span,  but  support  a 
stre<  t  road  and  railway. 



104 MISCELLANEOUS. 

Length,  of  Gun  Barrels.— (C.  T.  Coathufe.) 
The  length  of  the  barrel  of  a  gun,  to  shoot  well,  measured  from  the  vent- 

hole,  should  be  not  less  than  43  times  the  diameter  of  its  bore,  nor  more than  47. 

Mason  and  Dixon's  Ijine. 
39°  12'  N.  mean  latitude.    68.805  miles. 

Descent  of  Western  Rivers. 
The  slope  of  rivers  flowing  into  the  Mississippi  from  the  East  is  about 3  ins.  per  mile ;  and  from  the  West,  6  ins. 
The  mean  descent  of  the  Ohio  River  from  Pittsburg  to  the  Mississippi, 9/5  miles,  is  about  5.2  ins.  per  mile;  and  that  of  the  Mississippi  to  the Gulf  of  Mexico,  1180  miles,  about  2.8  ins. 

Consumption  of  Atmospheric  Air .-(Coathup*-J 
The  average  daily  volume  of  carbonic  acid  gas  given  off  bv  the  respira- 

tion of  an  adult  human  being,  amounts  to  4.08  per  cent,  of  the  air  respired. 
In  24  hours,  the  respiration  of  one  healthy  adult  produces  10.7  cubic  feet 

of  carbonic  acid  gas,  and  removes  from  the  atmosphere  exactly  the  same volume  of  oxygen. 
One  wax  candle  (three  in  a  pound)  destroys,  during  its  combustion,  as 

much  oxygen  per  hour  as  the  respiration  of  one  adult! 
The  total  volume  of  air  that  can  be  required  for  the  respiration  of  an 

adult  human  being  in  24  hours,  even  if  no  portion  of  that  which  has  been 
once  respired  were  to  be  inspired  again,  does  not  exceed  2G6.7  cubic feet. 
^  A  lighted  taper,  when  confined  within  a  given  volume  of  atmospheric 

air,  will  become  extinguished  as  soon  as  it  has  converted  3  per  cejit.  of 
the  given  volume  of  air  into  carbonic  acid. 

Days  of  the  Roman  Calendar. 
The  Calends  were  the  first  6  days  of  a  month,  the  Nones  the  following 

9  days,  and  the  Ides  the  remaining  days. 
In  March,  May,  July,  and  October,  the  Ides  fell  upon  the  15th  and  the 

Nones  began  upon  the  7th.  In  the  other  months  the  Ides  commenced 
upon  the  13th  and  the  Nones  upon  the  5th. 

Periods  of  G-estation. 
Elephant,  1.9  years ;  buffalo  and  camel,  1  jrear ;  horse  and  ass,  11  months  ; 

cow,  9  months;  sheep,  5  months;  lion,  5  months;  dog,  9  weeks;  cat,  8 
weeks  ;  sow,  16  weeks ;  guinea-pig,  3  weeks. 

IPeriods  of  Incubation. 

Swan,  42  da}-s ;  parrot,  40  days ;  goose  and  pheasant,  35  days ;  hens 
of  all  gallinaceous  birds,  21  days ;  pigeon,  14  days  ;  canary,  14  days  ; 
duck,  turkey,  and  peafowl,  28  days.    The  temperature  of  hatching  is  104°. 

Alimentary  Principles. 
1.  Water;  2.  Sugar;  3.  Gum;  4.  Starch;  5.  Pectin  e ;  6.  Acetic  Acid; 

7.  Alcohol;  8.  Oil  or  Fat. — Vegetable  and  Animal :  9.  Albumen;  10  Fib- 
rine ;  11.  Caseine  ;  12.  Gluten  ;  13.  Gelatine ;  14.  Chloride  of  Sodium. 

These  alimentary  principles,  by  their  mixture  or  union,  form  our  ordi- 
nary 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,  etc.. 
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Comparison  of  Tonnages  under  Old  and  New  Laws. 
\ 

Descriptio*  of  Vessel. Old 
Law. 

New  Law. 
+Dof- of  old 
Meas't. 

Flush 
Deck. 

Houses, 
etc. Total. 

Tons. Tons. Tons. Tons. Per  ft. 
Full-built  Ship  . .  187    x  42    x  20 . 7 

ft. 
1353 1518 107 1625 

20  + 

f  '  1 :  nno»                     *?90   ~\  sy  A*)   h  v  1  7  T 1768 1280 45 1325 

25  — 

Half  Clipper  ....  213    x  42 .5  x  28 1831 1687 100 1787 

23^- 

pi:. Sea  Steamer  337    x  41 . 3  x  26 . 1 28(>  3 2554 9Q0Q 
4  -f sw. 41       "       ,   ,.280.6x46  X32.8 2818 2419 225 2644 

6  — 

sw. River  Steamboat  329 . 9  x  35 . 4  x  10 . 4 u 1185 675 
590 

1265 
7  + 

sw. u         44       ..393    x51  xlO.2 2118 1383 1262 2645 20  -f PR. Steam-tug  81. 6x17. 4x  7.8 
a 

102 55.4 55.4 

46  - 
Coast'g  Schooner.  127    x31  xl0.6 

u 363 256 93 
349 

4  - 

Yacht                  72    x20    x  7.6 96 42 3 
45 

53  - 

Fishing  Smack  . .  36. 6 x  13. 6 x  3.3 u 12.2 7.6 

40  - 

Canal-boat  94.Gxl6.6x  8 118 
109 

109. 

Weight  of  Square  Rolled  Iron, 
From      Inch  to  9;.<  Inches. 

OXK  FOOT  IX  LENGTH. 
me. Weight. 1  Side. Weight. 

|  Side. 

Weight. 
Ins Lbs. Ins. Lbs. In?. Lbs. 

.013 11.883 50.756 •% .053 13.52 54.084 

.118 15.263 

■H 

57.517 
% .211 17.112 

■K 

61.055 •% .475 

■% 

19.066 

■% 

64.7 •X .845 

■M 

21.12 

•X 

68.448 

1 
1.32 

■% 

23.292 72.305 
1.901 

■  % ■% 
25.56 

1 
76.264 

i:%
 

2.588 27.939 80.333 
3.38 3. 

30.416 84.48 
4.278 •If 33.01 

•X 

88.784 •X 5.28 35.704 

•X 

93.168 
% 6.39 

■% 

38.503 

■% 

97.657 '% 7.604 

•XA 
41.408 

•X 

102.24 
•  % 8.926 

■% 

44.418 

■% 

106.953 >% 10.352 % 47.534 

■% 

111.756 

Weight. 

Ins. 
Lbs. 

116.671 
6 121.664 
% 132.04 
K 142.816 
% 154.012 

7 165.632 
K 177.672 
H 190.136 
% 203.024 

8 216.336 
U 230.068 
H 244.22 
% 258.8 9. 

273.792 
% 289.22 
H 305.056 

Illustration — What  i3  the  weight  of  a  bar  \y,  ins.  by  12  inches  in  length? In  column  1st,  find  \%  ;  opposite  to  it  is  7.604  lbs  ,  which  is  7  lbs.  and  .604  of  alb. ir  the  lesser  denomination  of  ounces  is  requited,  the  result  is  obtained  as  follows: 
Multiply  the  remainder  by  16,  point  off  the  decimals,  and  the  figures remaining  on  the  left  of  the  point  give  the  number  of  ounces. 

Thus,  .604  of  a  lb.  =  .604  X  16  =  .0.C64  —  7  lbs.  9.G64  ounces. 
To  Ascertain  the  Weight  for  less  than  a,  Foot  in  Lengtli. 
Operation.— What  is  the  weight  of  a  bar  6^  inches  square  and  9^  inches  long? Io  column  6th,  opposite  to       is  132.04,  which  is  the  weight  for  a  foot  in  length. 

6.25x12  inches   — 132.04 
6]     "    is  .5  =  66.02 
3.     "    is  .5     of  6  =  33.01 
rgj  "    is  .5    of  .5=  2.7508 £  ==  101.7808  pounds. 
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Weight  of  Round  Rolled  Iron, 
From  X&  Inch  to  12  Inches  in  Diameter. 

Diam. Weight.  1 Diameter  | Weight 
Ins.  Lb  Ins 

lbs 
1/ 

•Tie 
\Z °78 .01 

'  74 

13.44 
.041 

'  78 
14.975 

V 
'/JS 

.093 .V, 

•  /2 

16.588 •  74 .165 18.293 •  78 .  373 s 20.076 
%z 

-  72 .663 

•  78 

21 .944 
1 .043 23.888 :4 l'.493 25. '926 ■% 
2.032 $ 28.04 

i. 2.654 

•M 

30.24 ■% 
3.359 

■lA 

32.512 ■x 
4.147 

■  % 

34.886 ■% 
5.019 

37 .33*2 5.972 f 39.864 ■% 
7.01 42.464 

■H 
8.128 

■K 

45.174 ■% 
9.333 

•M 

47.952 
2. 10.616 

•» 

50.815 
11.988 

•K 

53.76 

haemter. , Weight Diameter 

Ins 

1  bs 

Ins 
\ 
/ti 

56 . 788 

u.y> 

.% 

59.9 

■3vl 

-% 

63.094 

5. 

66 . 35 v 

•  74t 

69.731 

•  72 

¥ 73.172 
76.7 9. 

•M 

80.304 

■Vs 

84.001 M 

■H 

87.776 

■% 

91.634 G. 95.552 

■u 

103.704 

■Vs 

107.86 

■% 

112.16 ii. 

■Vs 

116.484 

_■% 

120.1)6 
130.018 
139.544 12. 

Weiglit  of  Flat  Rolled  Iron, 
From  %  X  %  Inch  to  5%  X  G  Inches. 

ONE  FOOT  IN  LENGTH. 
Thickn Weight.  | Thickn. Weight Thickness. Weight 

|  Thickness 
Weight. 

Ins. Lbs. Ins. Lbs. Ins. Lbs. 
Ins. 

Lbs. 
M. 1. m ■Vs 

.211 

■X 

.422 

■% 

2.64 

■V 

2.535 ■% 
.422 

•X 

.845 

■% 

3.168 

•I 

3.168 ■% 
.634 

•M 

1.267 

■% 

3.696 

■% 

3.802 
.Vs ■Vs 

■t 

•78 

•X 

1.69 
i. 

4.224 

■% 

4.435 

.264 

.528 

.792 

■% 
■% ■% 

2.112 
2.534 
2.956 

l.% 

■% 

4.752 

.58 

1. 

i-K 
\.% 

5.069 
5.703 
6.337 6.97 

•7? 1.056 
1% 

•% 

1.161 
■H 

.316 

.633 

.95 
1.265 
1.584 

:H 

■H ■  % 
.475 
.95 

1 .425 

■% 

•  K •% 

1.742 
2.325 
2.904 

I'M 

■  -V 

.686 ■% 

m 

■  % 
■% 
■% ■  % 

1.901 
2.375 
2.85 
3.326 

■% ■% 

l. %M 

3.484 
4.065 
4.646 
5.227 

■u 

■Vs 

■lA 

I 

1.372 
2.059 
2.746 
3.432 

3.802 

i.-X 

5.808 4.119 4.805 
■% 

.369 6.389 

•X 

•u 
.738 

tk 

1. 
5.492 •% •K 1.108 

■H 

.528 

i,K 

6.178 
1.477 

■  % 

1.056 

■Vs 

.633 

l.U 

6.864 
1.846 

■  % 

1.584 1 1 1.266 

i-X 

7.551 
:8 

2.217 

■H 

2.112 1.9 

1-72 

8.237 



WEIGHT  OF  FLAT  ROLLED  IEON.  10/ 

1  Tatole—iContimied). 
Thictn. Weight.  || Thicku. Weight. 

Thickn.  | Weight. Thickn.  ] Weight. 
Ins  1 Lbs. Ins  I 

Lbs. 
Ins. 

Lbs. Ins. Lbs. 
t% 

2.% 

17 •78 .739 7.181 

37 

•  74 

6.336 
2.  V 

^  •  74: 

20.91 
•74 l!479 1 '  \i  \ 8.079 

•% 

7.392 

—  /o 

22.072 
•78 2.218 8.977 1. 8.448 

2-K 

23.234 
2.957 

1  87 

J  '78 
9.874 

1  V 
9.504 

2  52 

^•78 

24.395 
•78 3.696 1  v< 10.772 10.56 

2.7A 

M •74 4.435 
1  57 

A*  78 
11.67 

1  87 

A'78 

11.616 ■% 
1  . 

5 .178 1  37 12.567 
\%.  672 

M 1.215 
K  qta 0 .  Jl'± 

l->8 
13 .465 

1-% 

1  Q  roc 

.•» 

2.429 
1  V 1  -78 D .  ijOO 9 14.362 1  37 

1  77 

1-78 

••Jfi 

3.644 
1  1/ 7 

•  K 

4.858 
Q  1  Q9 

.95 2 . 16.896 

•  78 

6.072 •3  8.71 

*/8 
^•>8 

17 . 952 

.% 

1. 287 
1  5/ 0  111 J  .01 

1.9 O  1  / 

-•74 

19. 008 

•1 

8.502 

Us 
2.851 

2-78 

2.58 

20.064 
1/ 9.716 

•X 

3.802 

l.K 

•  /8 

10.931 
*/8 .792 4.752 12.145 •  /4 1.584 5.703 

•K 

1.109 
1.% 

•  /8 

13.36 
•  /8 2.376 

*/8 

6.653 

•74 

2.218 

1-72 

14.574 
3.168 

.1. 
7.604 

*78 

3.327 

1  •  78 

15.789 
H •  78 3.96 1  14 

1  •  /8 
8.554 

•72 

4.436 
1  Va 

17.003 •  /4 4.752 1.  V 
•  74 

9.505 78 5.545 18.218 •/8 5.544 10.455 87 

•74 

6.654 

2A
 

19.4  32 
] 6.336 1  17 

1-72 

11 .406 

77 

•78 

7.763 9  1/ 

z-78 

1  17 1'78 7.129 
1-78 

12.356 1  ; 
8^872 

2  17 

^•74 

21 .861 
1  1/ 1-74 7.921 

1  37 
1 3 . 307 1  & 

J  -78 

9.981 2  87 

^•78 

23.076 
8.713 1  T7 

J  -78 
14.257 1  V 

*  •  71 

11.09 
2  17 

24.29 
1  17 J  -72 9.505 1  2. 15^208 

1  37 

-•-•76 

12.199 9  57 

z-78 

25. 505 
i-M 10.297 9  17 

-•78 

16. 158 
1  17 

13.308 
9  37 

^•74 

26. 719 
1  3/ A-74 11.089 2.% 

1  0/ 

J  •78 

14.417 
3. 

».fi 
15.526 

2. 1.003 1  7/ 16  '.635 

•  /8 

1 .267 
•78 .845 St 

•  /4 
2.006 

2. 
17.744 

•  74 

2.535 
•74 
•78 

1 .689 

•78 

3.009 9  17 

z-78 

18.853 

•78 

3.802 
2 . 534 

•/2 

4.013 9  1/ 

z-74 

19. 962 

•79 

5.069 
17 •  72 

•  78 
3 . 379 

*  78 
5.016 9  87 

Z-78 

21.071 

*  /8 

6.337 
4 . 224 74 6.019 9  1/ 

z-72 

22 . 18 7.604 •  74 5.069 

•78 

7.022 

78 

8.871 •78 5.914 1  . 8.025 1.162 

1. 

10.138 
\ 6.758 

1  •  78 
9 . 028 

1  M 

J  •  78 

11.406 

1  17 1  -74 
7.604 1  V 

1  •  74 
10.032 

•  >4 

2.323 
1.  V 

*  71 

12.673 
0 .4^0 1  3/ 

1  -78 
LU035 

.% 

3.485 
1  87 

x  -78 

13. 94 
1  3/ '  78 1  1/ 

1'72 
12 . 038 

>Vi 

4.647 
1  17 

A  •  72 

15  7208 
i.y2 10.138 

1-78 
J  0  .0  1 I 

i 
5.808 1  57 

} -7B 

1 1%  ilR. 10.4/ O 
1-78 10.983 i  a/ 

\4 
14.U40 6.97 1  37 1  / . /4z 

1   ft  7 1.% 11 .828 

i% 

1 5.048 

•  78 

8.132 

If* 

1  y .  u  j 
1  77 12 .673 L  . 1  C    ft  K 1 1 1) .  It.)  I 1  . 9.294 

Z . 

0  1  7 
O    1  / 1 7  .05 1 

x  '78 

10:455 O   1  / 22  *81 1 
2.7/ 18.057 

1.^ 

11.617 

•  /  '2 

25.346 •>8 .898 
**  * 

12.779 

«.K 

27.881 
1.795 13.94 
2.693 

•X 

1.056 15.1 02 •M 3.591 2.112 16.264 

•k 

1.373 •8 4.488 

•X 

3.168 17.425 >k 2.746 •  % 5.386 

■H 

4.224 18.587 

•M 

4.119 •% 6.283 

■% 

5.28 

2  m 

19.749 5.492 
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Ta"ble— (Continued). 
Thickn. Weight. Thickn. V»reight.. 

Ins. 
Lbs. Ins. Lbs. 

3.34 3.% 
■  % 

O.OOO 1  8/ ZZ .I/O 
3/ Q  927 O  .  ZO  / 1  7/ 93  7fi9 . <  oz 
i? 
•78 

\J .  Ol 9^  34fi zo .  otto 
1. 10.983 O   1  / 2.I7; 28.514 

12.356 

2-72 

31 . 682 
13.73 

2-74 

34.851 1-78 15.102 3. 38.019 
Vi 16.475 

3-74 

41. 187 
17.848 

3-72 

44.355 
19.221 4. 
20.594 

1.69 2. 21.967 

17 

•78 

24.712 

•74 

3.38 
27.458 

17 

•  /2 

6.759 
30.204 87 

•  74 

10. 138 
3. 32 . 95 13.518 

1  V 

1  -74 

16.897 
<Q»/2 

1  17 

x  "72 
20.277 

1.479 
1  37 

X  -74 
23. 656 

■X) 
3/ •78 
IV 

2.957 
2. 

27 1 036 
4.436 

2-t/ 

30.415 
5. 914 

2-72^ 

33.795 •72 
5/ 7. 393 

2.74 

37.174 •78 

3// 
8.871 3. 40.554 •74 

7/ 10.35 43.933 •78 
.1 ll!828 47.313 
1 17 13.307 50.692 
1  17 •  J-/4 14-  7ft^» yl  1/ 4.74 
1  8/ 
•A78 

16.264 

•X 

1.795 1 17 17.742 3.591 
1  57 -78 19. 221 

•X 

7.181 •l74 20.699 a/ 1  ft  770 iu . / / z 
±4:.  ODi 
17.953 

•ITS 
.2 

22.178 
23.656 

•74 

1 
•2K 26.613 21.544 •2X 29.57 25.135 •2% 32.527 28.725 
.3 35.485 

2.74 

32.316 •3J£ 38.441 

2-72 

35.907 
3.% 

2-7i 

39.497 1/ •78 
1/ 
•74 
•78 
1/ •72 
5/ 
•78 

1  .  0o4 
2  1  ftG O  .  loo A  7K9 4  .  /OZ 
O  .OOO 
/ .  yzi 

3. 
3.X 3.^ 
3.% 

4. 

43.088 
46.679 
50.269 
53.86 
57.45 •74 

9.505 
4.3* -X 

11.089 

•>/ 

3.802 
1. 12.673 

•X 

7.604 
14.257 

.?! 

11.406 15.841 1. 15.208 
17.425 

1.7^ 

19.01 
19.009 

i-X i.M 
22.812 1.% 20.594 26.614 

Thickn. Weight Thickn. Weight. 
Ins Lbs. 

Ins. Lbs. 5.74 

9 z . 2ft  11  ̂  OU. 1IO 

1  / 
•72 

8 .871 9  1/ 

^•74 

2d.  91  7 ol . Zl / ft/ 

•74 

13.307 
9  1/ 

^•72 

2ft  m  0 00 .  yJLj 1 1 . 17 742 

2.M 

41 .82 1  1/ 
22 

178 
0 
0 . 'to .  ozo 1  1/ 

L-72 

26 

.613 
3  17 

^•74 

40  49^ '±J  -  I^O 
1  3/ 

-I. 74 

31 

.049 

^•72 

99fi OO . zzo 
9 
z . 

35 
484 

2  3/ 

d-74 

^7  09ft O/.  OZO 9  1/ 

Z.74 

39 
.92 . pn  ft3 9  1/ 

^•72 

44 

.355 
J.  17 

4-74 

fi4  <iQ9 04 . OOZ 9  3/ 

0  ̂ 

48 .791 4.% 0. 
53 .226 

^  1/ 

d-74 

57 
662 

•X 

A    ft1  2 4  .Ult) 

3.X 

62 

097 
IV 

•72 

ft  H9A 
0 .  UZO 

2  3/ 

d-74 

66 533 3/ 

•74 

1  9  ft  2  ft 1 Z . UOO .4 

•i  . 

70 968 1 1 . lO. UOZ 
J  1/ 

4-74 

75 404 1  1/ 9it  rtfif; zu .uoo A  1/ 

4-72 

79 

839 1  1/ 

J  -72 

9  4  A7(i Z4 . u / y 

4-74 

84 
.275 

1  ft/ 

I.74 

zo . uyz 0. 88 

71 

Z  . 29    1  l\X oZ . I UO 
5.72 

O  1  / 36. 1 18 9  1  / 

2-72 

id   1  31 4U. loi 

1/ 
•/4 

4 647 
9  87 /II    1  A  A 44 . 144 1/ 

•72 

9 
294 

3. 48 . 157 ft/ 

•74 

13 
94 

2  1  / 

3-74 

52 . 17 1 1  . 18 
.587 

2    1  / 

3-72 

OO  Io4 1    1  / 

1  -74 

23 
.234 

Q  ft/ 

8-74 

60 . 197 1    I  / 27 881 4. 
/>.(  91 

o4.  zl 1  ft/ 

1.74 

32 
.527 

4-74 

68 .223 9 37 174 

4.3^ 

79  OQX 4 Z . ZOO 9   1  / 

Z\74 

41 821 

5. 
9  1/ 
Z. 

46 468 
9  ft? 

z.% 

51 
114 

1  / 
•74 

A    99  1 4.  ZZ4 Q .761 

^/ 

ft  1IO 0 .44y 2  1  / 

o\>4 

60 

408 ft/ 1 9  P72 lZ.()/o 2   1  / 

65 

055 
1. 16.897 

3.% 

69 701 

1.3^ 

21 .122 4 . 74 348 
1    i  / 9  p.  21^ Z0.o4o 

4-74 

78 
995 

1.% 

9Q  P>T zy  .0/ 

4-X 

83 

642 Z . 
22  "ftX 00. 1 yo 

4-74 

88 288 
0   1  / 38 .019 

5. 

92 935 
0  1/ 

^•72 

A  9   9  4  2 4Z.Z4o FL    1  / 97 582 

2% 

46.468 5.74 0. 
50 .692 

J.Jf 

04. yi 0 

1/ 

•72 

9 
716 

3-72 

59. 14 ft/ 

•?4 

14 574 
3  V* 

*74 

63.365 1. 
19 432 4. 

67 '.589 24 
29 

4.V 71.813 

29 
148 

76.038 
34 006 80.262 2. 38. 

864 

2.^ 

43 

722 

2-^ 

48 

58 

•>4 

4.436 

2-K 

53 

43; 
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Table—  (Continued). 
Thickn. !  Weight. Thickn. 1  Weight. Thickn. Weight Thickn. 

Ins. Lbs. Ins. Lbs. Lbs. Ins. 
5.% 5.% 5.% 5.% 

3. 58.296 

3.% 

72.87 87.443 
63.154 4. 77.728 92.301 
68.012 

4-3* 
82.585 5, 97.159 

6.' 

Weight. Lbs. 

102.017 100,876 
116.592 

Examples  -What  is  the  weight  of  a  bar  of  iron  5.^  ins.  in  breadth  by  in. in  thickness  ?  J  4 

*w  -^Sj1  Pf^10S^find  5'^;  aDd  below  ̂   ™  coluran  5'  -X ;  and  opposite,  to that  ls  13. 30 1,  which  is  13  lbs.  and  .307  of  a  pound. 
For  parts  of  a  pound  and  of  a  foot,  operate  according  to  the  rule  laid  down  for  ta- ble, page  lOo. 

Weight  and  Volume  oF  Cast  Iron  and.  Lead  Balls 
From  1  to  20  Inches  in  Diameter. 

Diameter. Volume. Cast  Iron. Lead. 
Ins. Cubic  Ins. Lbs Lbs. 
1. .5235 .1365 .2147 

\.x 1.7671 .4607 .7248 
2. 4.1887 1.092 1.718 

8.1812 2.1328 3.3554 
3. 14.1371 3.6855 5.7982 

22.4492 5.8525 9.2073 
4. 33.5103 8.7361 13.744 

47.7129 12.4387 19.569 
5. 65.4498 17.0628 26.843 

87.1137 22.7206 35.729 
6. 113.0973 29.4845 46.385 

143.7932 37.4528 58.976 
7. 179.5943 46.8203 73.659 

220.8932 57.587 90.598 
8. 268.0825 69.8892 109.952 

321.555 83.8396 131.883 
9. 381.7034 99.5103 156.553 

448.9204 117.0338 184.121 
10. 523.5987 136.5025 214.749 
11. 696.9098 181.7648 285.832 
12. 904.7784 235.8763 371.096 
13. 1150.346 299.623 471.806 
14. 1436.754 374.5629 589.273 
15. 1767.145 460.6959 724.781 
16. 2144.66 559.1142 879.616 
17. 2572.44 670.7168 1055.066 
18. 3053.627 796.0825 1252.422 
19. 3591.363 936.2708 1472.97 
20. 4188.79 1092.02 1717.995 

K 



110 WEIGHT  OF  CAST  IRON  PIPES. 

Weight  of  Cast  Iron  Pipes  of  different  Thick nesses, 

From  1  Inch  to  36  Inches  in  Diameter. 
ONE  FOOT  IN  LENGTH. 

Diam Thickn. Weight.  | Diam. Thickn. Weight. Diam. Thickn. Weight. 

Ins. Ins. Lbs. Ins. Ins. Lbs. Ins. Ins. Lbs. 1. 

•% 

3.06 6. 

•  M 

49.6 

ii. X 

•X 

58.82 >% 
5.05 

•% 

58.96 

-b6 

74.28 

% 3.67 

6-X 
•  X 

34.32 M 
90.06 •% 

6. 

>% 

43.68 

-% 

106.14 
•% 

6.89 

•  % 

53.3 
l. 

122.62 •  X 
9.8 

•% 

63 . 18 
12. 

•X 

61.26 
i X./4 

.% 

7.8 7. 

•  X 

36.66 

>% 

77.36 
•X >% 

11.01 

-d4 

46.8 

-% 

93.7 
2. 8.74 

•% 

56.96 

•X 

110.48 
•X 

12.23 M 67.6 

l . 
127.42 2-X 

•M 

9.65 l. 
78.39 

12.X 

•X 

63.7 •  X 
13.48 

7-X 

•X 

39 . 22 

•% 

80.4 2-X 

•M 

10.57 

-% 

49.92 

>% 

97.4 

% 
14.66 

.% 

60.48 

-% 

114.72 
-% 

19.05 

•% 

71.76 132.35 2.% 

>% 

11.54 l. 83.28 
13. 

lx 

66.14 
•X •M 

15.91 
8. 

•  X 

41.64 

>% 

83.46 
20.59 

'U 

52.68 

>% 

101.08 
3. 

-%> 
12.28 

•% 

64 . 27 118.97 •  X 
17.15 

-% 

76.12 

1. 

137.28 
22.15 

i. 88.2 

13.X 

•X 

68364 
•M 

27.56 

8-X 
•  X 

44.11 

>% 

86.55 
•X 

18.4 

.% 

56.16 

>% 

104.76 
■% 

23.72 

-% 

68. 

v%
 

123.3 
•H 

29.64 

•% 

80.5 

1 . 

142.16 
•X 

19.66 

1. 

93.28 14. 

•X 

71.07 ■J§ 
25.27 9. 

•X 

46.5 

•% 

f% 
89.61 

•  M 
31.2 58.92 108.46 3.% 

•  X 
20.9 

-% 

71.7 

i% 

127.6 

•M 

26.83 

•% 

84.7 

1. 

147.03 33.07 
i. 

97.98 

14-X 

•  X 

73.72 4. 

•X 

22.05 

9-X 

•X 

48.98 

?% 

92.66 

'If 

28.28 

•M 

62.02 

'% 

112.1 34.94 75.32 

.% 

131.86 4.f 
•X 

23.35 88.98 

1 . 

151.92 

•M 

29.85 

l. 

102.9 
15. 

•X 

75.96 
•  M 

36.73 10. 

•X 

51.46 
\% 95.72 4-X rM 

24.49 

•If 

65.08 

-% 

115.78 31.4 

•M 

78.99 M 136.15 38.58 

•% 

93. 24 156.82 *•» 

■If 

25,7 
l. 

108.84 

15.X 

78.4 32.91 

io.  x 

•X 

53.88 

■% 

98.78 40.43 68.14 

■% 

119.48 
5. 

26.94 82.68 140.4 
34.34 97.44 161.82 

:S 

42.28 

l. 

112.68 16. 

■  Vi 

80.87 
29.4 n. 

•X 

56.34 

\% 

101.82 37.44 71.19 

■% 

123.14 
;8 

45.94 

«M 

86.4 

\% 

144.76 
6. 31.82 

•X 

101.83 
i. 

166.6 40.56 
1. 117.6 

16-X 

■M 

83.3 



AVEIGHT  OF  CAST  IKOX  PIPES. — CAST  IROX,  ETC.  HI 

Diam.    j  Thickn.  j  Weight. 
Table— (Continued). 
Diam.  i  Thiclm.  | 

% 

L. 

Lbs. 
104.82 
126.79 
149.02 
171.6 
85.73 

107.96 
130.48 
153.3 
176.58 
88.23 

111.06 
134.16 
157.59 
181.33 
114.1 
137.84 
161.9 
186.24 
120.24 
145.2 
170.47 
195.92 
126.33 
152.53 
179.02 
205.8 
132.5 
159.84 
187.6 
215.52 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

W  eight. Diam. Thickn. Weight. 
Lbs 

Ins. Ins. 
Lbs. 

138.6 30. 1 303.86 
167.24 1 343.2 
196.46 31. 

•M 

233.4 
225 .38 273 . 4 
144.77. 1 313.68 
174. 62 1 354.24 
204. 78 32. 

■X 

240.76 
235. 28 

.% 

281.94 
150 .85 1 323.49 
1 01  no 1 

'Vs 

365.29 2 13 .28 33. 
% 248.1 

245 .08 % 290.5 
156.97 1 333.24 189.28 1 

Vs 
376.26 221 .94 1 420.77 

254.86 
34. % 255.45 196.62 % 298.88 

230.56 1 342.88 
264.66 1 

Vs 
387.13 204 . 04 1 u 431 . 76 

239.08 35. % 262.7 274.56 
% 307 . 62 211.32 1 352.86 

247 '.62 
1 Vh 

398  a 
284.28 1 443.96 218.7 36. % 270.18 256.2 

% 316.36 
294.02 1 362.86 
226.2 1 % 409.34 
264.79 1 % 456.46 

Note.—  These  weights  do  not  include  any  allowance  for  spigot  and  faucet  ends. 

CAST  IRON. 

1  <  >  Compute  the  Weight  of  a  Cast  Iron  I3ar  or  Rod. 
Find  the  weight  of  a  wrought  iron  bar  or  rod  of  the  same  dimen- 

sions in  the  preceding  tables  or  by  computation,  and  from  the  weight 
deduct  the  -g^th  part ;  or, 

As  .1000  :  .9257  :  :  the  weight  of  a  wrought  bar  or  rod  :  to  the 
weight  required.  Thus,  what  is  the  weight  of  a  piece  of  cast  iron 
4x3.%xl2  inches? 

In  table,  page  108,  the  weight  of  a  piece  of  wrought  iron  of  these  di- 
mensions is  50.692  lbs. 

Then  1000  :  .9257  :  :  50.G92  :  4G.93  lbs. 

To  Compute  the  Weight  of  a  piece  of  Cast  or 
Wrought  Iron  of  any  Dimension  or  Form. 

By  the  rules  given  in  Mensuration  of  Solids  (page  270),  ascertain  the 
number  of  cubic  inches  in  the  piece,  then  multiply  by  the  weight  of  a 
cubic  inch,  and  the  product  will  give  the  weight  in  pounds. 



112  COPPER,  LEAD,  AND  BRASS. 

Example. — What  is  the  weight  of  a  cube  of  wrought  iron  10  inches  square  by  IE 
inches  in  length  ? 

10X10X15  =  1500  cubic  inches. 
.2816  weight  of  a  cubic  inch.* 

422.4  pounds. 
2.  What  is  the  weight  of  a  cast  iron  ball  15  inches  in  diameter? 

By  table,  page  109, 15  ins.  ==  176.7149  cubic  i?iches. 
.2607  weight  of  a  cubic  inch.* 

460.6957  pounds. 

COPPER. 

To  Compute  tlie  "Weight  of  Copper. 
Rule. — Ascertain  the  number  of  cubic  iuches  in  the  piece ;  multiply  them  by 

.32118,*  and  the  product  will  give  the  weight  in  pounds. 
Example.— What  is  the  weight  of  a  copper  plate  yz  an  inch  thick  by  16  inches 

square  ? 162  =  256 
.5  for  X  an  inch. 

12&X  .32418  =  41.495  pounds. 

Brazier's  Sheets  are  30xG0  inches,  and  from  12  to  100  lbs.  per 
square  foot. 

Sheathing  Copper  is  14x48  inches,  and  from  14  to  34  oz.  per 
square  foot. 

LEAD. 

To  Compute  tlie  'Weiglit  of  Lead. 
Rule. — Ascertain  the  number  of  cubic  inches  in  the  piece ;  multiply  the  sum  by 

.41015,*  and  the  product  will  give  the  weight  in  pounds. 
Example — What  is  the  weight  of  a  leaden  pipe  12  feet  long,  3.75  inches  in  diame- 

ter, and  1  inch  thick  ? 
By  Rule  in  Mensuration  of  Surfaces,  to  ascertain  the  Area  of  Cylindrical  Rings. 

Area  of  (3. 75  -f  1  -f  1)  =  25.967 «    W  3.75  =11.044 
Difference,  14.923,  or  area  of  ring. 144  =  12  feet. 

2 148.912  x  .4101 5  =  881. 376  poxinds. 

BRASS. 

To  Compute  tlie  Weiglit  of  ordinal  Bra^s  Casting*. 
Rule.— Ascertain  the  number  of  cubic  inches  in  the  piece,  multiply  them  by 

.3112,*  and  the  product  will  give  the  weight  in  pounds. 

*  The  weights  of  ft  cubic  inch  as  here  given  are  for  the  ordinary  metals  ;  when,  however,  the  spe- cific gravity  of  the  metal  under  consideration  is  accurately  known,  the  weight  of  a  cubic  inch  of  it should  be  substituted  for  the  units  here  given. 



WEIGHTS  OF  IRON,  STEEL,  COPPER,  ETC.  113 

Weights  of*  Wrought  Iron,  Steel,  Copper,  and. 
Brass  Plates. 

SOFT  POLLED. 

Thickness  determined  by  American  Gauge 

No-  of  [ Gauge.  | 
Thickness  of 
«?.ich  Number. 

Plates — per  S 
}uare  Foot. 

Wrought  Iron. Steel. -opper. rass 
Inch. Lbs. Lbs. 

Lbs. Lbs. 
0000 .46 18.4575 18.7036 20.838 19.688 
000  i .40964 16.4368 16.6559 18.5567 17 .5326 
00  1 .3648 14.6376 14.8328 16.5254 15.6134 
0 .32486 13.0351 13.2088 14.7162 13.904 
1 .2893 11.6082 11.7629 13.1053 

12.382 
2 .25763 10.3374 10.4752 11.6706 11.0266 
3 .22942 9.2055 9 . 3283 10.3927 9 .8192 
4 .20431 8.1979 8 . 3073 9.2552 8 . 7445 
5 .18194 7.3004 7.3977 8.2419 

7.787 
6 .16202 6.5011 6.5878 7. 3395 6.9345 
7 .14428 5.7892 5.8664 6.5359 6.1752 
8 
9 

.12849 5.1557 5.2244 5.8206 5.4994 

.11443 4.5915 4.6527 5.1837 
4.8976 

10 
'.10189 4.0884 4.1428 4.6156 4.3609 

11 .090742 3.641 3.6896 4.1106 3.8838 
12 .080808 3.2424 3.2856 3.6606 

3.4586 
13 .071961 2.8874 2.9259 3.2598 3.0799 
14 .064084 2.5714 2.6057 

2.903 
2.7428 

15 .057068 2.2899 2.3204 2.5852 
2 . 4425 

16 .05082 2.0392 2.0664 2.3021 2.1751 
17 .045257 

1.8159 1.8402 2.0501 
1 . 937 

18 .040303 1.6172 1.6387 1.8257 
1.725 

19 .03589 

1.44  i 
1.4593 1.6258 

1.5361 
20 .031961 1.2824 1 . 2995 1.4478 

1.3679 

21 .028462 
1.142 

1.1573 1.2893 
1.2182 

22 .025347 1.017 1.0306 1.1482 
1.0849 

23 .022571 .9057 .9177 
1.0225 

.96604 
24 .0201 .8065 .8173 .91053 .86028 
25 .0179 .7182 .7278 .81087 .76612 
26 .01594 .6396 .6481 

.72208 .68223 
27 
28 

.014195 .5696 .  5772 .64303 .60755 

.012641 .5072 .514 .57264 .54103 
29 .011257 .4517 .4577 .50994 1  Q1  Q 
30 .010025 .4023 .  4076 .45413 
31 .008928 

.3582 .  303 .40444 .38212 32 .00795 .319 

.*3232 

136014 ! 34026 
33 .00708 .2841 .2879 .32072 .30302 
34 .006304 .2529 .2563 .28557 .26981 35 .005614 .2253 .2283 .25431 .24028 36 .005 .2006 .2033 

.2265 
.214 37 .004453 .1787 .181 .20172 .19059 

38 .003965 .1591 .1612 .17961 

.1697  • 39 .003531 .1417 .1436 .15995 15113 
40 .003144 .1261 .1278 .14242 13456 

7.704 7.806 8.698 8.218 
Weights  of  a  Cubic  Foot.  481.25 487.75 543.6 513.6 u Inch.  .2787 .2823 .3146 .2972 



114  WEIGHTS  OF  IRON,  STEEL,  COPPER,  ETC. 

Weights  of  Wrought  Iron,  Steel,  Copper,  an.d. jSrass  Wire. 

Diameters  and  Thickness  determined  by  American  Gauge. 
No.  of 
Gauge. 

Diam  of  each 
Number. 

Wire— per  Lineal  Foot. 
Wrought  Iron 

|  Steel. 
Copper s. 

Inch Lbs. Lbs. Lbs. Lbs. 

0000 .46 . 56074 ^fi^OR .  <JOOUO (1 A  A£1  Q .605176 
000 .40964 .444683 .448879 .ou/y4D 1  TAAAO .4/9908 
00 .3648 . OOOoOO A  09GQ .380666 
o .32486 .279665 Q1  QA  ̂ ,1 OA1  01  /* 

.301816 
1 .2893 .221789 923801 9^33.4  9 .  ZQoo4Z .239353 
2 .25763 1  7^888 .177548 900Q1 1 .189818 
3 .22942 . 13948 .140796 .150522 
4 .20431 . 110616 .11166 

. 119376 

5 .18194 . 08772 . 088548 1  009 . 0y4bbb 
G .16202 .069565 .070221 0704.^9 . 075075 
7 .14428 .055165 .055685 .  UOoUlO 

.Uoyo4o 
8 .12849 .043751 .044164 04007<i . uiyy / o .047219 
9 .11443 .034699 035026 . uoyooo .037437 

10 .10189 .027512 m 027772 -  U014ZU 
.029687 

11 . 090742 .02182 . 022026 094094. 099K  4  n 
12 .080808 .017304 .017468 01  07fifi . uiy  /  ou ;  01 8676 
13 .071961 013722 01 3851 .  u±oo  /  4 Ol  /I  OAA 

•U14o09 
14 .064084 010886 010080 01 94  ̂  .011746 
15 . 057068 008631 008719 

OOOft  f\0 . uuyoo j 
.009315 

16 .05082 00H845 00f.000 00781 O .007587 
17 .045257 . 005427 005478 OO^I QO . uuoiyy .000857 
18 .040303 . 004304 . 004344 004.01  (\ .  uu4yio AA/|  r .UU4o40 
19 .03589 .003413 0034-45 OOQfiOO 

AAQ/>0/( . U03b84 

20 .031961 .002708 .002734 OOQOQ 1 .uuouy4 . U0Zy2 

21 .028462 .002147 0091 £7 009/1  K9 .00231 7 
22 .025347 001703 .  VvX  /  yJKt . 001719 . uuiy40 AA1 OOO .001838 
23 .022571 .00135 001 3fi3 001 KA 9 .001457 

24 .0201 .001071 001081 AA1 00° .001155 
25 .0179 00084-01 0008^71 .uuuyoyy AAAA1 nO . 0009163 
26 .01594 000^734. 000^707 .uuuo/ y / .000/692 .0007267 
27 .014195 000^34. 000^301 . uuuooyi .oouboyy AAAC7PO .000o76o 
28 .012641 .0004235 .0004275 .0004837 .000457 
29 .011257 .0003358 .0003389 .0003835 .0003624 
30 .010025 OOA9£5£Q . UOOZbbo AAAO£QQ .OUOZboo . 0003042 . 0002874 
31 .008928 .0002113 AAAOI  Q9 AA  AO  A  t  O . 00024 1 o . 000228 
32 .00795 .0001675 0001 £01 .  VUV7 1  U«y  J. 0001 01 3 . uuuiy j  o 0001 GAS . UUUloUo 
33 .00708 .0001328 .0001341 .0001517 .0001434 34 .006304 .0001053 .0001063 .0001204 .0001137 
35 .005614 .00008366 .00008445 .0000956 .00009015 
36 .005 .00006625 .00006687 .0000757 .0000715 37 .004453 .00005255 .00005304 .00006003 .00005671 
38 .003965 .00004166 .00004205 .00004758 .00004496 
39 .003531 .00003305 .00003336 .00003775 .00003566 
40 .003144  I .0000262 .00002644 .00002992 .00002827 

7.847 8.88 8.386 
Weights  of  a  Cub.  Foot.  485.87 490.45 554.988 524.16 

Inch.  .2812 .2838 .3212 .3033 

The  Specific  Gravities  to  determine  these  weights  and  the  calculations  were  made 
by  the  author  for  Messrs.  J.  R.  Browne  &  Sharoe,  Frovidence,  li.  I. 
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Weights  of  Wrong  Tit  Iron,  Steel,  Copper,  and 
Brass  Plates. 

Thickness  determined  by  Birmingham  Gauge. 
No.  of Thickness  of 1 Plates — per  Square  Foot. 
Gauge. each  Number. Iron. Steel. Copper Brass. 

Ins Lbs. Lbs. 
Lbs Lbs. 

0000 .454 18.2167 18.4596 20.5662 19.4312 
000 .425 17.0531 17.2805 19.2525 18.19 
00 .38 15.2475 15.4508 17.214 16.264 
0 .34 13.6425 13.8244 15.402 14.552 
1 .3 12.0375 12.198 13.59 

12.84 

2 .284 11.3955 11.5474 12.8652 
12.1552 

3 .259 10.3924 10.5309 11.7327 11.0852 
4 .238 9.5497 9.6771 10.7814 10.1864 
5 22 8.8275 8.9452 9.966 9.416 
6 >203 8.1454 8.254 9.1959 8.6884 
7 .18 7.2225 7.3188 8.154 7.704 
8 .165 6.6206 6.7089 7 .4745 7.062 
9 .148 5.9385 6.0177 6.7044 6.3344 

10 .134 5.3767 5.4484 6.0702 
5.7352 

11 .12 4.815 4.8792 5.436 5.136 

12 .109 4.3736 4.4319 4.9377 4.6652 
13 .095 3.8119 3.8627 4.3035 4.066 

14 .083 3.3304 3.3748 3.7599 3.5524 
15 .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 1.9661 1.9923 2.2197 2.0972 
19 .042 1.6852 1.7077 1.9026 1.7976 
20 .035 1.4044 1.4231 1 .5855 

1.498 

21 .032 1.284 1.3011 1.4496 1.3696 

22 .028 1.1235 1.1385 1.2684 
1 . 1984 

23 .025 1.0031 1.0165 1 .1325 1.07 
24 .022 .8827 .8945 .9966 .9416 
25 .02 .8025 .8132 .906 

.856 
26 .018 .  i  222 .7319 .8154 
27 .016 .642 .6506 .7248 .6848 
28 .014 .5617 .5692 .6342 .5992 
29 .013 .5216 .5286 

.5889 .5564 
30 .012 .4815 .4879 .5436 .5136 
31 .01 .4012 .4006 .453 .428 
32 .009 .3611 .3659 .4077 .3852 
33 .008 .321 .3253 .3624 .3424 
34 .007 .2809 .2846 .3171 

.2996 
35 .005 .2006 .2033 .2265 .214 36 .004 .1605 .1626 .1812 .1712 

Wibk — per  Lineal  Foot. 
Diameter  determined  by  Birmingham  Gauge. 

0000 .454 .546207 .55136 .623913 .589286 000 .425 .478656 .483172 .546752 .516407 
00 .38 .  .38266 .38627 .437099 .41284 
0 .34 .30634 .30923 .349921 .3305 
1 .3 .2385 . 24075 .27243 .25731 
2 .284 .213738 .215755 .244146 .230596 
3 .259 .177765 .179442 .203054 .191785 



116  THICKNESS  OF  SHEET  BRASS,  SILVER,  GOLD,  ETC. 

Ta"ble— (Continued). 
No.  of 
Gauge. 

Diameter  of 
each  Number. 

Wire— per  Lineal  Foot. 
Wrought  Iron. Steel. Copper. Brass. 

Ins. Lbs. Lbs. Lbs. Lbs. 
4 .238 .150107 .151523 .171461 .161945 
5 .22 .12826 .12947 .146507 .138376 
6 .203 . 109204 .110234 .12474 .117817 
7 .18 .08586 .086667 .098075 .092632 
8 .165 .072146 .072827 .08241 .077836 
9 .148 .058046 .058593 .066303 .062624 

10 .134 .047583 .048032 .054353 .051336 
11 .12 .03816 .03852 .043589 .04117 
12 .109 .031485 .031782 .035964 .033968 13 .095 .023916 .024142 .027319 

.025802 14 .083 .018256 .018428 .020853 .019696 15 .072 .013738 .013867 .015692 

.014821 16 .065 .011196 .011302 .012789 .012079 17 .058 .008915 .008999 .010183 

.009618 18 .049 .006363 .006423 .007268 .006864 19 
.042 .004675 .004719 .00534 .005043 20 .035 .003246 .003277 .003708 .003502 21 .032 .002714 .002739 .0031 .002928 22 .028 .002078 .002097 .002373 

.002241 23 .025 .001656 .001672 .001892 .001787 
24 .022 .001283 .001295 .001465 

.001384 25 .02 .00106 .001070 .001211 .001144 26 .018 .0008586 .0008667 .0009807 .0009263 27 .016 .0006784 .0006848 .0007749 .0007319 28 .014 . uuuofoo 

.UUUOoU-i 29 .013 .0004479 .0004521 .0005116 .0004832 
30 .012 .0003816 .0003852 .0004359 .0004117 
31 .01 .000265 .0002675 .0003027 .0002859 
32 .009 .0002147 .0002167 .0002452 .0002316 
33 .008 .0001696 .0001712 .0001937 .000183 34 .007 .0001299 .0001311 .0001483 .0001401 
35 .005 .00006625 .00006688 .00007568 .00007148 36 .004 .0000424 .0000428 .00004843 .00004574 

Thickness  of  Slieet  Brass,  Silver,  Gold.,  etc. 

By  Birmingham  Gauge  for  these  Metals. 
No. Thicku.  | 

No. Thickn. No. Thickn. No. 
Thickn. 

No. 
Thickn. 

No. 
Thickn. 

Inch. Inch. Inch. Inch. Inch. Inch. 1 .004 7 .015 13 .036 
19 

.064 25 .095 
31 

.133 
2 .005 8 .016 14 .041 20 .067 26 .103 

32 .143 3 .008 9 .019 15 .047 21 .072 27 .113 33 .145 4 .010 10 
.024 16 .051 22 

.074 28 .120 

34 

.148 
5 .013 11 .029 17 .057 

23 .077 29 .124 

35 

.158 
6 .013 12 .034 18 .061 

24 
.082 30 .126 36 .167 

Braziers'  and.  Sh.eath.ing  Copper. 
Braziers'  Sheets,  2x4  feet  from  5  to  25  lbs.,  2^X5  feet  from  9  to  150  lbs.,  and 3X5  feet  and  4x6  feet,  from  16  to  300  lbs.  per  sheet. 
Sheathing  Copper,  14x48  inches,  and  from  14  to  34  oz.  per  square  foot. 
Yellow  Metal,  14x48  inches,  and  from  1C  to  34  oz.  per  square  foot. 
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Comparative  Thicknesses  of.Wire  Granges. 
Birmingham. 

No. Inch. 1  No. 
0000 

%  + 5 
00 

%  - 
8 

0 %  + 
14 

2 
X  + 1  20 

X,  + 

No. Inch. No. Inch. 0000 

%  + 
7 

X  - 

00 
%  + 

11 

«  - 

1 
16 

*8  + 
3 

X  + 
21 

K  + 

Sides. 

Weight  of  Wrought  Angle  Iron, 
i-Vo/rt  \.}£  to  4.K  Inches. 

ONE  FOOT  IN  LENGTH. 

Thickness  measured  in  the  Middle  of  each  Side. 
L  Equal  Sides.  L  Unequal  Sides. 

Thickness.      Weight.  Sides.  i  Thickness. 

1.25x1.25 
1.5  xl.o 
1.75x1.75 
2.  x2. 
2.25x2.25 
2.5  x2.5 
3.  x3. 
3.5  x3.5 
4.  x4. 
4.5  x4.5 
4.5  X4.5 

L  Unequal  Sides. 
3.  x2.5 
3.5  x3. 
3.5  x3. 

Lbs. 1.5 

2. 3. 
3.5 
4.5 5. 
7. 

9. 12.5 
14. 
16. 

6.25 
7 . 75 
9.6 

Ins. 4.  x3. 
4.  x3.5 
4.  x3.5 
4.5  x3. 
5.  X3. 
5.  X3. 
5.5  x3.5 
5.5  X3.5 
6.  X3.5 

x4.r, 
X2.375* 

6. 

2.5  X2. 
3.5  x3.5 

X3.5  X  .% 
4.  x3.5 

Ins. 
Weight. 

Ins. 
11. 
11.5 
11.75 
11.75 
12.65 
13.7 
14.5 15.6 
18. 
20. 
5.5 6.5 

10.5 
13. 
13.5 

*  This  column  gives  the  depth  of  the  wch  added  to  the  thickness  of  the  base  or flange. 

Weight  of  Copper  Rods  or  Bolts, 
From  %  to  4  Inches  in  Diameter. 

Weight. Dinm. Weight. 
Lbs. Inch. Lbs. 

.0473 

•% 

1.9982 
.1064 

■% 

2.3176 
.1892 w 2.6605 
.2956 »:? 3.027 
.4256 3.417 
.5794 

■% 

3.8312 
.7567 

■X, 

4.2688 
.9578 4.7228 

1.1824 & 5.214 
1.4307 

■% 

5.7228 
1.7027 6.2547 

one  foot  in  length. 
Diam. 
Inch 

■% Weight. 1  Diam. Weight. 
Lbs. Inch. 

Lbs. 

6.8109 22.8913 
7.3898 

•% 

25.0188 
7.9931 

3. 
27.2435 

9  .2702 

.y* 

29.5594 
10.642 

•K 

31.9722 12.1082 

.% 

34.4815 13.6677 

•  X 

37.0808 
15.3251 

•% 

39.7774 
17.075 

>% 

42.568 
18.9161 

.% 

45.455 
20.8562 4. 48.433 
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Weight  of  a  Square  Foot  of  Cast  and  Wrought 
Iron,  Copper,  Lead,  Brass,  and  .Zinc. 

From  X&to\  Inch  in  Thickness. 
Thickn. Cast  Iron. Wrought  Iron. Copper. 

Lead. 
rass. 

Zinc. 
Inch. Lbs. Lbs. Lbs. Lbs. 

Lbs. Lbs. 1/ 9  34fi 9  M  7 L.  01/ Z.ov 3.691 
2.675 

2.34 \/ •78 4. 693 O  .  UoO P\  7Q1 0.  /ol 7. 382 5.35 
4.68 8/ 

•As 7  ( i  30 / .  ooz o.bi  Z 11.074 8.025 7.02 1/ 0  3ft  A 1  A  07 1U .  \)  I ll.OoZ 14.765 10.7 9.36 

h/ 
1 1  733 -LI .  /  OO 1Z . Ooo 14. 40o 18.456 13.375 11.7 

•Z8 14.079 15.106 17. 344 99 LL .  Itto lo.UO 14.04 ■k 
16^26 17^623 20 '.234 25.839 18.725 16.34 
18.773 20.141 23.125 29.53 21.4 18.72 ■X 21.119 22.659 26.016 33.222 24.075 .% 
23.466 25.176 28.906 36.913 26.75 ■% 
25.812 27.694 31.797 40.604 29.425 ■% 28.159 30.211 34.688 44.296 32.1 

■% 
30.505 32.729 37.578 47.987 ■% 
32.852 35.247 40.469 51.678 ■% 
35.199 37.764 43.359 55.37 i. 37.545 40.282 46.25 59.061 

Note.— The  Wrought  Iron  is  that  of  hard  rolled  Pennsylvania  plates,  and  the  Cop- 
per that  of  hard  rolled  plates  from  the  works  of  Messrs.  Phelps,  Dodge  &  Co.,  Conn. 

Weiglit  of  Riveted  Iron  and  Copper  Pipes, 
From  5  to  30  Inches  in  Diameter,  from  %  to  Xs  in  Thickness 

ONE  FOOT  IN  LENGTH. 
DLim. Thickn. Iron. 

Copper.  I Diam. Thickn. Iron Copper. 
Inch. Inch. Lt 

s. 
Lt 

s. Inch. 
Inch. Lbs. Lbs. 

5. Vs 7. 
12 

8. 
14 

9. 
25.01 28.58 

3/ 

/TLB 
10 

68 12. 21 26.33 30.09 
14 

25 16 
28 

10. 27.75 31.71 ik 
% 7 78 

8. 
89 

10.K 

29.19 33.22 
X 11 

66 13 
33 11. 30.49 

34.85 
% 15 

56 
17 

78 12. 33.13 37.86 
6. % 8 44 9 64 13. 35.88 41. 

X 12 
65 

14 46 
14. 38.52 44.02 

16 88 

19 
29 

15. 
41.26 47.15 6-X 9 1 

10 
4 X 

51.57 58.94 
X 

13 65 
15 

6 16. u 43.9 50.17 18 
2 

20 

8 X 54.87 62.71 
7. 

ys 
9 78 

11 18 
17. 46.53 53.18 

x 14 68 
16 

78 

*>/ 

58.17 
66.48 

3? 19 57 22 37 
18. 

si 
49.17 

56.2 

¥ 
10 49 

11 
99 

X 61.47 70.25 /in 15 73 
17 98 20. 

X, 
68.07 77.79 

H 20 
89 

23 87 24. 
X, 

81.33 92.95 
8. X 16 7 19 08 25. 

X, 
84.57 

96.65 

22 
.26 

25 
44 28. 

Xe, 
94.56 107.95 8-X 23 .59 26 96 30. X 101.14 115.59 

The  ahove  weights  include  the  laps  of  the  sheets  for  riveting  and  calking. 
The  weights  of  the  rivets  are  not  added,  as  the  numher  per  lineal  foot  of  pipe  de- 

pends upon  the  distance  they  are  placed  apart,  and  their  diameter  and  length  upon 
the  thickness  of  the  metal  of  the  pipe. 
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Table  of  Standard  Dimensions  of  Wrought  Iron 
Welded  Tubes. 

a 4 

|Lo  ® 

| 

Is"® 

1 3 s 
c 

I  1 
fa 

'5 

2 1 5 o O 
<s£  i 

< 
c o 

"3 

c 
^  crls 3CD  S 

No.  
of 

por  
I; 

Screw. 

1 
A 

I 
W 

Eh 

a s 

I  "S 
i  H 

—  ■ 

"3d  ̂   V 

$ 
Ins. Ins lD3. Ids. 1  Ins. Ins Feet. Feet. 

Ins Lbs 
y* .40 .068 .27 .85 1.27 14.15 

9.44 
.057 .24 

27 

H .54 .088 .86 1.14 1.7 10.5 7.075 .104 
.42 13 

% .67 .091 .  -iJ 1.55 2.12 7.67 5.657 .192 .56 

lo 

.84 .109 
62 

1.96 2.65 6.13 4.502 .305 .84 14 
% 1.05 .113 .82 

^  2.59 
3.3 4.64 3.637 .533 1.13 

14 

1 1.31 .134 1 
J)5 

3.29 4.13 3.66 2.903 .863 1.67 

UK 

1.66 .14 1 

3* 

1  4.33 5.21 
2.77 2.301 1.496 2.26 

UK 

\y2 1.9 .145 1 
61 !  5.06 5.97 2.37 2.01 2.038 2.69 

2 2.37 .154 2 .07 6.49 7.46 
1.85 1.611 

3.355 
3.67 

8 2}{ 2.87 .204 2 47 7.75 9.03 1.55 1.328 4.783 5.77 
3 3.5 .217 3 07 

j  9.64 
11. 1.24 

1.091 7.388 7.55 
8 3K 4. .226 3 55 11.15 12.57 1.08 0.955 9.887 9.05 8 

4 4.5 .237 4 
07 

: 12.69 14.14 .95 0.849 12.73 10.73 8 
5. .247 4 51 14.  ]5 15.71 .85 0.765 15.939 12.49 8 

tA
 5.56 .259 5 04 15.85  1 17.47 

.78 
0.G29 19.99 

14.56 8 
6 6.62 .28 6 06 19.05 20.81 

.63 0.577 28.889 18J7 8 
7 7.62 .301 7 

02 

22.06 23.95 
.54 

0.505 38.737 23.41 8 
8 8.62 .322 < 

98 25.08  | 27.1 
.48 

0.444 50.039 28.35 8 
9 9.69 .344 9 28.28  j 30.43 .42 0.394 63.633 34.08 8 

10 10.75 .366 10 

02 

31.47  ! 33.77 
.38 

0.355 78.838 40.64 8 

Diameter  and  Weight  of  Lap-welded  Iron  Boiler 
Tubes — [Prosser's  Patent] 

External Thickness. Average Price External Thickness. Average Price 
Diameter Wire  Gauge. Weight. 

pr.  Foot 
Diameter. Wire  Gauge. Weight. 

pr.  Foot. Ins. No. Lbs.  pr.  Ft. Cents. Ins. No. Lbs.  per  Ft. Cents. 16 3 
11 

3.5 15 1.16 11 4 
14 1.63 4 8 6.4 13 2 5 7 

9.1 12 2.16 6 6 12.3 
12 2.56 7 6 15.2 2% 11 2.2 8 7 

16 

Weignt  of  Composition  Sheathing  Nails. 
Length. Number  in 

a  Pound. No. Length. Number  in 
a  Pound. 

No. Length Number  in 
a  Pound 

Ins. Ins. Ins. 
% 290 6 1 190 

10 

101 
% 200 7 m 184 11 

m 

74 

l 212 8 m 168 12 2 

64 
m 201 9 

110 

13 

2X 

59 199 
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To  Ascertain  the  Weight  ofWrought  Iron,  Copper, 
or  Brass  Tnoes  and.  Pipes  per  Lineal  Foot. 

From      an  Inch  in  Internal  Diameter  to  G  Inches. 
Diam. Area  of  Plate. 
Ins. Sq.  Feet. H. 

.1309 
4) .1473 
% .1636 
% .18 
% .1064 
% .2127 
Vs .2291 
% .2454 

i .2618 
.2782 
.2945 
.3105 

w .3272 

Diam.     Area  of  Plate 

2M 

Sq.  Feet. .3436 
.36 
.3764 .3927 
.4254 
.4581 
.4909 
.5236 
.5543 
.587 
.6198 
.6545 
.6872 

Diam. 
Ins. 

2M 2% 

3 

3^ 

33€ 3K 
3^ 3M 
3M 

4 

4K 

4M 

Area  of  Plate 

Sq.  Feet. .7199 
.7526 .7854 
.8181 
.8508 
.8836 
.9163 
.949 7.9818 

1.0472 
1.0799 
1.1126 
1.1454 

Diam.    i  Area  of  Plato- 

±% 
4% 

5 

•K 5^ 

m 

5% 
b% 

f% 

6 

Sq.Feet. 1.1781 
1.2108 
1.2435 
1.2763 1.309 
1.3417 
1.3744 
1.4072 1.4399 
1.4726 
1.5053 
1.5381 1.5708 

-Application  of  tlie  Taljle. 
When  the  Thickness  of  the  Metal  is  given  in  the  Divisions  of  an  Inch. 
To  the  internal  diameter  of  the  tube  or  pipe  add  the  thickness  of 

the  metal ;  take  the  area  of  a  plate  in  square  feet,  from  the  table  for 
a  diameter  equal  to  the  sum  of  the  diameter  and  thickness  of  the  tube 
or  pipe,  and  multiply  it  by  the  weight  of  a  square  foot  of  the  metal 
for  the  given  thickness  (see  tables,  page  118),  and  again  by  its  length in  feet. 

Illustration. — Required  the  weight  of  10  feet  of  copper  tube  1  inch  in  circumfer- ence and  >8  th  of  an  inch  in  thickness. 
l+%  =  l%z=.  2945  square  feet  for  1  foot  of  length. 

Weight  of  1  square  foot  of  copper  %th  of  an  inch  in  thickness,  per  table,  page  118, 
=  5.781  lbs. ;  then  .2945x.5781  =  1.7025  lbs. 

When  the  Thickness  of  the  Metal  is  given  in  Numbers  of  a  Wire  Gauge. 
To  the  internal  diameter  of  the  tube  or  pipe  add  the  thickness  of 

the  number  from  table,  pages  113-115;  multiply  the  sum  by  3.1416, 
divide  the  product  by  12,  and  the  quotient  will  give  the  area  of  the 
plate  in  square  feet.    Then  proceed  as  before  given. 

Illustration — Required  the  weight  of  10  feet  of  copper  pipe  2  inches  in  diame- 
ter, and  No.  2  American  wire  gauge  in  thickness. 

2  -f  .25768  x  3.1416-4-  12  =  2.25763  X  3.1416  4-12  =  .591  square  feet;  then  .591 X  11.6706  (weight  from  table)  —  6.S97  lbs. 

Table  showing  tlie  Thickness  and.  "Weight  of*  Gal- vanized Sheet  Iron. 

Dimensions  of  Sheet,  2  Feet  in  Width  by  from  G  to  9  Feet  in  Length. 
Wire 
Gauge. 

Weight  per 
Sq.  Foot. 

Wire 
Gauge. Weight  per 

Sq  Foot. 
Wire 

Gauge. 
Weight  per 
Sq.  Foot. 

Wire 
Gauze. 

Weight  per 

Sq.  Foot. No. Oz. No. Oz. No. Oz No. Oz. 30 10 
2G 15 22 21 

18 

37 29 11 
25 

16 21 
24 17 

43 
28 12 24 17 

20 
28 

16 
48 27 14 23 19 19 

33 
14 60 
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Table  of  Dimensions  and  Weights  of  Seamless 

Brass  and  Copper  T\^"he^.— {American  Tube  Work*.] External 
Diani. 

Extreme 
Length. 

Weight  per 
Foot. 

Wire  Gauge. Eng. External 
Diam. Extreme Length. 

Weight  per 
Foot. 

Wire  Gaugt Eng. 

Ins. Fe«t. Lbs. No. Ins. Feet. Lbs. 
No. 

% 8 .375 18 2 15 2.05 12&14 
J  X .  5 1  7 91/ 12 2.5 12  &  14 

i%
 
7 .625 17 

13 
2.375 12&14 

8 .75 16 

2% 

12 2.5 12&14 1% 13 1.25 12&14 12 2.6G 12  &  14 VA 13 1.5 12  &  14 12 
3. 12  &  14 

\% 
12 1.625 12&14 3 12 3.33 12  &  14 

w 13 1.75 12&14 10 3.875 12&14 i% 12 1.813 12  &  14 

oy2 

9 4.25 12 

m 12 1.875 12  &  14 4 

714 

5. 

12 

Marks  and  Weight  of  English  Tin-plates. 
!  Plates  per  Box. Length  and  Breadth. 

Net  Weight  per 
Box. Lbs 

by  10 
119 13V 

1f|P» 
{jO 

"  10 

11Q 

"  10 

1  '^7 ±0  4 

13% "  10 

140 

"  m 

loo 

12% 

126 

13% 
"  10 

161 

13% "  10 

182 

13% 
"  10 

203 

13% "  10 

224 

13% "  10 

246 

16% "  ™X 

98 

16% "  12^ 

126 

16% 

147 

16% 
12^ 

168 

16% "  12^ 

189 15 

"  11 

168 15 

"  11 

188 15 

u  n 

209 
15 

u  ii 

230 15 

"  ii 

251 
15 

"  ii 

272 
15 

"  ii 

293 
20 

"  14 

112 
20 

"  14 

140 

13% 
"  10 

112 

13% 

15 

"  10 

140 

"  11 

168 

16% 

105 

16% 

126 

13% 
"  10 

112 

13% "  10 

126 

I  C  or  1  Com  
2C  
3C  
HC  
II  X  
IX  
2X  
3  X  
1XX  
1XXX   
1 XXXX   
1 XXXXX  
1 XXXXXX   
DC  
DX  
DXX  
DXXX  
DXXXX   
SDC   
SDX  
SDXX   
SDXXX  
SDXXXX   
SDXXXXX   
SDXXXXXX  
Leaded  IC  
"  IX  ICW  
IXW  
CSDW  
CIIW  
XIIW  
TT  
XTT  

When  the  plates 

225 
225 
225 225 
225 
225 225 
225 225 
225 225 
225 
225 
100 
100 
100 100 
100 
200 
200 
200 
200 
200 200 
200 
112 
112 
225 
225 
200 
100 
100 
450 
450 

are  14  by  20  incites,  there  are  112  in  a  box. 
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Weiglit  of  Lead.  and.  Tin.  Pipe  per  Foot. 
From  %  to  5  Inches  in  Diameter. 

WATER-PIPE. 
Weight. Internal Dium. Thickness. Weight. Internal 

Uiam. 
Thickness. Weight. 

Lbs. Ins. Ins. Lbs. Ins. Ins. Lbs. 
.0424 1. .10 1.5 

2. .22 7. 
.6215 1. .11 2. 

2. .27 9. 
1. 1. 

.14 2.5 

2.^ •% 

8. 
1.25 1. 

.17 3.25 

•M 

"I 

11. 

1.5 
1. .21 

4. 

•X 

14. 
.0545 1. .24 4.75 

•X 

•K 

17. 
.75 

1.% 
.10 

2. 3. 9. 1. 

•M 

.12 2^5 
3. 

12. 
1.25 

•32 

.14 3. 3. 

•% 

16. 
1.75 

•}£ 

.16 
3.75 3. 

■f^ 

20. 
2. 

.% 

.19 
4.75 

3-3^ 
•% 

12.5 
.0727 

•  U 

.25 

0. 

•K 

S 
15. 

1. .14 
3.5 

•32 

18.5 
1.5 

1/ •72 

.17 4.25 

•Z2 

22. 
2. !l9 

5. 
4. 12. 

2.5 

•  X 

.23 0.5 4. 16. 

2:75 

l.M 
.27 

8. 
4. 21. 

.0909 .13 4. 4. 
25. 

1.25 

•Ji 

.17 5. 
X 14. 

1.75 .21 0.5 

>H 

18. 
2.25 .27 8.5 

5. 

<% 

20. 3. .15 4.75 5. 

•% 

31. 3.5. 2. 
.18 

6. 

WASTE-PIPE. 

BLOCK-TIN  PIPE. 
.3594 
.375 

.  5 .375 

.5 .025 

Internal  Diam Weight. Internal  Diam. Weight. Internal  Diam. Weight. 
Ins. Lbs. Ins. Lbs. Ins. Lbs. 2. 4. 5 8 
2. 3. 4. 6 5. 8 
3. 3.5 4. 8 

5. 10 

3. 5. 6 

5. 
12 

5 

1.3* 

1.25 625 

•X 

1.5 
625 

i.Ji 

2. 

75 

»■*
 

2.5 
9375 

3. 

125 
3.75 

Capacity  of*  Cistern  in.  Gallons. 
For  each  10  Inches  in  Depth. 

Diam. Gallons. Diam. Gallons. Diam. Gallons. Diam. Gallons. Diam. 
Gallon*. Feet. Feet. Feet. Feet. Feet. 

959.6 
2. 19.5 4.5 99.14 7. 

239.88 
9.5 461.4 14. 

2.5 30.6 5. 122.4 7.5 275.4 10. 489.6 15. 
1101.6 3. 44.6 5.5 148.1 8. 31  a.  33 11. 592.4 20. io:s.4 3.5 59.97 6. 176.25 8.5 3531.72 12. 705. 25. 3059.9 4. 78.33 6.5 206.85 

9. 
£96.56 13. 827.4 

30. 
4406.4 
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Dimensions  and  'Weights  of  Bolts  and.  Nuts. SQUAEE  AND  LIE X AGONAL. 
Diam. of  Bolt. In-..!  „f  Width  of'  »  Diam. ,De^";  of.  Square  .ofHe^l 

"m-    j    Nut.  Nut. 

+  Width 

of Head. 

Volume. 

Square Nut. Hexagonal 
Nut. 

Hexagtinh] 
Head. Bolt  per  In. of  Length. 

Ids. 

•  /-& &/ 
■% 
•X •X •% 
■% 
■% 
■% ■% 

J 

\-% 

m 

\% 

l-x 
l-H 
\M l-% 
1% 

%■% 
i% 3M 

4. 
4-/i 
*-» i.% 

fx 

6. 
*  Ex 

1    Ins.     i  Ids. 
;    .15  .2 
1    .2    j  .3 .25  i  .45 

.35  !  .55 

.4    j  .6 

.5    i  .75 

.55  !  .85 

.6  .95 

.7    j  1.1 

.75  j  1.2 .8  1.3 

.9  1.4 

.95  1.5 
1.1  1.75 
1.25  1.95 
1.37  2.15 
1.5  2.4 
1.65  2.6 
1.8  2.8 
1.9  3. 
2.05  3.25 
2.2  3.45 
2.35  3.7 
2.5  3.9 
2.6  4.1 
2.75  4.3 
2.9  4.55 
3.  4.75 
3.15  4.95 
3.3  5.2 
3.6  5.65 
3.85  6.1 
4.1  6.5 
4.4  6.95 
4.65  7.35 
4.95  7.8 
5.2  8.25 
5.5  8.65 
5.75  9.1 
6.05  9.5 
6.3  9.95 
6.6  10.4 

treme  diameter 

Ins. 
4£ 
8/ 

•H 
■  % ■% 

s t'-X 
!•% 

\%
 

l¥ 
1.% 

3. 

4. 
4.U 
*•» 
i.% 

5. 
'>■% 

C. 

8*
 

12, 

)f  nut. 

Ids. 
.2 .3 
.4 3* 
.6 .7 

•Ji 

.85 .95 1.05 

1.35 1>« 

1.7 hX 
2.1 

2.45 

2-  % 

2.8 
3. 

|WK 
3-  % 

4.% 

6.S 

6. 

l-H 

IX 

f.H 8.3^ i« 

9. 

Cub.  Ins. 
.00416 
.01248 
.03835 
.07903 
.09984 
.2061 
.28941 
.3924 
.6323 
.8016 
.9986 

1.2977 
1.5663 
2.5048 
3.5106 
4.6518 
6.414 
8.2384 

10.381 12.53 
15.993 
19.275 
23.838 
28.085 
32.188 
37.351 44.345 
49.871 
56.736 
65.908 
85.059 

106.218 
127.945 
157.241 
185.24 222.43 
261.781 
303.531 
351.687 
402.277 
441.224 
527.248 

Cub.  Ins. 
.00425 .01276 
.02836 
.06235 
.10209 
.17368 
.25584 
.34449 
.49625 
.64328 
.81664 

1.0782 
1.3199 
1.996 
2.8701 
2,8846 
5.1474 
6 . 737 
8.6267 

10.559 
13.058 
15.97 
19.257 
22.966 
26.613 
31.19 
36.263 
41.17 
47.249 
54.105 
69.003 
85.582 

104.626 
127.75 
152.411 
181.893 
212.901 
249.507 
287.589 
332.097 
377.872 
431.152 

Cub.  Ins. .0045 
.0152 
.036 .07 

.1215 .1929 

.2531 .3658 

.5076 

.6822 .8543 
1.143 
1.435 
2.025 
2.926 
3.955 
5.457 
6.834 
8.778 

10.853 
13.23 
16.2 19.43 
23.066 
27.128 
31.641 
36.628 42.114 
48.123 
54.675 
69.514 
86.822 106.787 

129.6 
155.45 
184.528 
217.023 
253.125 
293.024 
336.909 
384.971 
437.4 

Cub.  Ins. .01227 
.62761 .04908 
.07669 
.1104 .1503 
.1963 
.2485 
.3067 
.3712 
.4417 
.5184 .6013 
.7854 
.994 1.227 

1.484 
1.767 
2.073 
2.405 
2.761 
3.141 
3.546 3.976 4.43 
4.908 
5.411 5.939 
6.491 
7.068 8.295 
9.621 

11.044 
12.566 
14.186 
15.904 
17.72 
19.635 21.647 
23.758 
25.967 
28.274 

t  Square  or  hexagonal,  and  tlie  depth  of  it  should  be  .8  of  the  diameter  of  the  bolt. 

When  the  weight  of  a  holt  and  nut  is  required,  Ascertain  the  volume 
for  the  bolt  from  the  inside  of  the  head  to  its  point;  add  to  this  the 
volume  obtained  from  the  table  for  the  diameter  of  bolt  and  descrip- 

tion of  nut  given;  multiply  the  sum  by  the  units  in  page  163  for  the 
weight  of  a  cubic  inch  of  the  metal  of  which  the  bolt  and  nut  is  made, 
and  the  quotient  is  the  weight  in  pounds. 



124  DIMENSIONS,  WEIGHTS,  ETC.,  OF  BOLTS  AND  NUTS. 

Illustration. — A  wrought  iron  bolt  and  nut  (hexagonal  nut)  is  1  inch  in  diameter 
and  10  inches  in  length  from  inside  of  head  to  end. 
Note— The  length  of  a  bolt  and  nut  is  taken  from  the  inside  of  the  head  to  the 

inside  of  the  nut,  or  its  greatest  capacity  when  in  position. 
In  a  computation  of  the  weight,  it  is  necessary  to  measure  the  extreme  length  of 

*he  bolt,  viz.,  from  the  inside  of  the  head  to  the  point. 
Volume  for  head   1.5X  .8  =  depth  of  head  =  1.8    cub.  ins. 

"       "  1  inch  of  bolt  7854,  which        X 10  =  7.854  " 
«      of  nut   1.896  « 

11.050  " which  X-281G  (page  161),  the  weight  of  a  cubic  inch  of  wrought  iron  bolt  =  3.2S  lbs. 

Table  showing  tlie  Number  of  Threads  to  an.  Inch, 
in  V-thread  Screws. 

Diam. Thre'ds. Diam. Thr'ds. Diam. Thr'ds. Diam. Thr'ds. Diam. Thr'ds. Diam. 
Thr'ds Ins. No. Ins. No. Ins. 

No. Ins. No. 
Ins. No. 

Ins. No. 
M 20 H 10 G 4 m 3 5 

18 9 5 m 4 3 

5^ 

16 8 M 5 3 

2% 
2M 

a Ae 14 7 

2% 

% 
12 7 

4% 2% 

6 

2K 

% 11 

l% 

6 4 
The  depth  of  the  threads  should  he  half  of  their  pitch. 

Note  The  diameter  of  a  screw,  to  work  in  the  teeth  of  a  wheel,  should 
that  the  angle  of  the  threads  does  not  exceed  10°. 

be  such 

Screw  Threads,  Bolt  Heads  and  Nuts, 

As  determined  and  recommended  by  Committee  of  Franklin  Institute  of 
Philadelphia,  1864. 

ANGLE  60°. Diam.  of  I  rp Diam.  of Bolt. Thre'ds. 
Ins. No. 
% 20 18 

16 
As 14 13 

12 
% 11 

NUMBER  OF  THREADS  PER  INCH. 
)iam.  of  |  n 

1 

m 

No. 10 
9 

1  Diam.  of 
,  Bolt. Thre'ds. 

Ins. No. 

1% 

5 

IK 

5 
2 

4X 

2^ 

4X 

4 

2% 

4 

4 

4X 4X 

3X 

3 
3 

2% 2M 
Diam.  of 

Bolt 

4M 

5 
No. 

hi 
2M 

2M 2X 

Dimensions  of  Heads  and  Nnts. 

Rough  Bolt. — The  width  between  the  parallel  sides  of  both  head  and 
nut  Vyi  times  the  diameter  of  the  bolt,  to  which  is  to  be  added  %ih  of 
an  inch. 

The  depth  of  the  head  .5  its  width.  The  depth  of  the  nut  equal  the 
diameter  of  the  bolt. 

Finished  Bolt.— The  width  between  the  parallel  sides  of  both  head 
and  nut  %^th  of  an  inch  less  than  for  a  rough  bolt. 

The  depth  of  the  nut  ̂ th  of  an  inch  less  than  the  diameter  of  the 
bolt. 
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Dimensions  and  ̂ ^eiglits  of  Bolts  and.  Nuts, 
Square  and  Hexagonal,  by  the  preceding  Rules. 

Diam. of  Bolt. 
Width  of Diam.  of 

Hexago'l Nut  and 
Head. 

Volume. Depth 
Volume  of 
Bolt  per 
Inch  of 
Length. Sq.  Nut and  Head. Square 

Nut. 
Hexagonal Nut. 

Hexagonal Head Square Head. 
of 

Head. 
Ids. 
1 
1 
3 
4 
5 
6 

Ia  8. 
m ±% 
r% 

9>6 

Ins. 1.878 
3.613 
5.346 
7.08 
8.814 

10.548 

Cub.  Ins    j  Cub.  Ins. 1.855  1.508 
13.248  !  10.681 
42.968!  34.536 
99.8     1  80.079 
192.53  154.33 
329.95  264.3 

Cub.  Ins. 1.864 
13.253 
42.966 
99.794 

192.53 
329.98 

Cub  Ins. 2.145 
15.529 
49.466 

114.89 
221.66 
379.9 

Ins. % 
US 

2jg 

Cub.  Ins. 
.7854 3.142 

7.068 12.566 
19.635 
28.274 

Comparison  of  Weights  "between  Bolts  and  Nuts, of  the  Proportion  given  in  the  preceding  Table, 
and  between  those  determined  by  the  above 
Bnles. VOLUME  OF  HEXAGONAL  HEAD  AND  NUT. 

Dimensions. 1  Inch. 2  Inch. 3  Inch. 4  Inch. 5  Inch. 6  Inch. 
Cub.  Ins. 
4.02 
3.37 

Cub.  Ins. 
32.17 
23.93 

Cub.  Ins. 108.78 
77.5 

Cub.  Ins. 
257 . 35 
179.87 

Cub.  Ins. 
502.6 
346.86 

Cub.  Ins. 
868.55 
594.28 

The  difference  varying  from  1.2  to  1.46  per  centum  in  favor  of  the 
proposed  dimensions  for  equal  diameters  of  bolts. 

Ship  and  Railroad  Spikes. 
Dimensions  and  Number  tee.  Pound. — [P.  C.  Page,  Mass.] 

Ship  Spikes. 
X  In.  Sq. %  In.  Sq. J/Jn.Sq. %  In,  Sq. J&In.Sq. %In.Sq. MLSq. 

"So 

"So 

c  — ; 

"So '"'  a 

"5) 

Len
g 

s 
J d 

No.
 

Pou
i 

kJ 

0> 

No.
 

Pou
t Ins. Ins. Ins. Ins. Ins. 

Ins. Ins. 3 19. 3 10. 4 5.4 5 3.4 6 2.2 8 1.4 
10 .8 

15.8 

3X 

9.6 

4K 

5. 
3.1 

6^ 

2. 
9 1.2 15 

.6 

13.2 4 8.0 5 
4.6 

6 3. 1.9 10 1.1 12.2 
f 

6.0 

5V2 

4.2 2.8 

2*
 

1.8 n 
1. 

5 10.2 5.8 6 4. 2.6 1.7 

6 5.2 3.2 2.4 1.6 

2.2 9 
1.5 

10 
1.4 

Railroad  Spikes  in.  square  x5^  ins.  2.  per  lb. 
"   %  u      "      X5X  "  1.6  " 

Thickness  of  Gras  Pipes. 
Diam. Thickn. Diam. Thickn. Diam. Thickn. 

\X£  to 3 8  to  10 H 14  to  15 H 
4  " 6 % 12  "  13 % 16  '(  48 % 

L* 
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Slating. 

A  Square  of  slate  or  slating  is  100  superficial  feet. 
The  Lap  of  slates  varies  from  2  to  4  inches.  The  standard  is  as- 

sumed to  be  3  inches. 
The  Pitch  of  a  slate  roof  should  not  be  less  than  1  in  height  to  4  of 

length. 
To  Compute  tlie  Srirface  of  a  Slate  Allien  laid.,  and.  tlie 

]N"LiiTLil3er  of*  Squares  of  Slating. 
Subtract  the  lap  from  the  length  of  the  slate,  and  half  the  remainder 

will  give  the  length  of  the  surface  exposed,  which,  when  multiplied  by 
the  width  of  the  slate,  will  give  the  surface  required,  and  for  which  the 
party  requiring  the  slating  only  pays. 

Divide  14400  (the  area  of  a  square  in  inches)  by  the  surface  thus 
obtained,  and  the  quotient  will  give  the  number  of  slates  required  for 
a  square. 
Illustration.— A  slate  is  24x12  inches,  and  the  lap  is  3  inches. 

24  -3  =  21,  and  21  ~ 2  — 10.5,  which  X  12  =  120  inches;  and  14400 -M20  =  114.29 slates. 

DiiTierisioris  of?  Slates.— [American.] 
Ins. Ins. Ins. 

Ins. Ins. Ins. Ins. 
14x7 14x10 16x10 18x11 20x11 22x12 

24x13 
14x8 16x  8 18x  9 18x12 20x12 22x13 24x14 
14x9 IGx  9 18x10 20x10 22x11 24x12 

24x16 

WELSH. 
Ins. Ins. Ins. 

Small 

Plantations,  j 

13x  7 
llX  7 
12x10 
13x10 
14x12 

Ladies. . . .  -| 

12X  8 14x  8 
16x  8 
16x10 

Viscountess  . . 
Countess  .... Marchioness  . 

18x10 
20x10 
22x12 
24x12 

The  thickness  of  slates  ranges  from  ̂   to  %  of  an  inch,  and  their 
weight  varies  from  2.6  to  4.53  lbs.  per  square  foot. 

Earth.  Digging. 

Number  of  Cubic  Feet  of  various  Earths  in  a  Ton. 
Loose  Earth  24     I  Clay  18.6  I  Clay  with  Gravel.  14.4 
Coarse  Sand  18.6  |  Earth  with  Gravel.  17.8  |  Common  Soil. ...15. 6 
The  volume  of  Earth  and  Sand  in  bank  exceeds  that  in  embank- 

ment in  the  following  proportions  : 
Sand   i  |  Clay   §  |  Gravel   ft 
and  the  volume  of  Eock  in  embankment  quarried  in  large  fragments 
exceeds  that  in  bank  fully  one  half. 

Hay. 

270  cubic  feet  of  new  meadow  hay,  and  216  and  243  from  large  or 
old  stacks,  will  weigh  a  ton. 

297  to  324  cubic  feet  of  dry  clover  weigh  a  ton. 
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Patent  Spikes  and  Horseshoes. 
[II.  Burden,  Troy,  X.  Y. 

Boat  Spikes.  1 Ship  Spikes. Hook  Head. Horseshoes. 
Length. No.  in  Pound. Length. No.  in  Pd. Length. No.  in  Pd. Le'gth. No.  in  Pd. 

InB. Ins Ins Ins. 3 17.5 

4  ' 

8. 
4  X% 

5.55 .84 
3kf 14.68 4W 6.5 4.14 2 .  75 4 12.57 5 4  37 5    x  V, 2.52 3 .65 

9.2 4.3 

2 '.41 

4 .56 
5 7.2 6 4.2 1.87 

5 .39 6.3 3.77 1.72 
6 4.97 7 2.75 

6  xM 1.38 
4.78 % 

8 
2.5 < 1.4 

/ 3.62 1.74 
8  X% 1.1 

3.37 1.63 
8 2.95 9 1.55 *H 2.9 10 1.15 
9 2.1 

10 1.98 

No.  5  Y)4  Inch 
*   6  1%  " 

I j en g tli  of  Horseshoe  Nails 
No.  7  1%  Inch No.  9  2%  Inch 44  io  2y2  " 

Lengths  of  Iron  Nails,  and.  Number  in  a  Pound. 
Size 

3<Z. 
4 

Lgth. No.  J| Size. Lgth. No. Size. 
Lgth. No. Size. 

Lgth 
No. 

Size. 

Lgth. No. Ids. 
420 
270 ! 

bd. 
6 

Ins. 

? 
220 
175 

8d. 

10 

Ids. 

2K 

3 
100 

65 

12c7. 20 
Ins. 

3^ 

52 
28 30(7. 

40 
Ins. 
4 

4¥ 

24 

20 
Hills  in  an  Area  of  an  Acre. 

Ft.  apart. No. Feet  apart. No. Feet  apart. 

No. 
Ft.  apart 

43560 5 1742 9 538 
16 

h 
19360 1440 482 

17 
10890 6 1210 

435 
18 

6969 1031 
& 

361 20 
3 4840 889 

302 
25 

3K 3556 775 
13 

258 
30 4 2722 8 680 14 223 35 2151 

692 
15 193 

40 

No. 
171 
151 
135 108 69 

48 

35 
27 

Transportation  of  Horses  and  Cattle. 

The  Space  required  on  board  of  a  Transport  is  : 
For  Horses   30  inches  bv  9  feet. 
"  Beeves   32        "       9  " 

The  Provender  required  per  diem  is  : 
For  Horses... Hay,  15  lbs. ;  Oats,  6  quarts;  Water,  4  gallons. 
"  Beeves...  "     18  "  —  "6  " 
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Nixmlber  of*  several  Seeds  in  a  Bnshel,  and  Num- ber per  Square  Foot  upon  an  Area  of  an  Acre. 
No. Sq.  Foot.  1 No. Sq.  Foot. 

Timothy  41823360 
16400960 

960 376  1 
Rye  888390 

556290 
20.4 
12.8 

Snow  Line,  or  Line  of  Perpetual  Congelation. 
Lat. Feet. Lat. Feet. Lat. Feet. Lat. Feet. Lat. Feet. 

5° 

15207 

25° 

12557 

40° 

9000 

55° 

5030 

75° 

1016 

15° 
14760 

35° 

10287 

45° 

7670 

65° 

2230 

85° 

117 

Lixnits  of  Vegetation  in  tne  Temperate  Zone. 

The  Vine  ceases  to  grow  at  about  2300  feet  above  the  level  of  the 
sea,  Indian  Corn  at  2800,  Oak  at  3350,  Walnut  at  3600,  Ash  at  4800, 
Yellow  Pine  at  G200,  and  Fir  at  6700. 

Lengths  of  I3ridges. 
Feet. 
1T10 1814 
2500 995 
C4S3 

Bridges. 
London  
Lyons  Menai  
Pont  Neuf  
Pont  St.  Esprit . . 

Feet.  | 

Bridges. Feet. 
950 5300 

1560 
2600 

1050 
3390 990 
860 3060 Westminster  .... 1  1223 

St.  Lawrence  River,  9144  feet. 
Lengtlis  of  Spans  of  Bridges. 

Feet.  Bridges.  Feet.  Bridges. 
460 400 
5S0 

Mag' a  at  the  Falls "      at  Queens- town  

1268 
1040 

Schuylkill . Southwark. 
Wheeling  . . 

340 
240 1010 

Lengtlis  of  Rivers. 
Rivers. Mil 

Rivers. Miles. 
1350 4300 
1480 
420 1520 2300 

1450 
620 
790 

4000 
520 
900 

1600 

2T00 
2300 
1650 
1100 

1S00 
500 
420 840 
510 
450 250 180 
250 
190 TOO 

2500 
140 

2500 
1900 1850 
3040 

Jordan  
Kiang  
Tigris  
Yeneisy  &  Selenga 

AFRICA. 
Gambia  
Niger   Nile  
NORTH  AMERICA. 
Arkansas  
Colorado  
Columbia  
Connecticut  
Delaware  
Hudson  and  Mo- hawk   
Kansas  
La  Platte  
Mackenzie's  

176 3290 
1160 
3580 
1000 
2400 
3240 
2070 
1050 
1100 
420 

1400 850 
2S00 

Mississippi  
Missouri  and  Mis- sissippi   
Ohio  &  Alleghany 
Potomac  
Red  
Rio  Bravo  
St.  Lawrence  .... 
Susquehanna  Tennessee  
SOUTH  AMERICA. Amazon  and  Beni. 
Essequibo  
Magdalena  Orinoco  
Platte   
Rio  Madeira  
Kio  Negro  Uruguay  ,  
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Feet. 

120 130 
English  Channel. . . 300 
Straits  of  Gibraltar. 100 
Eastward  of  41 3000 

6000 

Sea  Depths. 
I  Feet. Feet. 

W.  of  Cape  of  Good 
Hope  

W.  of  St.  Helena. . . 
Tort  u  gas  to  Cuba. . 
Gulf  of  Florida  
Off  Cape  Florida. . . 

16000 27000 
4200 
3720 1950 

Off  Cape  Carnaveral Charleston  
Cape  Hatteras. . Cape  Henry  
Sandy  Hook  

2400 
4200 
3120 
4200 2400 

Estimated  depth  of  the  Atlantic  26  000  feet. 
M  "  Pacific  29  000  u 250  miles  off  Cape  Cod,  no  bottom  at  T800  feet. 
Course  of  the  Atlantic  Telegraph  from  Ireland  to  Newfoundland. 

Longitude,  15°,  2  445  feet ;  20°,  9  258 ;  30°,  12  000 ;  40°,  9  000 ;  47°,  IS  000 ;  50°,  6  600. 
Ages  of  Animals,  etc. 

Baar.  20  years;  Cat,  15  ;  Cow,  20;  Camel,  100;  Deer,  20  ;  Eagle,  100;  Elephant, 
400;  Fox,  15;  Hare,  Rabbit,  and  Squirrel,  7;  Horse,  30;  Lion,  70;  Porpoise,  30* 
Raven,  100;  Rhinoceros,  20;  Sheep,  10;  Swine,  20;  Tortoise,  100  to  ;  Swan! 300  ;  Whale,  estimated  1000 ;  and  Wolf,  20. 

Rain. 

Annual  Fall  at  different  Places. 
Location. Ins. 

30.17 
Albany  41.35 
Alleghany  46.66 

45. Auburn  30.17 
Baltimore  39.9 
Barbadoes  55.87 
Bath,  Me  84.58 
Belfast  39.46 

110. 
39.23 27.27 

Burlington,  Vt.  . 32. 
Calcutta  81. 
Cape  St.  Francois 150. 
Charleston,  S.  C. 54. 

91.2 "  1849.. 132.21 
Dover  (Engl.) . . . 37.52 
Dublin  30.87 

36.92 
East  Hampton  . . 38.52 

{ 
24.5 
29. 

England  j 
Fairfield  
Ft  Crawford,  Wis. 
Ft.  Gibson,  Ark.. . 
Ft.  Snelling,  Iowa. 
Fortr.  Monroe,  Va. 
Gordon  Castle,  Sc'd 
Glasgow  i 
Granada  , 
Great  Britain  . 

Globe,  mean  depth, 
Cape  of  Good  Hope 
At  Khassaya,  in  6  r 

Hudson  
Key  West  
Khassaya,  Calc'tta Lewiston  
Liverpool   London  | 
Louisiana  
Michigan,  mean  . . 

Ins. 
31. 35. 
32.93 29.54 
30.G4 
30.32 
52.53 29.3 21.3 
31. 

105. 126. 31.88 36. 
61.8 39.32 
31.39 

610. 23.15 
34.12 20.68 24. 
51.85 
33.5 

Madeira  . 

Manchester. 

in  1846   
ainy  months. ,  550  ins. 

•{ 

Mississippi  
Mobile,  1842  Newburg   
New  York  
Ohio,  mean  
Petersburg  (Eng.). 
Philadelphia  
Poughkeepsie  
Plymouth  (Engl.). Providence  
Rochester  
Rome  
Savannah  
Schenectady  
Sierra  Leone  
State  of  N.  Y.,mean Utica  
Vera  Cruz  
West  Point  
Washington  

 36. .  in  3  days,  G.2  ins. 
;  in  1  day,  25.5  " 

Ins. 
22. 
49. 
36.14 43. 
45. 
54.94 40.5 36. 
36. 
16. 
49. 
32.06 
44. 
36.74 29. 

39. 55. 47.77 
84. 33.79 
39.3 
62. 48.7 

34  62 

"Volnrne  of  Ltain  ITall. 
Rain  fall  in  inches,  X  2323200  =  cubic  feet  per  square  mile. 

w        "         X  17.3787  =  millions  of  gallons  per  mile. 
u        "         X     3630  =  cubic  feet  per  acre. 

Tiie  average  fall  of  rain  for  the  southern  and  eastern  counties  of  Great  Britain  is 
about  34  inches ;  but  in  the  western  and  hilly  counties  it  is  from  4S  to  50  inches. 
The  mean  quantity  of  water  in  a  cubic  foot  of  air  in  that  climate  is  3.789  grains. 
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Heiglits  of  oL> tainecL  Elevations,  and.  various  Places 
and  Points  above  the  Sea. 

Locations. Feet. 
Balloon(GayLussac) 22900 
Brazil,  Quito  and  / 6000  to 

Mexico  plains. .  ( 8000 
Dent's  Bridge,  Alps. 11000 

1400 
io:ig 

Humboldt's  highest 19400 

Locations. Feet. 
Isthmus  of  Darien. 
Laguna,Teneriffe. . Lake  Erie  "  Huron  
u  Ontario  
u  Superior. 

London,  city  , 
Madrid  

045 2D00 
5GS 
598 234 
647 
64 

2200 

Mexico,  city  of  Paris,  city  
Quito  
St.  Bernard's  Mon'y Volcano,  Cotopaxi  . 
Volcano,  Mt.  Etna  . u        "  Hecla. u  Vesuvius 

Feet. 

7525 115 
13500 8040 
18868 
11000 5000 
3600 

Heights  of  Mountains  above  the  Level  of  the  Sea. 
Mountains  Feet  Mountains.  |  Feet.  Mountains. 
EUROPE. 

Barthelemy,  France Ben  Nevis  
Etna  
Guadarama,  Spain  . Hecla  
Ida  
Mount  Cenis  

"  Blanc  
Nephin,  Ireland  
Olympus  Parnassus  
Ply  nlimmon,  Wales . St.  Bernard  
"  G-othard  
Sea  Fell,  England  . . 
The  Cylinder, Pyr.  . Vesuvius  

7365 
4380 10.  26 
8520 
5000 
4969 
6789 15572 2634 
6510 
6000 2463 8172 

11000 3266 
10)30 
3731 

Crows'  Nest, 

ASIA. 
Ararat   
Caucasus  
Dhawalagheri . . 
Geta,  Java  Himalaya  
Mount  Libanus. 
Olympus  Petcha  

AFRICA. 
Atlas  
Compass,  Cape  of Good  Hope  . . 
Dianai  Peak, St. He- len a  
Geesh  
Ruivo,  Madeira. Teneriffe  Peak  . 
Highlands,  N.Y. 

12700 
16433 28077 

8500 
25,59 
9523 
8000 

15000 

13000 
10000 
2700 

15000 
5160 12300 

AMERICA. 
Alleghanies  ... 
Blue  Mount,  Jam' a. Catskill  
Chimborazo  
Cotopaxi  
Great  Peak,  New- Mexico   
Mount  Elias  u  Washington 
Nevado  de  Sorata. . 
Orizaba 
Passages  of  the  ( Cordilleras  . . .  ( 
Popocatapetl  Fotosi  
Sierra  Nevada  
Tahiti   
.  1370  feet. 

3500 8000 
3S04 21441 
18900 
19788 
18087 
6225 

25248 17371 
15225 
13525 
17716 1S000 
15700 
1C8?5 

Heights  of  Columns,  Towers,  Domes,  Spires,  etc. 
Locations.  Feet.     ]  Locations.  Feet. 
COLUMNS. 

Alexander  St.Petersb. 
Bunker  Hill  Mass  
Chimney,  St.  R<>llox.  Glasgow  . . 

u       Musp rat's. Liverpool  . City  London . . . 
July  Paris  
Napoleon  Paris  
Nelson's  Dublin  ... 
Nelson's  London  . . . Place  Vendome  Paris  
Pompey's  Pillar  ....  .Egypt  Trajan  Rome  
Washington  VVash'gton York  London. . . 

TOWERS  AND  DOMES. 
Babel  
Balbec  
Capitol  Wash'  gton 

u      Diam.  Dome,  u Cathedral  Antwerp . . 
u   Cologne... 
"   Cremona.. 
14   Escurial  . . 
"   ....Florence.. 

175 
221 
455tf 

496 202 
157 
132 134 171 
136 
114 
145 
138 
6S0 
509 
287}£ 
124M 

476 501 
392 200 
384 

Cathedral  Milan   438 
"   Petersb'rg.  363 

Leaning  Pisa   1S8 Porcelain  China  ....  200 
St.  Paul's  London...  366 
Strasbourg   486 
St.  Mark's  Venice  ...  328 Utrecht   464 

SPIIIES. 
Cathedral,  new  ....New York.  325 
Grace  Church                 u  216 
Salisbury   450 
St.  John's  New  York .  210 
St.  Paul's                       u  200 
St.  Mary's  Liibeck  . . .  404 St.  Peter's  Rome   391 
St.  Stephen's  Vienna  . . .  465 
Trinity  Church*  .  . .  New  York .  2S6 Balustrade  of  Notre 
Dame  Paris   216 

Hotel  des  Invalides.    V:    344 
Pyramid  of  Cheops .  Egypt  ....  520 
Pyram.  of  Sakkara  .Egypt  ....  356 
St.  Peter's   Rome   51 S 

*  From  high-water  level,  330  feet- 
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Cascades  and.  Waterfalls. 

Location. 
Arve,  Savoy  
Cascade,  Alps  Cataracts    of  the 
Nile  
Mohawk  

1600 
2400 Missouri . 

Montmorency. . 
Niagara  

Feet. 

(50 

-<S0 

(94 

250 

164 

Passaic  
Potomac  
Ribbon,  Yosemite Valley  
Yosemite  Valley. . . 

74 
74 

3300 2600 

Diameters  of  Dc 
Domes. 

|  Feet. 
Domes. 1  Feet. Domes. 

|  Feet. 

Capitol,  Washington  1 124^ St.  Paul's  112 fit..  PatpVa 
.  1  139 

Lengths   of*  Tunnels. 
Tunnels. Feet. 

|  Tunnels. 
Feet Tunnels. Feet. 

Blaizy  
Blue  Ridge  

13455 
4280 

Nerthe  
Nochistongo  .  15153 21659 

L'i'iuivel  
Thames  &  Medw. 

18623 
11SS0 

Mont  Cenis,  7.5  miles  242  yards. 

Weights  of  Bells. 
Bells. Pounds.  1 Bells. Pounds. Bells. Pounds. 

Pekin  
Fire  Alarm,  33d  St. 
Linden,  Germ'y.. . Lewiston,  Me  
Montreal,  C.  E.  . . . 
Moscow,  Russia  . . . 

130000 1 
216121 10854 
10233 
285601 4320001 

Oxford,     u  Great Tom,"  Eng 
Olmutz,  Bohemia  . 
Rouen,  France  
St.  Paul's,  Eng  
St.  Ivan's,  Moscow. 

18000 
40000 
40000 
11470 

127S30 

St.  Peter's,  Rome. . Vienna  
Westminster,  u  Big 

Ben,"  England. . 
Worcester  M York          "     . . 

1S600 
40200 

30350 6600 6384 

Oceans. 
Antarctic. . 
Arctic  
Atlantic. . . 

Areas  of  Oceans. 
Sq  Miles. Oceans. 

30,000,000  Baltic  
8,400    Black  Sea 

25,000,000  II  Caspian  

Sq.  Miles.  | 
175,000  Indian  
95ft,  000  Mediterranean 
160,000  ||  Pacific  

Sq.  Miles. 
17,000,000 
1,006,000 50,000,000 

Northern  Lakes  of  the  United  States. 
Lakes.  Length.  Breadth. 

Erie  
Huron  . . . 
Michigan Ontario  . . 
Superior  . 

Miles. 250 
200 
360 180 355 

Miles. 
SO 

160 109 65 
160 

Feet. 200 

120 900 
500 

Feet. 555 574 
587 
282 
627 

Area. 

Sq.  Miles. 6000 
20000 
20000 
6000 

32000 

Sheet  Lead. 

Sheet  Load  is  designated  by  the  weight  of  a  square  foot  of  it,  and  it usually  ranges  from  2%  to  10  lbs.  per  square  foot. 
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The  variations  in  the  dimensions  of  bricks  by  the  various  manufac- 
turers, and  the  different  degrees  of  intensity  of  their  burning,  render  a 

table  of  the  exact  dimensions  of  the  different  classes  of  bricks  altogether 
impracticable. 

As  an  exponent,  however,  of  the  ranges  of  their  dimensions,  the 
following  averages  are  given  : 

Description. 

-SXX4>8/X2% 

Description. 
Maine  
Milwaukee . . 
North  River . 
Ordinary  . . . 

relies. 

TXX3%X2% 
8^X4^x2^. 8  X3>^X2^ 

i  7%X3%X2K >8  X4>£X2>£ 

Baltimore  front  
Philadelphia  "   
Wilmington  "   
Croton  "  .... 
Colabaugh  

Stourbridge  fire-brick  9^X4^X2%  inches. 
American  (N.  Y.)  >  8%X4^X2^  " 

In  consequence-  of  the  variations  in  the  dimensions  of  bricks,  and 
the  thickness  of  the  layer  of  mortar  or  cement  in  which  they  may  be 
laid,  it  is  impracticable  to  give  any  rule  of  general  application  for  the 
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  tlie  Volume  of  Bricks  and.  the  Num- 
ber in  a  Cubic  Foot  of  Masonry. 

Rule. — To  the  face  dimensions  of  the  particular  bricks  used,  add 
one  half  the  thickness  of  the  mortar  or  the  cement  in  which  they  are 
laid,  and  compute  the  area ;  divide  the  width  of  the  wall  by  the  num- 

ber of  bricks  of  which  it  is  composed;  multiply  this  area  by  the  quo- 
tient thus  obtained,  and  the  product  will  give  the  volume  of  the  mass 

of  a  brick  and  its  mortar  in  inches. 
Divide  1728  by  this  volume,  and  the  quotient  will  give  the  number 

of  bricks  in  a  cubic  foot. 
Example.  -The  width  of  a  wall  is  to  be  12%  inches,  and  the  front  of  it  laid  with 

Philadelphia  bricks  in  courses  }£  of  an  inch  in  depth ;  how  many  bricks  will  there 
he  in  face  and  backing  in  a  cubic  foot  ? 

Philadelphia  front  brick,  8^X2%  ins.  face. 
8.25  -f  .25x2  -4-  2  =  8.25  -j-  .25  —  8.5    =  length  of  brick  and  joint; 
2. 375  _j_ .  25  x  2  -r-  2  =  2. 3T5  -f- . 25  =  2. 625  =  width  of  brick  and  joint. 

Then  8.5x2.625  =  22.3125  inches  —  area  of  face;  12.75-4-  3  (number  of  bricks  in width  of  wall)  =  4.25  inches. 
Hence  22.3125x4.25  =  94.83  cubic  inches;  and  172SH-94.S3  =  18.22  bricks. 

Lime  and.  L  at  lis. 

A  Cask  of  Lime  =  240  lbs.,  will  make  from  7.8  to  8.15  cubic  feet 
of  stiff  paste. 

A  Cask  of  Cement  =  300*  lbs.,  will  make  from  3.7  to  3.75  cubic 
feet  of  stiff  paste. 

See  Limes,  Cements,  and  Mortars,  pages  499  to  508. 
Laths  are  X%  to  IK  inches  by  four  feet  in  length,  are  usually  set  % 

of  an  inch  apart,  and  a  bundle  contains  100. 
*  300  lbs.  net  is  the  standard  ;  it  usually  overruns  S  lbs. 
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ANCHORS  AND  KEDGES. 

To  Coxxipivte  the  "Weight  of  a  Bower  Anchor  for  a  Vessel of  a  given  Character  and.  Rate. 

Rule.  — Multiply  the  square  of  her  extreme  breadth  by  the  unit  of  the  character 
and  rate  in  the  following  table,  and  the  product  will  give  the  weight  in  pounds,  ex- clusive of  the  stock. 
Example. — The  extreme  breadth  of  a  side-wheel  and  bark-rieeed  steamer  is  40 feet. 

402 x 3  =  1600X 3  =  4S00  lbs. 

The  weight  of  Anchor  and  A 'edge  is  given  exclusive  of  that  of  its  stock Bower  and  Sheet  Anchors  should  be  alike  in  weight. 
Stream  Anchors  should  be  }{  the  weight  of  the  best  bower. 
Kedges.—  When  1  is  used,  §  the  weight  of  the  Bower 

"     2  arc  "     %  A, 
C»  8'  10> 

"       4    "     "      i   1    _1_   JL         "  M  a 7'   8'   1U'  14' 
"     5" "   11    sill    i    ct  a  u 7'  8'  9'   10?  14' 

Table  showing  the  Units  to  determine  the  Weights 
of  Anchors,  also  the  Number  required  to  each Class  and  Hate. 

NAVAL  AN JV  MERCHANT  SERVICE, 
Class  of  Vessel 

SAILING  VESSELS. 
Ship  of  the  Line  
Frigate  
Eazeed  Frigate  
Ship  
Sloop  of  War  
Bark  

Vessel,  full  rig,  550  to  300  Tons  ... 

300  to  200    "  ... 

200  to  100    "  ... 

"         "  less  than  100    "  ... 
PROPELLER  STEAMERS. 

Frigate,  Ship,  or  Sloop  of  War, ship  or  bark  rigged  
Sloop,  lighter-rigged  

Vessel,  light  rig,  1200  to  900  Tons 
M 

Number  allowed. Unit. 
Bowers Sheet. Stream 

|  Kedges 3.5 2 2 5 3.5 2 2 4 
3. 2 2 4 

(3. 2 1 3 

(  2.8 

2 2 2.8 
2 2 3 

(  2.8 

2 1 3 

12.6 

2 2 

j  2.G 

2 1 3 

(  2.3 

2 2 

j  2.4 

2 1 2 
2 1 

j  2.2 

2 1 2 

}  1.9 

2 1 

\2'
 

1 1 1 

(1.8 

1 1 1 

(3. 2 2 4 

(  2.8 

2 1 2 

j  2.5 

2 2 4 

j  2.4 

2 2 

j  2.3 

2 2 3 

J  2.2 

2 1 2 
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Table— (Continued). 

Class  of  Vessel. 

Vessel,  light  rig,    900  to  GOO  Tons 

«  "         600  to  500  " 
"          "      less  than  500  " 
"     without  any  rig  

SIDE-WHEEL  STEAMERS. 

Ship  or  Bark  

Brig  or  Brigantine  

Vessel  700  to  500  Tons  

u     500  to  350  "   

"     350  to  200  "   

less  than  200  1 
Steam-boat  without  any  rig,  hull 

much  above  water  
IRON-CLADS. 

Hull  much  above  water  
"    alike  to  a  Monitor  

BOATS. 

Any  description  

j  2.3 (  2.2 

j  a. 

(  2.8 

{?:. 

8 

8 

jl.8 

\2- 

}  1.8 

j2. 
(  1.9 2.2 
1. 

1.2 

Number  allowed. 
Stream.  I  Hedges 

Note. — Th e  Tonnatje  as  above  given  is  computed  by  the  eld  U.  S.  Measurement. 
2.  For  a  Comparison  between  the  tonnages  of  all  classes  of  vessels  under  the  old and  new  law,  see  page  105. 

To  Compute  trie  Diameter  ofa  Chain  Catole  corre- 
sponding to  a  Griven  WeigTit  of  Anchor. 

Rule. — Cut  off  the  two  right-hand  figures  of  the  anchor's  weight  in 
pounds  ;  multiply  the  square  root  of  the  remainder  by  4  ;  and  the  prod- 
net,  subtracting  3  when  the  weight  of  the  anchor  exceeds  8000,  2  when 
it  is  between  8000  and  7000,  and  1  when  it  is  between  7000  and  4000, 
will  give  the  diameter  of  the  chain  in  sixteenths  of  inches. 

Example. — The  weight  of  an  anchor  is  2500  lbs. 
V25.00X-4  =  SX4  =  20,  and  20  —  0  (weight  less  than  4000)  =  '20  sixteenths  — 1}i inches. 
Note.— The  diameter  ofa  chain  Messenger  should  be  %  that  of  the  chain  Cable  to which  it  is  to  be  applied. 
2.  The  tensile  proof  of  chains  in  the  English  Merchant  service  is  for  a  diameter of  chain  of  1  inch  and  under,  about  44S00  lbs.  (20  tons)  per  square  inch  of  area  of  a 

half  link,  and  for  diameters  exceeding  this  it  is  reduced  gradually  to  42560  (19  tons per  square  inch  of  area. 
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3.  When  proved  chains  are  used,  they  may  be  one  sixteenth  of  an  inch  less  in  di- ameter, from  1  to  \%  inches  in  diameter,  and  one  eighth  of  an  inch  less  in  those above  1%  inches. 
c$  ,T1ie  Proof  in  the  P-  s-  uaval  service  is  about  37500  lbs.  per  square  inch  of  area ot  link  for  diameters  of  1%  inch  aDd  less,  and  34500  lbs.  for  the  larger  diameters. 5.  The  British  Admiralty  proof  is  030  lbs.  per  square  of  diameter  of  link  in  eighths of  an  inch.  b 

ANCHORS. 

From  Experiments  of  a  Joint  Committee  of  Representatives  of  Ship* owners  and  the  Admiralty  of  Great  Britain. 
An  anchor  of  the  ordinary  or  Admiralty  pattern,  the  Trotman  or 

Porter's  improved  (pivot  fluke),  the  Honibafl,  Porter's,  Aylin's, Podgers's,  Mitcheson's,  and  Lennox's,  each  weighing,  inclusive  of stock,  27000  lbs.,  withstood  without  injury  a  proof  strain  of  45000  lbs. 
Comparative  Resistance  to  Dragging. 

Dry  Ground. 
Rodgerss  dragged  the  Admiralty  anchor  at  both  long  and  short 

stay,  and  Aylin's  at  long  stay  ;  at  short  stay  Podgers's  and  Aylin's gave  equal  resistance. 
Mitcheson's  dragged  Aylin's  at  both  long  and  short  stay,  and  Av- 

hn's  dragged  the  Admiralty's  at  short  stay,  they  giving  equal  resist- ance at  long  stay. 
Ground  under  Water. 

Trotman's  dragged  Aylin's,  Honiball's  Mitcheson's  and  Lennox's  • 
Aylin's  dragged  Kodgers's ;  Mitcheson's  dragged  Podgers's;  and Podge rs's  and  Lennox's  dragged  the  Admiralty's. 

The  breaking  weights  between  a  Porter  and  Admiralty  anchor  as tested  at  the  Woolwich  Dock-yard,  were  as  43  to  14. 

POPES,  HAWSERS,  AND  CABLES. 

Ropes  of  hemp  fibres  are  laid  with  three  or  four  strands  of  twisted fibres,  and  run  up  to  a  circumference  of  12  inches. 
Hawsers  arc  laid  witli  three  strands  of  rope,  or  with  four  rope strands.  

1 
Cables  are  laid  with  three  strands  of  rope  only. 
Tarred  ropes,  hawsers,  etc.,  have  25  per  centum  less  strength  than 

white  ropes;  this  is  in  consequence  of  the  injury  the  fibres  receive from  the  high  temperature  of  the  tar  =290°. 
Tarred  hemp  and  Manila  ropes  are  of  about  equal  strength.  Ma- 

nila ropes  have  from  25  to  Wper  centum  less  strength  than  white  ropes. Hawsers  and  Cables,  from  having  a  less  proportionate  number  of fibres,  and  from  the  increased  irregularity  of  the  resistance  of  the 
fibres,  have  less  strength  than  ropes,  the  difference  varying  from  35  to 45/>e>-  centum,  being  greatest  with  the  least  circumference. 

Popes  of  four  strands  up  to  8  inches  are  fullv  1G  per  centum  stronger than  those  having  but  three  strands. 
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Hawsers  and  cables  of  three  strands  up  to  12  inches  arc  fully  10  per 
centum  stronger  than  those  having  four  strands. 

The  absorption  of  tar  in  weight  by  the  several  ropes  is  as  follows : 
Bolt  rope   IS  per  centum  I  Cables  21  per  centum 
Shrouding...  15  to  18       "        |  Spun  yarn...  25  to  30  " 
White  ropes  are  more  durable  than  tarred. 
The  greater  the  degree  of  twisting  given  to  the  fibres  of  a  rope,  etc., 

the  less  its  strength,  as  the  exterior  alone  resists  the  greater  portion 
of  the  strain. 

To  Compute  the  Strain  that  can  "be  "borne  with safety  by  new  Ropes,  Hawsers,  and  Cables. 

Deduced  f  rom  the  experiments  of  the  Russian  Government  upon  the 
relative  strength  of  different  Circumferences  of  Hopes,  Hawsers,  etc. 

The  U.  S.  Navy  test  is  4200  lbs.  for  a  White  rope  of  three  strands  of 
best  Riga  hemp,  of\%  inches  in  circumference  (  =  17000  lbs.  per  square 
inch),  but  in  the  following  table  14000  lbs.  is  taken  as  the  unit  of  strain 
that  can  be  borne  with  safety. 

Rule. — Square  the  circumference  of  the  rope,  hawser,  etc.,  and  mul- 
tiply it  by  the  following  units  for  ordinary  ropes,  etc. 

Table  showing  the  Units  for  computing  the  safe 
strain  that  may  be  borne  by  Ropes,  Hawsers, 
and  Cables. 

Ropes.  ]      Hawsers.      |  Cables. 
Description. White. Tarred. White Tarred White Tarred 

3  strands 4  strands 
3  str'ds 4  str'ds 3  str'ds ?  str'ds. 3  str'ds 3  str'ds Inches  Circumference. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

Lbs. 
White  rope,  2.5  to  6  ins. 1140 1330 600 U      Q       U     g  II 1090 1260 570 510 

"    8       12  " 1045 880 
530 

530 
"       "  12   ■  "  18  " 550 

550 u  lg    u  26  « 
560 Tarred  "    2.5"  5  " 855 1005 460 

u     5     It    g  u 825 940 480 
Zl     g     u  12  u 780 820 505 

505 "  12    "  18  " 525 
"  18    "  26  " 550 

Manila       2.5  u   6  " 810 950 
440 

u    6    u  12  ijj 7G0 835 

465 
510 

"       u  12    "  18  " 
535 a  jg     u  26  u 560 

When  it  is  required  to  ascertain  the  weight  or  strain  that  can  be  borne 
by  ropes,  etc.,  in  general  use,  The  above  Units  should  be  reduced  one 
third,  in  order  to  meet  the  reduction  of  their  strength  by  chafing  and 
exposure  to  the  weather. 

Example. — What  is  the  weight  that  can  he  home  with  safety  by  a  Manila  rope of.H  gtranda  having  a  circumference  of  C  inches? 
C2X7C0  =  3CX2T3C0  lbs. 
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Ex.  2.  What  is  the  weight  that  can  be  borne  by  a  tarred  harder  10  inches  in  cir- cumference,  in  general  use  ? 

102 X  (oOO  -  !L?)  —  100X336.G7  =  33C67  lbs. 

To  Compute  the  Circumference  of  a  liope,  Haw- ser, or  Cable  for  a  Given  Strain. 

Rule.— Divide  the  strain  in  pounds  by  the  appropriate  units  in  the above  table,  and  the  square  root  of  the  product  will  give  the  circum- ference of  the  rope,  etc.,  in  inches. 
Example.— The  stress  to  be  borne  in  safety  is  105550  lbs. ;  what  should  be  the circumference  of  a  tarred  cable  to  withstand  it  ? 

165552  -r-  550  =  301,  and  V301  =  17.35,  say  17^  ins. 
Ex.  2. -What  should  be  the  circumference  of  a  Manila  cable  to  withstand  a  strain, in  general  u»e,  ot  14yo36  lbs.  ? 
Assuming  the  circumference  to  exceed  IS  ins.,  the  unit  =  530. 

/  560\ 
140336  4-  (530  -^)  =  149336  -  373.34  =  400,  and  ̂ 400  =  20  ins, 

WIRE  ROPE. 

Wire  rope  of  the  same  strength  as  new  Hemp  rope  will  run  on  the 
same-sized  sheaves:  but  the  greater  the  diameter  of  the  sheaves,  the longer  it  will  wear.  Short  bends  should  be  avoided,  and  the  wear increases  with  the  speed.  It  is  better  to  increase  load  rather  than speed.    The  adhesion  is  the  same  as  that  of  hemp  rope. 
Wire  rope  should  not  be  coiled  or  uncoiled  like  hemp  rope,  but should  be  wound  upon  a  reel. 
When  substituting  wire  rope  for  hemp  rope,  it  is  well  to  allow  for 

the  former  the  same  weight  per  foot  which  experience  has  approved of  for  the  latter.  As  a  general  rule,  one  wire  rope  will  outlast  three hemp  ropes.  To  guard  against  rust,  stationary  rope  should  be  oiled once  a  year  with  linseed-oil,  or  kept  well  painted  or  tarred.  Running rope,  while  in  use,  requires  no  protection. 
Where  great  pliability  is  required,  the  centre  or  core  of  wire  rope  is made  of  hemp,  and  small-sized  rope  is  generally  made  with  hemp centres.  1 

Running  rope  is  made  of  fine  wire,  and  standing  rope  of  coarse wire, 

Wire  rope  made  from  charcoal-made  iron  is  fully  one  fourth  stron- ger than  the  ordinary  rope. 
The  standing  rigging  of  a  vessel  when  composed  of  wire  rope  is  on« tourth  less  in  weight  than  when  of  hemp. 

Results  of  an  Experiment  with  Galvanized  Wire. 
A  strand  of  2-inch  wire  rope  broke  with  a  strain  of  13564  lbs.,  and  a piece  of  a  ike  rope,  when  galvanized,  withstood  a  strain  of  H79G  lbs before  breaking. 

M* 
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Ta"ble  showing  the  Diameter.  Length,  and  Weight 
of  Chains,  and.  the  Circumference  and  Weight 
of  Cables  corresponding  to  a  Given  Weight  of 
Bower  Anchor. 

I  Cables.  ,  Weight  per  Fath. Weight  of  Diam.  of Anchor.  Chain. 
Length  of  Chain. 

% 

% 
1 
We 
m 
1% i% 

m 

W 

XA& IX 

IV 
w 

m i%i m) 

113/ 

P 2% 2>£ 
2^ 

Fath. 
GO 60 
75 
75 

75 75 
90 
90 
90 

105 
105 120 
120 
135 
135 135 
135 
150 
150 
150 
150 
150 
150 

165 
165 
165 
165 
180 
180 
180 
180 
180 

Sheet 

Fath. 
45 
45 
60 
60 
60 
60 
60 
60 
60 

60 60 
60 
io 
90 90 

105 
105 
105 105 
120 
120 
120 
135 
135 
135 
135 
135 

150 
150 
150 
150 
165 
165 165 
165 
165 

Stream. 
Fath. 45 
45 

60 60 
60 60 

60 

60 60 

60 

60 
60 
60 
60 
60 

75 
75 
75 
75 
90 
90 
90 
90 

90 90 
90 90 

105 

105 105 
105 

120 
120 
120 
120 120 

Hemp  or Manilla. I  Stream  of  Close- Manilla,  linked. 
Circumf . 2.5 

3. 
3. 4. 4. 
4.5 

o.o 
6. 

6.75 
7.5 8. 
8.5 

9. 
10. 10.5 
11. 12. 12. 
12.5 13. 
13.5 15. 

15.5 
16. 
16.5 
16.5 
17. 

17.5 
19. 19.5 
20.5 
21.5 
22. 
22.5 23. 

24. 

Circumf. 
2.21 2.75 
2.75 
3. 
3. 3.25 

4.5 
5.25 

6. 
6.5 8. 

8.75 

9.5 9.5 

10.5 10.5 
10.5 
11. 11.5 
12. 
12.5 13. 13, 

13.5 
13.5 
14. 
15. 15. 
16. 17. 

17.5 18. 
18.5 
19 
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Table   of  the   Maximtlrii   Breaking   Strain,  of AYrought-Ii^on  Chain  Ranging. 
CLOSE-LINKED. 

Piam of  Iron. Strain. Diam. 
of  Iron. Strain. Diam. of  Iron. Strain. 

Ids. Lbs. Ins. Lbs. Ins. 
Lbs. 

X 2464 15680 % 
44800 

3920 
i 

22400 % 
51520 

6720 
i 

26880 IS/ 58240 

I 
8960 31360 62720 82880 13440 % 38080 

Piam. 
of  Iron 

Strain. 

Ins. Lbs. 

1% 

100800 

J* 

120960 

IK 

143360 

1% 

168000 

l?l 

201580 

w   j.,^  vvui,  i^co  man  Liiie. 
Close-linked  chain  is  heavier  than  stud-linked. 
The  strength  of  iron  chain  rigging  for  general  use,  compared  with tarred  rope,  also  for  general  use,  is  as  3.57*  to  1  for  each  part  of  a  link. 

To  Compute  the  Circumference  of  a  Link  of  Chain of  equal  Strength  of  a  Tarred  Rope. 
Rule.— Divide  the  strain  in  pounds  by  4000,+ and  the  square  root of  the  product  will  give  the  circumference  of  one  part  of  the  link  of chain  in  inches. 

nJSrfTSr^?  8-rG?-  t0-  bG  b,°rne>  50000  lb?'  5  what  is  th0  circumference  of  one part  of  a  link  of  chain  rigging  of  equivalent  resistance  ? 
50000  -r-  4000  =  1 2.5,  and  V12.5  =  3.535  i?is. 

The  diameter  of  3.535  ins.  circumference  —  \%  ins. 

CHAINS,  CABLES,  AND  ANCHORS. 

In  the  Table,  page  138,  the  weight  of  the  best  Bower  anchor  is  made the  exponent  of  the  requirement  of  dimensions  of  Cables,  etc.,  and  not  the lonnages  of  the  vessel,  as  hitherto. 
The  adoption  of  a  new  and  essentially  different  admeasurement  of  ton- nages sets  aside  the  propriety  of  a  reference  to  the  tonnage  of  a  vessel  lin- ger the  old  measurement ;  added  to  which,  the  beam  of  a  vessel,  in  connec- tion with  her  rig  and  extent  of  hull  above  water,  is  made  the  sole  basis  of the  computation  of  the  weight  of  an  anchor. 
The  number  and  weight  of  anchors,  and  the  length  of  chains  here 

given,  exceed  the  usual  practice  of  our  Merchant  service,  but  the  pro- priety, if  not  the  necessity  of  the  weights  and  lengths  given,  is  no  less apparent. 

*  Chain  links  1%  ins.  in  diameter  will  hear  an  average  maximum,  strain  of  43500 lbs.,  or  a  minimum  of  37500  lbs.  per  square  inch  of  section,  from  which  is  to  be  de- ducted yz  for  general  use  =25000  lbs. 
White  rope  of 'three  strands  will  bear  14000  lbs.  per  square  inch,  from  which  is to  be  deducted      to  reduce  it  to  the  resistance  of  tarred  rope  =  10500  lbs.,  and  also 

%  for  general  use  =  7000  lbs. :  hence  25000  —  3  57 7000 
nn!  J  n  SEES*  °f  40™  ™P*,esenta  for  both  parts  of  a  link  of  iron  chain  the  varying mits  n  the  table,  page  137,  for  ropes,  etc.,  the  occasion  of  the  variance  in  the  latter ca  e  arising  from  the  difference  of  the  strength  of  a  rope,  etc.,  whether  of  three  or 
Z  S \°V  *****  ̂   or  h**"I  ™«<  or  in  its  circumference,  its  proportion- ate  strength  being  inversely  as  its  circumference.  J  "  T 
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Table  of  the  Relative  Dimensions  of  AVire  Rope 
(Coarse  and  IF'ine  laid),  and  of  Ropes,  Hawsers, 
and  Cables,  with  their  Breaking  Strain. 

K— J  A.  Roebling.  N— New  a  ll  &  Co.  AG— Admiralty,  and  Garnock,  Bibby  &l  Co. 
(COARSE  LAID.) 

g p 

.dure 

ifer
en 

<» 
<S a 

inm
et 

| 
H ° 
No. Ins Ins 27 R .  25 .78 
26 R .26 .88 
25 R .3 .94 
- N .32 

1. 

24 R .35 1.11 - N .36 

\M 

23 R .39 1.23 
_ N .4 

IM 

22 R 
.41 1.31 

_ N .44 - N .48 _ AG - 

i.% 

21 R .49 1.53 
20 R .52 N .52 _. N .56 

i.M 

_ AG - 
_ N .64 

2. 
19 R .6 1.9 
18 R .68 _ AG - 2. 
- N .72 - AG - 
17 R .75 2.4 
- AG - 

2.^ 

- N .8 %M 
- N .88 

2-M 

- AG 
2.% 

16 R .875 2.68 _ N .95 
3. 15 R 1. 2.98 

AG 3. 
AG 

3.3^ 

N 1.03 
3.V 

14 R 

3.^ 

AG 
N l.u 

3.M 

13 R 

3-M 

AG 

3-M 

N 1.19 

3-M 

12 R 4. 
AG 4. 
N 1.27 4. 11 R 1.4 4.45 

Circumference  of  equal  Resist- tuD o ance  for  General  Use. 
•>  2 

TARRED 
fcli 

&'& 
M Ropes. Haw'rs 

Cables 

.S  75 

"i  ® 

o o 

2-3 

— 

Ig 

& 

Tin
 

^  h 

V) hI 
Lbs. Lbs. Lbs. Ins. Ins. Ins. Ins ns. 

1120 
i  n-?n J  ozu 

IK 

2060 

iM 

1  r 

2^o 2>^ 

OS/ 

Z/  OU - 
1  a oUlo 

2% 

3/<> 
oouu - 

.  - 1 OOUU 

2% 

A  9ft  A - 
.  Zo OloZ 

2% 
2^ 

QT/ 

9r» 
6720 3 

2M 

41/ 

*/M 

Q  1 

0/-ZU 3 

2% 

ooou - 
O.I.OU - 

3/io 3>^ 

413/ 

^/16 

/I  9 .  4  Z 1 1  9AA 

3% 3K 

k  a 1/ 
_ 

.  42 1 1  »)AA 79QA <  ZoU 

3% 3^ 

53/ 

.  OO 15680 

4% 

/l  3/ 
1  1  ̂ AA - 

^/4 

1DZUU - 
.  Oo J  OOO'J JOoZ 

4% 

5>i 

3/ 
0 

20160 

4% u/a 

.  /  0 x  lo  /  V 

5>^ 

4% 
°/8 

_ 
J  /  OUv 

.92 19400 14124 

0% 
o% 

IV 

*/16 

_ 
Q9 

.  yz 

5M 
</lR 

_ 
1  os J. .  Uo Z  J1ZU 

6^ 

K.7/ 8  V 

°/4 
83c 

1  08 16464 

6^ 

5% 

°/4 8j| 

9  J  AAH Z4  DUO 

1  9~» 
J  .  ZO ooouu 

6% 8M 

32000 
1.25 19152 

6% 

8M 

1.42 23744 

6M 

9^ 

1.42 38080 

7X 
CM 

9^ 

40000 1.67 40880 26208 
713/ 

'/lo 

10 
10 1.66 44800 

<% 

10 10 
50000 

2. 30240 

8% *k 10% 

10% 

2. 53760 

8% 
10% 

10% 

60000 
2.33 34272 

11% 
11% 

2.33 62720 

9X 

11% 
11% 

72000 



WIRE  ROPE. 141 

Table — (Continued). 
(COARSE-LAID  ) 

10% B 
R MX R 

10 R 
9 R 
8 R 
7 R 
6 R 
5 R 
4 R 
3 R 
2 B 
1 R 

• 
| 

S J 3 
3 £ 

Ins. 
- AG - 

X 1.35 
X 1.43 

- AG 
- N 1.51 

A  P Avjt 
- AG 

N 1.59 
AG 
N 1.75 
AG 

N 1.91 
AG 

J. !•% 
1.  y2 

\.% 

2.  }/ 

Ins. 

f% 

*•% 
i.% 

5. 
5. 5.# b.% 
*Ji 
Z.% 

6. 
6. 
7. 
7.1^ 

1.37 
1.G8 
2.12 
2.45 
2. 56 
2.98 
3.36 
3.91 4.5 
4.9 
5.44 
6.2 
6.62 

Lbs. 
2.67 
2.5 
2.66 
3. 
3. 
3.33 
3.66 
3.66 4. 
4.41 4.33 

5.25 

►1 

67200 71680 

80640 

98560 
108400 
118720 

130530 
141120 

165555 
192080 
215048 
256880 

FINE-LAID. 
7500 
9680 11600 

17280 
22800 
32800 
40400 
54400 
70000 
87200 108000 

130000 
148000 

Lbs. 
38752 

42232 

48944 
54656 

63392 

72240 

80640 

Circumference  of  equal  Resist- ance for  General  Use. 
TARRED 

Ropes.         Haw'rs'  Cables 9% 9% 

10% 

wg 

10% 

11 

Ins. 

9% 

% 

9% 

io% 
10% "% 
12>^ 

3% 2% 3% 
3% 

3% 
4% 5% 

j% 

5 

7% 

£% 

1?%
 

9M 
12% 

10% 12% 

In  the  above  table  the  determination  of  the  circumference  of  the 
rope,  etc.,  is  based  upon  the  Breaking  Weight  or  Tensile  resistance  of the  wire  being  reduced  by  one  fourth,  and  the  units  or  the  ultimate  re- sistance of  the  rope,  etc.,  are  reduced  one  third. 

In  the  U.  S.  Navy  the  relative  dimensions  of  Hemp  Cable  and  of  Wire Rope  are  ar,  follow.':: 
Circumference  in  Inches 

Hemp...  3,  4,  5,  5^,  6,  6%,  1%,  8,  9,  10.  10J^,  11,  12, Wire....  1%,  2y8l  2%  3,     8#,  3%,  4,     4%,  4%,  5><,  5%    6,  6>£ 
Notf.—  The  difference  between  the  dimensions  of  the  wire  rope  here  given  and In  the  preceding  table,  of  one  fourth  in  area,  is  in  consequence  of  the  high  estimate of  strength  given  to  the  hemp  rope  made  in  the  U.  S.  Service. 
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The  circumferences  given  are  for  Tarred  ropes,  etc.,  alone  ;  if,  there- 
fore, the  circumferences  for  White  and  Manila  ropes  are  required, 

proceed  as  follows : 

To  Compute  the  Circumference  of  a  "White  or  Ma- nila Rope,  Hawser,  or  Cable  compared  with  one 
of*  Tarred  Hemp. 
RrjLE.  Multiply  the  square  of  the  circumference  of  the  given  rope 

by  the  unit  for  the  circumference,  from  the  table,  page  136  ;  divide  the 
product  by  the  unit  for  the  circumference  of  the  rope,  etc.,  required, 
and  the  square  root  of  the  product  will  give  the  circumference  required. 
Note— If  the  circumference  is  required  for  a  rope  in  general  u?e,  reduce  the  units in  the  table  one  third. 
Illustration.— Required  the  circumferences  for  a  white  rope  and  a  Manila  haw- 

ser, for  general  use— equivalent  to  a  tarred  rope  of  3  strands,  and  9}£  inches  m  cir- cumference. 
Units  of  tarred  rope  of  9>£  ins.  =  780  —  %—  520. 

»     white  rope  of  about        9^  "  =  1045  -  %:=69<. 
»      Manila  hawser  of  about  9^  u  -  760  —  ̂   =  507. 

Then  9.52x520  =  46930,  which  ~  097  =  07.33,  and  ̂ 07.33  =  8.2,  say  8^  ins.  for 
the  white  rope. 

Again,  9.52x520  -_=  46930,  which  -r-507  =  92.56,  and  V92.50  =  9.62,  say  9%  ins. for  the  Manila  hawser. 

Proof  and  Breaking  Strain  of  Chain  Cables. 

1 IK 
IK 

Proved. Breaking  Strain. Diameter 
of  Chain. 

Lbs. Lbs. Ins. 
16750 33500 

$6 21700 43400 

i% 

27500 55000 

1% 

33300 66600 2 
40450 80900 
48150 96300 

Proved. Breaking  Strain 

Lbs. Lbs. 
56675 113350 
65750 131500 
75650 151300 
86100 172200 
97375 194750 
109090 218180 

The  proof  of  British  Navy  Chain  is %  the  breaking  strain. 

To  Compute  the  Circumference  of  tlie  Shrouds  of  Ves- 
sels, and  to  Ascertain  their  INrurnber  of  Shrouds. 

Vessels. 

SAILING  VESSELS. 
Ship   Bark  
Brig  
Schooner  
Sloop  
SCREW  STEAMERS. 

First  Rate  
Over  1500  Tons.. 
Under  1500 

Number  of  Pairs Shrouds. 
Unit. c 

For
e 

£ § 

.64 6 7 5 

.63 5 5 4 

.55 4 5 

.32 
3 4 

.5  to  .3 4  to  9 

.96 
10 10 6 

.95 
9 

10 
6 

.81 8 9 6 

Vessels. 

Over  800  Tons  . . 
Under  800  "  .. 
Under  400    u  .. 
SIDE-WHEEL  STEAM- ERS. 
First  Rate  
Over  1400  Tons  . . 
Under  1400  "  . . 
Over  800  "  ., 
Under  800  "  ., 
Under  400    "  .. 

Unit. 

.00 .81 

.70 

.7 

.65 

.55  | 

Number  of  Pairs Shrouds. 

Note. -The  extreme  Unit  and  Number  of  pair  of  Shrouds  are  given  in  each  case. 
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Rule.— Multiply  the  mean  extreme  length  of  the  fore  and  main 
mast  (measuring  from  the  keelson)  in  feet  by  the  unit  in  the  preced- 

ing table,  and  the  square  root  of  the  product  will  give  the  circumfer- 
ence of  the  fore  and  main  shrouds  in  inches. 

Example. — Wkat  should  be  the  circumference  of  the  fore  and  main  shrouds  of  a 
scren-  steamer  of  1600  tons,  the  mean  length  of  her  fore  and  main  masts  bein«-  110 feet  ? 

110  X  .95  —  104.5,  and  ̂ 1045= 10.22,  say  10  X  ins. 
Note.— When  a  mast  does  not  step  upon  the  keelson,  assume  its  length  to  extend to  it 
2.  These  units  are  somewhat  too  large  for  the  circumference  of  the  mizzen  shrouds. 
Thus,  by  the  above  rule,  the  circumference  of  the  mizzen  shrouds  of  a  flrfeifciclass 

Frigate  would  be  9  inches,  whereas  S  inches  is  the  propjr  circumference. 

To  Compute  the  Weight  of  Ropes,  Hawsers,  and. Cables. 

Rule  —Square  the  circumference,  and  multiply  it  by  the  appropri- ate unit  in  the  following  table,  and  the  product  will  give  the  weight per  foot  in  pounds  : 
0    A        _  _ _  ROPES.  IIAWSERS.  CABLES. 
3-strand  Hemp  032  .031  031 3-strand  tarred  Hemp  042  .041  041 
3-  strand  Manila  032  .031  *.031 4-  strand  Hemp  033    "  
4-strand  tarred  Hemp   .  . "  .048     4-straud  Manila  035  .034  .034 

The  units  for  Thread  Ropes  is  the  same  as  that  for  Ropes  of  like material. 
Example. --What  is  the  weight  of  a  coi!  of  10-inch  Manila  rope  of  four  strands  of 120  fathoms? 

102X.035-  3.5,  and  120x0x3.5=2520  lbs. 

Weight  of  Men  arid  "Women. 
The  average  weight  of  20,000  men  and  women,  weighed  at  Boston, 

1864,  was— men,  141  %  lbs.  ;  women,  124^T  lbs. 

"Weight  of  Horses.- (XJ.  S.) 
The  weight  of  horses  ranges  from  800  to  1200  lbs. 

WEIGHT  OF  CATTLE. 

To  Compute  the  Dressed  "Weight  of  Cattle. 
Rule. — Measure  as  follows  ■ 
1.  The  girt  close  behind  the  shoulders. 
2.  The  length  from  the  fore-part  of  the  shoulder-blade  along  the 

back  to  the  bone  at  the  tail,  in  a  vertical  line  with  the  buttocks. 
Then  multiply  the  square  of  the  girt  in  feet  by  5  times  the  length 

in  feet,  and  divide  the  product  by  1.5;  the  quotient  will  give  the 
dressed  weight  of  the  quarters. 
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Example.  The  girt  of  a  beeve  is  6.5  feet,  and  the  length,  measured  as  above,  is 5.25  feet.   .  ...    -  4 
6.^X5.25x  5  =  42  25x  26  25=li0?:( _  1.-5 

Note.— With  very  fat  cattle  divide  by  1.425,  and  with  very  lean  by  1.575. 
2  The  quarters  of  a  beeve  exceed  by  a  little  half  the  weight  of  the  living  animal. 
3  The  hide  weighs  about  the  eighteenth  part,  and  the  tallow  the  twellth  part. 

WEIGHT  AND  DIMENSIONS  OF  SHOT  AND  SHELLS. 

The  weights  of  these  may  be  ascertained  by  rules  for  the  Mensura- 
tion of  Solids ;  also,  by  inspection  in  the  tables,  pages  543  and  544. 

To  Compute  tlie  Weight  of  a  Cast-iron  Sliot  froir, its  Diameter. 

A  cast-iron  shot  of  4  inches  in  diameter  weighs  8.736  lbs. 

Therefore,  ̂   of  the  cube  of  the  diameter  is  the  weight  of  a  shot  of  any  diameter, 
for  the  weights  of  spheres  are  as  the  cubes  of  their  diameters. 

Rule.— Multiply  the  cube  of  the  diameter  in  inches  by  .1365,*  and the  product  is  the  weight. 
Example.— What  is  the  weight  of  a  cast-iron  shot  10  inches  in  diameter? 

103X.1365  =  136.5  lbs. 

To  Compute  tlie  Diameter  from  tlie  Weight. 

Rule.— Divide  the  weight  in  pounds  by  .1365,  and  the  cube  root 
of  the  quotient  is  the  diameter. 
Example.— What  is  the  diameter  of  a  cast-iron  shot,  its  weight  being  90.5  lbs.  ? 

99. 5     1365  =  729,  and  -^729  =  9  ins. 

To  Compute  th.e  "Weight  ox-  Diameter  of  a  Leaden Shot. 

A  lead  shot  4  inches  in  diameter  weighs  13.744  lbs. 

Therefore,  13  744  of  the  cube  of  the  diameter  is  the  weight  of  a  shot  of  any  diameter. 64 

Kule.— Multiply  the  cube  of  the  diameter  in  inches  by  .2147,  and 
the  product  is  the  weight.  Or,  divide  the  weight  in  pounds  by  .2147, 
and  the  cube  root  of  the  quotient  is  the  diameter. 
Example.— What  is  the  weight  of  a  lead  shot  10  inches  in  diameter? 

103x.2147  =  214.7  lbs. 

To  Compute  tlie  Weight  of  a  Cast-Iron  Shell. 

Kule.— Multiply  the  difference  of  the  cubes  of  the  exterior  and  in- terior diameter  in  inches  by  .1365. 
Example.— What  is  the  weight  of  a  cast-iron  shell  having  diameters  of  10  and 8.5  inches. 

103  —  8.53  =  1000  —  614.125  =  3S5.S75,  which X- 1365  =  52.672  lbs. 

*  .1365  represents  a  cubic  inch  of  cast  iron  =  .2607  lbs.,  and  .1474  a  cubic  inch  of wrought  iron  =  .2816  lbs. 
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PILING  OF  SHOT  AND  SHELLS. 

To  Compute  the  jNT  umber  of  Shot  in  a  Triangular IPile. 

Rule.— Multiply  continually  together  the  number  of  shot  in  one side  of  the  bottom  course,  and  that  number  increased  by  1  ■  and  again by  2,  and  one  sixth  of  the  product  will  give  the  number. 

J^^VsSf  ̂       nUmbRr  °f  "h0t  in'a  triunsuIar  l)ile^  *«*  side  of  the  tir.se 30x30+  1x30-4-2  29"G0  7.   — — -  =  4900  shot. 

To  Compute  the  Number  of  Shot  in  a  Square  File. 
Rule.— Multiply  continually  together  the  number  in  one  side  of  the bottom  course,  that  number  increased  by  1,  double  the  same  number increased  by  1,  and  one  sixth  of  the  product  will  give  the  number. Example.— How  many  balls  are  there  in  a  square  pile  of  30  courses? 

30x30  +  1x30x2+1  50730 
 q  —  — G—  ==  9455  shot: 

To  Compute  the  Number  of  Shot  in  an  Oblom* Pile. 

Rule.— From  3  times  the  number  in  the  length  of  the  base  course subtract  one  less  than  the  number  in  the  breadth  of  it;  multiplv  the remainder  by  the  number  in  the  breadth,  and  again  by  the  breadth 
increased  by  1,  and  one  sixth  of  the  product  will  give  the  number  ' 

h^c^^tt^^  °f_^  in  an  Mo**  ̂   the  in  the 
16x3  -T_l  X7x7~+T  2352 ■  g  =  -g-  =  392*Aof. 

To  Compute  the  dumber  of  Shot  in  an  Incom- plete File. 

Rjjle.  From  the  number  in  the  pile,  considered  as  complete,  sub- tract the  number  conceived  to  be  in  that  portion  of  the  pile  which  is wanting,  and  the  remainder  will  give  the  number 

FRAUDULENT  BALANCES. 
To  Detect  them. 

After  an  equilibrium  has  been  established  between  the  weight  and the  article  weighed,  transpose  them,  and  the  weight  will  preponderate if  the  article  weighed  is  lighter  than  the  weight,  and  contrariwise  if  it 

To  Ascertain  the  True  "Weight. 
Rule  —  Ascertain  the  weight  which  will  produce  equilibrium  after the  article  to  be  weighed  and  the  weight  have  been  transposed  ;  reduce these  weights  to  the  same  denomination,  multiplv  them  together,  and the  square  root  of  their  product  will  give  the  true  weight N 
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Example. -If  the  first  weight  is  32  lbs.,  and  the  second  or  weight  of  equilibrium 
after  transposition,  is  24  lbs.  8  oz.,  what  is  the  true  weight? 24  lbs.  8  oz.  =  24.5  lbs. 
Then  32X24.5=7S4,  and  V?S4  =  2S  lbs. 

Or,  when  a  represents  longest  arm,      I    A  greatest  weight,  and u  '         b    *.  14        shortest  arm,     |     B  least  weight. 
Then  Wa  =  A6,  and  W6  =  B:i;  multiplying  these  two  equations,  W2a&  =  ABa&, or  W2  =  AB,  and  W  =  V  AB. 

Illustration. — A  =  32  ;  B  =  24. 5 W  =  2S.    Assume  the  length  of  the  longest 

a™7nm  32:  28::  10  :  8.75.  
Hence        a  =10,  5  =  8.75,  or  2S2  =  32X24.5,  and  28=V^X24.5. 

To  Ascertain  the  Weight  of  a  Bar,  IBeam,  etc.,  Tby 
the  Aid  of  a  known  Weight,  as  the  Body  of  a Man,  etc. 

Operation.— Balance  the  bar,  etc.,  over  a  suitable  fulcrum,  and 
note  the  distance  between  it  and  the  end  of  its  longest  arm.  Suspend 

the  known  weight  from  the  longest  arm,  and  move  the  bar  etc.,  upon 

the  fulcrum,  so  that  the  bar  with  the  attached  weight  will  be i  in  eqiiv- 
librio;  subtract  the  distance  between  the  two  positions  of  the  fulcrum

 
from  the  longest  arm  first  obtained;  multiply  this  remainder  by  the 

weight  suspended,  divide  the  product  by  the  distance  between  
the  fill- 

crums,  and  the  quotient  will  give  the  weight  required. 
Examplf  -A  piece  of  tapered  timber  24  feet  in  length  is  balanced  over  i  ta iSJftFSpi  from  the  les*  end ;  bnt  when  the  body  of  a  man  weighing  210  lbs.  is 

13-12  =  1,  and  13— 1  —  12 feet 
Then,  12x210-4  =  2520  lbs. 

BOARD  AND  TIMBER  MEASURE. 

BOARD  MEASURE. 

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

To  Compete  tlie  Measure  or  Surface  i
n  Square IPeet. 

When  all  the  Dimensions  are  in  Feet. 

EcLE._Multiply  the  length  by  the  breadth,  and  th
e  product  will 

give  the  surface  required. 

When  either  of  the  Dimensions  are  given  in  Inches. 

RuLE.-Multiply  as  above,  and  divide  the  product  by 
 12. 

When  all  the  Dimensions  arc  in  Inches. 

RuLE._Multiply  as  before,  and  divide  the  product  by 
 144 

E^AM^  -What  are  the  number  of  square  feet  in  a  board  16  fe
at  in  length  and 

10  inches  in  width?      15xl6  =  m  and  240 - 12  =  20 
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TIMBER  MEASURE. 

To  Compute  the  Volume  of  Round  Timber. 
When  all  the  Dimensions  are  in  Feet. 

Hr^^S^?  ̂   lGngth  bVhe  square  of  one  *****  of  the  mean gnth,  and  the  product  will  give  the  volume  in  cubic  feet. 
When  the  Length  is  given  in  Feet,  and  the  Girth  in  Inches. 

Rule.— Multiply  as  above,  and  divide  by  U4. 
When  all  the  Dimensions  are  in  Inches. 

Rule.— Multiply  as  before,  and  divide  by  1728 
Ixc2 

Ur'  7iT^m'  1  representing  the  length  in  feet,  and  c  half  the  sum of  the  circumference  of  the  two  ends  in  inches. 

££3  JiSSlS  0?^^^      31  -5  aud  020  «  length 
/31.5-f.62.9       \2  noro 

•-4)  =50.XU.82  =  6D6?,  and^2  =  48.347/**. 
50X  -  -144=-^-  -  144  =  4S.347/«rf. 

Sawed  ur  Hewed  Timber  is  measured  by  the  cubic  foot. 

To  Compute  the  Volume   of  Square  Timber. When  all  the  Dimensions  are  in  Feet. 

i   RyLE.-~Multiply  the  product  of  the  breadth  bv  the  depth  bv  the length,  and  the  product  will  give  the  volume  in  cubic  feet      '  7 
When  either  of  the  Dimensions  are  given  in  Inches. 

Rule.— Multiply  as  above,  and  divide  the  product  by  12. 
When  any  two  of  the  Dimensions  are  given  in  Inches. 

Rule.— Multiply  as  before,  and  divide  by  144. 
fte^Sfa^^ timb6r  iS  15  inches  20  feet  in  length ;  required 

15X 15X  20  =  4500,  and  4530  -144  =  3  i  .25  cubic  feet. 
SPARS  ATsD  POLES. 

are^  hfJf™*  ft**  ̂   10  t0  ̂   inchcs  in  di»™ter  inclusive 
T\L  f  H  mTU1\d,by  taking  their  diameter,  clear  of  bark  Tor thud  of  their  length  from  the  abut  or  large  end  ' 
es  PUrchaSCd  b^  the  inch  diameter  5  all  under  4  inch- 
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HYDROMETERS. 

The  U.  S  Hydrometer  (Tralle's)  ranges  from  0  (water)  to  100  (pure 

spirit)-  it  has  not  any  subdivision  or  standard  termed  "Proof,"  but 
50,  upon  the  stem  of  the  instrument,  at  a  temperature  of  60°,  is  the basis  upon  which  the  computations  of  duties  are  made. 

In  connection  with  this  instrument,  a  Table  of  Corrections,  lor  differences  in  the 

teSSSSeS  spirit,,  become,  necessary  ;  and  one  is  furnished  by  the  Treasury  De- partment from  which  all  computations  of  the  value  of  a  spirit  are  made. 

If  i  ustration. — A  cask  contains  100  gallons  of  whisky  at  70°,  and  the  hydrome- 

leSn?by  l^W^te  to  25,  is  22.99,  showing  that  there  are 
k72  99  gallons  of  pure  spirit  in  the  100. 

The  Commercial  Hydrometer  (Gendar's)  has  a  "  Proof''  at  60°,  which 
is  equal  to  50  upon  the  U.  S.  Instrument  and  its  gradations,  run  up 

to  100  with  it,  and  down  to  10  below  proof,  at  0  upon  the  h  b.  In- 
strument ;  or  the  0  of  the  Commercial  Instrument  is  at  50  upon  the 

U.  S.  Instrument,  from  which  it  progresses  numerically  each  way,  each 
of  its  divisions  being  equal  to  two  of  the  latter  < 

In  testing  spirits,  the  Commercial  standard  of  value  is  fixed  at  prool : ; 

hence  any  difference,  whether  higher  or  lower,  is  added  or  subtracted, 
as  the  case  may  be,  to  or  from  the  value  assigned  to  proof. 

A  scale  of  Corrections  for  temperature  being  necessary,  one  is  fur- nished with  the  Thermometer. 

AvvVcation  of  the  Thermometer. -The  elevation  of  the  mercury  indicates  the  cor^ 
rectkm  to "be  added  or  subtracted,  to  or  from  the  indication  upon  the  stem  of  the  by- 

drWhen  the  elevation  is  above  60°,  subtract  the  correction  ;  and  when  below,  add  it. 
Ii  i  ustr vtion.-A  hydrometer  in  a  spirit  indicates  upon  its  stem  50  below  proof, 

and  the  thermometer  indicates  4  above  G0°  in  the  appropriate  column. 
Then  50  —  4  =  46  =  strength  below  proof. 

To  Compnte  tne  Strength  of  a  Spirit,  or  tlxe  ̂ l^^^ 
rmre  Spirit,  Toy  a  Commercial  Hydrometer,  and  convert it  to  tlie  Indication  of  a  TJ.  S.  Hydrometer. 

When  the  Spirit  is  above  Proof.    Rule. — Add  100  to  the  indication,  and  divide the  sum  by  2. 

When  the  Spirit  is  beloio  Proof.  Rule. -Subtract  the  indication  from  100,  and divide  the  remainder  by  2. 

Example.  A  spirit  is  11  above  proof  by  a  Commercial  Hydrometer;  what  propor- tion of  pure  spirit  does  it- contain? 
\\  _|_  too  -4-  2  =55.5  per  cent. 

To  Compute  tlxe  Strength,  etc.,  fey  a  TJ.  S.  Hydrometer. 

When  the  Spirit  is  above  Proof.  Rule. -Multiply  the  indication  by  2,  and  sub- 

**Whmthe  Spirit  is  below  Proof.  Rule. -Multiply  the  indication  by  2,  and  sub- tract it  from  100. 

Example.— A  spirit  is  55.5  by  a  U.  S.  Hydrometer;  what  is  its  per  centre  above proof?   
55.5X2  —  100  =  11  per  cent. 

The  Commercial  practice  of  reducing  indications  of  a  hydrometer  is  as  follows  : 

to  be  added  or  subtracted,  as  the  c  se  may  be. 
Illustration—50  gallons  of  whisky  are  \\W^^S2S2L 
Then  50X11  -r- 100  =  5.5,  which,  added  to  bO  =  55.5  gabions. 
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U.  S.  ENSIGN,  PENNANTS,  AND  FLAGS. 

Ensign  {Head,  Lepth,  or  Hoist),- Ten  nineteenths  of  its  length Thirteen  horizontal  stripes  of  equal  breadth,  alternately  red 
and  white,  beginning  with  red  '  tlueinare]>  iect 

Pennant  (Narrow).— Head.— 6.24  inches  to  a  Ipno-th  nfn  ^  *.    *  ~,.  .  , 
length  of  55  feet;  5.24  inches  to  a  length  of  40  ft f  s  -  V    feet  5  5t<6  inchrs  t0  Jl 
and  4.2  inches  to  a  length  of  25  feet.  J  *8  mdieS  t0  a  len*th  of  30  feet  i 

length,  with  13  white  stars  in  a  horizont ?  llite  V  ed S^T^  V* pered  to  a  point  red  uppermost,  each  of  the  same  StfTal  ̂ ^^SBaT" Attfftl  avzrf  Lout  PennanU-Umon  to  have  but  7  stars.  ° 
Jack. — Alike  to  the  Union  of  an  Ensign. 
Vice-Admiral's  Flag- A  Rectangle.  Blue.  Three  five-pointed stars  set  as  an  equilateral  triangle  18  inches  from  centres,  the  upper star  18  inches  irom  the  head  and  27  inches  from  the  tabling. 
Rear-admiral's  Flag-A  Rectangle.   Field  Blue,  Red,  or  White ^rs.-Two  set  vertically  18  inches  from  centres,  the  upper  star  set 18  inches  from  the  head  and  18  inches  from  the  tabling.    White  when the  flag  is  Blue  or  Red,  and  Blue  when  it  is  White. 

thS  above.  ̂   Flc'^-The  distJmcc*  b£toen  the  stars  to  be  proportionally  less 

Commodore's  Pennant  (Broad).— Blue,  Red,  or  White,  with  stars ranged  in  equidistant  vertical  and  horizontal  lines,  equal  in  number  to the  States  of  the  Union,  to  be  white  in  the  blue  and  red  pennants  and blue  in  the  white.  ' 
Swallow-tailed,  the  angle  nt  the  tail  to  be  bisected  by  a  line  drawn  it  a  riirht  on 
hf7/  ie,Cent!;e  °J  *i6  depth  or  hoi^  aDd  at  a  ̂nce  from  the  heaVj tin-Si 

t£St£*?*ln5?h  °f  tbe.«MDt'  the  *°™r  »W«  is  to  be  rectang  lai  witl the 
; . ? l  v: ;  th-  tc; si,Ie is  fco b° ta^red'  ,,unn5ns «*e width b*t^SK3 

c'tltt    n  It   -1St .  7^he  Ptar8  t0  be  ran&ed  in  the        al<™  in  equidisS^ertl cai  lino,,  and  horizontally  to  taper  with  the  pennant.    Ilmd.-.G  their  length Signals  (Numbers). -Head.-. 8  their  length.  R e pea te r s .  — Head 
—Eleven  twentieths  of  their  length.  Quarantine  Flag— A  Rectan- gle.   Held  yellow.    Head.— Nine  eleventh's  of  their  length. 

Divisional  Mark.-A  Triangle.  of  three  stripes  or  divi- sions but  of  two  colors  only;  the  centre  one  being  of  a  color  different fi  om  the  o  hers  to  be  in  the  form  of  a  wedge,  the  bar  being  one  third ot  the  head,  and  the  point  extending  to  the  extremity  of  the  fly. 1st  Division-Mue,  wMfe,  and  blue ;       I    3d  Division-white,  blue,  and  white  • 
*L      '     T  n;d'  Whlt-  ***  red  '  I  office-white,  yellow,  and I  whit,, A\  hen  the  Lengths  are  0.4,  5.0,  4.S,  and  4  feet,  the  Heads  are  8,  7,  G,  and  5  feet 
Secretly  of  the  Navy's  Flag — Blue.  Head.-W.25  feet-  fly 

tit  centre"    1  *  ̂   f°ul  ̂   3  feCt  in  varticafe  g 
Storm  Flan,  fame,  with  a  head  of  but  5  4  feet,  and  a  fly  of  7.6  feet. 
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Dimensions  and  Capacities  of  the  f^al  Dry 
Docks  and  Railways  in  tlie  United  States,  feontn 
America,  and.  Egypt. 

Baltimore  Md 
Bermuda  
Boston  Mass.... 
u  u 

Brooklyn  N.Y.  ... 
H    «  ... 

Charleston  S.  C.  ... 
Charlestown....  Mass.... 
Fair  Haven  Conn.  .. 
Gowanus  Bay  ..N.Y  
Green  Point....  " 
Hunter's  Point.  " 

Jersey  City  N.  J 
Mobile   Ala 

Tons. 1500 

7000 

New  London 
New  Orleans  . . 
New  York  

Conn. . 
La  
N.Y 

Norfolk . ..  Va.  . 

Philadelphia....  Pa. 

Portland  Me  I  425 
Portsmouth  N.  H.  ..  350 
Red  Hook   N.Y.  ...  500 
Mare  Island....  Cal   350 
Savannah  Geo   350 
Washington....  D.  C.  ...I  240 

Wilmington....  Be 
....  N.  C. ... 

St.  Thomas  W.  L... 
Cartagena  Spain... 
Callao  Peru.... 
Havana  Cuba  ... 
Maranham  Brazil.. 
Montevideo  S.  A. ... 
Suez   Egypt.. 

The  largest  docks,  etc 

Railway. 

Iron  Float'g  Dock. Railways. 
Drv  Dock. 
U.  S.  Navy.  Stone. 

—  j  Dry  Dock. 
7000  U.  S.  Navy.  Stone. 
450  I  Railway. 
700  |  Railway. Railway. 

Railway. 
Railway. 

Sectional. 
Balance. Railway. 
Railway. 
Sectional. § 
Balance. 
Hvdrostatic. 
U;  S.  Navy.  Stone. Railway. 
Railway. 

U.  S.  Navy.  Sect'l. Sectional. 
Drv  Dock. 
U."S.  Navy.  BaFcc. 
Drv  Dock. 

U.S.  Navy.  Sect'l. Dry  Dock. 
U.  S.  Navy.  Railw. Railway. 
Railway. 
Railway. 

Balance. Floating. 
Balance. 
Balance. 

Dry  Dock. Railway. 

Dry  Dock. 

7000 

700 1600 
1000 
1800 
3000 
500 400 

8500 
8000 
1000 

7000 
700 1500 

5300 
2000 8000 
5300 

5300 
3500 

700 800 
900 

6000 
6000 
6000 
2000 
3000 
2500 

at  the  different  locations  are  only  noted. 
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Weights  and  Distances  of  Principal  Race  and Trotting  Courses  of  the  United  States,  etc. 
RACE  COL'RSIiS. 

nu^ni^tLtS'^mVricctnJo^el1  Club,  Jerome  Park,  XT.;  Maryland  Jodce,, Club,  Baltimore,  Md.;  Monmouth  Park  Association,  Loan  Branch,  X  J  ■  Sai  atoaa 
fg?&*    ■  K'TT  75       Cft«  Ut  September,  bf fit  -3yeT 

l  yJrl  lw:      '     ̂          lQ  raCe3  exclu3iTely  «>r  2  years,  100  lbs;  and  fo.' Saratoga land  Monmouth  Park  Associations  and  Man/land  Jockeu  Clvh    s  iJ™ and  over  US  lbs.    American  Jockey  Club.-G  vears  and  over,  IIS  lb,  J 
.S   i  Vrf?"'  Lexington,  Ky.,  Louisvilk  Jacket,  Club,  Louisville  K„ and  Nashville  Blood-horse  Association,  Xashcilk  'Venn  -n,,  -  w        •  '. T' 
!>0;  3  years,  90,  in  stake-  100;  4  years,  104;  5  year/ll6      7      '  W  Stakes 
JU^jMto*-*  years  and  over,  114  lbs.  Wrt*  4w.wfatem._6  ji  m 

veaTm^yCa^tis^'^-2  ^  3  4  years,  104;  5 

5  ̂wrf^&W*  T*n°-*  90  ,bs- !  3  4  yea.,,  104; 
Fe  ath  e  r^-By  weight,  75  lbs. ;  by  custom,  ,  Jockey  who  is  not  weighed. 

l.ou.vTu^c^Clu'fi  Sh™  ilVl lb'  **         except  by  South  Carolina  and 
si « 

-tfSy^^to'jS  5"  «*  3  »"••*  30;  4  miles,  100; 
mn^^f^^^flmutlof  aBT°Ji"a  **•  »'  foi  50  yards;  2 

4m^^^«^^tc'  51  yards;  2        «■  3  so; 

4_|p^^t!!.»^  «  =  2  miles,  SO ;  3  n.i.cs,  ,0,; 

Louisiana  Jockey  Club.-l  ml  20  Stes'  2  -  £?.  q  m  eSl  £5 ;  4  nnl  ?>  40- mile  heats  in  5.  25.  GWrtM,a  ?VfS  '  -i  o,  '  •  '  3  miIes'  35 '  and  3  si?Ste 
30;  4  biles,  35.  7  1  miIe'  20  m,nutes  5  2  miles,  25;  3  miles, 
Age — Age  of  all  horaes  dates  from  1st  of  January. 

If  VtitetJS^th? -wnS?.h°Ke. i?  not  alWed  to  stai'*  with 5 lbs.  ovenvei-ht 

No  ̂ ton^  ln  a  ;ind  Qone  .  «    "  case- 

byNp°  ;i£S^m  °ne  ̂   in  a  ̂at         and  no  two  riders  exc:pt Urdy  one  horje  to  start  from  one  stable,  except  in  a  Dash 
i.i  idle  U  not  included  in  weigh  to  be  carried 
In  England,  a  Yearling  course  fa  2  furlongs ;  2  years,  6  furlongs ;  3  years,  1  mlIe. 
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with  a  less  weight.    No  distance  in  a  third  heat. 

TROTTING  COURSES. 

^Wei^ts.-National  Association.^ agon  or  Sulky,  150  lbs.,  ex
clave  of 

harnpqq  •  Saddle  145  lbs.,  inclusive  of  saddle  and  whip.  ,  , 

^sta^ces.llmile heats, 80  yards;  2  miles,  150;  Smiles, 220;  3  single  mile 

^between  Heats.-l  mile,  20  minutes;  2  miles
,  30;  3  miles,  35; 

4  miles,  40;  3  single  mile  heats  in  5,  25.  '        •  ■; 
w-^.    <,     «.ldfUe  2  feet  10  ins. ;  Sulky,  4  fret  S  in*.  ;  Wagon,  5  feet  10  ins. : 

and  Four-inland,  unlimited.    Snappers,  3  ms.  « addition  to  length  of  whip. 

of  English.  Race-courses. X^enj 
Course. ^tllS I  Miles. 

NEWMARKET; 
Abingdon  Mile  . . 
Across  the  Flat . 
Ancaster  Mile. . . 
Beacon   

last  3  miles  . . . 
Cambridgeshire . 
Cesarewitch  
Ditch  In  
Ditch  Mile  
Round   
Rowley  Mile  
Suffolk  Stakes  . 

094 1.292 
1.01 4.206 
3.034 
1.130 
2.266 2.06 
1.136 
3.*  79 
1.0»9 

|  1.501 

I  Miles 

Summer  Course . . . 
Two-year  old, new. Yeaning  

"DONCASTER. 
Circular  
Fitzwilliam  
Red  House  
St.  Leger  
Cup  Cburse  TYC  

EPSOM. 
Craven  

2. 

.702 .277 

1.915 

%, 

.711 1.825 2.634 

.996 

Course 

1.25 

Looks 

Derby  and  Oaks  . T  Y  C,  new  
Metropolitan  . .  . 

GOODWOOD. 
Cup  Course  
Liverpool,  new 
New  Castle  .  . . 
Oxford   

YORK. 
Stakes  Course. .  . Two-mile  
TYC  

1.5 .75 
.25 

2.5 
1.5 

1.796 

1.75 
1.923 .644 

-(XT.  S.) 

Albemarle  and  Chesapeake  ...... 

Black  River,  Crooked  Lake  ) 
Chenango,  Chemung,  and  > 
Genesee  Valley  ) 

Chesapeake  and  Delaware*  ... Champlain  
Cavuga  and  Seneca  
Delaware  and  Raritan  

Dismal  Swamp  •••• 

Falls  of  the  Ohio,  Ky. 
Oneida  * 
"  Improvement. 

Oswego  

WTlt"tniV'of'vossol' that  can  be  transported  is  somewhat  less  than the  lengths  of  the  looks. 

.engtb  | Bieadth.  j 
Depth     jL'gth  Canal. Feet  ! Feet Feet. Miles 

220 40 6 14 

(  77 
90 15 

4  * 

1  8 <  97 |  33 

V 113.75 
220 24 

9 14 
110 

18 
66.75 110 

18 7 24.75 
220 

24 7 43 
90 

17.5 5.5 
44 

110 18 
7 352 

350 80 2  to  60 

90 
15 4 7 

120 
30.5 

4.5 19 
110 18 4 38 

150 
2G.5 

[10.5 

28 

Height  liom ■^^r^TI^^^ir^^SKO^  surface  of  water,  70  feet  10  inches. 
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VETERINARY. 

f  S[or51e/ —Cathartic  BaZZ.—Cape  Aloes,  6  to  10  drs.  ;  Castile  Soap,  1  dr.  ;  Spirit ot  \V  me.  1  dr. ;  Sirup  to  form  a  ball.  It  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  1  oz.  ;  Epsom  Salts,  4  to  6  oz.  ;  pow- dered Ginger,  3  drs.  Mix,  and  give  in  a  quart  of  gruel.  For  Calves,  one  third  of this  will  be  sufficient.  1 
T>oS&.— Cathartic.— Cape  Aloes,  X  a  dr.  to  1  oz.  ;  Calomel,  2  to  3  grs. :  Oil  of Caraway,  G  drops ;  Sirup  to  form  a  ball.    Repeat  every  5  hours  till  it  operates. 
Horses  and  Cattle.  —  Tonic— Sulphate  of  Copper,  1  oz.  to  12  drs  •  Su^ar 

X  an  oz.    Mix,  and  divide  into  S  powders,  and  give  one  or  two  daily  in  food.    &<  ' Cordial— Powdered  Opium,  1  dr. :  powdered  Ginger,  2  drs.  :  Allspice  powdered 3  drs  ;  Caraway  Seeds,  powdered,  4  drs.  Make  into  a  ball  with  sirup  or  -ive  as  ■! drench  in  gruel.  Fl  & 
Cordial  Astringent  Drench  for  Diarrhoea,  Purging,  or  Scouring.— Tincture  of 
2^^^™  5  Aitapi5?:  2¥  1drS-  1  P°AXdered  #  a*  ̂   5  Catechu  Pow- 22  IS  1  %  i°r  ?17e1' 1  Pmt-  Glve  every  mor™S  till  the  purging  ceases. *  or  Sheep  this  will  make  4  doses.  r    s  & 
Alterative— K thiop's  Mineral,  #  an  oz. ;  Cream  of  Tartar,  1  oz.  :  Nitre  2  dr*  Di vide  into  from  16  to  24  dozes,  o ie  morning  and  evening  in  all  cutaneous  diseases Diuretic  Ball.— JUrd  Soap  and  Turpentine,  each  4  drs. ;  Oil  of  Juniper  20  drbns powdered  Resin  to  form  a  ball.  '  1  ei  1  ̂  aiops  » 

Jlr^TXJ'  Water£«rW  Br^e!\  or  Febrile  Diseases,  add  to  the  above  All- spice and  Ginger,  each  2  drs.    Divide  into  4  balls,  and  give  oWinorning  and  evening Alterative  or  Condition  Powder. -Resin  and  Nitre,  each  2  oz  •  levigated  Anti- 
3ftfo%&SS&$& aQd  eiTO  oue       «*  wH*  $5  #§, 
10  nT"  B"'/--CaPe  Aloe?<  ?  02  ;  Nitre,  4  oz.  ;  Sirup  to  form  a  mas,.    Divide  into 
sasiws  Bait evenius  tm  the  bweia  -  w  **5S 

Tor  or  tfoo/  Om/ment.-Tar  and  TalW,  each  1  lb. ;  Turpentine,  M  a  lb  Melt 

*2S5£5£2s:8  ̂ .^a a  meat  ba»>  -  • 

4olTl.arttT'-~P°Wdered  A1°3S'  2  dl'3-;  WUite  Hellebore,  4  dr.. ;  Sulphur, 
Red  Mange,  add  1  oz.  of  Mercurial  Ointment,  and  apply  a  muzzle 

rn^H  °?  P^manett 

a  sAonUnfe\tettLytr„e0xttW0  *  ha,f'  he  CaStS  hU  tTO  *»« andln 
pe^'^wr^nfb^ "?°n  3^  Si"e;  and'  abo,,t  fom-  an"  a  "a'f.  nip. 

of  an  hl'Cr  nfpper;1"8  *U3he!''  ̂   "  *  «■*•*«•«  cavity  in  the  centre At  six,  this  black  cavity  is  obliterated  in  the  two  front  lower  ninner* 
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i  GRAVITIES  OF  BODIES. 
0  <;..^.p>  -  .;[.,  j  rr  Urtfi  wttftwftO  —  ;•  •• 
;  Gravity  acts  equally  on  all  bodies  at  equal  distances  from  the 

earth's  centre ;  its  force  diminishes  as  the  distance  increases,  and  in- creases as  the  distance  diminishes. 
1  The  gravitating  forces  of  bodies  are  to  each  other, 

1.  Directly  as  their  masses. 
2.  Inversely  as  the  squares  of  their  distances. 

1  The  oravity  of  a  bodv,  or  its  weight  above  the  earth's  surface,  de- 
creases^ the  square  of  its  distance  from  the  earth's  centre  m  semi- diameters  of  the  earth. 

lLi.iTSTEATiON.-If  a  body  weighs  900  lbs.  at  the  surface  of  the  earth,  what  will  it weigh  2000  miles  above  the  surface? 
The  earth's  semi-diameter  is  3993  miles  (say  4000). 
Then  2000  -f  4000  =  0000,  or  1.5  semi-diameters, 

«nd  900-*- 1.5*  =  1^=400  lbs. 

Inversely,  if  a  body  weighs  400  lbs.  at  2000  miles  above  the  earth's  surface,  what will  it  weigh  at  the  surface? 
400X1-52—  900  lbs. 

2.  A  body  at  the  earth's  surface  weighs  363  lbs.  :  how  high  must  it  be  elevated  to weigh  40  lbs.  ? 

???  =  9  semi-diameters,  if  gravity  acted  directly;  but  as  it  is  inversely,  as  the  square 40 
of  the  distance. 

Then  V$  —  %  semi-diameters  =  3x4000  — 12000  miles. 
3.  At  what  height  must  a  body  be  raised  to  lose  half  its  weight  ? 

As  a/1  •  a/2  : :  4000  : 5656  =  as  the  square  root  of  one  semi-diameter  is  to  the  square 
'    root  of  two  semi-diameters,  so  is  one  semi-diameter  to  the  distance  required. 
Hence        5656  —  4000  =  1656  =  distance  from  the  earth's  surface. 
The  diameters  of  two  Globes  being  equal,  and  their  densities  different, 

the  weight  of  a  body  on  their  surfaces  will  be  as  their  densities. 
Their  densities  being  equal  and  their  diameters  different,  the  weight  of 

them  will  be  as  their  diameters. 
The  diameters  and  densities  being  different,  the  weight  will  be  as  their 

product. 
Illustration  —If  a  body  weighs  10  lbs.  at  the  surface  of  the  earth,  what  will  it 

weigh  a7 the  surface  of  the  sun,  their  densities  being  392  and  100,  and  their  diame- ters 8000  and  883000  miles  ? 
883000  X 100    8  000  X  302  =  28. 157  =  quotient  of  product  of  diameter  of  the  svn  and 

its  density,  and  product  of  diameter  of  the  earth  and  its  density. 
Tnen  28.157X10  =  281.57  lbs. 
Note.— The  gravity  of  a  body  is  .00346  less  at  the  Equator  than  at  the  Poles. 

SPECIFIC  GRAVITIES. 

The  Specific  Gravity  of  a  body  is  the  proportion  it  bears  to  the 
weight  of  another  body  of  known  density.  ,  . .  - 

If  a  body  float  on  a  fluid,  the  part  immersed  is  to  the  whole  body  as 

the  specific  gravity  of  the  body  is  to  the  specific  gravity  of  the  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. 
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An  immersed  body,  ascending  or  descending  in  a  fluid,  has  a  force 
bulk  of  the  fluid,  less  the  resistance  of  the  fluid  to  its  passage 

TV  ater  is  well  adapted  for  the  standard  of  gravitv ;  and  as'  a  cubic 
un'llClolfo    1000  0UnCCS  »  taken  as  te 

To  Ascertain  the  Specific    Oravity  of  a  Body heavier  than  Water. 

Rule.— Weigh  it  both  in  and  out  of  water,  and  note  the  difference- then,  as  the  weight  lost  in  water  is  to  the  whole  weight,  sot  1000  to 
the  specific  gravitv  of  the  body.  Or,  ~^  =  G,  W  representing  the weight  in  water,  and  G  the  specific  gravity. 
wat^olSl^  U  the  ?PedfiC  Srayity  ofa  st0*e  *hich  weighs  in  air  15  lbs.,  in 

15-  10  =  5;  then  5  :  15  :  :  1000  :  :  3000  spec.  grav. 

To  Ascertain  the  Specific   Gravity  of  a  Bodv lighter  than  Water. 

ter^wTfl         t0i thC  lig,ht?'  b°(lv  anothcr  that  is  he™e1'  wa- 
b  lh  rnl;iWe,,gVh-  PiGCe  a2¥  and  the  ™mpound  mass sepaiateh,  both  m  and  out  of  water,  or  the  fluid;  ascertain  how  much 

TtheTX^  °r  *uid>>  subtracting  its  weight  in  fif 01  tiie  fluid,  f.om  its  weight  in  air,  and  subtract  the  less  of  these  dif fcrences  from  the  greater;  then,  C  ait" 
innn  t!V^  rem/illder.is  t0„ the  weight  of  the  light  bodv  in  air,  so  is 1000  to  the  specific  gravity  of  the  body. 

24il1~S_44~8f:3o  =  \ossof  comP™md  mass  in  water; —  _£  =  "«s  of  heavy  body  in  water. 
33  :  20  :  :  1000  :  600  =  24  spec.  grav. 

To  Ascertain  the  Specific  Gravity  of  a  Fluid. 
nf^Lfl  MTa'iC  a  body  of  known  sI,ecific  gravity,  weigh  it  ;„  and  ont of  he  flmd ;  then,  as  the  weight  of  the  body  is  to  the  loss  o  weigh" so  is  the  specific  gravtty  of  the  body  to  that  of  the  fluid  S  ' 

80  :  30-70  =  10  :  :  9000  :  1125  spec.  grav. 

To  Compute  the  Proportions  of  two  Ingredients 
Me?a^>lriPOUn<1'  °r  t0  d^<>ver  Adulterating 

JKftS^t  S[tvnCoefSth0f  °aCh  s'eci«V<™V  of  the  ingrcdi- 
tv  of  thc  l  hv  h/  'ff  '      the  compound,  then  multiply  the  grnvi- 
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Example—A  compound  of  gold  (spec.  grav.  =  18.SSS)  and  si  ver  (spec.  grav.  = 
10  535)  has  a  specific  gravity  of  14;  what  is  the  proportion  of  each  metal ! 

18  8SS  — 14  =  4.8S8X  10.535  =  51.405 
14  _10.535  =  3.4G5X18.S8S  =  65.447 

65  447  +  51.495  :  65.441  :  :  14  :  gold, 
65.441  +  51.495  :  51.495  :  :  14  :  6.165  silver. 

To  Compute  tlie  Weights  of  the  Ingredients,  tliat 
of  the  Compound  being  given.. 

Rule.— As  the  specific  gravity  of  the  compound  is  to  the  weight  of 

the  compound,  so  are  each  of  the  proportions  to  the  weight  of  its  ma- terial. 

Example  The  weight,  as  above,  being  28  lbs.,  what  arc  the  weights  of  the  ingre- 
dieUtS?  14.2o..  (7-835:  15.67  gold, 14.  ZH  .  .  j6  1C5  .  12.33  silver. 

Proof  of  Spirituous  Liquors. 

A  cubic  inch  of  proof  spirits  weighs  234  grains ;  then,  if  an  im- 
mersed cubic  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  it  it  lose 

more,  it  is  below  proof. 
Illustration—A  cubic  inch  of  glass  weighing  700  grains  weighs  500  grains  when weighed  in  a  certain  spirit ;  what  is  the  proof  of  it  ? 

700  —  500  =  200  =  grains  =  weight  lost  in  tlie  spirit. 
Then  200  :  234  :  :  1.  :  1.17=  ratio  of  proof  of  spirits  compared  to  proof  spirits, or  1.  =  .17  above  proof. 
Note  -For  Hydrometers  and  Bules  for  ascertaining  the  Proof  of  Spirits,  see  page 

148  ;  and  for  a  very  full  treatise  on  Specific  Gravities  and  on  Floatation,  see  Jamie- son's  Mechanics  of  Fluids.    Lond.,  1837. 

Solids. 

Rule.— Divide  the  specific  gravity  of  the  substance  by  16,  and  the 

METALS. 
Aluminum  
Antimony  
Arsenic  
Barium  
Bismuth  
Brass,  copper  S4  ) 

"      tin       16  f  * u     copper  67  \ 
"      zinc     33  j  ' 4i  plate  u  wire  

Bronze,  gun  metal  . Horon  
Bromine  
Cadmium  < 
Calcium  ■ 
Chromium  
Cinuabar   

_      .a   1  Weight Specific  lofaCub. Gravity.)  Inch> 

2560 .0026 
6112 

.24;,S 

5163 .2084 
470 

017 

9823 .3553 
SS32 ,3194 
7820 .2828 
8380 .3031 8214 

.2*72 8700 

'.3147 

2000 
.0723 3000 .10S5 

S650 .31*9 1580 .057 5)00 .2134 
8098 .2929 

METALS. 
Cobalt  
Columbium  
Gold,  pure,  cast  "  hammered  

"    22  carats  fine  . 
u  20  *  "  . 

Copper,  cast  "  plates   "  wire  
Iridium  u  hammered  
Iron,  cast  "      »   gun  metal  . . . 41     hot  blast  

«     cold  u   
u     wrought  bars  "         a  wire  
"    rolled  plates  

GravUy.j  Inch. 

8600 .3111 6:00 
.217 

1925S .6965 
19361 .7003 17486 

.6325 15709 

.f-.6S2 

8788 .3179 
8698 .3146 8^80 

.1212 
1S6^0 

.6756 
23000 .8319 
7  07 .2607 

7308 
.264 

7065 

.<  555 

7218 .2611 
778S .2817 
7774 .2811 
7704 

.2787 
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METALS. 
Lead,  cast  
u  rolled  Lithium  
Manganese  
Magnasnno  
Mercury  — 41°  
«  +32°  "  6,)°  
«  212°  

Molybdenum  
Nickel  
u  cast   Osmium  

Palladium  
Platinum,  hammered. . . "  native  "  rolled  
Potassium,  5j°  
Red-lead  
Rhodium  
Ruthenium  
Selenium  , 
Silicium  Silver,  pure,  c  ist  

w        w     hammered  . Sodium  
Steel,  plates  
"  soft  **     tempered  and  hard- ened   
u  wire   Strontium  

Tin,  Cornish,  hammered, 
r        "      pure . . . Tell  mi  um  
Thalium  
Titanium  
Tungsten  Uranium  Wolfram  
Zinc,  cast  
M  rolled  

Ta"ble— {Continued). 
Specific 

woods  {Dry). 
Alder. 
Apple . 
Ash. . . 
Bamboo. 
Bay  Beecli . . . 
Birch  Box,  Brazilian  . .  . 
u  Dutch  M  French  Ballet- wood  

Butternut  
Campeachy  Cedar  "  Indian  

11352 
1138S 5.)0  i 
8;  )00  i 
1750  i 

15632  i 
135  8 
135S0 
13370 
8600 
S8:K) 8279 

100IK)  ! 11350  | 
2033  T 
16000 22060 

865 
8940 

10(350 
S60;> 450) 

10474 
10511 970 
7806 
7S33 
7S18 
78  tl 2540 
7390 
72  1 
6110 

11S50 
53D0 

1700!) 18330 7119 
6861 
7191 

800 
793 
845 6  0 
400 
82 1 852 690 507 

1031 912 
132S 92S 
370 
913 
501 1315 

.4106 

.41 19 

.0213 .2S94 
i  .063: 
j  .5661 .4:>  18 

.4  12 .4330 
.3.11 .3183 
.2994 
.3613 
.4HI5 .7356 
.5787 
.7982 .0313 
.324 
.3852 .3111 
.1627 

.8788 

.380: .0  51 

.2^23 .2833 

.2828 

.2838 

.0318 •  2673 

.2637 

.221 

.4286 .1917 

.6149 

.6629 .2575 

.2482 

.26 
Cubic 
Foot. 50. 

:  49. 562 52.812 43.  125 25. 
51.375 
53.  i5 
43.125 35.437 
64.437 57. 

|23.5 
57.002 
35.002 
$2,157 

woods  {Dry). 
Charcoal,  pine  

"      fresh  burned  . u  oak  
u       soft  wood  "  triturated  

Cherry  
Chestnut)  sweet  Citron  
Coc^a  
Coik  
Cypress,  Spanish  Dog-wood  
Ebony,  American  . . . u  Indian  
Elder   
Elm  

Specific 
Gravity 

Filbert  
Fir  (Norway  Spruce)  . . Gum,  blue  "  water  
Hackmatack  Hazel  
Hawthorn  Hemlock  
Hickory,  pig-nut  

u       shell-bark  . . . Holly   Jasmine  
Juniper  
Lance-wood  
Larch  < 
Lemon  
Lignum-vitae  Lime  Linden  Locust  
Logwood  Mahogany  j 

"  Honduras  "  Spanish  Maple  4k  bird's-eye  Mastic  
Mulberry  j 
Oak,  African  Canadian  

Dantzic  
English  
green   heart,  00  years 
live*  green  u    seasoned . white  

Orange  Pear  
Persimmon  I'lum  

441 

380 
1573 
280 1380 
715 
010 726 

1040 

240 644 

750 1331 

120) 

695 

570 
671 
600 512 
843 

1000 
592 
800 9  0 
308 

792 6.0 700 
770 500 

720 
544 
560 
703 

1333 8  4 

604 

728 913 

720 
1003 
500 

85' 

750 
570 

84!) 

501 s:>7 
823 

872 

759 932 1140 
1170 
1200 
1008 
800 
705 661 
710 
785 

27.562 
23.75 
98  812 
17.5 
80  25 
44.6V7 3S  125 
45.375 
65. 15. 

40.  "5 
47.25 
83  187 
75.562 43.437 

$5,025 41.937 37  5 

3?. 5  .687 
62.5 
37. 

53  75 56.875 
23. 49.5 43.125 47.5 
48.T5 35.375 
45. «4. 

35. 
43.937 83.312 
50.  '..5 37.75 
45  5 57.062 

45. 

00.437 35. 
53  25 
40.S75 
36. 53.002 
35.002 

50.002 51.437 5;.  5 
47  437 5S.25 

71.025 73.  i  25 7S.75 
00.75 53.75 
44.062 
41  313 
44.375 
4  J.  062 
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TaTble— {Continued). 

|07aCifb:  I  Subst I  Gravity  |    Foot  | 

woods  {Dry). 
Pine,  pitch  ■ u  red  
u  white  
u  yellow  

Pomegranate  Poon  
Poplar  "  white  
Quince  
Rose- wood  
Sassafras  
Satin-wood  
Spruce   
Sycamore  Tamarack  
Teak  (African  oak) . 
Walnut  
u  black  

Willow  
Yew,  Dutch  
u  Spanish  

(Well  Seasoned.*) Ash  
Beech  
Cherry  
Cypress  
Hickory,  red  
Mahogany,  St.  Domingo  . 
Pine,  white  
"  yellow  
Poplar  
White  Oak,  upland  

"         James  River 
STONES,  EARTHS,  ETC. 
Agate  
Alabaster,  white  
u  yellow  Alum  

Amber  
Ambergris  
Asbestos,  starry  
Asphaltum   - 

Barytes,  sulphate  ■ 
Basalts  ■ 

660 
590 554 
461 

1354 5SO 3S3 
520 
705 728 482 

835 
500 023 
383 

Borax. 
Brick  . 

work  in  cement . . 
4t       u    u  mortar. . 
Carbon  

41.25  I 86.S75  ! 
34.625 28.812 

84  625 
3o.25 23.037 
33.0  2 44.062 
45.5 
30.125 55.312 31.25 
38.907 
23.  •  3T 

657  4t*0(;2 745  146.562 
671  41.937 
500 48i 
789 
807 

131.25 

130.375 
136.562* 49  25 5  1.437 

145.125 
624 
606 
441 S3  8 

72  ) 473 541 587 687 

759 

45 
O  )  ̂(]  "> 
33. SI  ' 
36  (587 
1 42  37 42.4.;7 

2500 
2730 2699 
17 '4 1073 
866 

3073 
905 1650 

4000 4SG5 
'740 

2864 
1714 
1900 1367 
2201 
1S00 1600 
2000 
3500 

170.625 
103. 6  ,7 

1  .125 
250. 
304.062 
171.25 
179. 107.125 
US  75 i  85.437 

1 13'  .532 1112.50 100; 

j!25. 
|2iS.75 

STONES,  EAKTI1S,  ETC. 
Cement,  Portland  u  Roman  
Chalk  
Chrysolite  
Clay   

u   with  gravel  
Coal,  Anthracite  "  Borneo  
u  Ganuel  

(taking  
Cheny  
Chili  
Derbyshire. . . Lancaster 
Maryland  .  .  . Newcastle. . . , 
Rive  de  Gier 
Scotch   

Splint Wales, 

Gravity  .  ̂  

mean. . 
Coke 

Ida 

Nat'l,  Ya  
crete,  mean  
il, "red  [  white  
lelian  
mend,  ( )riental. . . . kk  Brazilian... 

Earth, f  common  soil  . . u  loose  
"  moist  sand  . . . 
u       mould,  fresh  . . u  rammed  
u  rough  sand. . . . 
"       with  gravel . . . 
Emery  
Flint,  black  u  white  
Fluorine  , 
Glass,  bottle  , 

flint. 

optical  , white. . . 
window 

Cr.irnet. 

bla Granite,  Egyptian  red. . u  Patapsco... u  Quincy  
u       Scotch  ..... 
u  Susquehanna.-. 

1300 81.25 

1560 
97.25 

1620 95. 2784 
174. 

2782 
1930 

120.625 
2480 155. 1436 

S9  75 

16.0 102.5 
12  90 80.625 
1238 77.375 
1318 8. 375 
1277 79.S12 
1276 79. 75 
1  90 

80.6/5 

1292 
80.75 

1273 79.562 
1355 84.687 
1  70 79.375 
1300 81.25 
1259 

78.687 

1300 
8  i  .25 

130  ! 
SI.  375 

1315 
82.187 

1000 
62.5 

746 
40.64 

2000 
125. 1045 65.312 

270  ) 
2550 
2613 
35  1 3444 2194 137.125 15  0 

03.75 

2050 128.125 2050 12S.  125 

16  0 
100. 1920 120. 2020 
1  '6.25 

4000 250. 
2582 

161.375 

5  )4 

K32  125 

1320 82.5 
2732 

170  75 

24S7 
155.437 

2933 183.312 
32  0 196. 
2642 

!  05. 1-5 84!  0 

215  625 
2802 180.75 
2642 165.125 

41S) 375  ) 
2654 

If  5.875 

2640 
165. 

2652 
1  5  75 

2(25 164.062 
2704 

169. 
*  Ordnance  Manual,  1R41. 
f  Spec.  grav.  of  the  earth  is  variously  estimated  at  from  5450  to  5600. 
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Table- {Continued). 
Weight 
of  a  Cub. Foot 

STONES,  EARTHS,  ETC. 
Gravel,  common  
Grindstone  
Gypsum,  opaque  
Hone;  white,  razor  
Hornblende  , 
Iodine  
Jet  WW. 
Lime,  hydraulic  

quick  
Limestone,  green  M  white  Magnesia,  carbonate  
Marble,  Adelaide  
"  African  
M      Biscayan,  black. 44  Caiara  u  common  u  Egyptian  "  French  
u      Italian,  white  . . . u  Parian  
u      Vermont,  white  . Marl,  mean  , 
Mica  
Mortar  
Mill-tone  
Mud  
Nitre  
Opal  
Oyster-shell . . . 
Paving-stone  . . , 
Pearl,  Oriental. 
Peat  
Phosphorus  
Plaster  of  Paris  
Plumbago  
Porphyry,  red  
Porcelain,  China  
Pumice-stone  
Quarrz  
Kotten-stone  
Red-lead  Resin  
Rock,  crystal  
Ruby  Salt,  common  
Saltpetre  
Sand,  coarse  
"  common  
"    damp  and  loose. . . 
44    dried  and  loose  . . . "  dry  "    mortar,  Ft.  Kichm'd 
M        i"  Brooklyn.. "  silicious  Snpphire  
Shale  WWW, 
Slate   ) 

1740   109.31 2 
21 -43  133.937 
210s   135  5 
2870  179.75 
3540  221.25 
494  >  I  — 
1300  — 2745  171.562 
804  !  50.25 19S75 

197 jm 
150. 
109  6<T 
109.25 
i  108.437 

J 100. 75 I1G7  875 
I  i  00. 75 ,105  502 2708  160.25 

2838  177.375 
|10).57 10r>.375 
175. !  80.5 

!  loo.  375 165:25  | 
,101  S75 

3180 
3150 2400 
2715 
2708 
2095 
2710 
20S0 20C8 
1641 

2650 
1759 
1384 
1750 2484 
1030 
190:) 2114 
201)2 2416 
2651) 600 
1320 
1770 1170 
2H)0 
2765 2300 915 
2660 19S1 8!'40 
10S9 
2735 42  S3 
2130 2090 
18  0 
1670 
1302 
1 5C>0 
1420 
105) 1710 
1701 3094 2000 
3000 2072 

1.S.75 '  130. 75 
151. 
37.5 
S3  002 

11  .G25 73.5 
131.25 
172.8  2 143.75 
57.187 
166.25 123.812 55S.75 
68.062 170.037 

133,125 
130.625 
112.5 
1  4.375 87. 
07.5 ■  6  75 

103.00 

107  •  5 100.3:; 

102~5 

181.25 107. 

STONES,  EARTHS,  ETC. 
Slate,  purple  Smalt   
Stone,  Bath  Engl. 

u     Blue  Hill  
"  Bluestone  (basalt) 
"     Breakneck.  .N.Y. 
u     Bristol  Engl. 
u     Caen,  Normandy. u  Common  
M  Craigleth. . .  Engl. 
"  Kentish  rag  " tk  Kip's  Bay. .  N.Y. 
M  Norfolk  (Parlia- ment House). . 
u  Portland. .  .Engl. 
"  Sandstone,  mean. "  4t  Sydnev 
u  Staten  Isl'd,  N.Y. 
"     Sullivan  Co.  «* Schorl  

Spar,  calcareous  *'     Feld,  blue  
w       "  green  M     I  luor  
Stalactite  
Sulphur,  native  Talc,  mean  
Talc,  black  Tile  
Topaz,  Oriental  Trap  
Turquoise  , 

MISCELLANEOUS. 

Asphaltum  
Atmospheric  Air  Beeswax  
Butter  
( lamphor  
( laoutchouc  
Egg  Fat  of  Beef  "  Hogs  
"  Mutton  

Gamboge  
Gum  Arabic  
Gunpowder,  loose  .  .  . 

"         shaken . 

Specific  LYei?b» (,,-fivitv  oi  a(  ub. 

27S4  !174. 
2440  [152.5 1901 

204') 

2025 
2704 
5510 2(i70 2520 
2310 2051 

2759 

2304 2S68 
2200 
2237 
2970 
20SS 

317(1 2735 
2093 2704 

3400 2415 2033 
2500 
2900 1S15 
4011 2720 
2750 

1-  2.502 
105. 
104.(02 109. 
150.875 
129.75 

jl57.5 

1 144. 75 

[165.687 172. 

'l44. 

1 148. 137.5 139.812 186. lies. 

I9S.125 
|1 70.937 108.312 109. 
215.5 
150.937 
127.002 
150.25 
1S1.25 
113.437 

170. 

solid  . 
Gutta-percha  . Horn  
Ice,  at  32° ... . Indigo  
Isinglass,  Ivory  Lard  
Mastic  
Myrrh  Opium  

905 
50.502 

1050 103.125 
001205 .07529 

905 00.312 
942 

58.875 
9SS 01.75 
dim 

50.437 

1090 923 
57.GS7 

930 

5S.5 
9  3 57.0S7 1 222 

1452 
90.75 

900 
50.25 1000 02.5 

1550 
90.875 

1800 112.5 
980 61.25 

16S9 105.502 

920 57.5 10  4) C3.0G2 
1111 

69.437 

1825 114.002 947 
59  187 11-74 
07.125 

150(1 

85. 

133G 82,5 



IGO SPECIFIC  GRAVITIES. 

MISCELLANEOUS. 
Soap,  Castile 
Spermaceti .  . . Starch  
SUgftT  

.66  . 
Tallow . 
Wax. . . 

LIQUIDS. 
Acid,  Acetic  
u  benzoic  
"  Citric  
"    Concentrated  . . . 
"  Fluoric  
u  Muriatic  
"  Nitric  
"  Phosphoric  u  kt  solid. 
^  Sulphuric  

Alcohol,  pure,  60°  
"       95  per  cent.  . . 

rJOsihlG— (Continued). 
Gravity-  Foot. 

«       50  " 
u       25  " 
"      10  " 
"        5  " 
u      proof  spirit,*  50 

per  cent.  .  .60° "      proof    spirit,  50 
per  cent.  .  .S0° Ammonia,  27.9  per  cent. . 

Aquafortis,  double  
w  single  

10T1 

94-} 950 
16  .(0 1326 
972 941 
964 
970 

1062 667 
1034 1521 1500 
1  00 1217 
1558 
2S00 
1849 
794 816 
83 9:!4 
951 
9T0 986 
992 ■  934 

►  875 

891 
1300 
1200 

56.937 
5S.937 
59-375 
00.375 
82.S75 
60.25 
5S.812 60.25 
60.625 

66.375 
41.6S7 
64.625 15.062 
93.75 T5. 
76.062 97.375 175. 

115.5:2 
49.622 51. 
53.937 
5S.375 59.437 
60  625 

01.1 62. 
5S.375 
54.687 
55.687 81.25 
75. 

LIQUIDS. 
Beer  
Bitumen,  liquid  .  ,  
Blood  (human)  
Brandy,  %  or  5  of  spirit. Cider   
Ether,  acetic  u  muriatic  
"  sulphuric  
Honey  Milk  
Oil,  Anise-seed  "  Codfish  
u    Cotton-seed  , u  Linseed   
"    Naphtha  , "  Olive  
"  Balm   
"    Petroleum  , u  Rape  
u  Sunflower  
"  Turpentine  "  Whale  

Spirit,  rectified  Tar  
Vinegar  
Water,  Dead  Sea  "  69°  ... 
«  212°  . . . 
u      distilled,  8<a°t  . Mediterranean., 
u      rain  , u  sea  

Wine,  Burgundy  , 
u     Ch  impagne  . . .  . u  Madeira  
u  Port  

Specif  JKfl! 

G  ra  v  i 

1034 
848 

1054 924 

10  s 
866 

845 715 

14,0 1032 986 
923 

940 
848 
915 

96) 878 914 
926 

870 

9-  3 

824 
1015 
1080 
1240 
9  9 
1  57 998 

1029 
1000 1026 

992 

997 

1038 997 

64.625 55. 65.875 
57.75 
68.625 54.125 
52.812 
44.687 !  0.625 

64.5 6 1. 625 
57.687 
5S.75 53. 

57  187 
60.562 
54*75 
57.125 57.875 
54.^75 57.687 51.5 
Gil  437 

67.5 
77.5 62.449 59.812 
62.379 64.312 
62.5 64  125 

6'. 

61.375 

62.  ."12 62.312 

Compression  of  the  following  fluids  under  a  pressure  of  15  lbs.  per 
square  inch  : 
Alcohol  0000216    I  Mercury...  00000265 
Ether  00006158    Water  00004663 

Elastic  Fluids. 

1J  Cubic  Foot  of  Atmospheric  Air  weighs  52  7. 04  Troy  Grains. 
Its  assumed  Gravity  of  1  is  the  Unit  for  Elastic  Fluids. 

1. Atmospheric  air,  34° Ammonia  
Azote  
Carbonic  acid  
u  oxyd   

Cnrhuivted  hydrogen Chlorine  
GMord-carbonic  
Cyanogen  

.589 .976 
1.52 .972 

.5r>9 
2.47 

3.381 1.815 

Gas,  coal  
Hydrogen  
Hydrochloric  acid  . 
Hydrocyanic    u  . Muriatic  acid  
Nitrogen  
Nitric  oxyd  
Nitrous  acid  

.4 

.752 

.('7 1.278 

.942 1.247 

.972 1.094 

'2.638 

*  Specific  gravity  of  proof  spirit  according  to  lire's  Table  for  Sykes's  Hydrometer,  020 f  1  cubic  inch  =  .252.69  Troy  grains.  t  Equal  to  .075-29143  lbs.  avoirdupois. 
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Table— (Continued). 

Xitrous  oxyd  *  Oxygen   
Phosphuretei  hydrogen  
Sulphurated  u   Sulphuious  acid  
Steam,*  212°   Smoke,  of  bituminous  coal  
"  coke   44  wood  

Vapor  of  alcohol  
44      bisulphuret  of  carbon. . 

1.  27  Vapor  of  bromine  
1.102  41       cliloric  ether  
1.77  «  ether  
1.17  "  hydrochloric  ether  . . 
2.21  11  iodine  
.4SS3  u       nitric  acid  
.102  "  spirits  of  turpentine. 
>1"5  u       sulphuric  acid  
•09  w  "  ether  
1013  44  sulphur  
2.64  •  44  water  

Weights  and.  Volumes  of  various  Substances  in 
Ordinary  Use. 

Brass  . 
METALS. 

(copper  07.) 
(zinc  33.  / 
gun  metal  . 44  sheets  11  wire  

Copper,  cast  
44  plates  Iron,  cast  

u.     gun  metal  
44    heavy  forging  . . 
"  plates   
44     wrought  bars. . . Lead, cast  44  rolled  

Mercury,  60°  Steel,  plates  44  soft  Tin  
Zinc,  cast  44  rolled  

Ash  
Bay  
Cork  
Cedar    
Chestnut  
Hickory,  pig-nut  

44       shell-bark  . . 
Lignum-vita?  
Logwood  

Mahogany, Hondur's  | Oak,  Canadian  
44  English  44    live,  seasoned. . . 
44    white,  dry  44  upland... Line,  pitch  44  red  u  white  
44    well  seasoned. . 

Cubic  Foot.  Cub.  Incli 

4SS.75 
E43.75 513.0 
524.10 
547.25 
54  625 
450  437 
400.5 
4  0  5 
481.5 4S0.75 
700.5 
711  75 S4S.74S7 
4S7.75 4S0.5G2 
455.  OS  T 4-8.812 
44).  437 

52.  SI  2 
51.375 
15. 
35.00? 
£8.125 40  5 
43. 125 8:}  :;12 
57.002 35. 
flu  437 54.5 
5S25 00  75 
53  75 
42.1)37 
41.25 
30.875 
34.(525 20.502 

.2S2D 

.314Z 

.207 

.3  33 .3170 .3107 

.2007 

.27 .2775 

.27^7 .2S16 .41  0 

.4110 .401174 

.2823 

.2^33 

.2037 

.24S2 

.2001 
Cub.  Feet in  ft  Ton. 42.414 
4:).  CO  I 

140.333 0  l.SS0 
5S.754 
45.152 

51.' 4' 
20>\S0 30.255 
04. 
33.714 
41.101 3S.455 
33.558 41.074 
Wl  ioo 
54.303 

00  74r> 04  <;o.3 75.773 

!  Cubic Cubic  Foot   Feet  m  a 
I  Ton \VOOD& 

Pine,  yellow  
Spruce  
Walnut,  black,  dry Willow  44  dry  

MISCELLANEOUS. 
Air  
Basalt,  mean  Lrick,  fire  44  mean  

Coal,  anthracite  . .  | 
"   bitumin.,  mean Cmuel  
44  Cumberland... 
1,4    Welsh,  mean. 
Coke  
Cotton,  bale,  mean  . *4  44  pressed  | 
Earth,  chiy  41      common  soil 44  41  gravel 

**     dry,  sand  44  loose  
44      moist,  sand. . . 44  mold  44  mud  
44     with  gravel . . 

Granite,  Quincy  
u  Susqueh'na. 

Hay,  bale  
u     pre.sse  1  India  rubber  44  vulcanized 
Limestone  
Marble,  mean  
Mortar,  dry,  mean. . . 
Water,  fresh  44  salt  
Steam  

Lbs. 33.812 31  25 

31.' 5 
30  5(5  ! 30.375 

.075201 
175. 
137.502 102. 
80.75 

102  5 
80. 94.875 84.087 
SI. 25 
02  5 14.5 20. 25. 

120. 0~5 
137.125 10:».312 
120. 03  75 
128.125 
128. .  25 101.875 
120.  5 105. 75 
109. 9.525 25. 

50.437 

107.25 
107.875 
07.  OS 
62.5 04  125 

.030747 

*  'Weight  of  n  cubic  foot,  257.353  Trov  grain? 

o* 
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Application  of  tlie  Tables. 
When  the  Weight  of  a  Substance  is  required.  Rule. — Ascertain  the 

volume  of  the  substance  in  cubic  feet ;  multiply  it  by  the  unit  in  the 
second  column  of  tables,  and  divide  the  product  by  10 ;  the  quotient 
will  give  the  weight  in  pounds. 

When  the  Volume  is  given  or  ascertained  in  Inches.    Rule. — Multiply 
it  by  the  unit  in  the  third  column  of  the  tables,  and  the  product  will 
be  the  weight  in  pounds. 
Example.— What  is  the  weight  of  a  cube  of  Italian  marble,  the  sides  being  3  feet? 

33x2T0S  =  T311G  oz.,  which 4-  16  =  4569.75  lbs. 
Or  of  a  sphere  of  cast  iron  2  inches  in  diameter? 

23X.523Gx  .26  weight  of  a  cubic  inch  =1.080  lbs. 

Comparative  Weight  of  Tim  her  in  a  Green  and. 
Seasoned.  State. 

Timber. Weight  of  u  Cub.  Foot Weight  of  a  Cub.  Ft 
Green Seasoned Timber. Green. Seasoned. 
Lbs  Oz 
44.12 5S.  3 
GO. 

Lbs.  ()z. 30.11 
50. 
53.  G 

Lbs  Oz. 32. 
71.10 
48.12 

Lbs.  Oz. 
28.  4 43.  S 
35.  8 Ash   

To  Compute  the  Capacity-  of  a  Balloon. 
Rule. — From  the  specific  gravity  of  the  air  in  grains  per  cubic  foot 

subtract  that  of  the  gas  with  which  it  is  inflated  ;  multiply  the  remain- 
der by  the  volume  of  the  balloon  in  cubic  feet ;  divide  tbe  product  by 

7000,  and  from  the  quotient  subtract  the  weight  of  the  balloon  and  its 
attachments. 
Example. —The  diameter  of  a  balloon  is  2G.6  feet,  its  weight  is  100  lbs.,  and  the 

rp^oific  gravity  of  the  gas  with  which  it  is  inflated  is  .0G  (air  being  assumed  at  1); 
what  is  its  capacity? 

507 . 04  —  HI  .62  X  20.  (P  x .  5236     *M  495.42x0854.726 
7000 

■—100  = 
70U0 

-100  =  597.401  lbs. 

To    Compute    the   Diameter   of  a    I  Walloon,  the 
"Wei glit  to  "be  raised,  being  given. 

By  inversion  of  the  preceding  rule, 

,  AVx700  -f-  s-s'       •  .  "  .  _      '■  . V   52^0  =  d,  s  and  s  representing  the  weight  of  air  and  gas 
in  grains  per  cubic  foot,  and  d  the  diameter  of  the  balloon  in  feet. 
Example.— Given  the  elements  in  the  preceding  case. 

V597.46  -j-  100  X  7000 -=-527704  —  31763  _ Than .5236 .  VlSS21.0D  =  2G.G/e^. 

To  Compute  the  Weight  of  Cast  Metal  by  the 
Weight  of  the  Pattern. 

When  the  Pattern  is  of  White  Pine. 
Rule. — Multiply  the  weight  of  tlie  pattern  in  pounds  by  the  follow- 

ing multiplier,  and  the  product  will  give  the  weight  of  the  casting: 
Iron,  14;  Brass,  15;  Lead,  22  ;  Tip,  14;  Zinc,.  13.5. 
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When  there  are  Circular  Cores  or  Prints. — Multiply  the  square  of  fhe 
diameter  of  the  core  or  print  by  its  length  in  inches,  the  product  by 
.0175,  and  the  result  is  the  weight  of  the  pattern  of  the  core  or  print 
to  be  deducted  from  the  weight  of  the  pattern. 

It  is  customary,  in  the  making  of  patterns  for  castings,  to  allow  for 
shrinkage  per  lineal  foot  of  pattern  : 

Iron  and  Lead  Jth  of  an  inch,  Brass  and  Zinc  ̂ ths,  and  Tin  Ath. 

GEOMETRY. 

Definitions. — A  Point  has  position,  but  not  magnitude. 
A  Line  is  length  without  breadth,  and  is  either  Right,  Curved,  ox  Mixed. 
A  Right  Line  is  the  shortest  distance  between  two  points. 
A  Curved  Line  is  one  that  continually  changes  its  direction. 
A  Mixed  Line  is  composed  of  a  right  and  a  curved  line. 
A  Superficies  has  length  and  breadth  only,  and  is  plane  or  curved. 
A  Solid  has  length,  breadth,  and  thickness. 
An  Angle  is  the  opening  of  two  lines  having  different  directions,  and  is 

either  Right,  Acute,  or  Obtuse. 
A  Right  Angle  is  made  by  a  line  perpendicular  to  another  falling  upon  it. 
An  Acute  Angle  is  less  than  a  right  angle. 
An  Obtuse  Angle  is  greater  than  a  right  angle. 
A  Triangle  is  a  figure  of  three  sides. 
An  Equilateral  Triangle  has  all  its  sides  equal. 
An  Isosceles  Triangle  has  two  of  its  sides  equal. 
A  Scalene  Triangle  has  all  its  sides  unequal. 
A  Right-angled  Triangle  has  one  right  angle. 
An  Obtuse-angled  Triangle  has  one  obtuse  angle. 
An  Acute-angled  Triangle  has  all  its  angles  acute. 
A  Quadrangle  or  Quadrilateral  is  a  figure  of  four  sides,  and  has  the  fol- lowing particular  designations,  viz. : 
A  Parallelogram,  having  its  opposite  sides  parallel. 
A  Square,  having  length  and  breadth  equal. 
A  Rectangle,  a  parallelogram  having  a  right  angle. 
A  Rhombus  or  Lozenge,  having  equal  sides,  but  its  angles  not  riffht  an- gles. to 
A  Rhomboid,  a  parallelogram,  its  angles  not  being  right  angles. A  Trapezium,  having  unequal  sides. 
A  Trapezoid,  having  only  one  pair  of  opposite  sides  parallel. 
Note.—  A  Trianjle  is  sometimes  called  a  Trigon,  and  a  Square  a  Tetragon. 
Polygons  are  plane  figures  having  more  than  four  sides,  and  are  either Regular  or  Irregular,  according  as  their  sides  and  angles  are  equal  or  mi- equal,  and  they  are  named  from  the  number  of  their  sides  or  angles Thus :  & 
A  Pentagon  has  five  sides. 
A  Hexagon    u    six  " 
A   Heptagon  "    seven  " 
An  Octagon     11    eight  " 

A  Nonagon   has  nine  sides. 
A   Decagon      "    ten  " 
An  Undecagon  "    eleven  " 
A  Dodecagon  "    twelve  " 

A  CntCLi:  is  a  plane  figure  bounded  by  a  curved  line,  called  the  Cir- cumference or  Periphery. 
A  UiamUrr  is  a  right  line  passing  through  the  centre  of  a  circle  or sphere,  and  terminated  at  each  end  by  the  periphery  or  surface. 
An  Arc  is  an}-  part  of  the  circumference  of  a  circle. 
A  Chord  is  a  right  line  joining  the  extremities  of  an  arc. 
A  Segment  of  a  circle  is  any  part  bounded  by  an  arc  and  its  chord. 
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The  Radius  of  a  circle  is  aline  drawn  from  the  centre  to  the  circumference. 
A  Sector  is  any  part  of  a  circle  bounded  by  an  arc  and  its  two  radii. A  Semicircle  is  half  a  circle. 
A  Quadrant  is  a  quarter  of  a  circle. 
A  Zone  is  a  part  of  a  circle  included  between  two  parallel  chords. 
A  Lime  is  the  space  between  the  intersecting  arcs  of  two  eccentric  circles. 
A  Gnomon  is  the  space  included  between  the  lines  forming  two  similar 

parallelograms,  of  which  the  smaller  is  inscribed  within  the  larger,  so  as 
to  have  one  angle  in  each  common  to  both. 

A  Secant  is  the  line  running  from  the  centre  of  the  circle  to  the  extrem- ity of  the  tangent  of  the  arc. 
A  Cosecant  is  the  secant  of  the  complement  of  an  arc,  or  the  line  running 

from  the  centre  of  the  circle  to  the  extremity  of  the  cotangent  of  the  arc. 
A  Sine  of  an  arc  is  a  line  running  from  one  extremity  of  an  arc  perpen- 

dicular to  a  diameter  passing  through  the  other  extremity,  and  the  sine 
of  an  angle  is  the  sine  of  the  arc  that  measures  that  angle. 

The  Versed  Sine  of  an  arc  or  angle  is  the  part  of  the  diameter  intercept- ed between  the  sine  and  the  arc. 
The  Cosine  of  an  arc  or  angle  is  the  part  of  the  diameter  intercepted  be- tween the  sine  and  the  centre. 
The  Coversed  Sine  of  an  arc  or  angle  is  the  part  of  the  secondary  ra- 

dius intercepted  between  the  cosine  and  the  circumference 
A  Tangent  is  a  right  line  that  touches  a  circle  without  cutting  it. 
A  Cotangent  is  the  tangent  of  the  complement  of  the  arc. 
The  Circumference  of  every  circle  is  supposed  to  be  divided  into  oGO 

equal  parts  termed  Degrees ;  each  degree  into  60  Minutes,  and  each  m*n- tite  into  60  Seconds,  and  so  on.  .  ,        .  , 
The  Complement  of  an  angle  is  what  remains  after  subtracting  the  angle from  90  degrees.  , 
The  Supplement  of  an  angle  is  what  remains  after  subtracting  the  angle from  180  degrees. 

To  exemplify  these  definitions,  let  Acb,  in  the  following  diagram,  be  an 
assumed  arc  of  a  circle  described  with  the  radius  13  A: 

Ag  A  c  b,  an  Arc  of  the  circle  A  C  E  D. 
A  fo,  the  Chord  of  that  arc. 
1)  A,  an  Initial  radius. 
B  C,  a  Secondary  radius. 
e  D  d.  a  Segment  of  the  circle. 
A  B  6,  a  Sector. 
A  D  E,  a  Semicircle. 
C  B  E,  a  Quadrant. 
A  e  d  E,  a  Zone. 
n  o  ft,  a  Lune. B  </,  the  Secant  of  the  arc  Acb;  written 

l  Sec. 
b  k,  the  Sine  of  the  arc  A  c  b;  written  Sin. 
A  kk  the  Versed  Sine  of  the  arc  Acb ;  writ- ten Versin. 
B  k  or  in  b,  the  Cosine  of  the  arc  Acb. 
A  o,  the  Tangent  of  "  V C  B  b,  the  Complement,  and  b  B  E,  the 

Supplement  of  the  arc  Acb. 
C  fc,  the  Cotangent  of  the  arc  ;  written  Cot 
B  .v,  the  Cosecant  of  the  arc ;  written  ( losec 

m  C,  the  Coversed  sine  of  the  arc,  or,  by  convention,  of  the  angle  AB&;  written Coversin. 

The  Vertex  of  a  figure  is  its  top  or  upper  point.  In  Conic  Sections  it  is 
the  point  through  which  the  generating  line  of  the  conical  surface  always 

'  The  Altitude,  or  height  of  a  figure,  is  a  perpendicular  let  fall  from  its vertex  to  the  opposite  side,  called  the  base. 
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The  Measure  of  an  angle  is  an  arc  of  a  circle  contained  between  the  two 
lines  that  form  the  angle,  and  is  estimated  by  the  number  of  degrees  in the  arc. 
A  Segment  is  a  part  cut  off  by  a  plane,  parallel  to  the  base. 
A  Frusirum  is  the  part  remaining  after  the  segment  is  cut  off. The  Perimeter  of  a  ligure  is  the  sum  of  all  its  sides. 
A  Problem  is  something  proposed  to  be  done. 
A  Postulate  is  something  required. 
A  Theorem  is  something  proposed  to  be  demonstrated. 
A  Lemma  is  something  premised,  to  render  what  follows  more  eas}-. A  Corollawj  is  a  truth  consequent  upon  a  preceding  demonstration. A  Scholium  is  a  remark  upon  something  going  before  it. 

Lengths  of  the  following  Elements,  Radius  ==  1. 
I     Angle  45o. 

Sine  I  .707107 Cosine   .707107 
Versed  Sine  . .  .292893 
Coversed  Sine.  .292893 
Secant  !  1.4X4214 

Angle  60°. Angle  45°. 
Angle 

.866025 Cosecant .... 1.414214 1.1547 

.5 Tangent  1. 1.73205 

.5 Cotangent. . . 
1. 

.577349 .133975 .765366 

1. 

2. 
Arc  .785398 1.0472 

SCALES. 

To  Construct  a  Diagonal  Scale  upon  any  Line-  as  A.  B- ITig.  1. 

D 

Divide  the?  line  into  as  many  divisions  as  there  are  hundreds  of  feet,  spaces  of  ten feet,  feet,  or  inches  required. 
Draw  perpendiculars  from  every  division  to  a  parallel  line,  C  D.  Divide  them and  one  of  the  divisions,  A  E,  C  F,  into  spaces  often  if  for  feet  and  hundredths,  and twelve  if  for  inches;  draw  the  lines  A  1,  a  2,  b  3,  etc.,  and  they  will  complete  tlrj scale. 
Thus:  The  line  A  B  representing  ten  feet;  A  to  E,  E  to  G,  etc.,  will  measure  one loot ;  A  to  o,  G  to  1,  1  to  2,  etc.,  will  measure  l-10th  of  a  foot.  The  several  lines  A  1, a  2,  etc.,  will  measure  upon  the  lines  kk,  11,  etc.,  1-lOOth  of  a  foot:  and  op  will measure  upon  k  k,  1 /,  etc.,  divisions  of  1-lOth  of  a  foot. 

POLYGONS. 

To  Circumscribe  a  Pentagon  aoorit  a  Given  Circle— Fig.  2. 
(2.)  D 

Divide  the  circumference  of  a  circle  into  five  points, defining  them  s  r  v  m  n. 
From  the  centre  0,  draw  0  r,  0  v,  etc. 
Through  n  /»,  etc.,  draw  A  B,  B  C,  etc.,  perpendicu- 

lar to  0  ?i,  0  m,  etc  ,  and  complete  the  figure. 
Note.— Any  other  polygon  may  he  made  in  a  similar 

manner  hy  drawing  tangents  to  the  points,  first  defining them  in  the  circle. 
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To  Inscribe  a  Pent  agon  in.  a  Gfiven  Circle — Pig 
(3.)  A 

3. 

Draw  the  diameters,  A  p  and  m  «,  at  right  angles  to 
each  other;  bisect  o  n  in  r,  and  with  r  A  describe  A  s; 

n  from  A  with  A  s  describe  s  15. 
Join  A  B,  and  the  distance  is  equal  to  one  side  of  the 

pentagon  required. 

To  Describe  a  Pentagon  upon  a  Gfiven  Line — Fig.  4. 
(4.)  C 

Draw  B  m  perpendicular  to  A  B,  and  equal  to  one  half of  it ;  extend  A  m  until  m  n  is  equal  to  B  m. 
From  A  and  B,  with  the  radius  B  n,  describe  arcs  cut- 

1  ting  each  other  in  o;  then  from  o,  with  the  radius  o  B, describe  the  circle  A  C  B,  and  the  line  A  B  is  equal  to 
one  side  of  the  pentagon  upon  the  circle  described. 

B 
To 
(5.) 

Describe  an  Octagon  upon  a  Griven  Line  .A.  13 — Pig ■  £>. 

/  e 
/j\  From  the  points  A  B  erect  indefinite  perpendiculars ;    \       A  /,  B  e ;  produce  A  B  to  m  and  n,  and  bisect  the  angles m  A  o  and  n  B  p  with  A  H  and  B  C. 

Make  A  H  and  B  C  equal  to  A  B,  and  draw  H  G,  C  D, 
.--Jo       p  j-« . ^  parallel  to  A/,  and  equal  to  A  B. 

From  G  and  D,  as  centres  with  a  radius  equal  to  A  B, 
describe  arcs  cutting  A/,  B  in /  and  e.  Join  G/,  / e, 
and  e  D,  and  the  figure  is  complete. 

SQUARES. 
To  Describe  a  Square  aboxat  a  Griven  Circle — Fig.  6. 

l^*)         c  Draw  the  line  A  B  through 
the  centre  of  the  circle. 
Take  any  radius,  as  A.  e; describe  the  arcs  A  e  e,  B  ee  ; 

join  e  p,  continuing  the  line, 
i,  B  to  C  D. Describe  B  r  and  Dr;  draw 

and  extend  B  r  and  Dr,  and 
the  sides  A  and  C,  drawn  par- 

allel to  them,  will  describe  the 
square. 

To  Inscribe  a  Square  in  a  Griven  Circle — Fig.  7\ 
Draw  the  line  A  B  through  the  centre  of  tbe  circle ;  take  any  radius,  as  Ac,  and 

describe  the  arcs  Ace,  B  e  e ;  join  e  r,  continuing  the  line  to  C  and  D ;  join  A  U,  A  D, etc.,  and  the  square  is  inscribed. 
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To  Describe  an  Octagon  in  a  Griven  Sqxxare — Fig.  8 
Let  A  B  C  D  be  the  given  square. 
Desciibe  A  o,  B  o,  etc.  ;  join  the  intersections  r  r  r  r,  etc.,  and  the  figure  formed is  the  octagon  required. 

CIRCLES. 

To  Describe  a  Circle  that  slxall  pass  through  any  three 
Given  Foints,  as  A.  13  C — Fig.  O. 

Upon  the  points  A  and  B,  with  any  opening  of  a  dividers,  describe  two  arcs  to intersect  each  other,  as  at  e  e. 
On  the  points  AC  describe  two  more  to  intersect  each  other  in  the  points  c  c. 
Draw  the  lines  e  e  and  c  c,  and  where  these  two  lines  intersect  o,  place  one  leg of  the  dividers,  and  extend  the  other  to  A,  B,  or  C,  and  it  will  describe  a  circle  through the  three  given  points. 

To  Inscribe  an  Fcjxailaxeral  Triangle  in  a  Given  Circle- Fig.  lO. 
From  any  point  A,  with  A  o  equal  to  the  radius  of  the  circle,  describe  eo  c;  from e  and  e  describe  e  r,  e  r;  join  A  r,  r  r,  and  r  A,  and  the  triangle  is  formed. 
Note — All  figures  of  10  or  20  sides  are  readily  determined  from  the  side  of  a  pen- tagon, being  halved  or  quartered  ;  and  in  like  manner,  all  figures  of  G,  12,  or  24  sides are  readily  determined  from  the  radius  of  a  circle,  being  equal  to  the  side  of  a  hex- agon. 

ELLIPSES. 

To  Describe  an   Ellipse  to  any  Length,  and  Breadth given — Fig.  11. 

Let  the  longest  diameter  given  be  equal  to  a  6,  and  the  shortest  to  c  o. 
Bisect  a  b  equally  at  right  angjes  in  s. 
Make  ar  equal  to  co;  divide  rb  into  three  equal  parts,  set  off  two  of  those  parts from  8  to  r  and  from  8  to  u;  then,  with  the  distance  ttr,  make  the  two  equilateral  tit- 
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angles  ucr  and  nor;  these  angles  are  the  centres,  and  the  sides  being  continued are  the  lines  of  direction  for  the  several  arcs  of  the  ellipse  a  6  b  a. 
Note  When  it  is  required  to  work  an  Architrave,  etc.,  of  this  form  :  by  the  use 

of  the  four  centres  u,  c,  r,  o,  and  the  lines  of  direction  h  e,  of,  o  i,  and  g  c,  describe 
another  line  around  the  former,  and  at  any  distance  required,  as  hifg. 

To  Describe  an  Ellipse  to  an.y  Length  and  IBreaxlth  re- 
quired, another  Way — Fig.  l£i. 

Let  the  longest  diameter  be  C  D,  and  the  shortest  E  F. 
Take  the  distance  C  o  or  o  D,  and  with  it,  from  the  points  E  and  F,  describe  the 

arcs  h  and  /  upon  the  diameter  C  D. 
Insert  pin3  at  h  and  at  /,  and  put  a  string  around  them  of  such  a  length  that  it 

will  just  reach  to  E  or  F. 
Introduce  a  pencil,  and  bearing  upon  the  string,  carry  it  around  the  centre  o,  and 

it  will  deseribe  the  ellipse  required.* 

To  Describe  an  Ellipse  of*  any  Given  Eength,\vithout  re- gard  to  Breadth — Eig.  13. 
(13.) 

Let  A  B  be  the  given  length. 
Divide  it  into  three  equal  parts,  as  A  s  t  B. 
With  the  radius  A  s,  describe  the  circle  A  F  o  i 

n  C  ;  and  from  ?',  B  D  n  s  o  E. With  n  F  and  o  C  draw  F  E  and  C  D,  and  the 
ellipse  is  described. 

To  Ascertain  the  Centre  and  two  Diameters  of* an.  Ellipse — Eig-  14. 
<14.)         vn^---  ^ Let  A  B  c  u  be  the  ellipse. 

[  !   Jl^'-iJ  f>  pleasure,  as/Jr,  cutting  the  figure  in  the 
AM"?  —  /±4Je  Points/^ 

\X                               h/  \  11  *■  Draw  the  right  line  /  I;  bisect  it  in  ?,  and 0  \\                    '.            /  jy  \  /  t.hrnnp-h  thp.  noints  i  k  draw  the  greatest  di- 

Draw  at  pleasure  two  lines,  q  .o\  m  o,  par- allel to  each  other ;  bisect  them  in  the  points 
h  r?,  and  draw  the  line  P  E ;  bisect  it  in  k, 
and  upon  it,  as  a  centre,  describe  a  circle  at 

through  the  points  i  k  draw  the  greatest  di- ameter A  B,  and  through  the  centre,  A%  draw 
the  least  diameter  c  w,  parallel  to  the  line 

To  Draw  a  Spiral  Line  about  a  Griven  Point — Kig.  1£5. 
(15.) 

Let  c  be  the  centre. 
Draw  A  h,  and  divide  it  into  twice  the  number  of 

parts  that  there  are  to  be  revolutions  of  the  line.  Upon 
c  describe  k  ?,  g  /,  A  /?,  and  upon  i  describe       £//,  etc. 

*  It  is  a  property  of  the  ellipse  that  the  sum  of  two  lines  drawn  from  the  foci  to  meet  in  any point  in  the  curve  is  equal  to  the  transverse  diameter,  and  from  this  the  correctness  of  the  above ^construction  is  evident. 
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POLYGONS. 

To  Describe  a  Regular  iPolygon  of  any  reqnired.  Number of  Sides — Fig.  16, 
From  the  point  o,  with  the  distance  o  B,  describe 

the  semicircle  B  b  A,  which  divide  into  as  many 
equal  parts,  A  <?,  a  b,  b  e,  etc.,  as  the  polygon  is  to have  sides. 

Let  a  hexagon  be  required. 
From  o  to  the  second  point  of  six  divisions  draw 

o  b;  and  through  the  other  points,  e,  tf,  and  e,  draw o  C,  o  D,  etc. 
Apply  the  distance  o  B,  from  B  to  E,  from  E  to  D, 

from  D  to  C,  etc.  Join  these  point?,  as  b  C,  C  D, etc.,  and  the  figure  is  described. 

ARCS. 

To  Describe  a  Grothic  A^rc-*iPig.  V7. 

Take  the  line  A  B. 
At  the  points  A  and  B  draw  the  arcs  B  a  and  A  c.  and  it  will  describe  the required. 

To  Describe  an  Elliptic  A.rc  on  the  Conjugate  Diameter— Eig.  18. 

Draw  the  diameter  A  B,  and  in  the  middle,  at  *,  erect  the  perpendicular  k  o,  equal to  the  height  of  the  arc.  1  H 
Divide  the  perpendicular  k  o  into  two  equal  parts  at  e;  continue  the  line  A  B  on both  sides  at  pleasure,  and  from  the  point  k,  with  the  distance  *o,  cut  A  B  in  c  and 

An  nmlT>  VilS  el  ?HaW  °  t f  T\1  e  9  at  Pleasurc  '  d  and  c  are  Cfintres  the  arcs A  #  and  B  / ,  and  e  the  centre  for  the  arc  gof,  which  will  form  the  arc  required. 
To  Describe  an  Elliptic  Arc,  the  Chord  and  Height  being given — Fig.  19 

Bisect  A  B  at  c;  erect  the  perpendicular  A  q< and  draw  the  line  q  D  equal  and  parallel  to  A  c. 
f  \       Bisect  A  c  and  A  q  in  r  and  n;  make  c  I  equal  to y~ c  D,  and  draw  the  line  Irq;  draw  also  the  line 

'  p      nsD;  bisect  8  D  with  a  line  at  right  angles,  and cutting  the  line  c  D  in  0;  draw  the  line  0  q;  make c  p  equal  to  c  k,  and  draw  the  line  0  _p  i. 
Then  from  0  as  a  centre,  with  the  radius  0  D, describe  the  arc  s  D  i;  and  from  &  and  p  as  cen- tres, with  the  radius  A  fr,  describe  the  arcs  As  and 

I J  >,  which  will  complete  the  arc  required. 
P 
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(20.) 
To  Describe  a  Gothic  Arc — Figs.  SO  and  SI. 

Divide  the  line  A  B  (Fig.  20)  into  three  equal  parts,  e/} 
from  the  points  A  and  B  let  fall  the  perpendiculars  A  c  and 
B  d,  equal  in  length  to  two  of  the  divisions  of  the  line  A  B , 
draw  the  lines  c  h  and  d  g ;  from     ,  ̂   j 
the  points  e/,  with  the  length  of 
/  B,  describe  the  arcs  A  g  and 
B  /<,  and  from  the  points  c  and d  describe  the  arcs  g  i  and  i  w, 
and  it  will  complete  the  arc  re- 
quired. 

Or,  divide  the  line  A  B  (Fig. 
21)  into  three  equal  parts  at  a 

and  b,  and  on  the  points  A,  a,  &,  and  B,  with  the  distance 
of  two  divisions,  make  four  arcs  intersecting  at  c  d. 
Through  the  points  c,  d,  and  the  divisions  a,  0,  draw 

the  lines  c  f  and  d  c,  and  on  the  points  a  and  b  describe 
the  arcs  A  e  and  B/,  and  on  the  points  c  d  the  arcs  fg 
and  e  <<,  and  it  will  complete  the  arc  required. 

To  draw  f  rom  or  to  trie  Circumference  of  a  Circle,  Lines 
leading  to  the  Centre,  When  the  Centre  is  inaccessible 
•22.) Divide  the  whole  or  any  given  por- 

tion of  the  circumference  into  the  de- sired number  of  parts  :  then,  with  any 
radius  less  than  the  distance  of  two  di- 

visions, describe  arcs  cutting  each  oth- 
er, as  A  r,  b  r,  c  r,  d  r,  etc. ;  draw  the 

lines  b  r,  c  r,  etc.,  and  they  will  lead  to the  centre,  as  required. 
  To  draw  the  end  lines,  as  A  r,  F  r. 

TYnm  b  describe  the  arc  r,  and  with  the  radius  b  1,  from  A  or  F  as  centres,  cut  the 

^A^^r^-^  the  lines  A  r,  F  r,  will  lead  to  the  centre,  as  required. 

To  Describe  an  Arc,  or  Segment  of  a  Circle,  of  a  large PLadins— Fig.  S3. 
Construct  of  suitable material  a  triangle,  as 

A  b  C  ;  make  A  b,  5  C, 
each  equal  in  length  to the  chord  of  the  arc  d  c, 
and  in  height  twice  that 
of  the  arc  b  o.  At  each  end 

of  the  chord  d,  c,  insert  a  pin,  and  at  b  attach  a  tracer  (as  a  pencil);  move  the  trian- gle against  the  pins  as  guides,  and  the  tracer  will  describe  the  arc  requned. 
Or,  draw  the  chord  A  c  B  (Fig.  24);  also  draw  the  line  h  D  i  PJ"^.^h 

chord,  and  at  a  distance  equal  to  the  height  of  the  segment ;  bisect  the  choid  in ,  c 
and  erect  the  perpendicular 
c  D  :  join  A  D,  D  B ;  draw i  Ah  perpendicular  to  A  D, 

i  and  B  i  perpendicular  to  B  D; 
erect  also  the  perpendiculars 
Aw,  B  n ;  divide  A  B  and h  i  into  any  number  of  equal 
parts ;  draw  the  lines  1 1, 2  2,  and  divide  the  lines  A  n, 
B  ?i,  each  into  half  the  num- ber of  equal  parts  in  AB; 

draw  lines  to  D  from*  each  division  in  the  lines  A  w  B  n  and  at  the  pointed ̂ inter- 
section with  the  former  lines  describe  a  curve,  which  will  be  the  aic  oi  segment  ie* quired. 
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To  Ascertain  the  Length  of  an  Elliptic  Curve  which  is less  than  half  of  the  entire  Figure  Fig.  25. 
Let  the  curve  of  which  the  length  is  re- quired be  A  b  C. 
Extend  the  versed  sine  b  d  to  meet  the centre  of  the  curve  in  e. 

t     Draw  the  line  e  C,  and  from  e,  with  the 
..  .  ->  distance  e  &,  describe  b  h;  bisect  h  C  in 

h.  1  \  and  from  e,  with  the  radius  e    describe  k  ?*, i  and  it  is  equal  to  half  the  arc  A  b  C. 

To  Aeeertain  tlie  Length  when  the  Curve  is  greater  than half  the  entire  Figure. 
Ascertain  by  the  above  problem  the  curve  of  the  less  portion  of  the  figure :  sub- tract it  irom  the  circumference  of  the  ellipse,  and  the  remainder  will  be  the  length of  the  curve  required.  fo 

To  Ascertain  the  Distance  "between  two  inaccessible  Ob- jects, as  .A.,  U — Fig.  26. (2G.) 

From  any  point  C  draw  a  line  C  c,  and  bisect  it  in 
o;  take  any  point  e  in  the  prolongation  of  A  c,  and draw  the  line  e  r.  making  o  e  equal  to  o  r. 

In  like  manner,  take  any  point  s  iii  the  prolonga- 
tion of  B  C,  and  make  of  equal  to  o  s.  Produce  A  o 

and  C  r  till  they  meet  in  a,  and  also  B  o  and  c  r  till 
they  meet  in  b ;  then  a  b  equal  A  B,  or  the  distance 
between  the  objects  as  required. 

To  Ascertain  the  Distance  of  an  inaccessible  Ohject  on  a Level  Plane — Fig.  27. 
(27  ) 

Let  it  be  required  to  ascertain  the  distance  between 
A  and  B,  A  being  inaccessible. 

Produce  the  line  in  the  direction  of  A  B  to  any  point, 
as  o ;  draw  the  line  o  d  at  any  angle  to  tlie  line  A  B; 
bisect  the  line  o  rf,  through  which  draw  the  line  B  b, 
making  cb  equal  to  Be;  draw  the  line  dba;  also 
through  c,  in  the  direction  c  A,  draw  the  line  Ac  a,  in- 

tersecting the  line  dba;  then  ba  equal  A  B,  the  dis- tanca  required. 
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Areas 
Diam. of  Circles,  from  &  to  150.— {Advancing  by  an  Eighth.-] Area. 
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Table— (Continued). 
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Ta"ble— (Continued). 
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4329.96 
4344.55 
4359.17 
4373.81 
4388.47 
4403.16 

75. 

76. 

79. 

80. 

81. 

4417.87 
4432.61 4447.38 
4462.16 
4476.98 4491.81 
4506.67 
4521.56 
4536.47 
4551.41 4566.36 
4581.35 
4596.36 4611.39 
4626.45 
4641.53 
4656.64 
4671.77 
4686.92 
4702.1 
4717.31 
4732.54 4747.79 
4763.07 4778.37 
4793.7 
4809.05 
4824.43 
4839.83 
4855.26 
4870.71 
4886.18 
4901.68 4917.21 
4932.75 4948.33 
4963.92 
4979.55 49';:5.19 

5010.86 
5026.56 5042.28 
5058.03 5073.79 
5089.59 
5105.41 5121.25 
5137.12 5153  M 
5168.93 
5184.87 
5200.83 
5216.82 
5232.84 5248.88 
5264.94 



ABE  AS  OF  CIRCLES. 

Table -(Continued).— [Advancing  by  an  Eighth  and  a  Quarter. -\ 

■X 

•78 

•A 
•78 
•% 

'% 

5281.03 
5297.14 
5313.28 
5329.44 
5345.63 
5361.84 
5378.08 
5394.34 
5410.62 
5426.93 
5443.26 
5459.62 
5476.01 
5492.41 
5508.84 
5525.3 
5541.78 
5558.29 
5574.82 
5591.37 
5607.95 
5624.56 
5641.18 
5657.84 
5674.51 
5691.22 
5707.94 

I  5724.69 
j  5741.47 ;  5758.27 
i  5775.1 
5791.94 

I  5808.82 5825.72 
5842.64 
5859.59 
5876.56 
5893.55 
5910.58 
5927.62 
5944.69 
5961.79 
5978.91 
5996.05 
6013.22 
6030.41 
6047.63 
6064.87 
6082.14 
6099.43 
6116.74 
6134.08 
6151.45 
6168.84 
6186.25 
6203.69 

Diam. 
|  Area. 

Diam. 

j  Area. 
Diam. Area. 

89. 6221.15 96. 7238. 25 106. 8894  75 
•/8 

:  6238.64 

-H 

7257 .11 

1/ 

00OO .  -±o 
•  /* 

;  6256.15 

<H 

7275 .99 

V? •72 

8008  9 
'78 

'  6273.69 

-% 

7294.91 

•M 

80^0  07 
M 6291.25 

-M 

107. 8009  OJ. •  /o 
'  6308.84 

% 
7332^8 

1/ •74 

i/UOt .  IX 
6326.45 7351 .79 

1/ •72 

007<^  9^t 

'7b 

6344.08 

•% 

7370 .79 

87 

•A 

0118 Jl  10 .  OX. 90. 6361.74 97 7389.83 108. 0KU1  01 t/ll)U  .ol 
•/a 

6379.42 

•X 

7408.89 

•74 

c/ZUO  .  0  / 
6397.13 

-M 

7427.97 

1/ 
•'72 

a/ 

Q94.fi  03 

.% 

6414.86 

-% 

7447.08 0988  ^8 t'-OO  .  00 
rj| 

6432 . 62 

>M 

7466. 21 io<>: 0331  31 
*/l 

6450.4 

•% 

7485.37 9374. 19 

.% 

6468.21 

.% 

7504.55 

\y -71 

0417  14 I'l  l  I  .  XI 
-% 

6486.04 

•M 

7523 . 75 M 

'74 

9460.19 91. 6503.9 98. 7542.98 110. 0ri03  34 
M 6521.78 

■Vs 

7562. 24 

1/ 

•74 

JulO .  017 
•if 

6539.68 

-K 

7581 .52 

•  K 

0^80  03 <JOOv  .  t/O 

.% 

6557.61 

•78 

7600.82 

8/ •74 

0^33  37 

i| 

6575 . 56 
Y2 

%- 

7620.15 

111. 

f\lV7R  01 yo  < 0 . vl •  /o 
6593.54 7639.5 

1/ 

•74 

0790  ^'"i 
J/ ZU. OO M 6611.55 % 7658  88 

'/<2 

07H4  OO y  { ox-,  zy 
.% 

6629.57 % 7678 .98 

37 

'74 

080 C   1 O youo . xz 

D2/8 

6647.63 99. 7697.71 
119 

yooz .uo 

i% 

6665.7 
Vs 

7717. 16 
1/ 

•74 

080/1  OO yoyo . uy 
>/l 

6683.8 H 
lU 

OOzlO  09 yyxu.  zz 
'  /8 

6701 .93 % 7756  13 8/ 

•74 

yyo4 .40 •  li 6720.08 7775  66 
113. 

1 0098  "7 
J  UUZO . 1  i 

'.% 

6738.25 % 7795. 21 10073  9 lyjyJi  0.  Z 
.% 

6756.45 % 
7814.78 

1  / 

'72 

1  01 1  7  79 LvXl / . / Z 

.% 

6774.68 % 7834  38 

3/ 

101^9  34 )3. 
6792.92 

100*
 

7854. 1 14 1 0907  OA 

.% 

6811.2 k 780 3  39 1  O.'O  .  OZ 

1/ 

1UZ01 . 00 

.V 
6829.49 k 7932 . 74 

1/ 

1  090r.  70 

.% 

6847.82 % 7972.25 

3/ 

us! /
4 

10311  8 XUoXI .0 
•}< 

6866.16 101 8011 .87 10Q8H  01 
iuooo . y x M 

'  SB 
6884.53 

H 80^1  ^8 OUd 1 . OO 

1/ 

•74 

10/1Q9  19 J  UXoZ . 1Z 
'74 

6902.93 
U 8001  30 

72 10/177  43 6921.35 
% 8131 .3 zy 

'74 

10^99  84 1U0ZZ . OX 

34/ 8
 

6939.79 102. 8171  3 116 10^Ti8  n4 J  UOOO  .  OX: ilk 6958.26 H 8211 .41 

1/ 

•74 

1  Oi>1  Q  04 
j  uoxo .  yx- 6976.76 % 89^1  fil O^SO  I  .  ox 

1/ 

1 uooy . 00 
'  78 

6995.28 % 8291  91 3/ 

•74 

XU<  UO. 4X 
•  72 

7013.82 103! 8332.31 117 11/. iA"  r.  1  Q-i 
1U  /  01  .ox- •  bA so 

70£2  '-:■) 

8379  81 OO IL.Ol 

1/ 

-A 

1 0707  Q4 
xu  /  y  /  .  OX- 

'  74 
7050.98 % 8413.4 

1084Q  A'-l XUOXrO  .  ̂tO 7069.59 % 8454.09 8/ 

•74 

iaqco  f!9 
lUooy . OZ 35. 7088.24 

104*
 

8494  .'89 

118. 
10935.91 

■% 

7106.9 

Y± 

8535.78 
10982.3 7125.59 M 8576.76 

-yi 

11028.78 

■% 

7144.31 % 8617.85 

'% 

11075.37 

•X 

7163.04 

105*. 

8659.03 119. 11122.05 7181.81 H 8700.32 11168.83 
«M 

7200.6 a 8741.7 

•72 

11215.71 

•H 

7219.41 8783.18 

•74 

11262.69 
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Table— {Continued).— [Advancing  by  a  Quarter  and  a  Half.] 
Diana. Area.  | [  Diam. Area. Diain. 

Area.  j 

120. 11309.76 

-yi 

12173.9 133 
13892.94 

*V 

'73c 11356.93 
'  7 4: 

12222.84 H 13997.6 
11404.2 125. 12271.87 134. 14102.64 '72 

'74: 11451.57 12370.25 A 14208.08 
121 11499.04 126. 12469.01 135. 14313.91 

'■H 

11546.61 M 12568.17 

XA 

14420.14 
-7-2 •Z4 11594.27 

127.  2 

12667.72 136. 14526.76 
11642.03 

'  72 

12767.66 * A 14633.77 
122. 11689.89 128. 12867.99 13/ . 14741.17 

11737.85 
129. 

12968.72 14848.97 ■% 
11785.91 13069.84 138 14957.16 ■% 
11834.06 

-H 

13171.35 % 15065.74 
123. •% 11882.32 130. 13273.26 139 15174.71 

11930.67 M 13375.56 k 15284.08 
11979.12 131. 10478.25 140 15393.84 •% 
12027.66 

>H 

13581.33 15503.99 
124. 12076.31 132. 13684.81 141 15614.54 

■U 
12125.05 

-A 

13788.68 H 15725.48 

142. 

143!' 

144. 

145. 

#i 

146  Y 

uiY 

%\ 
148*. 7

 

;1 

149*/ 

A 

150."
' 

15836.31 
15948.53 
16060.64 
16173.15 
16286.05 
16399.35 
16513.03 
16627.11 
16741.59 
16856.45 
16971.71 17087.36 
17203.4 
17319.84 
17436.67 
17553.89 
17671.5 
17789.51 

To  Compute  the  Area  of  a  IDiameter  greater  tlian 
any  in  tlie  preceding  Table. 

Rule. — Divide  the  dimension  by  two,  three,  four,  etc.,  if  practicable 
to  do  so,  until  it  is  reduced  to  a  diameter  to  be  found  in  the  table. 

Take  the  tabular  area  for  this  diameter,  multiply  it  by  the  square  of 
the  divisor,  and  the  product  will  give  the  area  required. 

Example. — What  is  the  area  for  a  diameter  of  1050? 
1050  -h7  = 150;  tab.  area,  150  =  17671.5,  which  X  I2  =  865903.5,  area  required. 

To  Compute  the  Area  of  a  Diameter  in  Feet  and 
Inches,  etc.,  "by  the  preceding  Tahle. 

Rule. — Reduce  the  dimension  to  inches  or  eighths,  as  the  case  may 
be,  and  take  the  area  in  that  term  from  the  table  for  that  number. 

Divide  this  number  by  64  (the  square  of  8)  if  it  is  eighths,  and  the 
quotient  will  give  the  area  in  inches,  and  divide  again  by  144  (the  square 
of  12)  if  it  is  in  inches,  and  the  quotient  will  give  the  area  in  feet. 
Example.— What  is  the  area  of  1  foot  Q>%  inches  ? 

1  foot  Q>%  ins.  =  18%  ins.  =  147  eighths.    Area  of  147  =  10971.71,  which  -=-64  = 265.18  inches;  and  by  144=  1.S4 

To  Compute  the  Area  of  an  Integer  and.  a  Fraction 
not  given  in  the  Tahle. 

Rule.— Double,  treble,  or  quadruple  the  dimension  given,  until  the  fraction  is  in- creased to  a  whole  number,  or  to  one  of  those  in  the  table,  as  }£,  etc.,  provided 
it  is  practicable  to  do  so. 

Take  the  area  for  this  diameter ;  and  if  it  is  double  of  that  for  which  the  area  la 
required,  take  one  fourth  of  it ;  if  treble,  take  one  sixteenth  of  it,  etc.,  etc. 
Example.— Required  the  area  for  a  circle  of  2.%  inches. 

2.%  x  2  =  4.X,  area  for  which  =  15.0331,  which  -4-  4  =  3.758  ins. 
Note.— For  a  Table  of  Areas' "by  Feet  and  Inches,  see  EaswelVs  Mechanics'  Ta* blea. 
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Circumferences  of  Circles,  from  ̂   to  150. Diam. Circum. 
||  Diam. 1 

G-4 .0490< )  5. 1 32 .0981? 
1 1 G .1963c 
1 8 .3927 

1  -a 
3_ 
16 .589 !  -ft 

•74 

i .7854 | !  6. 

J 

5 1 G .98175 
3 8 1.1781 

I7o 
1.37445 

1 2 1.5708 
9 IG 1.76715 

1  i 
5 8 

j  1.9635 11 IG 2.15985 

'V 

•78 

3 4r 2.3562 

1/ •74 

37 
13 2.55255 

•78 

t> 

•72 

i 2.7489 

•% 

16 2.94525 
37 
•74 

1. 3.1416 Q 
O  . •/& 3.5343 

1/ 
•78 

*/4 3.927 
1/ 

•74 

•78 4.3197 8/ 

•78 

M 4 . 7124 
1/ '  78 5.1051 

•72 
5/ •78 

•  /4 •78 5.4978 3/ 

•74 

7/ 5.8905 
2. 6 . 2832 

9'%
 

*78 6.6759 
1/ 
•78 

*  74 7.0686 1/ 

•74 

*/8 7.4613 f?/ 

•78 

7.854 1/ 

•72 

'  /8 8.2467 5/ 

•78 

•  /4 8 . 6394 8/ 

•74 

*/8 9.0321 7/ 
3. 9.4248 

9.8175 1/ 
•  /* 10.2102 

•78 

1/ 
-X 10.6029 

•74 

a/ *72 10. 9956 

•78 

i  ✓ 

•72 

•  bA SB 11.3883 5/ 

•78 

•74 11.781 

•74 

*73 12.1737 77 
4. 12."  5664 12.9591 
•X 

13.3518 
13.7445 

-X 

14.1372 

•X 

•S 14.5299 

-M 

14.9226 

•« 

43 15.3153  1 

Circum.     ij  Diam. Circum. 
15.708  I 

I  16.1007 
16.4934 
16.8861 
17.2788 
17.(5715 
18.0042 
18.4509 

i  18.8496 
19.2423 
19.635 
20.0277 
20.4204 
20.8131 
21.2058 
21.5985 
21.9912 
22.3839 
22.7766 
23.1693 
23.562 
23.9547 
24.3474 
24.7401 
25.1328 
25.5255 
25.9182 
26.3109 
26.7036 
27.0963 
27.489 
27.8817 
28.2744 
28.6671 
29.0598 
29.4525 
29.8452 
30.2379 
30.6306 
31.0233 
31.416 
31.8087 
32.2014 
32.5941 
32.9868 
33.3795 
33.7722 
34.1649 
34.5576 
34.9503 
35.343 
35.7357 
36.1284 
36.5211 
36.9138 
37.3065 

12. 

13. 

•X 

14. 

15. 

16. 

18/ •72 

\  37.6992 !  38.0919 
!  38.4846 
;  38.8773 
39.27 39.6627 
40.0554 
40.4481 
40.8403B '  41.2335 

41.6262 
42.0189 
42.4116 
42.8043 
43.197 
43.5897 
43.9824 
44.3751 
44.7678 
45.1605 
45.5532 
45.9459 '  46.3386 

46.7313 

j  47.124 
I  47.5167 I  47.9094 

j  48.3021 i  48.6948 
4a.0875 
49.4802 

I  49.8729 50.2656 
50.6583 
51.051 
51.4437 
51.8364 
52.2291 
52.6218 
53.0145 
53.4072 
53.7999 
54.1926 
54.5853 54.978 
55.3707 
55.7034 56.1561 
56.5488 
56.9415 
57.3342 57.7269 
58.1196 
58.5123 
58.905 59.2977 

Diam. 

10. 

■:o. 

21/ •74 •X 

23. 

24. 

25. 

59.6904 
60.0831 
60.4758 
60.8685 
61.2612 61.6539 
62.0466 62.4393 
62.832 63.2247 
63.6174 
64.0101 
64.4028 
64.7955 65.1882 
65.5809 
65.9736 
66.3663 
66.759 
67.1517 
67.5444 
67.9371 
68.3298 
08.7225 
69.1152 
09.5079 
09.9006 
70.2933 
70.686 
71.0787 
71.4714 
71.8041 
72.2568 
72.6495 
73.0422 73.4349 
73.8276 74.2203. 
74.613 
75.0057 
75.3984 
75.7911 
76.1838 
76.5765 
76.9692 
77.3619 
77.7546 
78.1473 
78.54 78.9327 
79.3254 
79.7181 
80.1108 80.5035 
80.8962 

I  81.2889 
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rrzxble~-(Continiied).— {Advancing  by  an  Eighth.} 
)iam. Circum.  I Diam. Circum. 

Diam.  | 
Circum. Diam. 

6. T 
81.6816 33. lUo.b/o A  A 4U. 125.664 47. 
82 . 0743 

i  / 
•78 

1  A/I  AA£ 1U4. UbO \/ 126  057 y£u\j .  \JO  t 

1/ 

•U 
82.467 

•X 

1U4. 40o 1/ 126.449 '% 
82.8o9/ a/ 

-M ■% 
1  A/1  OKI 1U4.  oO± 3/ 126.842 

•78 

•K 
83.2524 1  A^  <0AA 1U0.  Z44 127.235 

•72 

.% 
83,6451 1U0 . DOD 127. 627 

'  57" 
•  78 

84.0o78 

•% 

1 Aft  A9Q 128.02 

•74 

•  % 
Q \     A  OAK o4.4oU0 7/ 1  Aft  499 1UO .  ILL 7/ 

•78 

128.413 

•78 

7. 
OA     O  O  O  O 84.82oZ o4. 1  Aft  Q1/< 

41. 
128  806 48. 

'4 
85.2159 

•7s 

1 A7  907 l\j  4  .  LVJ  4 

•>8 

129.198 

•78 

OX  PAOP 8o.b08b 

•74 

1  A7  C\ 129.591 .% 
86.0013 

•% 

1 A7  QQ9 iu< . yy  z 129.984 

♦  78 

>/i 

% 
•% 86.394 

•H 

1  Aft  Qftf^ lUo . OOO 

>}4 <% 

1.30  376 xoyj  .  o  i  \* 

•72 

86.7867 

>% 

lAft  77ft lUo . i  io 1 30 . 769 

•  78 

87.1794 1AQ  171 iuy . i/ i 

-% 

131.162 

•  74 

•K 
87.5721 1  AO  £»ftQ iuy . ooo 

•% 

42. 131 .554 

77J 

•78 

IS. 87.9648 00. 1  AO  O^d iuy .yoo 131 .947 49. 88.3575 M 11 A  340 11U.  04  J 132.34 

'  ̂ 

•78 

'4 

88 .7502 1 1  A  74  1 11U . ( 132 . 733 

•  /4 

•% on  -t  a  On 89. 14Z9 

*% 

111    I  34. 111.  104 

•H 

133.125 

•  /8 

on  nOr^o 89. ooob 

>% 

111  597 111 .  OL  4 133.518 

17 
•  /2 

-% on  nOQo 89.928o 

-% 

111   Q1 0 111.  \31u 

•78 

133 .911 

57J 

•78 

•% 

90.321 

•  K 

119  319 .  11^. OIZ 

•74 

134  H03 Va 

■  74 

>% 
90.7137 

•% 

119  7A^» 11Z .  /  Ui) 

•r  / 

134  696 

77^ 

•78 

29. 91. 1064 36. 
liq  AOS 
HO .  U  JO 

<  -78 

43. 135  089 .LOO  .  Wu 
50. 

r% ai  /IQQ1 

•78 

113.49 i  / 
135.481 

•  78 

•74 n  1     OA1  o 91.8918 

*K 

1  1  O  ftftQ 1 io . OOO 4 

•74 

135.874 

•/4 

•K AO    O O  A K 92 . 2845 

-% 

1 1 A  97ft 1 14. L 1 0 

•% 

1 3fi  9A7 

•78 

92. 6772 

•  K 

11d.  ftftft 111. ODo 

•  K 

136.66 

•  72 

-% 
93.0699 m 1  1  ̂   Aft1 110 . UOl 

•78 

137  059 lot  •  Ut»i 

•  78 

-% 
93.4626 

-% 

11^  A.?\A_ 

•74 

■[37 .445 

•74 

-% 
93.8553 

•% 

1 1  ̂   ftJ.fi 110 .  o-±0 

•78 

137.838 

77^ 

•78 

30. 94 .248 
37. 

lift  9QA 1 ±o . LOO 44. 138. 23 
51. 94. 640/ 

•H 

1 1  a  ac>o 1  ID .  OOii 

i  / •78 

138.623 

*/8 

•78 •U 
95 .0334 

117  A9"\ 
11 < . UZO 

•% 

139.016 

*/4 

95.4261 

•% 

117  /Li  7 11 < . 41 / 

•78 

139.408 

•  78 

•78 -% 
95.8188 

•K 

117  ft1 11/ . ol 

•72 

139.801 

•72 

•% 
96.2115 

■% 

lift  9AQ llo  .  Z\JO ?>/ 

•78 

140.194 

•  78 

>K 
96.6042 M 11ft  KO'i llO .0 JO 

•74 

140.587 

37/ 

•74 

•% 
96.9969 

-% 

1 1  ft  Qftft J  IO  .  i700 7/ 

•78 

140.979 

•78 

31 . 97.3896 38. 
110    3ft  \ 11  J .OOI 40. 141.372 

52. 97.7823 

•% 

110  773 1 1 J  .  i  i  O \/ 141.765 •7s •X 
98.175 

•74 

1 9A  1  Aft 1 ZU . lOD 4 

•74 

142.157 

*/4 

•% 
98 .5677 

•% 

19 A  f%^0 1ZU . OOJ 8/ 

•78 

142.55 'H ■% 98.9604 1 9A  0^9 1ZU . VOL 

i  / 

■A 

142.943 

•72 

99.3531 

i> 

•H 

191  344 1 Z 1 . 044 143.335 

•  /8 

•% 
99.7458 

•% 

191  737 1Z1  .  4  Oi 
4 

143.728 

•  /4 

•% 
100.1385 

>% 

1  99  1  H ILL . 10 

■/% 

144.121 

•78 

3:?. 100.5312 
39. 

122.522 46. 
144*.514 

53. 
-Vs 

100.923-9 

-H 

122.915 

■% 

144.906 

■H 

101.3166 

•K 

123.308 

•H 

145.299 -% 
101.7093 

•% 

123.7 

■% 

145.692 

■% 

M .% 102.102 

-% 

124.093 

.% 

146.084 

•u 

102.4947 

•% 

124.486 

•% 

146.477 

■% 

.% 
102.8874 

*% 

124.879 

■% 

146.87 

■% 

•X 
103.2801 

.% 

125.271 

■% 

147.262 

■% 
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Xa"ble— {Continued).— {.Advancing  b?j  an  Eighth.] Piara. 1  Circum. Diam. Circum. Diam. I  Circum. 
1   1 £Q  A_L£ lOJ.O-tD 61 . lyi.boo 68. 213.629 

1/ '   170  03Q 1  / 

•78 

214.021 
"i? •74 !  170.432 

•M 

1  Q9  zlOQ ±yz .  4Zo 

•>4 

214.414 
8/ •78 170.824 1Q9  ftlfi lu£ . oIO 

•78 

214.807 
1/ •  72 1 71  217 

•72 

1QQ  OAQ 

•H -% 

j  215 . 2 5/ 
•78 

171.61 J.  Jo . 0U± 215.592 
3/ •74 179  003 

'P 

•74 

-L  JO  .  J  J*± 

•M 

215.985 
77 •78 179  39  ̂  7/ 1 Q4  QSfi J.  J"±  .  OOD 216.378 

55. 172.788 OZ . 1Q4  7~Q 
±J-±.  1  i  J 

69:%
 

216.77 
1/ •78 173.181 \/ 179 X  JO  .HZ 

•>g 

217.163 
v •74 173.573 

•7S 
±  jo. 000 

•74 

217.556 
a/ •78 173  9fi6 

1 0"- 
±  JO  .  JO  / 

•78 

217.948 
1/ 

•72 174.359 

•72 •X 

1  QA  QX 1  JO  .  00 

•72 ■X 

218 . 341 &7^ •78 174.751 -l  JO  .  /  -±D 218.734 37 •74 175.144 

-X 

1Q7  13^ ±u 1 .100 219. 127 
17 •78 175.537 7/ 

•78 

197.528 

•74 

<0. 
219. 519 

56. 175.93 DO. 1 Q7  Q91 219. 912 
1/ •78 176.322 

1  / •74 

IQft  Q1Q 1   J- JO  .010 

•H 

220.305 •74 176.715 1  198  70ft J- JO .  /  uo 

•7^ 

220 .697 
8/ •78 177.108 

'% 

1 QQ  ftoo j-jj.uyy 221.09 
1/ •72 177.5 

•72 
•78 •74 1  QQ  JOO 

•78 •72 

221.483 .42 •78 177.893 1  QQ  QO_1 -i.JJ.oo4 221 .875 3/ •74 178.286 9nn  977 ^UU .Lit 

•78 
•M 

222.268 
V 

r  *^ 
178. 678 90ft  AT ^UU . 0/ 222.661 
179.071 

64'
% 

04 . 901  0fi9 .  UOZ 

71*%
 

223.054 
t> •78 179.464 9ft1  /fa", ZU1 . 100 223.446 1/ •74 

179.857 

•74 

9ft  1  ftJft ^ui .  o4o 

•>4 

223.839 
8/ •78 180  949 

•78 

909  94 ZUZ  .  Z4 

•M 

224 .232 \/ •  /3 iftft  fij.9 J.OU  •  Ott£ 

•72 

909  C59 ZOZ . Ooo 

•X 

224.624 5/ '78 181 .035 

•78 

9ftQ  no£ ZUO. UZO 

•% 

225.017 8/ •74 181.427 

•74 

9ftQ    A~\  Q 225.41 
77 •78 181.82 903  £1 1 

•74 

225.802 
58. 182.213 00. 904  9ft  1 72. 226.195 

17 •78 T£9  fiO^ 

•H 

9ft4  ̂ Q7 

•K 

226.588 1/ •74 1G9  QQft IOl,  wo 
e/ •78 

904  QftQ 

•74^ 

226.981 
8/ 183.391 90t  389 227.373 

183.784 

•72 

90^  77^ £VO .1(0 

•78 •X 

227.766 
184.176 

•78 

206. 167 228. 159 
184 . 569 

•74 

90fi  f\ft zoo . 00 

•78 

228.551 
184  9fi9 90ft  Q^3 ^OO . JOO 

•74 •X 

228.944 
59. 185 . 354 

66>%
 

00. 907  34fJ L\j(  .  fy±\) 229 . 337 
1/ •78 185 .747 

•78 

907  7QQ 

•K 

229.729 •74 186.14 

•74 

90ft  1 Q 1 230.122 
87 •78 186.532 90ft  ̂ 94 

•f 

230.515 •72 186  99^ 90ft  Q1£ zoo. yio 

•72 

230 . 908 
57 •  78 187.318 

6 
90Q  QftQ zuy . ouy 231.3 87/ •74 187. 711 

4 
9ftO  7fk9 zoy .  <\)i 

•78 

231 . 693 
7/ 

60'.
^ 
188.103 91  A  ftO/l zio. uyi 232.086 

188*496 
210.487 74. 232.478 

188.889 

•■x 

210.88 

•K 

232.871 -K 189.281 

•a 

211.273 

•K 

233.264 •X 189.674 

•« 

211.665 

•% 

233.656 
190.067 

•X 

212.058 

■XA 

234.049 
190.459 

•M 

212.451 

■% 

234.442 
190.852 212.843 

■% 

234.835 
191.245 

•51 
213.236 

■H 

235.227 

I  Diam. Circum. 

75. 
235.62 
236.013 

•k 

236.405 

•78 

236.798 

•2? 

237.191 

•I 

237.583 

•74 

237.976 
• 238.369 

76. 
238.762 

•78- 

239.154 
239.547 

•78 

239.94 

•3^ 

240.332 

•% 

240.725 

•M 

241.118 
241.51 

77!%
 

241.903 

-K 

242.296 

•K 

242.689 

•X 

243.081 

•M 

243.474 

•M 

243.867 

•H 

244.259 

78. 
244.652 
245.045 

-X 

245.437 

•X 

245.83 

•78 

246.223 

•72^ 

246.616 
247.008 

•74 

247 .401 
247.794 

79. 248.186 

•X 

248.579 

•X 

248.972 

•78 

249.364 

•X 

249.757 

'% 

250.15 

•74 

250.543 
250.935 

80. 251.328 

•>8 

251.721 

•M 

252.113 

•78 

252.506 

•X 

252.899 

•% 

253.291 

•% 

253.684 

81^
 

254.077 
01 . 254 . 47 

•x 

254.862 
255.255 

•■% 

■Yi 

255.648 
256.04 

•■% 

256.433 

■  % 

256.826 

■% 

257.218 
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Table— (Continued).— [Advancing  by  an  Eighth  and  a  Quarter.] im.  | Circum.  j| 
Diam.  | Circum. 

OK7    C1  1 Zo/ . oil 89. 97(»  CA9 OKQ  C\C\A ZOO  .  UU4 
970  qqk 78 

74 
4)  rvQ  907 ZOO .OJ i 4 980  3°,°. iiOU .  ooo >% 
OKQ  70Q ZOO. /OJ 4 280. 78 
oko  189 zoy. ioz 

•M 

281. 173 
OKO  K7K zoy .0/  o 981  ̂ fJfi iul . ouo 

6 zoy .  JO  / 

•A 

981  Q-iQ 
•% 

OCA  q/: ZOU • OO 

•A 

989  R'"i1 9(»0  7^3 ZOU . /  JO QO yu. 282 . 744 •A 9ft1  14o. ZOl  •  140 

-A 

283 .137 
}i 9C1  wo zoi . ooo 

-/i 

283.529 
% 9C1  031 ZOl  . JOl 

'6/ 

283.922 
72 

O CO  994. 
Z04  .  oz-± 

y/ 
284 .315 •78 OCO  TIC ZDZ . / 10 5/ 284.707 

oc9  1  no zoo . luy 

'A/ 

285. 1 •A 
9(!Q  p.09 

1/ •78 

285 . 493 
ZOO .  O  J4 01 285 . 886 ■A 
Z04 .  ZO  / 

-A 

286.278 
Z04. OO 

•Pi 

286.671 •% 9ck  070 ZOO  .U/  z 8/ 
287 . 064 •  X Oft  a    zl  C  % ZOO .  "lOO 

w 287.456 •H 
9ck  okq ZOt) .  ooo 287.849 >% 
9CC  OKI ZOO . ZOl 

8/ 
288.242 -% OCC  CJQ ZOO.  04O 

-A 

288 . 634 • OC7  A9C Zo/ „Uoo Q9 yz . 289 . 027 
zt>< .4zy 

i/ 
289.42 4 OC  091 Zo< .oZl 289.813 -% 

OCQ  91 A ZOO .  Z14 
8/ 

•7B 

290 . 205 9CQ  CAT ZOO .00/ 

1/ 

290.598 OCQ  QOQ zoo. yyy 

•.M 

290.991 >% 
OCQ  QOO Zoy .ojz 8/ 291 .383 
OCQ  "QK Zoy . / oo i/ 

-A 

291.776 
• 97A   1 7Q Z/U. I/O yo . 292.169 •A 

270. 57 \/ 

•M 

292 .562 97A  OC9 z/u .  yoo 292.954 •78 971  9KC Z/  1 . oOO 
8/ 

293.347 
:M 071    7/1 Q Z/l. /4o 293 .74 •78 070  1/11 III. 141 294. 132 •74 070  K9/I Z  /  Z . Oo4 

8/ 294.525 •78 070  Q9C li  z . yzo 294.918 
* 079    91 O z/o. oiy Q-l y4 . 295 . 31 079  719 Z/  O  .  / 1Z 

i/ 

295.703 
4 97/1  10^ Z  /  4 .  1U0 

i/ 

296.096 
4 974.  4.07 Z  /  4 .  4  J  / 

a2 

•7B 

296.488 ■  XA 07/1  QO z/4 .oy 
1/ 

-A 

296.881 b/ 07K  OOO Z/O. Zoo 
b/ 

•78 

297 . 274 8/ 

-A 
Q-X  C7K Z/O.o/0 

8/ 

•74 

297.667 ■A 
97C  OCQ z  /  o . uoo 

7/ 
•78 

298.059 >. 276.461 95. 298.452 
■% 

276.853 

•>8 

298.845 
■% 

277.246 

•X 

299.237 ■% 
277.629 

•M 

299.63 

■4 
278.032 

•72 

300.023 ■% 
278.424 

•% 

300.415 ■% 
278.817 

•74 

300.808 ■% 
279.21 

.% 

301.201 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

im. Circum.  j Diam.  \ Circum, 

301  ̂ 04- OUl  .  O  t?Tt 1UO  . 333  01 OOO . Ul 

1/ 
78 

301  Q8fi OO  J.  .  VO\J 

1/ 

•/4  I 

333  7Q"» 

OOO . / JO 

1/ 

309  379 OUi .Old 

1/ 

•72 

334  58 
4 309  779 

3/ 

•74 

93^  9CK OoO . oOO \z 72 303  1  ̂4. ovo . 104 107 1U/  . 000 . 101 5/ 
78 

Q03  r>a7 ooo . oo / 

1/ 

•74 

1/ 

•72 

oo/'  A07 

000 . Jo/ 
8/ 

•74 

303  0^ OOO . OO 337  799 OO i  .  1 
7/ 

•78 

304  349 

8/ 

•74 

338  ̂ 07 OOO  • 
304  73^ 004 . ( oO 1 08 330  9Q3 OOJ . ^^0 

1/ 

•78 

one  190 
OOO . 1 ZO 

1/ 

•74 

340  078 04U . U / O 

1/ 

•74 

QAK  KOI OOO . OZ1 1/ 

•72 

340  8fi4 04U . OOr 
8/ 

•78 

30K,  013 000 . 010 

3/ 

•74 

341 .649 
1/ 

•72 

oac  <i(\a 
Ov/0 . 000 100 1U«7  . 342  434 

b/ 

•78 

30fi  rtOQ 000 .  oy«? 

1/ 

•74 

343 . 22 8/ 

•74 

307  001 00/ .oyi 

1/ 

•72 

344  00 <T» 7/ 

•78 

QA7  484- 
OO/ .404 

8/ 

344.791 
307  877 OU/ .Oil 110 

J  iu . 
34 r)  ri7fi IJTU  .  O  4  O 

1  / 

•78 

OAO  97 

oUO . Z / 
1/ 

•74 

346.361 1/ 

•74 

308  (\(\9 
OOO  .  OOii 

1/ 

•72 

347 .147 

•78 

OAQ    A  KK <)Vo .  uoo 

3/ 

•74 

347.932 

1  / •72 

QOO  /148 ouy .440 111 J  J  1 . 348. 718 fi/ 

•78 

300  84 OUJ .04 

1/ 

•74 

34  9  503 8/ 

•74 

310  9 '^3 OIU . zoo 

1/ 

•72 

350.288 1/ 

•78 

QIO  ([9(\ OlU . OZO 

3/ 

351.074 311  Ol8 oil .010 

112'
^ 

3^1  850 OO-L  •  OOO 

•>8 

9.1  1  /111 
Oil .411 

•74 

9KO  C4K OO  £ . OlO 
1/ 

•74 

8/ 

•78 

311  804 Oil. OU4 

1/ 

•72 

353.43 31  9  1  Ofi Ol£ . 1 JO 

3/ 

•74 

354.215 

•72 

319  ̂ 8Q Olii .  OO  J 113 110 . 
355.001 

•78 

Q19  QO.9 OlZ .JO^ 

1/ 

•74 

355 . 786 8/ 

•74 

313  375 

1/ 

•72 

356.572 7/ 

•78 

Q1  3  7tw OlO . / O / 3/ 

•74 

3V7  .357 00  4 . 00 1 314  1^ 014 . IO 
114. 1 14  . 358. 142 

i  / •74 

9.1/1  04^ 
Oi4. J40 

1/ 

•74 

9K8  Q98 

OOO • J^O 

1  / 

•72 

qi  K  70I OlO . i 0 1 

1/ 

•72 

359. 713 8/ 

•74 

QIC  K1C OlO . OlO 

3/ 

•74 

3fi0  499 

317.302 115. 361 . 284 

i  / 
•74 

918  087 
OlO . UO / 

1/ 

•74 

3H9  OfiQ 
1/ 

•72 

318 .872 
.  3^ 

362 .855 8/ 

•74 

310  P.^8 Ol J . OOO 

3/ 

•74 

363 . 64 
320 .443 116. 364.426 

1  / 
•74 

391  990 OZl .  Z.L 0 

1/ 

•74 

365.211 1/ 

•72 

322.014 

1/ 
•72 

365.996 

•74 

322  799 

37 •74 

366.782 393  ̂ 8^ ozo . 000 117 11/  . 
367.567 

i  / 
•74 

394  37 OZ4 . 0/ 

1/ •74 

368.353 1/ 

•72 

325  156 1/ 

•72 

i  369.138 

•74 

99K  Ozl  1 ozo. y4i 

3/ 

•74 

369.923 326.726 118. 370.709 
327.512 

rM 
371.494 

•74 

328.297 

•K 

372.28 329.083 

•% 

373.065 

>. 

329.868 119. I  373.85 
330.653 

•74 

374.636 331.439 :M 
375.421 332.224 

•74 

1  376.207 
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Table— (Continued).— [Advancing  by  a  Quarter  and  a  /7a?/.] Diam. I  Circum. 
H  Diam. 

1  Circum. 120. 376.992 391.129 -U 
3/ 7. 777 M 391.915 
378.563 125. 392.7 .% 379.348 

•X 

394.271 
121. 380.134 

126/" 

395.842 
M 380.919 M 397.412 

381.704 1 127. 398.983 •% 382.49 

-H 

400.554 
122. 383.275 

128.' 

402.125 •X 
384.061 

m%4 

403.696 •X 384.846 

;129. 

405.266 •H 385.631 1 406.837 
123. 386.417 130.  j 408.408 

387.202 409.979 
387.988  j 

131.  '  j 
411.55 

388.773 

•X 

413.12 
389.558 

132.  "  1 
414.691 

390.344  ! 

,1S 

41G.2G2 

Diam. Circnm. Diam. Circum. 

LOO  . 

At 7  QQ'-> 

*±_U  .000 142. 446.107 
0  in  1 447.678 

143. 449. 24 9 
4-  — .  o-±o 1  / 450 . 82 

135. 424. 116 ±4:'±  . 452. 39 
425  687 453. 961 

136  ~ 

4° 7  258 

1  A  K  / 

I40. 455.532 

'1/ 

457.10  I 

137"2
 

±Oi  . 430. 399 14b. 458  .(574 iy 

147.'
X 

460.244 
433.541 461.815 

•X 

-135.112 463.^386 

139." 

436.682 

148^
 

464.957 
4S8.253 466.528 

140. 439.824 468.098 
441.395 

•X 

469.669 
442.966 150. 471.24 

■X 

444.536 472.811 

To  Compute  the  Circumference  of  a  Diameter greater  than  any  in  the  preceding  Table. 
*^LE-~?.iv.ide  ̂ 0  dimension  by  two,  three,  four,  etc.,  if  practicable 
tIo'Z     K  ■  red"Ced  !°  a  diaK,CtCr  to  1,e  found  in  the  table. Take  the  tabular  c,rcuniferenc3  for  this  dimension,  multiply  it  by ti.  ■  '  c  '  accord,nS  as  "  was  divided,  and  the  product  will  give the  circumference  required.  b 
ExAMrLE—What  is  the  circumference  for  a  diameter  of  1059  » 

10o0^-  I  =  150  ;  tab.  circum.,  150  =  471.239,  which  x 7  =  3209.073,  circum.  required. 
To  Compute  the  Circumference  for  an  Integer  and ±|  raction  not  given  in  the  Table. 

IU-LE.-Doublc,  treble,  or  quadruple  the  dimension  given,  until  the 
llTTvvZr6  t0M  T,10,C  m""ber  °r  t0  0lle  of  .hose 'in  the  a- %  i      u    '      ■'  Proviclcd  it  is  practicable  to  do  so 
thattrwlm.h  ZmferenCOrf°r  tW."  <liilmcte'' !  ™d  V  "  *  double  of 

,  M„  ,  i        the.  circumference  is  required,  take  one  half  of  if  if treble,  take  one  third  of  it;  and  if  quadruple,  one  fourth  of  it  ' 
a  (>';-^;MPI-R— R«iuired  tlie  circumference  of  2.21875  inches 

=Mml,im!i  =  4*> wblth  x  2  =       5  U.  circum.  =  27.8817,  which -8- 4 

T'^^mP1it?  CirOTmfCT^o  of  a  Diameter  in Feet  and  Inches,  etc.,  by  the  preceding  Table. 

wiK  ttVreaS.  8  "  *  "  to  aDd  «*  12  if  in  inche?(and  the  quotient 

1  foof  'fiv^^M',!'1. tIW  drcumfeleI™  of  «  ciicle  of  1  foot  6%  inches. 
ft7^^/»;f21i74.»   <!,rCTn'-  o"«-401.815,which^8  = Q 
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Areas  and. Circumferences,  from,  tu  to  lOO. 
[Advancing  by  Tenths.] 

.007854 

.031416 

.070686 

.125664 

.19635 

.282744 

.384846 

.502656 

.636174 

.7854 

.9503 
1.131 
1.3273 
1.5394 
I.  7671 
2.0106 
2.2698 
2.5447 
2.8353 
3.1416 
3.4636 
3.8013 
4.1548 
4.5239 
4.9087 
5.3093 
5.7256 
6.1575 
6.6052 
7.0686 
7.5477 
8.0425 
8.553 
9.0792 
9.6211 

10.1788 
10.7521 
II.  3412 
11.9459 
12.5664 
13.2026 
13.8545 
14.522 
15.2053 
15.9043 
16.6191 
17- 3495 
18.0956 
18.8575 
19.635 
20.4283 
21.2372 
22.0619 

Circum. Diam. Area. 
Circum. 

.31416 .4 22.9023 16.9646 

.62832 .5 22.7583 17.2788 

.94248 
.6 

24.6301 
17.593 

1.2566 

.7 

25.5176 17.9071 
1 . 5708 

.8 
26.4209 18.2213 

1.885 .9 27.3398 18.5354 
2.1991 a 

o  • 
28.2744 18.8496 2.5133 

.1 

29.2247 19.1638 
2.8274 .2 30.1908 19.4779 
3.1416 .3 

31.1725 
19.7921 3.4558 .4 32.17 20.1062 

3.7699 .5 33.1831 20.4204 
4.0841 

.6 

34.212 20.7346 
4.3982 

.7 
35 . 2566 21.0487 

4.7124 
.8 

36.3169 21.3629 
5.0266 

'.9 

37.3929 21.677 
5.3407 y  i 38.^-846 21.9912 
5.6549 

[l 

39.592 22.3054 
5.969 .2 40.7151 22.6195 
6.2832 

.3 
41.854 22.9337 

6.5974 
.4 

43.0085 23.2478 
6.9115 .5 44.1787 23.562 
7.2257 .6 45.3647 23.8762 
7.5398 .7 46.5664 24.1903 

7.854 
.8 

47.7837 24.5045 
8.1682 

.9 
49.0168 24.8186 

8.4823 q 
o . 

50.2656 25.1328 
8.7965 .1 51 .  5301 25.447 
9.1106 .2 

52.8103 25.7611 
9.4248 .3 54.1062 26.0753 
9.739 .4 55.4178 26.3894 

10.0531 .5 
56.7451 26.7036 

10.3673 .6 58.0882 27.0178 
10.6814 .7 59.4469 27.3319 
10.9956 

.8 
60.8214 27.6461 

11.3098 
.9 62.2115 27.9602 

11.6239 Q 63.6174 28.2744 11.9381 
.1 

65.039 28.5886 12.2522 .2 66.4763 28.9027 
12.5664 .3 67.9292 29.2169 
12 '.8806 

.4 
69.3979 29.531 

13.1947 .5 
70.8823 29.8452 

13.5089 

.6 
72.3825 30.1594 

13.823 
.7 

73.8983 30.4735 
14.1372 

.8 
75.4298 30.7877 

14.4514 

.9 
76.9771 31.1018 

14.7655 10. 78.54 31.416 15.0797 
.1 80.1187 31.7302 15.3938  . 
.2 

81.713 32.0443 
15.708 .3 83.3231 32.3585 
16.0222 

.4 
84.9489 32.6726 

16.3363 
.5 86.5903 32.9868 

16.6505 

.6 
88.2475 33.301 
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Ta"ble— {Continued). 
Diam. 1  Area. 1  Circum. 

|  Diam. 7 89.9204 33.6151 
.2 3b 91.6091 33.9293 .3 

.9 93.3134 34.2434 .4 11. 95  0334 34-  R#7ft .5 
i .  i Qfi  7fi91 *70 .  i  DUX 34 .8718 .6 
2 98.5206 35.1859 

.7 
.3 100.2877 35.5001 

.8 

.9 
.4 102.0706 35.8142 
.5 103.8691 36.1284 17. 
.6 105.6834 36.4426 .1 
.7 107.5134 36.7567 .2 
.8 109.3591 37.0709 .3 
.9 111.2205 37.385 .4 

12. 113.0976 37  f5999 .5 
1 114.9904 oo .  u±o-± 

.6 

.2 116.8989 38.3275 
.7 

.3 118.8232 38.6417 
.8 

.4 120.7631 38.9558 
.9 

.5 122.7187 39.27 18. 

.6 124.6901 39.5842 .1 

.7 126.6772 39.8983 
.2 .8 128.6799 40.2125 .3 .9 130.6984 40.5266 
.4 13. 132 . 7326 40  840.9 .5 

.1 134.7825 41    1  ̂  

.6 

.2 136.8481 41.4G91 .7 

.3 138.9294 41.7833 
.8 

.4 141.0264 42.0974 
.9 

.5 143.1391 42.4116 19 .6 145.2676 42.7258 

.7 147.4117 43.0399 :! .8 149.5716 43.3541 .3 .9 151.7471 43.6682 
.4 14. 153  9384 

.1 156.1454 
.  o .2 158.3681 44.6107 4  7 .3 160.6064 44.9249 

.*8 

.4 162.8605 45.239 .9 

.5 165.1303 45.5532 9ft 
1 
o .  Z .6 167.4159 45.8674 

.  7 169.7171 46.1815 

.8 172.034 46.4957 
.  3 

.9 174.3667 46.8098 .4 
15. 176.715 A  7  10/1 

.5 

.1 179.0791 /17  AVQO 4/  .4oo4 .6 

.2 
181.' 4.588 47. 7523 

#  7 

.3 183.8543 48.0665 

.4 186.2655 48.3806 
.9 

.5 188.6924 48.6948 21. .1 

.2 .3 
.6 191.1349 49.009 
.7 193.5932 49.3231 
.8 196.0673 49.6373 
.9 198.557 49.9514 .4 

16. 201.0624 50.2656 
.5 .1 203.5835 50.5797 .6 

I 
Area. Circum. 

206.1204 
208.6729 
211.2412 
213.8251 
216.4248 
219.0402 
221.6713 
224.3181 
226.9806 
229.6588 
232.3527 
235.0624 
237.7877 
240.5287 
243.2855 
246.058 
248.8461 
251.65 
254.4696 
257.3049 
260.1559 
263.0226 
265.905 
268.8031 
271.717 
274.6465 
277.5918 280.5527 
283.5294 
286.5218 
289.5299 
292.5536 
295.5931 
298.6483 
301.7193 
304.806 
307.9082 
311.0263 
314.16 
317.3094 
320.4746 
323 . 6555 
326.8521 
330.0643 
333.2923 
336.536 
339.7955 
343.0706 
346.3614 
349.6679 
352.9902 
356.3281 
359.6818 
363.0511 
366.43G2 

50.8939 
51.2081 
51.5222 
51.8364 
52.1505 
52.4647 
52.7789 
53.093 
53.4072 
53.7214 
54.0355 
54.3497 
54.6638 
54.978 
55.2922 55.6063 
55.9205 

.  56.2346 56.5488 
56.863 
57.1771 
57.4913 
57.8054 
58.1196 
58.4338 
58.7479 
59.0621 
59.3762 
59.6904 
60.0046 
60.3187 
60.6329 60.947 
61.2612 
61.5754 
61.8895 
62.2037 
62.5178 
62.832 
63.1462 
63.4603 
63.7745 
64.0886 
64.4028 
64.717 
65.0311 65.3453 
65.6594 
65.9736 
66.2878 
66.6019 
66.9161 
67.2302 
67.5444 67.8586 



184        AREAS  AND  CIRCUMFERENCES OF  CIRCLES. 

Table— {Continued). 
Diam.  j Area. Circum. Diam. Area. Circum. 

.7 369.837 68.1727 
.2 

581.0703 85.4515 
.8 373.2535 68.4869 .  3 585.3508 85.7657 
.9 376.6857 68.801 .4 589.6469 86.0798 

22. 380.1336 69.1152 .5 593.9587 86.394 
.1 383.5972 69.4294 

.6 598.2863 86.7082 
.2 387.0765 69.7435 .7 

602.6296 87.0223 
.3 390.5716 70.0577 .8 

606.9885 87.3365 
.4 394.0823 70.3718 .9 

611.3632 87.6506 
.5 397.6087 70.686 28. 

615.7536 87.9648 
.6 401.1509 71.0002 .1 620.1597 88.79 
.7 404.7088 71.3143 .2 

624.5815 88.5931 
.8 408.2823 71.6285 

.3 

629.019 88.9073 
.9 411.8716 71.9426 

.4 
633.4722 89.2214 

23. 415.4766 72.2568 
.5 

637.9411 89.5356 

.1 419.0973 72.571 .6 612.4258 89.8498 

.2 422.7337 72.8851 

.7 

646.9261 90.1639 
.3 426.3858 73.1993 .8 651.4422 90.4781 
.4 430.0536 73.5134 

.9 
655.9739 90.7922 

.5 433.7371 73.8276 29. 660.5214 91.1064 

.0 437.4364 74.1418 
.1 665.0816 91.4206 

.7 441.1513 74.4559 .2 669.6635  . 91.7347 

.8 414.882 74.7701 .3 674.258 92.0489 

.9 448.6283 75.0842 .4 
678.8683 92.363 

24. 452.3904 75.3984 .5 683.4943 92.6772 
.1 456.1682 75.7126 

.6 688.1361 92.9914 
.2 459.9617 76.0267 .7 692.7935 93.3055 
.3 463.7708 76.3409 .8 

697.4666 93.6197 
.4 467.5957 76.655 .9 702.1555 93.9338 
.5 471.4363 76.9692 

SO. 706.86 94.248 
.6 475.2927 77.2834 .1 711.5803 94.5622 
.7 479.1647 77.5975 

.2 

716.3162 94.8763 
.8 483.0524 77.9117 .3 721.0679 95.1905 
.9 486.9559 78.2258 .4 

725.8353 95.5046 
25. 400.875 78.54 .5 780.6183 95.8188 

.1 494.8099 78.8542 .6 
735.4171 96.133 

.2 498.7G04 78.1683 .7 740.2316 96.4471 
!3 502.7267 79.4825 .8 745.0619 96.7613 
.4 506.7087 79.7966 .9 749.9078 97.0754 
.5 510.7063 80.1108 31. 

754.7694 97.3896 
.6 514.7196 80.425 .1 

759.6467 97.7038 .7 518.7488 80.7391 .2 764.5398 98.0179 
.8 522.7937 81.0533 .3 769.4485 98.3321 
.9 526.8542 81.3674 

.4 
774.373 98.6462 

26. 530.9304 81.6816 .5 779.3131 98.9604 
.1 535.0223 81.9958 .6 784.269 99.2746 
.2 539.13 82.3099 .7 789.2406 99.5*87 
.3 543.2533 82.6241 

.8 
794.2279 99.9029 

.4 547.3924 82.9382 .9 7C9.2309. 100.217 

.5 551.5171 83.2524 32. 804.2496 100.5312 .6 555.7176 83.5666 .1 
809.284 100.6454 .7 559.9038 83.8807 .2 814.3341 101.1595 .8 564.1057 84.1949 

.  3 

819.4 101.4737 .9 568.3233 84.509 
.4 824.4815 101.7878 

27. 572.5566 84.8232 
.5 

829.5787 102.102 
.1 576.8056 85.1374 .6 834.G917 102.4162 



ABBAS  AND  CIRCUMFERENCES  OF  CIRCLES.  185 

Table— (Continued). 
Diarn. Diam. Area. Circum.  1 

.7 839.8204 102.7303 

.8 844.9647 103.0445 

.9 850.1248 103:3586  ! 
33. 855.3006 103  £799 

.1 860.4921 103  Q97 

.»2 
805! 6993 104.3011 

.3 870.9222 104! 6153 

.4 876.1608 104.9294 

.5 881.4151 105.2436  j 

.6 886.6852 105.5578  i .7 891.9709 105.8719 

.8 I  897.2724 106.1861 .9 902.5895 106.5002 
34. 907 . 9224 lOfi  81 AA. 

.1 913.271 107  19fi£ JLU i  .  l-OO 

.2 9 J 8. 6353 107.4427 
.'3 

924.0152 107.7569 
.4 929.4109 108.071 
.5 934.8223 108.3852 
.6 940.2495 108.6994 
.7 945.6923 109.0135 
.8 951.1508 109.3277 
.9 956.6251 109.6418 

35. 962.115 10Q  QZifc 
.1 967.6207 110  970) 
.2 973.142 110.5843 
.3 978.6791 110.8985 
.4 984.2319 111.2126 
.5 989.8003 111.5268 
.6 995.3845 111.841 
.7 1000.9844 112.1551 
.8 1006.6001 112.4693 
.9  1 1012.2314 112.7834 

36. 1017.8784 113  f\Ci~C\ 110. uy / 0 
.1 1023.5411 113  A  1 1 Q 
.2 1029.2196 113.7259 
.3 1034.9137 114! 0401 
.4 1040.6236 114.3542 
.5 1016.3491 114.6684 
.6 1052.0904 114.9826 
.7 1057.8474 115.2967 
.8 1063.6201 115.6109 
.9 1069.4085 115.925 

37. 1075.2126 lip  OQno lib.  Zo'JZ .1 1081.0324 llo.ood4 
.2 1086.8679 116  8fi7i 
.3 1092.7192 117.1817 .4 1098.5861 117.4958 
.5 1104.4687 117.81 
.6 1110.3671 118.1242 
.7 1116.2812 118.4383 
.8 
.9 

1122.2109 118.7525 
1128.1564 119.0666 

38. 1131.1176 119.3808 
.1 1140.0945 119.695 

39. 

.8 .9 
40. 

.4 

Area. 
[ 

Circutri. 

.6 

.9 

41. 
.1 
.2 .3 
.4 
.5 .6 
.7 
.8 
.9 

42. 
.1 
.2 .3 .4 .5 
.6 
.7 .8 
.9 

43. 
.1 .2 

.3 .4 

.5 .6 

1146.0871 
1152.0954 
1158.1194 
1164.1591 
1170.2146 
1176.2857 
1182.3726 
1188.4751 
1194.5934 
1200.7274 
1206.8771 
1213.0424 
1219.2235 
1225.4203 
1231.6329 
1237.8611 
1244.105 
1250.3647 
1256.64 
1202.9311 
1269.2378 
1275.5603 
1281.8985 
1288.2523 
1294.6219 
1301.0072 
1307.4083 
1313.825 
1320.2574 
1326.7055 
1333.1694 
1339.6489 
1346.1442 
1352.6551 
1359.1818 
1365.7242 
1372.2823 
1378.8561 
1385.4456 
1392.0508 
1398.6717 
1405.3084 
1411.9607 
1418.6287 
1425.3125 
1432.012 
1438.7271 
1445.458 
1452.2046 
1458.9669 
1465.7449 
1472.5386 
1479.348 
1486.1731 
1493.014 

120.0091 
120.3233 
120.6374 
120.9516 
121.2658 
121.5799 
121.8941 
122.2082 122.5224 
122.8366 
123.1507 
123.4649 
123.779 
124.0932 
124.4074 
124.7215 
125.0357 
125.3498 
125.664 
125.9782 
126.2923 126.6065 
126.9206 
127.2348 
127.549 
127.8631 
128.1773 
128.4914 
128.8056 
129.1198 
129.4339 
129.7481 
130.0622 
130.3764 
130.6906 
131.0047 
131.3189 
131.633 
131.9472 
132.2614 
132.5755 
132.8897 
133.2038 
133.518 
133.8322 
134.1463 
134.4605 134.7746 
135.0888 
135.403 
135.7171 
136.0313 136.3454 
136.6596 
136.9738 



86        AREAS  AND CIRCUMFERENCES OF  CIRCLES. 

Table— {Co  ntinued) . 
Diam.  | Area.  | Circum. 

.  / 1400  8705 137.2879 
Q .  0 1  OUU  .  i  4^0 137.6021 

.  y i     3  ft307 137.9162 
44. 1520.5344 138 .2304 

.1 1527.4538 100    HA  A  f loo. o44b 

.2 1  F\CM  3QQO 138  8587 loo .OOO  4 Q .  o 1541 .339G 139.1729 
4 1548  30G1 139.487 
5 1  555  9883 139.8012 (j 1  569  2863 140.1154 

1  r>69  9900 140.4295 
.8 157fi lul  U  .  OOO  O 140.7437 

1  583  3743 -l  OOO  •  O  i  rtO 141.0578 
45. 1590.435 1  A  1  QTO 141 . oi  I 

.1 1597 .5115 141 .0862 
10U1 . OUOO 149  0003 

.  3 1611 .7115 142.3145 
.4: 1613  8351 J  Uit)  .  OOO  L 142.6286 

F> 

.  O 1695  0743 142 . 9428 
c .  o 1  633  1  903 143.257 
7 .  1 1640. 3 143.5711 o .o 1ft47  48fi5 143.8853 
o .  J 1«o4  688  ft 144.1994 

4G. 1661.9064 144. 5136 
.1 1669. 1399 144 .8278 

1 £15109 10  <  0 . oov£ 145.1419 o 1683.6541 145.4561 
4 1690. 9348 145.7702 

1698.2311 146.0844 
.  o 1705.5432 146.3986 
.  / 1712.871 146.7127 Q .0 1790  9145 J  4  o \J    O  l7u 147.0269 
.  y 1727.5737 147.341 

47. 1734.9486 147. 6552 
.1 1742.3392 147. 9694 

1/iy  .  <  -it) J 148  9835 1  40  •  oOOO 
q .  o 1757.1676 148.5977 
/i 

.  *± 1764.6053 148.9118 

.  5 1772.0587 149.226 

.  0 1779. 5279 149.5402 

.  / 1787  01 98 X  i  O  4  .  U±i.O 149.8543 
Q .  O 1704  ̂ 11^ I  4  J"±  .  O  LOO 150.1685 

.  y 1809  090ft 150.4826 
48. 1809.5616 150.7988 

.1 1817.1093 151 .111 

.2 I8Z4. o/  Z/ 151  1951 101  . 

.  o 1839  9518 J  006  .  ̂ O-LO 151 .7393 

.4 1839.8466 152.0534 
!5 1847.4571 152.3676 .6 1855.0834 152.6818 .7 1862.7253 152.9959 
.8 1870.383 153.3101 
.9 1878. 05G3 153.6242 

49. 1885.7454 153.9384 
.1 1  1893.4502 154.2526 

Diam. 
Area.  | 

Circum. 

.2 
1901.1707 154.5667 

.  3 1908.9068 154.8809 

.4 1916.6587 155.195 

.5 1924.4263 155.5092 .6 
1932.2097 155.8234 

.  7 1940.0087 156.1375 

.8 

1947.8234* 

156.4517 
.9 1955.6539 156.7658 

ou. 1  0ft3  5 lyoo . o 157.08 1 
.  1 

1071  3ft10 iy / l . ooij 157. 3942 9 1979.2394 157.7083 
.o 1987.1327 158.0225 

.4 1995.0417 158.3366 

.5 
2002.9663 158.6509 

.6 
2010.9067 158.965 

.  7 2018.8628 159.2791 

.8 2026.8347 159.5933 

.9 2034.8222 159.9074 

51 . 
90 J  9  8951 ZU1Z.  OZOl 160.2216 

.  L 
9050  8143 ZUOU  .  014:0 1 60 . 5358 2 2058.879 160.8499 

•3 
2066.9293 161.1641 1  .4 
2074.9954 161.4782 

.5 2083.0771 161.7924 

.6 2091.1746 162.1066 

.  7 2099.2878 162.4207 

.8 
2107.4167 162.7349 .9 
2115.5613 163.049 

59 oz. 9193  791ft OX  OO  .  4  Ol-Kj 163.3632 1 
.  1 

9131  807ft olOi-  .Oo  I  o 163.6774 
.2 2140.0893 163.9915 .3 2148.2968 164.3057 
.4 2156.5199 164.6198 

.5 
2164.7587 164.934 

.6 2173.0133 165.2482 .7 
2181.2836 165.5623 

.8 2189.5695 165.8765 

.9 2197.8712 166.1906 

Oo- 

990ft  188ft 166.5048 
1 

.  1 
9914  5917 Lo  14  .  Oil  1  / 166 .819 

.2 2222.8705 167/1331 

.3 
2231.235 167.4473 

.4 
2239.6152 167.7614 

.5 
2248.0111 168.0756 

.6 2256.4228 168.3898 

.7 2264.8501 168.7039 

.8 2273.2932 169.0181 

.9 2281.7519 169.3322 

54. 2290.2264 169.6464 
.1 

2298.716-3 
169.9606 .2 

2307.2225 170.2747 
.3 2315.744 170.5889 
.4 2324.2813 170.903 
.5 2332.834:] 171.2172 .6 

2311.4031 171.5314 
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Ta"ble— (Continued), 
Circum.         |  Diam. 

55. 

2349.9875 
2358.5876 
2367.2035 
2375.835 
2384.4823 
2393.1452 
2401.8239 
2410.5183 
2419.2283 
2427.9541 
2436.6957 
2445.4529 
2454.2258 
2463.0144 
2471.8187 
2480.6388 
2489.4745 
2498.326 
2507.1931 
2516.076 
2524.9736 
2533.8889 
2542.8189 
2551.7646 
2560.726 
2569.7031 
2578.696 
2587.7045 
2596.7287 
2605.7687 
2614.8244 
2623.8957 
2632.9828 
2642.0856 
2651.2041 
2660.3383 
2669.4882 
2678.6538 
2687.8351 
2697.0322 
2703.2449 
2715.4734 
2724.7175 
2733.9774 
2743.253 
2752.5443 
2761.8512 
2771.1739 
2780.5123 
2789.8665 
2799.2363 
2808.6218 
2818.0231 
2827.44 
2836.8727 

171.8455 
172.1597 
172.4738 
172.788 
173.1022 
173.4163 
173.7305 
174.0446 
174.3588 
174.673 
174.9871 
175.3013 
175.6154 
175.9296 
176.2438 
176.5579 
176.8721 
177.1862 
177.5004 
177.8146 
178.1287 
178.4429 
178.757 
179.0712 
179.3854 
179.6995 
180.0137 
180.3278 
180.642 
180.9562 
181.2703 
181.5845 
181.8986 
182.2128 
182.527 
182.8411 
183.1553 
183.4694 
183.7836 
181.0978 
184.4119 
184.7261 
185.0102 
185.3544 
185.6686 
185.9827 
186.2969 
186.611 
18(5.0252 
187.2394 
187.5535 
187.8677 
188.1818 
188.496 
188.8102 

.2 .4 

.8 .9 

61. 

.4 .5 .6 

62. 

.3 

.4 

.9 

63. 
.1 .2 
.3 
.4 .5 
.6 

.9 

64. .1 
.2 .3 
.4 .5 
.6 .7 

65. 
.1 .2 .3 

.4 

.5 

.6 

Area. Circum. 

2846.321 
2855.7851 
2865.2649 
2874.7603 
2884.2715 2893.7984 
2903.3411 
2912.8994 
2922.4734 
2932.0631 
2941.6686 
2951.2897 
2960.9266 
2970.5791 
2980.2474 
2989.9314 
2999.6311 
3009.3465 
3019.0776 
3028.8244 
3038.5869 
3048.3652 
S058.1591 
3067.9687 
3077.7941 
3087.6341 
3097.4919 
3107.3644 
3117.2526 
3127.1565 
3137.0761 
3147.0114 
3156.9624 
3166.921)1 3176.9116 
3186.9097 
3196.9236 
3206.9531 
3216.9984 
3227.0594 
3237.1361 
3247.2284 
3257.3365 
3267.4603 
3277.5999 
3287.7551 
3297.9261 
3308.1127 
3318.315 
3328.5331 
3338.7668 
3349.0163 
3359.2815 
3369,5623 
3379.8589 

189.1243 
189.4385 
189.7526 190.0668 
190.381 
190.6951 191.0093 
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 
195.4075 
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 



188        AREAS  AND CIRCUMFERENCES OF  CIRCLES. 

Tat>le— {Continued). 
Diam. Area. Circum. 

.7 

.8 
3390.1712 206.4031 
3400.4993 206.7173 

.9 3410.843 207.0314 
Ob. 3421.2024 207.3456 i 

.  l 207.6598 

.2 3441.9684 207.9739 

.3 3452.3749 208.2881 

.4 3462.7972 208.6022 

.5 3473.2351 208.9164 

.6 3483.6888 209.2306 .7 3494.1582 209.5447 

.8 3504.6433 209.8589 

.9 3515.1441 210.173 
0<  . 3525.6606 210.4872 1 .  1 353fi  1Qt>8 210.8014 

.2 3516.7407 211.1155 

.3 3557.3044 211.4297 

.4 3567.8837 211.7438 

.5 3578.4787 212.058 

.6 3589.0895 212.3722 

.7 3599.716 212.6863 

.8 3610.3581 213.0005 

.9 3621.016 213.3146 
3631 .6896 213.6288 

213.943 

*2 

3653.0839 214.2571 
.3 3663.805 214.5713 
.4 3674.541 214.8454 
.5 3685.2931 215.1996 
.6 3696.061 215.5138 
.7 3706.8445 215.8279 
.8 3717.6138 216.1421 
.9 3728.4587 216.4562 

D  J  . 3739.2894 216.7704 
3750. 1358 217.0846 

!2 3760.9979 217.3987 
.3 3771.8756 217.7129 
.4 3782.7691 218.027 
.5 3793.6783 218.3412 
.6 3804.6033 218.6554 
.7 3815.5439 218.9695 
.8 3826,5002 219.2837 
.9 3847.4722 219.5978 

70 3848 .46 219.912 
>  1 3859.4635 220.2262 
.2 3870 '.4826 220.5403 
.3 3881.5175 220.8545 
.4 3892.5681 221.1686 
.5 3903.6343 221.4828 
.6 3914. 71G3 221.797 
.7 3925.814 222.1111 •  .8 3936.9275 222.4253 .9 3948.9566 222.7394 

71. 3959.2014 223.0536 
.1 3970.3619 223.3678 

Diam. Area. 

.2 3981.5382 223.6819 

.3 3992.7301 223.9961 

.4 4003.9378 224.3102 

.5 4015.1611 224 . 6244 .6 
4026.4002 224.9386 .7 .8 
4037.655 225.2527 
4048.9255 225.5669 

.9 4060.2117 225.881 
72. 4071.5136 

226.1952 

.1 
4082.8312 

226.5094 
.2 4094.1645 

226.8235 
.3 4105.5136 

227.1377 
.4 

4116.8783 
227.4518 

.5 
4128.2587 

227.766 .6 

4139.655 
228.0802 .7 

4151.0668 228 . 3943 .8 
4162.4943 

228 . 7085 .9 
4173.9376 

229.0226 

73. 
4185.3966 229.3368 

.1 
4196.8713 

229.651 
.2 4208.3617 229.9651 .3 

4219.8678 230.2793 

.4 
4231.3896 

O^A  KOfM 

.5 4242.9271 ZoO.UU/o 

.6 4254.4804 2ol.22lo 

.7 .8 4266.0493 261 .odo9 
4277.634 

(101  OKfll 
zdl.oOOl .9 

4289.2343 232  .164Z 
74. 4300.8504 232.4784 

.1 
4312.4822 232.7926 

.2 4324.1297 233.1067 

.3 4335.7928 233.4209 

.4 4347.4717 233.735 

.5 4359.1663 234.0492 

.6 
4370.8767 234.3634 

.7 4382.6027 234.6775 

.8 4394.3444 234.9917 .9 
4406.1019 235.3058 

75. 4417.875 235.62 

.1 
4429.6639 235.9342 

.2 4441.4684 236.2483 

.3 
4453.2887 236.5625 

.4 
4465.1247 236.8766 

.5 4476.9763 237.1908 .6 
4488.8437 237.505 

.7 4500.7268 237.8191 .8 4512.6257 238 . 1333 .9 

4524.5402 238.4474 
76. 

4536.4704 238.7616 
.1 4548.4163 239.0758 
.2 4560.378 239.3899 .3 

4572.3553 239.7041 .4 
4584.3484 240.0182 .5 4596.3571 240.3324 

.6 

4608.3816 240.6466 
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Area. Ta"ble— ( Co  n  tinned). 
Circum.         |     Diam.  I 

.9 
7. 
.1 
.2 .3 
.4 
.5 
.6 

.9 
8. 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

79. 

80. 
.1 
.2 
.3 
.4 .*5 
.6 
.7 .8 .9 

81. .1 .2 .3 .4 .5 .6 

82. 

4620.4218 
4632.4777 
4644.5493 
4656.6366 
4668.7396 
4680.8583 
4692.9928 
4705.1429 
4717.3087 
4729.4903 
4741.6876 
4753.9005 
4766.1292 
4778.3736 
4790.6337 
4802.9095 
4815.201 
4827.5082 
4839.8311 
4852.1698 
4864.5241 
4876.8942 
4889.2799 
4901.6814 
4914.0986 
4926.5315 
4938.98 
4951.4443 
4963.9243 
4976.4201 
4988.9315 
5001.4586 
5014.0015 
5026.56 
5039.1343 
5051.7242 
5064.3299 
5076.9513 
5089.5883 
5102.2411 
5114.9096 
5127.5939 
5140.2938  : 
5153 
5165 
5178, 
5191. 
5201. 
5216. 
5229. 
5242. 
5255. 
5268. 
5281 . 
5293. 

.0094 

.7407 

.4878 
,2505 
0289 
.8231 
633 
4586 
2999 
1569 
0296 
918 

240.9607 
241.2749 
241.589 
241.9032 
242.2174 
242.5315 
242.8457 
243.1598 
243.474 
243.7882 
244.1023 
244.4165 
244.7306 
245.0448 
245.359 
245.6731 
245.9873 
246.3014 
246.6156 
246.9298 
247.2439 
247.5581 
247.8722 
248.1864 
248.5006 
248.8147 
249.1289 
249.443 
249.7572 
250.0714 
250.3855 
250.6997 
251.0138 
251.328 
251.6422 
251.9563 
262.2705 
252.5846 
252.8988 
253.213 
253.5271 
253.8413 
254.1554 
254.4696 
254.7838 
255.0979 
255.4121 
255.7262 
256.0404 
256.3546 
256.6687 
256.9829 
257.297 
257.6112 
257.9251 

Area. 

.2 .3 .4 

.5 .6 

.7 

.8 .9 

83. 
.1 
.2 .3 
.4 

.9 

84. .1 
.2 

.4 .6 

.7 

85. .1 
.2 .3 
.4 .5 .6 
.7 

.8 .9 
86. .1 

.2 

.3 

.4 .5 .6 

.7 .8 

.9 
87. .1 

.2 .3 

.4 

.5 

.6 

5306.8221 
5319.742 
5332.6/ 75 
5345.6287 
5358.5957 
5371.5784 
5384.5767 
5397.5908 
5410.6206 
5423.6661 
5436.7273 
5449.8042 
5462.8968 
5476.0051 
5489.1292 
5502.2689 
•V>  15. 4  24  4 
5528.5955 
5541.7824 
5554.985 
5568.2033 
5581.4372 
5594.6869 
5607. 9523 
5621.2335 
5634.5303 
5047.8428 
5661.1711 
5674.515 
5687.8747 
5701.25 
5714.6411 
5728.0479 
5741.4703 
5754.9085 
5768.3624 
5781.8321 
5795.3174 
5808.8184 
5822.3351 
5835.8676 
5849.4157 
5862.9796 
5876.5591 
5890.1544 
5903.7654 
5917.3921 
5931.0345 
5944.6926 
5958.3644 
5972.0550 
5985.7612 
5999.4821 
6013.2187 
6026.9711 

Circum. 

258.2395 
258.5537 
258.8678 
259.182 
259.4962 
259.8103 
260.1245 
260.4386 
260.7528 
261.067 
261.3811 
261.6953 
262.0094 
262.3236 
262.6378 
262.9519 
263.2661 
263.5802 
263.8944 
264.2086 
264.5227 
264.8369 
265.151 
265.4652 
265.779 1 
266.0935 
266.4077 
266.7218 
267.036 
267.3502 
267.6643 
267.9785 
268.2926 
268.6068 
268.921 
269.2351 
269.5493 
269.8634 
270.1776 
270.4918 
270.8059 
271.1201 
271.4342 
271.7484 
272.0626 
272.3767 
272.6909 
273.005 
273.3192 
273.6334 
273.9475 
274.2617 
274.5758 
274.89 
275.2042 
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T  a"ble— ( Continued ) . 

92. 
.1 
.2 
.3 
.4 .5 
.6 
.7 
.8 
.9 

93. 
.1 

Diam.  j Area. Circum. 
7 
.8 

6040.7392 275.5183 

6054*5229 
275.8325 

.9 6068.3224 275.1466 
88. bOoz .  lo/  b 97£  AAOQ Z/O.40U0 

.1 uOUo.yboO 97£  77n Z 7  0 . /  to 

.2 ftlOQ  81  S1 277.0891 
6123.6774 -  277.4033 ['4 
6137.5554 277.7174 

*5 

6151.4491 278.0316 
.6 6165.3586 278.3458 
e7 6179.2837 278.6599 .8 6193.2246 278.9741 
.9 6207.1811 279.2882 

89. £991    1 SQ4 970  £094 Liv . OUZ4 
.1 /?OQX  1/11/1 bZoO  .  1414 970  Q1 ££t Liu. yiDD 
.2 £940  1451 280.2307 
.3 6263.1644 280.5449 
.4: 6277.1995 280.859 
.5 6291.2503 281.1732 .D 6305.3169 281.4874 
^7 

".8 

6319.3991 281.8015 
6333.497 282.1157 

.9 6347.6107 282.4298 
90. 

£I9£!1  7/I OO  744 LoL . /44 
.1 

KQ^K  QQK1 bo  /  0 .ooOl ZOO . UOOZ 
6390.0458 283.3723 

.3 6404.2223 283*6865 6418.4144 284.0006 

.5 6432.6223 284.3148 

.6 6446.8459 284.629 
^7 
.8 

6461.0852 284.9431 
6475.3403 285.2573 

.9 6489.611 285.5714 
91. ooUo.oy /4 zoy . OOOO 

.1 bolo.lyyO 98fi  1QQ8 ZOO .  li/JO 

.2 6532.5174 286.5139 

*.3 

6546.8909 286.8281 
.4 6561.2002 287.1422 .5 6575.5651 287.4564 
.6 6589.9458 287.7706 
.7 
.8 

6604.3422 288.0847 
6618.7543 288.3989 

.9 6633.1821 288.713 
6647.6256 
6662.0848 
6676.5598 
6691.0504 
6705.5567 
6720.0787 
6734.6165 
6749.17 
6763.7391 
6778.324 
6792.9246 
6807.5409 

289.0272 
289.3414 
289.6555 
289.9697 
290.2838 
290.598 
290.9121 
291.2263 
291.5405 
291.8546 
292.1688 
292.483 

Diam. Area. 
Circum. 

.2 6822.1729 292.7971 

.  3 6836.8206 293.1113 

.4 6851.484 293.4254 

.5 6866.1631 293.7396 .6 
6880.858 294.0538 

.7 
6895.5685 294.3679 

.8 6910.2948 294.6821 .9 6925.0367 294.9962 
y4. AO  30  7044 O JOU . / J44 295.3104 i 

.  JL ^0^4  *Ww8 295.6246 

.2 6969.3569 295.' 9387 

.3 

6984.1616 296.2529 .4 
6998.9821 296.567 

.5 

7013.8183 296.8812 .6 7028.6703 297.1954 

.7 

7043.5379 297.5095 

.8 
7058.4212 297.8237 .9 
7073.3203 298.1378 

of; 7088  93^ t UOO . LOO 298.452 1 7103  Ift-vS /  1UO .  -10OO 298.7662 
.2 7118.1116 299.0803 
.3 7133.0735 299.3945 
.4 7148.0511 299.7086 
.5 7163.0443 300.0228 .6 7178.0533 300.337 
.7 7193.078 300.6511 

.8 
7208.1185 300.9653 

.9 7223.1746 301.2794 
96. 

7938  94fi4 
i ZOO . ^404 301.5936 1 / Loo . OOOV 301.9078 

.2 
7268.4372 302.2219 .3 7283.5561 302.5361 .4 
7298.6908 302.8502 .5 7313.8411 303.1644 

.6 
7329.0072 303.4786 

.  7 7344.189 303.7927 

.8 7359.3865 304.1069 

.9 7374.5997 304.421 

97. 
/ oo j . ozoo 304.7352 .1 7/1  OS  0739 /  4UO  .  U  / 305.0494 .2 7420.3335 305.3635 

*3 

7435.6096 305.6777 
.4 7450.9013 305.9918 .5 7466.2087 306.306 
.6 7481.5319 306.6202 
.  7 7496.8708 306.9343 .8 7512.2253 307.2485 
.9 7527.5956 307.5626 

98. 7542.9816 307.8768 
.1 7558.3833 308.191 
.2 7573.8007 308.5051 
.3 

7589.2338 308.8193 .4 7604.6826 309.1334 
.5 

7620.1471 389.4476 .6 7635.6274 309.7618 
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Ta"ble— {Continued). Circum. Area. Circum. 

.7 7651 . 1233 310.0759 7760.0347 312.275 

.8 7636.635 310.3901 i 7775.6563 312.5892 

.9 
99. 

7682.1623 310.7042 .6 7791.2937 312.9034 
7697.7054 311.0184 .7 7806.9467 313.2175 

.1 7713.2642 311.3326 
.8 

7822.6154 313.5317 
.2 7728.8337 311.6467 .9 7838.2999 313.8458 
.3 7744.4288 311.9609  ,100. 7854. 314.16 

To  Compute  the  Area  or  Circumference  of  a  Di- 
ameter  greater  than  any  in  the  preceding  Table. 
See  Rules,  pages  176  and  181. 

Or,  If  the  Diameter  exceeds  100  and  is  less  than  1001, 
Remove  the  decimal  point,  and  take  out  the  area  or  circumference 

as  for  a  Whole  Number  by  removing  the  decimal  point,  if  for  the  area 
two  places  to  the  right ;  and  if  for  the  circumference,  one  place.  ' Illustration -The  area  of  96.7  is  7344.189  ;  hence  for  967  it  is  73I41S  9*  and the  circumference  of  96.7  is  303.7927,  and  for  967  it  is  3037.927.         i0i^-J  >  ana 

Areas  and.  Circumferences  of  Circles. 
From  1  to  50  Feet  [advancing  by  an  Inch],  or  from  1  to  50  Inciies  \advancinq 

by  a  Twelfth].  J Area. Circum. 
Feet. 
.7854 
.9217 

1.069 
1.2272 
1.3963 
1.5763 
1.7671 
1.969 
2.1817 
2.4053 
2.6398 
2.8853 
:>>.  mo 
3.4088 
3.687 
3.9761 
4.2761 
4.5869 
4.9087 
5.2415 
5.5852 
5.9306 
6.305 
6.6814 

Feet. 
3.1416 
3.4034 
3.6652 
3.927 4.1888 
4.4506 
4.7124 
4.9742 
5.236 
5.4978 
5.7596 
6.0214 
6.2832 
6.545 
6.8068 
7.0686 
7.3304 
7.5922 
7.854 
8.1158 
8.3776 
8.6394 
8.9012 
9.163 

Diam. Area. 

oft. 
1 
2 
3 
4 
5 
6 
7 
8 
9 10 

11 

6 
7 
8 
9 10 

11 

7.0686 
7.4668 
7.8758 
8.2958 
8.7267 
9.1685 
9.6211 10.0848 

10.5593 
11.0447 
11.541 
12.0483 
12.5664 
13.0955 
13.6364 
14.1863 
14.7481 
15.3208 
15.9043 
16.4989 
17.1043 
17.7206 
18.3478 
18.9859 
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Table- (Continued). 

Sft 
1 
2 
3 
4 
5 
6 
7 
8 
9 10 

11 
dft 

l 
2 
3 
4 

Diam. Area. Circum. 
Feet. Feet. 

f\  ft 19.635 15.708 
1 20.2949 15.9698 
9 20.9658 16.2316 
3 21.6476 16.4934 
4 22.3403 16.7552 
5 23.0439 17.017 
6 23.7583 17.2788 
7 24.4837 17.5406 
8 25.201 17.8024 
9 25.9673 18.0642 

10 26.7254 18.326 
11 27.4944 18.5878 

r»  f  / 28.2744 18.8496 •  29.0653 19.1114 
2 29.867 19.3732 
3 30.6797 19.635 
4 31^5033 19.8968 
5 32.3378 20.1586 
6 33.1831 20.4204 
7 34.0394 20.6822 
8 34.9067 20.944 
9 35.7848 21.2058 

10 36.6738 21.4676 
11 37.5738 21.7294 

7  ft 38.4846 21.9912 

•>! 

39.4064 22.253 
2 40.339 22.5148 3 41.2826 22.7766 
4 42.2371 23.0384 
5 43.2025 23.3002 
6 44.1787 23.562 
7 45.1659 23.8238 
8 46.1641 24.0856 
9 47.1731 24.3474 

10 48.193 24.6092 
11 49.2238 24.871 

50.2656 
51.3183 
52.3818 
53.4563 
54.5417 
55.638 
56.7451 
57.8632 
58.9923 
60.1322 
61.283 
62.4448 
63.6174 
64.801 
65.9954 
67.2008 
68.417 
69.6442 

25.1328 
25.3946 
25.6564 
25.9182 
26.18 
26.4418 
26.7036 
26.9654 
27.2272 
27.489 
27.7508 
28.0126 
28.2744 
28.5362 
28.798 
29.0598 
29.3216 
29.5834 

Diam. 

Area.  j 

Circum, 
F  eet. Feet. 6 70.8823 29.8452 7 72.1314 30.107 

8 73.3913 30.3688 9 74.6621 30.6306 
10 75.9439 30.8924 
11 77.2365 31 . 1542 10  ft 

78.54 31.416 79.8545 31.6778 2 81.1798 31.9396 o 82.5161 32.2014 4 83.8633 32.4632 5 85.2214 32.725 6 86.5903 32.9868 7 87.9703 33.2486 8 89.3611 33.5104 9 90.7628 33.7722 10 92.1754 34.034 11 93.599 34.2958 
11  ft. 95.0334 34.5576 1 96.4787 34.8194 2 

97.935 35.0812 3 99.4022 35.343 4 100.8803 35.6048 5 102.3693 35.8666 6 103.8691 36.1284 7 105.38 36.3902 
8 106.9017 36.652 9 108.4343 36.9138 10 

11 
109.9778 37.1756 
111.5323 37.4374 

12  ft 113.0976 37.6992 114.6739 37.961 2 116.261 
38.2228 3 117.8591 
38.4846 4 119.468 
38.7464 5 121.088 39.0082 6 122.7187 39.27 7 124.3605 39.5318 8 126.0131 39.7936 9 127.6766 40 . 0554 10 129.351 40.3172 11 131.0366 40.579 

IS  ft. 132.7326 40.8408 134.4398 41.1026 2 136.1578 41.3644 3 137.8868 41.6262 4 139.6267 41.888 5 141.3774 42.1498 
6 143.1391 42.4116 7 144.9117 42.6734 8 146.6953 42.9352 9 148.4897 43.197 10 150.295 43.4588 

11 
152.1113 43.7206 
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Ta"ble— {Continued). Diam. 1  Area. Circum. 
Feet. Feet. 

lift. 153.9384 43.9824 
1 155.7764 44.2442 
2 157.6254 44.506 
3 159.4853 44.7678 
4 161.3561 45.0296 
5 163.2378 45.2914 
6 165.1303 45.5532 
7 167.0338 45.815 
8 168.9483 46.0768 
9 170.8736 46.3386 

10 172.8098 46.6004 
11 174.7569 46.8622 

Voft. 176.715 47.124 
1 178.684 47.3858 
2 180.6638 47.6476 
3 182.6546 47 . 9094 
4 184.6563 48.1712 
5 186.6689 48.433 
6 188.6924 48.6948 
7 190.7267 48.9566 
8 192.7721 49.2184 
9 194.8283 49.4802 

10 196.8954 49.742 
11 198.9734 50.0038 

201.0624 50.2656 
1 203.1622 50.5274 
2 205.273 50.7892 o O 207.3947 51.051 
4 209.5273 51.3128 
5 211.6707 51 .5746 
6 213.8252 51.8364 
7 215.9904 52.0982 
8 218.1667 52.36 
9 220.3538 52.6218 

10 222.5518 52.8836 
11 224.7607 53.1454  I 

17//. 226.9806 53.4072 
1 229.2113 

53.669  ' 2 231.453 53.9308  | 
3 233.7056 54.1926 
4 235.9691 54.4544 
5 238.2434 54.7162 
6 240.5287 51.978 
7 242.8249 55.2398 
8 245.1321 55.5016  |! 
9 247.4501 55.7634 

10 249.779 56.0252 
11 252.1188 56.287 

18//. .  254.4696 56.5488 
1 256.8312 56.8106 
2 259.2038 57.0724 
3 261.5873 57.3342 
4 263.9817 57.51)6 
5 266.3869 57 . 8578  1 

Diam. Area. 1  Circum. Feet. Feet. 

6 268.8031 58.1196 I  7 
271.2302 58.3814 

8 273.6683 58.6432 !  9 276.1172 58.905 10 278.577 59.1068 
11 281.0477 59.4286 

19//. 283.5294 5Q  fiQCU 
1 286.0219 59.9522 

1  2 

288.5255 60 . 2 1 4 

i  3 

291.0398 
1  4 

293.5651 60.7376 
5 296.1012 60.9994 
6 298.6483 61.2612 
7 301.2064 61.523 
8 303.7753 61.7848 
9 306.3551 62.0466 

10 

308.9458 62.3084 11 
311.5475 62.5702 

20//. 314.16 62 .832 
1 316.7834 OO . VJOO 
2 319.4178 

63  3<Wi 3 322.0631 
OO  .  01  /  *± 4 324.7193 63.8792 

5 327.3864 

64.' Hi" 

6 330.0643 64.4028 
7 332.7532 64.6646 
8 335.4531 64.9264 
9 338.1638 65.1882 10 340.8854 65.45 11 

343.618 65.7118 21//. 346.3614 65. 9736 
1 349.1157 1)1)  . 
2 351.881 66  4972 
3 354.6572 f?£  7^0 OO . / a J 
4 357.4442 67.0208 
5 360.2422 67.2826 
6 363.0511 67.5444 
7 365.8709 67.8062 
8 368.7017 68.068 
9 371.5433 68.3218 10 374.3958 68.5916 11 

377.2592 

68.85"4 
22  ft. 

380.1336 no  1 1  v> Ot7.  ±1.)Z 
1 383.0188 P»Q   37  7 
2 385.915 O  J  .  i'OOO 388 . 8221 f\Q  (UUW VV .  IMJUO 
4 

391  .*74 

70.1624 
5 394.6689 70.4242 
6 397.6087 70.686 
7 400.5594 70.9478 
8 403.5211 71.2096 
9 406.4936 71.4714 10 

409.477 71 .7332 11 
412.4713 71.995 
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Tafole— (Continued) . 
Area. Circum. 

9 
10 
11 

27.fi 

2 
3 
4 
5 

Feet. 
415.4766 
418.4927 
421.5198 
424.5578 
427.6067 
430.6004 
433.7371 
436.8187 
439.917 
443.0147 
446.129 
449.2542 
452,3904 
455.5374 
458.0954 
461.8613 
465.044 
468.2347 
471.4363 
474.6488 
477.8723 
481.1066 
484.3518 
487.6076 
490.875 
494.1529 
497.4418 
500.7416 
504.0523 
507.3738 
510.7063 
514.0413 
517.404 
520.7693 
524.1454 
527.5324 
530.9304 
534.3313 
537.759 
541.1897 
544.6313 
548.0837 
551.5471 
555.0214 
558.5066 
562.0028 
565.5098 
569.0277 
572.5566 
576.0963 
579.6467 
583.2086 
586.781 
590.3644 

Feet. 
72.2568 
72.5186 
72.7804 
73.0422 
73.304 
73.5658 
73.8276 
74.0894 
74.3512 
74.613 
74.8748 
75.1366 
75.3984 
75.6602 
75.922 
76.1838 
76.4456 
76.7074 
76.9692 
77.231 
77.4928 
77.7546 
78.0164 
78.2782 
78.54 
78.8018 
79.0636 
79.3254 
79.5872 
79.849 
80.1108 
80.3726 
80.6344 
80.8962 
81.158 
81.4198 
81.6816 
81.9434 
82.2052 
82.467 
82.7288 
82.9906 
83.2524 
83.5142 
83.776 
84.0378 
84.2996 
84.5614 
84.8232 
85.085 
85.3468 
85.6086 
85.8704 
86.1322 

Diam.  | 
Circum. 

Feet. Feet. 6 KOQ  G^Q7 
86. 394 7 597. 56o9 Ol)  .  Ot)iJO 8 601 .18 OO  .          i  O 

9 604.80/1 87  1794 10 
zino    A  A 

608. 44o 87 .4412 
11 6l2.09oo Oi  .  i  \)o 

28/15. 615.7536 87.9648 
1 

619.4242 88.2266 
2 

623.1058 88.4884 
3 626.7983 88.7502 
4 630.5016 89.012 5 634.2159 

OO  07C?Q 
o9.Z/oo 6 OUT  G/111 
89 . 5356 7 641 .6/ / I 
cq  7074. 

8 n  A  n.    A  O  A  Q 
64t>.4z4d 

OA  0^09 

9 
649  .18ZZ 

QO  391 10 
652.951 

GA  Fv89fi 

yy . ooiO 
11 

656.7307 
qa  844-P. 
yu .  O^t^rO 2d  ft. 

1 660.5214 91.1064 
664.3229 91.3682 2 
668.1354 91.63 3 671.9588 91.8918 4 675.7931 92.1536 5 679.6382 

GO   A  1  Rzt 
6 92. 6772 7 687.3613 

GO  GQO 
8 691 . lo\}6 

QQ  9008 

9 690 .  JLZol 

GQ  4fi9fi 

yO  .10^0 10 COG 
b9y .UZ/o 93 .7244 11 7A9  G^<kA 93.9862 

BO  ft. 706.86 94.248 
1 710.7924 94.5098 2 714.7358 94.7716 3 718.6901 95 . 0334 4 722.6553 95.2952 5 726.6313 95 .557 6 730. 6183 
7 734.6162 yo .uouo 8 738.6251 

96 . 3424 9 742.6448 G£  ̂ OJ.9 
10 746.6754 yo . 000 11 750.7164 

Q7  1 97ft 
Sift. 754.7694 97.3896 1 758.8327 97.6514 2 762.907 97.9132 3 766.9922 98.175 4 771.0883 98.4368 5 /  /  0  .  li'OZ 98.6986 6 779.3131 98! 9604 7 783.4419 99.2222 8 787.5817 

99.484 9 791.7323 99.7458 
10 

795.8938 100.0076 11 800.0662 100.2694 
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Ta.'hle— (Continued). Circum. 
Feet. Feet 

32//. 804.2496 100.5312 
1 808.4439 100.793 
2 812.649 101.0548 
3 816.8651 101.3166 
4 ooi  find oJl . 092 101 .5784 
O 101 .8402 
b 829. 5787 102.102 
7 OOQ    OOQ  A ooo  .ooh4 102.3638 
o o boo. 1U91 102.6256 
Q 102.8874 

in c4b. bed 103.1492 1 1 j.± 103.411 
33//. 855.3006 103.6728 

1 859.6257 103.9346 
2 863.9618 104.1964 
3 868.3088 104.4582 
4 o/ l. bob/ 104.72 

877.0354 104.9818 
a D 881 .4151 105.2436 

885.8057 105.5054 
&.QA  OA1-** 105.7672 

9 oJ4. biy/ 106.029 
10 eyy .u4o 106.2908 
11 JUo . 4 /  /  2 106.5526 

34//. 907.9224 106.8144 
1 912.3784 107.0762 
2 916.8454 107.338 
8 921 . 3233 107.5998 
4 09^  CIO 107 .8616 
5 OQA  oi 17 JoU .oil 7 108. 1234 
g QQ.4  Q009 1 AO  oocn 10o.3852 
7 y.->y  .3439 108. 647 
g 
9 

943.8763 108.9088 
948.4196 109.1706 

10 952.9738 109.4324 
11 957.5392 109.6942 

35//. 962.115 109.956 
1 966.7019 110.2178 
2 971.2998 110.4796 
3 975.9086 110.7414 
a. 980.5287 111 .0032 FL 985.1588 111.265 
D 989.8005 111 .5268 7 994.4527 111.7886 <5 999.116 112.0504 
9 1003.7903 119  31 99 10 1008.4754 112.574 

11 1013.1714 112.8358 
36//. 1017.8784 113.0976 

1 1022.5962 113.3594 
2 1027.325 1 J  3. 6212 
3 1032.0647 113.883 

t 
1036.8153 114.1448 
1041.5767 114.4066 

9 

10 

11 

37//. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
38//. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

39//. 
1 
2 
3 
4 
5 
6 
7 
8 
9 10 

11 
40//. 

1 
2 
3 
4 

8 
9 

10 
11 

Circum. 
Feet. 

1046.8491 
1051.3324 
1055.9266 
1060.7318 
1065.5478 
1070.3747 
1075.2126 
1080.0613 
1084.921 
1089.7916 
1094.6731 
1099.5654 
1104.4687 
1109.3839 
1114.308 
1119.2441 
1124.191 
1129.1489 
1134.1176 
1139.0972 
1144.0878 
1149.0893 
1154.1017 
1159.1249 
1164.1591 
1169.2042 
1174.2603 
1179.8272 
1184.405 
1189.4987 
1194.5934 
1199.7039 
1204.8254 
1209.9578 
1215.101 
1220.2552 
1225.4203 
1230.5963 
1285. 7883 
1240.9811 1246.1898 
1251.4094 
1256.64 
1261.8814 
1267.1838 
1272.3971 
1277.6712 
1282. 9563 
1288.2528 1293.5592 
129S.877 
1304.2058 
V.  09.5154 
1314.8959 

Feet, 
114.6684 
114.9302 
115.192 
115.4538 
115.7156 
115.9774 
116.2392 
116.501 
116.7628 
117.0246 
117.2864 
117.5482 
117.81 
118.0718 
118.3336 
118.5954 
118.8572 
119.119 
119.3808 
119.6426 
119.9044 
120.1662 
120.428 
120.6898 
120.9516 
121.2134 121.4758 
121.737 
121.9988 
122.2606 

122.5224 122.7848 
123.046 
123.3078 
123.5696 
123.8314 
124.0932 
124.355 
124.6168 
124.8786 
125.1404 
125.4022 
125.664 
125.9258 
126.1876 
126.4494 
126.7112 
126.973 
127.2348 
127.4966 
127.7584 
128.0202 
128.282 
128.5438 
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T  a"bl  e— ( Continued). 
Diam  1 Area.  | Circum. Diam.  1 1 Area. Circum. 

Feet. Feet. Feet. Feet. 

41//. 1 
1320.2574 lzo.oUoo 6 lozo.y /4o 142.9428 
1325.6297 J  l\J  .  UO/4 7 iboi .  yoo/ 1  A  O    OA  A f 14o.204b 

2 1331.013 lzy. ozuz 8 loo/ . yuoi 1  A O     A fn A 143.4004 
3 1336 .4072 129. 591 9 1  (i  1  Q   CQ1  Q loio.oyio 143. /ZOZ 
4 1341 .olio IZv . oozo 

10 104J .0004 143.99 
5 1 347  99ft9 104/  .  ̂ ZO^ 130.1146 1655.8904 144.2518 

/» 

O lijJii  .  0<JO-L 130.3764 1 001  Q0fi4 1001 . JU04 144 . OloO 
/ J  OOO .  \JVl.O 130.6382 1 1  P»£7  Q339 loo/ . yooz 144 .7754 Q O 1  3(^3  r>41  0 100O .  04-L0 130.9 Z 1073  071 lO / O .  J  / 1 140 .UO/ z 
y 1QCQ  0013 131.1618 3 

icon  0107 
ioou . uiy / 140 . zyy 

1374  471ft 131.4236 4 4 1080  0709 1UOU  .\J  1  V  Li 14  £  £008 11 0 . oouo 
11 1379.9532 131.6854 1692.1497 14^  8990 

42//. 
1 

1385.4456 131.9472 o 1008  9311 140  0ft44 140  .  U044 
1390.9488 132.209 7 1704  3334 140  34fi9 14:0 .  040Z 

2 1396.463 132.4708 Q O 1710  4907 1 40  00ft 140 . OUO 
3 1401.9881 132.7326 Q J 1710  £408 1/10  ftOQft 140 . OO JO 
4 1407.5241 132.9944 1  0 1799  0*1  £8 147  1310 14 /  .  IOIO 
5 1413.0709 133.2562 

11 
1728.8017 147.3934 

6 1418.6287 133.518 47//. 1734.9486 147.6552 
7 1424.1974 133.7798 1 1741.1063 147.917 
8 1429.777 134.0416 2 1747.275 148.1788 
9 1435.3676 134.3034 3 1753.4546 148.4406 

10 1440.969 134.5652 4 1759.6451 148.7024 
11 1446.5813 134.827 5 1765.8464 148.9642 

43//. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1452.2046 
1457.8387 
1463.4838 
1469.1398 
1474.8066 
1480.4844 
1486.1731 
1491.8717 
1497.5833 
1503.3047 
1509.037 
1514.7802 

135.0888 
135.3506 
135.6124 
135.8742 
136.136 
136.3978 
136.6596 
136.9214 
137.1832 
137.445 
137.7068 
137.9786 

6 
7 
8 
9 

10 

11 
48//. 1 

2 
3 
4 
5 
6 

1772.0587 
1778.2819 
1784.516 
1790.7611 
1797.017 
1803.2828 
1809.5616 
1815.8502 
1822.1498 
1828.4603 
1834.7817 
1841 .1139 
1847.4571 

149.226 
149.4878 
149.7496 
150.0114 
150.2732 
150.535 
150.79G8 
151.0586 
151.3204 
151.5822 151.844 
152.1058 
152.3676 44  /V 1 £90  £344 10ZU .  0041 

ioc  9^04 
lOO .  Z«_>U4 7 1853.8112 152.6294 

1 1  ri9ft  9QQ4 10ZO .  ZyJ4 1 Qft  AQOO lOO .  4JZZ 8 1860.1763 152.8912 
Z 100Z . U < lOO . / 0* 9 1866.5522 153.153 
3 loo/  .OOZO lov .UJoo 

10 
1872.939 153.4148 

4: 1543. 66 139.2776 11 1 Q_0  OQC7 lew  y  .000/ loo. 6/ 06 
5 1549.4687 139 .5394 49//. 

1 
1885.7454 153.9084 g 1555.2883 139.8012 1892.1649 154.2002 1£01  llftft 140  0fi3 2 1898.5954 154.462 

1566.9603 140.3248 3 1905.0368 154.7238 
9 1572.8126 140.5866 4 1911 .4897 154.9856 

10 1578'.  6756 140."  8484 5 1917 .9522 155.2474 11 1584.5499 141.1102 6 

1924.4263  " 

155 '.5092 
45//. 1590.435 141.372 7 1930.9113 155.771 1 1596.3309 141.6338 8 1937.4073 156.0328 

2 1602.2378 141.8956 9 1943.9142 156.2946 3 1608.1556 142.1574 
10 

1950.4318  ' 
156.5564 

4 1614.0843 142.4192 
11 

1956.9604 156.8182 5 1  1620.0238 142.681 50//. 11)63.5 157.08 
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Table  of  the  Sides  of  Squares-equal  in  Area  to  a 
Circle  of  any-  Diameter. 

Fkom  1  tc  100. 
Diam. j  Side  of  Sq. 

|  Diam. 
\  Side  of  Sq. I  Diam. [  Side  of  Sq. 1  Diam. |  Side  of  Sq. 

1  . .8862 14. 12.4072 27 . 23.9281 40. 35.4491 
.V ;  1.1078 12.(5287 

\% 

24.1497 

•X 

35.6706 
!  1.3293 12.8503 

\% 

24.3712 

.  %i 

35.8922 
!  1.5509 13.0718 ;  24.5928 

'  74 

36.1137 
!  1.7724 15. 13.2934 

28/4 

|  24.8144 
41. 36.3353 •U !    1 . 994 

•>4 

13.515 

.}£ 

25.0359 

.  V 

•  /4 

36.5569 
•3? 2.2156 

-% 

13.7365 

•X 

25.2575 36.7784 
2.4371 

-% 

13.9581 

.% 

25.479 M 37. 
3. 2.6587 16. 14.179(3 

29. 25.7006 

42.  4 

37.2215 
.V 2.8802 14.4012 

•3£ 

25.9221 37.4431 •7? 3.1018 

•X 

14.6227 

•  X 

26.1437 

•To 

37.6646 
3.3233 

-% 

14.8443 

.% 

26.3653 37.8862 
4. 3.5449 17. 15.0659 30. 26.5868 

43.  4 

38.1078 
3.7665 

•>4 

15.2874 

•3^ 

26.8084 38.3293 
•>? 3.988 

•  Yi 
15.509 27.0299 38.5509 

4.2096 

•% 

15.7305 

-K 

27.2515 38.7724 
4.4311 18. 15.9521 

31. /
4 

27.473 

44.  4 

38 . 994 
4.6527 16.1736 27.6946 39.2155 •>? 4.8742 

•72 

16.3952 

/•A 

27.9161 m 39.4371 
5.0958 

>% 

16.6168 28.1377 39.6587 

6.  4
 5.3174 19. 16.8383 

32/4 

28.3593 45. 39.8802 •3^ 5.5389 

•  K 
17.0599 

•74 

28.5808 

'  /4 

40.1018 •>? 5 . 7605 M 17.2814 
/2 

28.8024 40 . 3233 
5.982 17.503 

*  /4 

29.0239 

•  74 

40 . 5449 

7/4
 6.2036 20. 17.7245 33. 29.2455 46. 

40.7664 
6.4251 

•  K 
17.9461 

•  /4 

29.467 

'  /4 

40.988 

/2 6.6467 

•X 

12.1677 29.6886 

•Ji 

41 .2096 

8. 
6.8683 

•M 

18.3892 

*  / 4 

29.9102 41 .4311 
7.0898 21. 18.6108 34. 30.13i7 

47.  4 

41 .6527 
•  /* */2 7.3114 18.8323 

'  /4 

30.3533 

•  /4 

41 .8742 
7.5329 M 19.0539 

•X 

30.5748 

•X 

•  74 

42 . 0958 
7.7545 

.% 

19.2754 /4 30 . 7964 42 . 31 73 
7.976 22. 19.497 35. 31 .0179 

48. 
42 . 5839 •>4 8.1976 

•  74 
19.7185 

•  /4 

31.2395 
:  v 42^7604 •7? 8.4192 19.9401 

•  72 

31.4611 

*/2 

42.982 
•M 8.6407 

.% 
20.1617 31.6826 

•74 

43. 2036 
0. 8.8623 23. 20.3832 

36: 4 

31 . 9042 49. 43.4251 
9.0838 

•  74 
20.6048 

•  /* 

32.1257 

*  V 

•/4 

43.6467 
•  /2 9.3054 

•  3? 
20.8263 

•72 

32.3473 K 43.8682 
9.5269 

•X 

21.0479 32.5688 
44."  0898 

9.7485 24. 21.2694 32.7904 50. 44.3113 
•m 9.97 

.% 

21.491 33.0112 44.5329 
10.1916 

•ft 
21.7126 

1 33.2335 
44.7545 ■% 10.4132 

.% 

21.9341 33.4551 
44.976 

2. 10.6347 25. 22.1557 38. 33.6766 

«:*
 

45.1976 
10.8563 

•K 

22.3772 
33.8982\ 

45.4191 •X 11.0778 M 22.5988 34.1197 45.6407 
11.2994 

.% 

22.8203 34.3413 45.8622 
11.5209 26. 23.0419 39. 34.5628 52. 46.0838 

■X 11.7425 23.2634 34.7884  , 46.3054 
■lA 11.9641 23.485 

•X 

35.006 46.5269 •% 12.1856 

.% 

23.7066  1 li 

*  * 

35.2275  I 

•74 

46.7485 
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Ta"ble- 
Diam, 

58 

59 

GO 

61 

62 

G3 

64 

Side  of  Sq.  r 
Diam.  | Side  of  Sq. Diam. 

A(\  Q7 65. 57 . 6047 77. 
4 / .  iyio 57.8263 
A~l  zt1  ̂ 1 'ti  .4101 Vi 

% 
58.0479 A 

4/ . 0O4/ 58 .2694 % 4.7 66. 58.491 78. 48  0778 % 58.7125 ¥ 
48.2994 % 58.9341 A 
4o .  t)ZUJ % 59.1556 % 
48  7425 67. 59.3772 79. 48.964 % 59.5988 

14 u . loou 

lA 

59! 8203 H 
49.4071 % 60.0419 % 

68. 60 . 2G34 80 
40  q^0<\ 60.485 

>i 
50  0718 U\>  .VJi  i.O 60.7065 A 
50  9034 60.9281 A 
50.5149 69 61.1497 

81 50*7365 Ol/  .  <  Owe* u 61.3712 h 
50  058 Ov  .  i/OO >2 61.5928 A 
51.1796 % 61.8143 % 
51.4012 10 62.0359 

82 51  6227 

•X 

62 . 2574 
51.8443 % 62.479 A 
59  0fi58 

•H 

.62.7006 
52.2874 71 62.9221 

83 
59  5080 OZ  .  OUOO 

•H 

63. 1437 

•>4 

59  7305 A 63 . 3652 
52.9521 

•% 

63.5868 
oo . i / oo 72 63.8083 84 oo .  o./o^c 

•H 

64.0299 

1  / ■?i 

oo . oio / 

•A 

64.2514 A 
53  8383 oo . oooo 

•% 

64.4730 

•H 

04 .  yjo  jo 73 64. 6946 
85 

54.2814 

•X 

64.9161 

>5i 

54. 503 

-A 

65.1377 

-A 

54.7245 

■  % 

65.3592 
r% 54.9461 

74 
65.5808 

86 OO  ..1IXO 

$L. 

65. 8023 

•  >i 

OO . OoJi 

-A 

66 .0239 

>A 

OO . OIO  4 

•74 

66.2455 .  M 

•  /  4 

55.8323 75 66.467 
87 

56.0538 66.6886 

■H 

56.2/54 

■14 

66.9104 

■H 

56.497 

■% 

67.1317 

■% 

56.7185 7G 67.3532 
88 56.9401 

'■k 

67.5748 

'■H 

57.1616 67.7964 

■  H 

57.3832 

■% 

1  68.0179 

■■% 

■(Continued), 
Side  of  Sq. 

68.2395 
68.461 
68.6826 
68.9041 
69.1257 
69.3473 69.5688 
69.7904 
70.0119 
70.2335 
70.455 
70.6766 
70.8981 
71.1197 
71.3413 
71.5628 
71.7844 
72.0059 
72.2275 
72.4491 72.6706 
72.8921 
73.1137 
73.3353 
73.5568 
73.7784 
73.9999 
74.2215 
74.4431 
74.6647 
74.8862 
75.1077 
75.3293 
75.5508 
75.7724 
75.9934 
76.2155 
76.4371 
76.6586 
76.8802 
77.1017 
77.3233 
77.5449 
77.7664 77.988 
78.2095 
78.4316 
78.6526 

Diam.    |  Side  of  Sq. 

8'J SO 

91 

92 

93 

94 

95 

9G 

99 

100 

APPLICATION  OF  THE  TABLE. 

To  Ascertain  a  Square  tlxat  sliall  have  tlie  same  Area  a« a,  Griven  Circle. 
Ir.TX-STiiATiON.— What  is  the  side  of  a  square  that  has  the  same  area  as  a  circle  of 

%j  tabte  ofAreas,  page  174,  opposite  to  is  4214.11 ,  and  in  this  table  i<  04  0161, 
Die  Bide  of  a  square  having  the  sam.3  area  as  a  circle  of        inches  in  diame.ei. 
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Table  of  the  Leiaoth.s  of  Circular  Arcs. 
Tlie  Diameter  of  a  Circk  assumed  to  be  Unity,  and  divided  into  1000 

equal  Parts. 

H'ght.:    Length.     H'ght  j   Length.  ||H'ght  |    Length.  jjH'ght.1  Length. .1 
.101 
. 102  1 1 
.103 
.101 
. 105 | 1 
.103 
.107 
.103 

1 
1 
1 

.109  1. 

.110 

.111 

.112  1. 

.113  1. 

.114  1. 

.115  1 

.111) 

.117 

.118 

.119 

.12 

.121 
122  1 

.12:}  1 

.12411 

.125  L. 

.12611 

. 127  J 1 

.128  i  1 

.12911 

.13  11 

.131  1 

.132 

.133  1 
131  1 
135  1 
138  1 
137  1 1 
138  ,  1 
139  1 
14  ll 
141 1 1 
142 ;  i 
143  1 1 
144  1 
145  1 1 
14611 
14711 
lis  l 
149  1 
15  1 
151.1 

.02645 

.02698 
.02752 
.02806 
.0286 
.02914 
.0297 
.03026 
03082 
03139 
03196 
,03254 
03312 
03371 
0343  J 
.0349 
03551 
03611 
03672  ! 
.03734  I 
.03797  I 
.0386  I 
.03923  1 .03987  1 .04051 
04116 
.04181 
.04247 
.04313 
.0438  !; 
.04447 
,04515 

04584  ' 04652  ! 01722 
04792  I 
.04862  1 
.04932  | 
.05003  1 .05075 
.05147, 
.0522  I 
.05293  ! 
.05367 
.05441 
.05516 
05591 
.05667 
.05743 
.05819 
.05896 
.05973 

.152  1 

.  153 

.164 

.155 1 .156  1 

.157  1 
.158  1 
.15911 
.16.  1 
.161  i  1 
.162 '1 .163,1 .164  1 
.165  1 
.166  1, 
.167; l. 
.168  1, 
.169  1. 
.17  1. 
.171  1 
.172  1 
.17311 
.174  1 
.175  1 
.176  1 
.177  1 
.178  1 
.179,1 
.18  1 
.181  1 
.  L82  1 
.183 il 

.184  1 1 .185,1 

.186!  1 

.187  1 
188  1, 

.189 

.19 

.191  1 

.102  1 

.19311 

.I94!l 

.195  1 

.196  1 

.11)7  1 

.198  1 

.199  1 

.2  1 

.201  1 

.202  1 

.203  1 

06051 
.0613 
.06209 
.06288 
.06368 
.06449 
.0653 
.06611 
.06693 
.067/5 ! .06858 
.06941 
.07025 
.07109 
.07194 
.07279 
.07365 
.07451 
.07537 
.07624 
.07711 
.07799 
.07888 
.07977 
.08066 
.08156 
.08246 
.08337 
.08428 
.08519 
.08611 
.08704 
.08797 
.0889 
.08984 
.09079 
.09174 
.09269 
.09365 
.09461 
.09557 
.09654 
.09752 
.0985 
.09949 
.10048 
.10147 
.10247 
.10348 
.10447 
.10548 
,10o5 

.  204 

.205' 

.206 

.207 ,208 
209 
21 
211 
.212 
.213 
.214 
.215 
.216 
.217 
.218 
.219 .22 
.221 
.222 
.223 
.  224 
.225 
.226 
.227 .228 
.229 
.23 
,231 .232 .233 
.234 
.235 
.236 
.237 
.238 
.239 
.24 
.241 
.242 
243 .244 
,245 
246 ,247 

248 .249 25 

251 
282 .253  1. 

.25  1  1. 

.25511.16526 

. 10752 

.10855 
10958 

.11062 
11165 
.11269 
.11374 
.11479 
:11584 
.11692 
.11796 
11004 

.12011 

.12118 
12225 12334 
12445 
12556 
12663 
12774 
12885 
12997 
13108 
13219 
13331 
13444 
13557 
13671 
13786 
13903 
1  402 14136 
14247 
14363 
1448 
14507 
14714 
14831 
14949 
15067 
15186 
15308 
15420 
15549 
1567 
15791 
15912 
,16033 
10157 
16279 
10102 

.256 

.257 

.258 

.259 

.26 

.261 

.262 

.263 

.264 

.265 .266 

.207 

.268 

.269 

.27 

.271 

.272 

.27:5 .274 
.275 
.276 .277 
.278 
.279 
.28 
.281 
.282 
.283 
.284 
.285 .286 
.287 .288 
.289 .29 
.291 
.2!)2 
.293 
.294 
.295 
.296 
.297 
.298 ,299 

3 301 302 
,303 
304 

1.16649 
1.16774 
1.16899 
1.17024 
1.1715 
1.17275 
1.17401 
1.17527 
1. 17655 
1.17784 
1.17912 
1.1804 
1.18162 
1.18294 
1 . 18428 
1.1855 
1.18688 
1.18819 
1.18969 
1.19082 
1.19214 
1.19345 
1.19477 
1.1961 
1.19743 
1.19887 
1.20011 
1.20146 
1.20282 
1.20419 
1.20558 
1 .20696 
1.20828 
1.20967 
1.21202 
1.21239 
1.21381 
1.2152 
1.21008 1.21794 
1.21920 1.22061 
1.22203 1.22347 
1.22495 
1.22635 
1  .22770 
1.22918 
1.33061 

30511.23205 
306  1.23349 
30711.23494 

H'ght.  Length. 
.308  1 
.309  1 
.81  1 
.311  1 
.312  1 .313  1 
.814  1 
.315|l 
.316  1 
.31711 
.318  1 
.319  1 
.32 .321 
.322 
.828 
.  324 
.325 .326 
.327 
.328 .329 
.33 
.881 .882 

,  888 .334 
335 .880 887 

338 
889 
34 
341 
342 .343 

.344 

.345 

.346 .347 

.848 .349 

.35 

.351 .852 

.353 
,854 .855 
,856 357 
,358 359 

. 28080 

.2378 

.23925 

.2407 

.24216 

.2486 

.24506 

.24654. 

.24801 

.24946 

.25095 .25243 

.25391 

.25539 

.25686 
25836 .25987 

.26137 
26286 
26437 
26588 
,2674 26892 
27044 
27196 

149 

27502 27656 2781 
27964 
'28118 

28273 
28428 
28583 28739 

'8895 

29052 
29209 
,29366 29528 
29681 29839 
29997 
80156 
30315 30474 
30634 
30794 
30954 
31115 
31276 
31137 
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H'ght. 

.361 

.302 

.303 

.304 

.365 

.366 

.367 

.368 

.369 

.37 

.371 

.372 

.373 

.374 

.375 

.376 

.377 

.378 

.379 

.38 

.381 

.382 

.383 

.384 

.385 

.386 

.387 

Length. 
31599 
1761 

31923 
32086 
32249 
32413 
32577 
32741 
32905 
33069 
33234 
33399 
33564 
3373 
33896 
34003 
34229 
34396 
34563 
34731 
34899 
.35068 
.35237 
35406 
.35575 
.35744 
.35914 
.36084 
.36254 

Ta"ble— (Continued). 
Length     I  H'ght. Length,  H'ght. 

.389 

.39 

.391 

.392 

.393 

.394 

.395 

.396 

.397 

.398 

.399 

.4 .401 

.402 

.403 

.404 

.405 

.406 

.407 

.408 

.409 

.41 

.411 

.412 

.413 

.414 
.415 
.416 

1.36425 
1.36596 
1.36767 
1.36939 
1.37111 
1.37283 
1.37455 
1.37628 
1.37801 
1.37974 
1.38148 
1.38322 
1.38496 
1.38671 
1.38846 
1.39021 
1.39196 
1.39872 
1.39548 
1.39724 
1.399 
1.40077 
1.40254 
1.40432 
1.406 
1.40788 
1.40966 
1.41145 

.417 

.418 

.419 

.42 

.421 .422 

.423 

.424 

.425 

.426 

.427 

.428 

.429 

.43 

.431 

.432 

.433 

.434 

.435 

.436 

.437 

.438 .439 

.44 

.441 

.442 .443 

.444 
H 

1.41324 
1.41503 
1.41682 
1.41861 
1.42041 
1.42222 
1.42402 1.42583 
1.42764 
1.42945 
1.43127 
1.43309 
1.43491 
1.43673 
1.43856 
1.44039 
1.44222 
1.44405 
1.41589 
1.44773 
1.44957 
1.45142 
1.45327 
1.45512 
1.45697 
1.45883 
1.46069 
1 .46255 

Length. 
.445 
.446 
.447 
.448 .440 

.45 

.451' .452 

.453 

.454 .455 

.456 .457 

.458 .459 

.46 

.461 

.462 
,463 
.464 
.465 400 
.467 
.468 .469 
.47 

H'ght.  |  Length. 
1.46441 
1.46028 
1.46815 
1.47002 
1.47189 
1.47377 
1.47505 
1.47753 
1.47942 
1.48131 
1.4832 
1.48509 
1.48099 
1.48889 
1.49079 
1.49269 1.4946 
1.49651 
1.49842 
1.50033 
1.50224 
1.50416 
1,50608 1.508 
1,50992 
1.51185 

471 i 1.51378 
.47211.51571 

.473 

.474 

.475 .476 

.477 

.478 

.479 

.48 

.481. 

.482 

.483 .484 
.485 
.486 
.487 .488 
.489 
.49 
.491 .492 
.493 
.494 
.495 
.496 .497 
.498 .499 

.5 

1.51764 
1.51958 
1.52152 
1.52346 
1.52541 1.52736 
1.52931 
1  .53126 
1.53322 
1.53518 
1.53714 
1.5391 
1.54106 1.54302 
1,54499 
1.54696 
1.54893 
1.5509 
1.55288 
1.55486 
1.55685 
1.55854 
1.50083 
1.50282 
1.50481 1.5008 
1.50879 
1.57079 

To  Ascertain  tlie  Length  of  an  Arc  of  a  Circle  "by tlie  preceding  TaL>le. 

rule  —Divide  the  height  by  the  base,  find  the  quotient  in  the  col- 
umn of  heights,  and  take  the  length  of  that  height  from  the  next  right- 

hand  column.  Multiply  the  length  thus  obtained  by  the  base  of  the 
arc,  and  the  product  will  give  the  length  of  the  arc. 

Example.—  What  is  the  length  of  an  arc  of  a  circle,  the  hase  or  span  of  it  being 100  feet,  and  the  height  25  feet? 
05  100  =  .25  ;  and  .25,  per  table,  =  1.15912,  the  length  of  the  base,  which,  being 

'multiplied  by  100  =  115.912  feet 
Note  -When,  in  the  division  of  a  height  by  the  base,  the  quotient  has  a  remain- der  after  the  third  place  of  decimals,  and  great  accuracy  is  required, 
Take  the  length  for  the  first  three  figures,  subtract  it  from  the  nex ?  f  °f 

length;  multiply  the  remainder  by  the  said  fractional  remainder,  add ̂ the  pioduct 
to  the  first  length,  and  the  sum  will  be  the  length  for  the  whole  quotient. 

Ex  ample .  — Wh  at  is  the  len  gth  of  an  arc  of  a  circle,  the  base  of  which  is  35  feet, and  the  height  or  versed  sine  8  feet  ? 
S  -  35  =  .2235714 ;  the  tabular  length  for  .228  =  1  13331,  and  for  229: = 1  13444,  the 

difference  between  which  is  .00113.    Then  .5714  X  .00113  =  000645682. 

ana    CC  .0005714  z=z  000645682 
1.1338556S2,the  sum 

by  which  the  base  of  the  arc  is  to  be  multiplied,  and  1.133955682  X  ̂5  =39.68845 feet 
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Table  of  tlie  Lengths  of  Semi-Elliptic  Arcs. 
The  Transverse  Diameter  of  an  Ellipse  assumed  to  be  Unity,  and  divided into  1000  equal  Parts. 
H'ght. Length. 

j  H'ght 
.1 1.04162 .  153 
.101 1.04262 .154 
.102 1.04362, .155 
.103 1.04462 .156 
.104 1.04562| .157 
.105 

1.04662.' .158 
.106 1.04762 .159 
.107 1.04862 .16 
.108  i 1.04962 .161 
.109 1.05063 .162 

Length.  ''H'ght.;  Length. 

.11  1.05164 

.111  1.05265 

.11211.05366 

.11311.05467 

.114  1.05568 

.115! 1.05669 

.11611.0577 

.117  1.05872 

.118  1.05974 

.119  1.06076 

.12  1.06178 

.121 '1.0628 .122  1.06382 

1.10113  .21 

1.1044: 
1.1056 

.163 ; 1.10784 .164  1.10896 

.165  1.11008 
166 ! 1.1112 
167  1.11292 
168  1.11344 
169  1.11456  •! 17  1.11569 
171  1.11682 
172  1.11795  i 
173  1.11908'! 174  1.12021  II 
175  1.12134 

123  1 1. 06484  ||.'l76  l!  12247 .124  1.065861 
.125  j 1.06689 
.12611.06792 
.127 
.128 
.129 
.13 
.131 
.132 
.133 
.134 
.135 
.136 
.137 
138 
139 
14 
Ml 
142 
143 
144 
145 
146 
147 
148 
1  19 
15 
151 
152 

1.06895 
1.06998 
1.07001 
1.07204 
1.07308 
1.07412 
1.07516 
1 .67623 
1.07726 i 
1.07831 | 
t.07937 
1.08043 
1.08149 
1.08255 1 
1.08362 j 
1.08469) 
1.08576! 
1.08684| 
1.08792 
1.08901 
1.0901 
1.09119 
1.09228 
1.0933 
1.09448 
.1.09558 

1.1236 
1.12473 
1.12586 
1.12699 
1.12813 
1.12927 
1.13041 
1.13155 
1.13269 
1.13383! 
1.13497 | 
3.13611} 
1.13726 
1.13841 | 
1.13956! 
1.140711 
1.14186, 
1.14301 
1.14410 
1.14531 
1.14646 

,  .14762 .199  1.14888 
.2  1.15014 
201  1.15131 
.202  1.15248 
203  1.15366 
204  1.15484 
205|1.15602 

177 
.178 
.179 
.18 
.181 
.182 
.183 
.184 
.185 
.186 
.187 
.188 
.189 
,19 
191 
192 
193 
194 
195 
196 
197 
198 

! .206  1.1572 
•207| 1.15838 .208  1.15957 
209  1.16076 

. 1.16196 
.211  1.16316 
.212  1.16436 
.213  1.16557 
•214  1.16678 
.215  1.16799 
.216  :  1.1692 
.217   1 .17041 
•218  1.17163 
.210  1.17285 
.22  1.17407 
.221  1.17529 
222  1.17651 

1.17774 
1.17897 
1.1802 
1.18143 
1.18266 
1.1839 
1.18514 
1.38638 
1.18762 
1.18886 
1.1901 
1.19134 
1.19258 
1.19382 
1.19506 
1.1963 
1.19755 
1.1988 
1.20005 
1.2013 
1.20255 
1.2038 

.24511.20506 

.246  1.206B2 

.247  1.20758 

.248  1.20884 

.249  1.2101 

.25  1.21136 

.251  1.21263 

.252  1 .2139 

.25:5  1.21517 

.254  3.21644 

.255  1.21772 

.256  1.219 

.257  1.22028 

.258 11.22156 

H'ght.  ]  Length. 

.223 

.  224 

.225 

.220 

.227 

.228 

.229 

.23 

.231 

.232 

.233 

.234 
.235 
.236 
.237 .238 
.239 
.21 
.211 
.212 
.243 
.244 

.259  1.22284 
•  2(3  1.22412 
.201  1.22541 
.202  1.2267 
.263  j  1.22799 .204  3.22928 
•205  1.23057 
•206  1.23186 
.207  1.23315 
•  268  1.23445 .209  1.23575 
.27  1.23705 
.271  !  1.23835 
.272  1.23966 
.2/3  1.24097 
•274  1.24228 
.275  1.24359 
.270  1.2448 
.277  1.24012 
.278  1.24744 
•279  1.24876 
.28  1.2503 
.281  1.25142 
.282  1.25274 
.283  1.25406 
.284  1.25538 
.285)1.2567 
.286  11.2^803 
.287|l.25936 
.288  11.26069 
.289' 1.26202 
.29  11.26335 
•291  1.26468 
.292  1.26601 
.293  1.20734 
.294  1.26867 
.205  1.27 
•  21)0  1.27133 
.297  1.27207 
.298  1.27401 | 
299  1 1.27535 

1.27669 
.301 13.27803 
.302  i  1  .27937 
.303  1.28071 
.301  1.28205 
,305  1.28339 
306  1.28474 
307  1.280091 
308  1.28744 

H'ght.  Length. 
.312  1.29285 
.313  1.29421 
.314  1.29557 
.315  1.29603 
.316  1.29829 
.317  1.29965 
.318  1.30102 
.319  1.30239 
.32  1.30376 
.321 | 1.30513 
.322  1.3065 
.323  1.30787 
.324  1.30924 
.325  1.31061 
.320  1.31198 
.327 1.31335 
.328 1.31472 
.329 1.3161 
.33 

| 1.31748 .331 1.31886 
.332 1.32024 
.333 1.32162 
.334 1.323 
.335 1.32-138 .336 1.32576 
.  337 1.32715 
.338 1.32854 
.339 1.32993 
.34 1.33132 
.341 1.33272 
.3421 1.33412 .343! 1.33552 
.344 1.33692 
.345 1.33833 

.3 

!4  6  1.33974 
.347  1.34115 
.348  1.34256 
.349  1.34397 
.35  1.34539 
.351  1.34681 

.309 
31 
311 

1. 28879 
1.29014 1.29149 

.352 .353 

.354 

.355 

.356 .357 

.358 .359 .36 

.301 

.302 

1  .31823 1.34965 
1.35108 
1.35251 
1.3531)4 
1.35537 
1.3568 
1.35823 
1. 35907 
1.30111 
1.36255 363  1.30399 

364! 1.36543 
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Table- (Continued). 
H'ght.  j Length.  1 
.365  i  1.36688  j 
.  366 1 . 368)3 
.367 1 .36978 
.368 1. 37123 
.369 1 .37268 
.37  | 1.37414 
.3/1 1 .  O  /  b  0  Z 
.372 1 . o / i Oo 
.  373 1 . 37854 
.371 1. 38 
.  375 1 .  oo  L4o 
.376 i .oozyz 
.377 I .  oo±  }\) 
.  378  1 1 . 38585 
.  379 1 .38732 
.38 1 .  OOO  /  l) 
.381 1 .  &if\jZ<± 
.382 1    °ft1  no 
.383 1    QQ31  I 
.384 1    o  ft  f 
.385 1.39605 
.386 1.39751 
.387 1.39897 
.388 1.40043 
.389 1.40189 
.39 1.40335 
.391 1.40481 
.392 1.40527 
.393 1.40773 
.394 1.40919 
.395 1.41065 
.395  1.41211 
.397 1 1.41357 
.398 1.41504 
.399 1,41651 
.4 1.41798 
.401 1.41945 
.402 1.42092 
.403 11.42239 
.404 ! 1.42386 
.405 1.42533 
.406 1.42681 
.407 1.42829 
.408 r.4-2977 
.409 1.43125 
.41 1.43273 
.411 1.43421 
.412 1  ..43569 
.413 1.43718 
.414 1.43867 
.415 1.44016 
.416 1.44165 
.417 1.44314 
.418 1.44463 
.419  1.44613 
.42 1 1.44763 

H'ght.  Length. 
.421 
.422 
.423 
.424 
.425 .426 
.427 
.428 .429 
.43 
.431 
.432 
.433 
.434 
.435 
.436 
.437 
.438 
.439 
.44 
.441 
.442 
.443 
.444 
.445 
.446 
.447 
.448 
.449 
.45 
.451 
.452 .453 
.454 
.455 
.456 
.457 
.458 
.459 
.46 
.461 
.462 
.463 
.464 
.465 
.466 
.467 
.468 
.469 .47 
.471 
.472 
.473 
.474 
.475 
.476 

1.44913 
1.45064 
1.45214 
1.45364 
1.45515 
1.45665 
1.15815 
1.45966 
1.46167 
1.46268 
1.46419 
1.4657 
1.46721 
1.46872 
1.47023 
1.47174 
1.47326 
1.47478 
1.4763 
1.47782 
1.47934 
1.48086 
1.48238 
1.48391 
1.48544 1.48697 
1.4885 
1.49003 
1.49157 
1.49311 
1.49465 
1.49618 
1.49771 
1.49924 
1.50077 
1.5023 
1.50383 
1.50536 
1.50689 
1.508421 
1.50996 
1.511.5 
1.51304 
1.51458 
1.51612 
1.51766 
1.5192 
1.52074 
1.52229 
1.52384 
1.52539 
1.52691 
1.52849 
1.53004 
1.53159 
1.53314 

.477 

.478 

.479 

.48 

.481 

.482 

.483 

.484 

.485 .486 

.487 

.488 

.489 

.49 .491 

.492 .493 

.494 

.495 

.496 
497 
498 .499 

!soi .592 
.503 
.504 
.505 
.506 
.507 
.508 
.509 
.51 
.511 .512 
.513 
.514 .515 
.5161 
.517  I .518 
.519 
.52 .521 
.522 
.523 
.524 
.525 
.526 
.527 
.528 
.529 

.53 .531 .532 

Length. H'ght. Length. H'ght. Length. 
1 . 53469 .533 1 .62216 

.589 
1 .710bo 

1.53625 .534 1 .62372 .oy 1 .71225 
1.53781 .535 1 . 62528 

£vG1 
.oyi 1 .71286 

1 . 53937 
.536 1 . 62684 

KOO .OyZ i  71  a I .  / 1040 
1.54093 .537 1 .6284 .DVO 1 .71707 
1 . 54249 .538 1 . 62996 .oy4 1 .  i loOo 
1.54405 .539 1. 63152 .  oyo i  79090 
1.54561 .54 1 . 63309 .  o96 1    701 0 l. / ziy 
1.54718 

.541 1.63465 .oy  / 1  70QTv 1 . / ZoO 
1 . 54875 .542 1 . bou2o .  oyo 1. / ZOll 
1 . 55032 .543 1. 6378 

P.OO 

.ovv 1  79£79 1 . / zo/ z 
1.55189 .  544 1.63937 £ 

.  o 

1  79W33 
1.55346 .  545 1 . 64094 £A1 

.  OU1 
1  70GG/1 i . / zyy4 

1.55503 .546 1 . 64251 £09 
.  ou^ 

1    731  KK 1 . / olOO 
1.5566 .547 1 .64408 .  OUo 1    7*>31  £ 1.  / ooJLO 
1.55817 .548 

1 . 64565 .0U4 1  7Q/177 I. /  04/ / 
1 .55974 .549 1 . 64722 £OK 1  73<i38 1 . / oOoo 
1.56131 .55 1 .64879 .  OUO 1  737QQ 1 . / oi uo 
1.56289 .  551 1. 65036 £07 .  OU  i 1  730£ 
1.56447 

.552 1 . 65193 £OQ .  OUo 1  7J191 
1.56605 .553 1.6535 

£OQ .  OUJ 
1.56763 .554 1 . boOU/ 

.  Ol 
1  74444 

1 .56921 .  555 1 .65665 £1 1 .Oil 1.74605 
1 .57089 .556 1  .bOoZo 

612 1 . 74767 
1.57234 .557 1 .65981 

613 
1 .74929 

1.57389 .558 1 . 66139 £14 .  Oil 1 .75091 
1.57544 .559 1.66297 £1  ̂  

.  OlO 
1  7fS9ft9 

1 .57699 
.Ob 

1. bb40o £1  £ 
.  OlO 1  75414 

1.57854 .561 
1 .bbblo £1  7 .01/ 1 . / JO / o 

1.58009 .562 1. 66771 £1  Q 
.  OlO 1 .  i  Oi Oo 

1.58164 .563 i. bbyzy £1  0 
1 .759 1 .58319 .564 1.67087 .  oz 
1  7£bb9 
1,1  UVUii 1.58474 .565 1 .67245 £91 .  OZ  L 1  7 £994 
1 . i Q66± 1.58629 .566 1.67403 £99 .  OZZ 1  7£3ft£ 1 . / oooo 1 .58784 .567 1.67561 £93 .  OZo 1  76548 1.5894 .588 1.67719 

£9/1 
.0Z4 

1  7/171 1 . i 0/  1 
1.59096 .569 1 .67877 A9K .  ozo 1 .76872 
1.59252 .570 1 .68036 .  OZb 1  77034 

±. i { Wot 1.59408 .571 1.68195 .  627 
1    771 07 
l . / / iy / 1.59564 .572 1 .68354 £9Q .  OZo 
1.77359 1.5972 .573 1 .68513 coo .  bzy 1  77ft91 
1  .  t  t 06± 1.59876 .574 1.68672 .  bob 
1  77£&4 

1 . 60032 .575 1.68831 .  bo  I 
1  77847 

1.60188 .576 1 .6899 C29 
.  OuZ 

1  78000 
1 .  4  OUUi7 

1 . 60344 .577 1.69149 £33 
.  Ooo 1  78172 1.605 .578 1. 69308 R^A 
.  b<j4 

•1  .  /  OOoo 
1.60656 .579 1 . 69467 

c  °  k. 
.  boo 

1 . I OiJO 1.60812 .580 1 . 69626 .  036 
1  7Q££ 
1 .  / OOO 1  AOO£Q 1 . OUJOo .581 1.69785 .637 
1.78823 

1.61124 .582 1.69945 .638 1.78986 1.6128 .583 1.70105 .639 1.79149 
1.61436 .584 1.70264 .64 

i 1.79312 1.61592 .585 1.70424 
.641 

1 1.79475 
1.61748 .586 

1 1.70584 
.612 

| 1.70038 1.61904 .587 11.70745 .643 1.79801 1.6206 .588! 1.70905 .644 11.79964 



Table— (Continued). 
H'gh t  |  Length. |H;ght.  Length [  H'ght.i  Length. ||H'ght.|  Length. 

H'gh 
t.  Length. 

.  04<. )  1.8012 "   .701  1.8935 2   .757! 1.9879- 1  .81i \  2.0848 \     9  lOlT. 

.  041 » ; 1.8029 .70: 2  1.8951< )   .758  1.9896- [\  .814 
\  2.0865( )  .0/ 2. 18656 

.  o4  i ;  1.80454  .70J 5  1.8968, )   .759  1.9913- 1  .811 i  2.0883: 
)  £71 
'  .Oil 

z. 1000/ 
.  04c 1.8061; 

"  .70^ 
!  1.8985] L  .76 1.9930; >  .811 2.0900£ 1     .0  / 1 O    1  OA 1 O 

GAQ .  o-±a 1.8078 .70c >  1.9001; .761  1.9947* J  .817 2.09196 

£7^ 

.  oi  tj 0  1 00 z.  iyz 
.  bo 1.80943  .706 

1.9018-1 
.76211.9964; 

'  .818 

2.0936 £7J z .  lyoci 
.  DDI 1.81107 .707 1.9035 .763 | 1.99816 .819 2.0953C 557  0 .  Oi  0 0  10  1 z .  iyjb4 

1.81271 .708 1.90517 .764  1.9998S .82 2.09712 .  O  i  u 
9  1 0  ~  1 1 ' 
z .  1  y  /  -i  0 .653 1.81435 .709 1.90684 .765  2.0016 .821 2.09886 

07- 

.0/  / 2. 19928 
1.81599 .71 1.90852 .766  2.00331 .822 2.10065 £7£ .0/0 9  9A11 

.  655 1.81763 .711 1.91019 .767  2.00502 .823 2 . 10242 £70 .  0  i  u 9  9A9Q9 Z . ZOZvZ 
656 : 1.81928 .712  1.91187 .768  2.00673 .824 2.10419 £Q .  00 Z. ZU4/4 
657 1.82091 .713 

(1.91355 
.769  2.00844 1  .825 2.10596 ££1 Z .  ZU0O0 

.658 j 1.82255 !  .714 j 1.91523 
.77 2.01016 .826 2.10773 £99 O  9AQ130 

.  VOiJ 1 1.82419 .715 :  1.91691 .771 !  2.01187 .827 2.1095 
££-i 

z .  zwzz 
.66 1.82583 .716 1.91859 .772 2.01359 .828 2.11127 .884 
.661 1.82747 .717  1.92027 .773 2.01531 .829 2.11304 

.885 9  91QQQ 
.662 1.82911 .718 j 1.92195 

.774 2.01702 .83 2.11481 .886 9  91  >%71 Z. ZLOi 1 
!663 1.83075 .719 1.92363 .775 2.01874 .831 2. 11659 .887 9  917^4 Z . Z±<  J4 
.664 1.8324 .72 1.92531 .776 

!  2.02045 
.832 2.11837 £££ .  OOO O  910Q7 Z .  Zxvoi 

.665 1.83404 .721 1.927 
.777 2.02217 .833 2.12015 .889 9  9910 

.666 1.83568 .722 1:92868 .778 2.02389 .834 2.12193 £0 .  0  j <0  99 QA° Z  .  ZZo()<) 

.667 1.83733 .723 1.93036 
.779 

2.02561 .835 2.12873 £01 .  0  ji 
9  99  1Q/* .668 1.83897 .724 1.93204 

.78 
2.02733 .836 2.12549 £09 9  00/J7 Z. ZZhi 

.669 1.84061 .725 1.93373 .781 2.02907 .837 2.12727 .OVO 2. 22854 
!67 1.84226 .726 1.93541 .782 2.0308 .838 2.12905 £0  1 Z . Z0O00 
.671 1.84391 .727 1.9371 .783 2.03252 .839 2.130#3 .0  JO z . Znzzz 
.672 1.84556 .728 1.93878 .78412.03425 .84 2 . 13261 £Ofi Z.  Z.riUu 
.673 1.8472 .729 1.94046 

.785 '2.03598 .841 2.13439 £07 .01// ')  Ot3-^0 z  .Zooy 
.674 1.84885; .73 1.94215 

.786 2.03771 i .842 2.13618 £0£ 
.0J0 

Z.Zdi i! 
1.8505  1 .731 1.94383 .787 2.03944 .843 2.13797 £00 .  ojy z. Zo9oo 

.  676 1.85215 .732 1.94552 
.788 2.04117 .844 2.13976 Q Z. Z414Z 

.677  1 1.85379 .733 1.94721 
.789 2.0429 .845 

2.14155 OA1 .  JUL Z . Z4oZO 
.678  j 1.85544 .734  1.9489 

.79 
2.04462 

.846 
2.14334 

OA1-) 

2. 24508 
.679 1.85709 .735 1.95059 .791 2.04635 

.847 
2.14513 z.  zi(>yj 

.68  1 1.85874 .736 1.95228 .702 2.04809 .848 2.14692 2 . 24874 

.681 1 1.86039 .737 1.95397 .793 
2.04983 

.849 
2.14*71 .  yuo 2. 25057 

.682  i 1.86205 .7381 1.95566 
.794 

2.05157 .85 2.1505 QA£ Z . Z0Z4 
.  683 1.8637 .739  | 1.95735 

.795 2.05331 .851 2.15229 0A7 .  yu/ Z.  Z.mZo 
.6*4 1.86535 .74  j 1.95994 

.796 
2 . 05505 .852 

24&409 .  yuo O  9  fin  Ac Z . ZO0U0 
.  685  I 1.867 .741 1.96074 

.797 2.05679 .853 2.15589 .  909 2. 25789 *686 1 .86866 .742 1.96244 

.798 2.05853 .854 2.1577 2. 25972 
.687  J 1.87031 .743 1.96414 

.799 2.06027 .855 
2.1595 01 1 .  y  11 2. 26155 

.688 1.87196 .744 1.96583 

.8 

2.062<*2 .856 
2.1613 0 1 ') 

z.  2(),3i38 
.689 1.873621 .  74  5 1.96753 .801 2.06377 .857 

2.16309 Ol  Q .  yio 2 .26521 
.69 1  -87527 1 .71(1 1.96923 .802 2.06552 .858 

2.16489 Ol  A .  yi4 2. 26704 
.691 1 1.87693 .717 1.97093 .803 2.06727 .859 

2.16668 Q1  ry. .vlD 2. 26888 
.692 1.87859! .748  j 1.97262 .804 2.06901 .86 2.16848 :9i6 2.27071 
.008 1.88024 .749 1.97432 .805 2.07076 .861 2.17028 .917 2.27254 
.694; 1.8819 .75 1.97602 .806 2.07251 .862 2.17209 .918 2.27437 
.695 1.88356 .751 1.97772 .807 2.07427 .863 2.17389 

.919  ' 

2.2762 
.696 1.88522 .  752 1.97943 

.808 
2.07602 .864  S 2.1757 .92  : 

2.v27803 

.697 1.88688 
.75.'} 

1.98113 
.809 2.07777 

.865  ' 

2.17751 .921  \ 2.27987 
.698 1.88854; .  754 : 1.98283 

.81 
2.07953 .866  \ 2. 17932 .922  5 

>.2817 

.699 1.8902  ! .  755 1.98453 .811 2.08128 .867  S J. 18113 .923  2.28354 
•7  .1 1.89186! .756  I 1.98623 .812 2.08304 .86812.18294 .92412.28537 



204 LENGTHS  OF  SEMI-ELLIPTIC  ARCS. 

Table— (Continued). 
H'ght. Length.  | H'glit. Length H'ght. Length. H'ght. Length. 

H'ght. 
Length. 

.925 O  0Q70 041 2 31666 .956 2 34483 .971 2 37334 .986 
2 40208 

.926 O  9Q0HQ 
942 

2 31852 .957 2 34673 .972 
2 37525 .987 2 404 

.927 043 2 32038 .958 2 34862 .973 2 37716 .988;  2 40592 

.  928 9  9097 Z. ZJZ/ 944 2 32224 .959 2 35051 .974 
2 37908 .989 2 40784 

.  929 9  904^3 .945 2 32411 .96 2 35241 
.975 

2 381 .99 z 40976 
.93 Z . Z J09U .946 2 32598 .961 2 35431 .976 2 38291 .991 

2 41169 
.931 9  9Q£9 

*  947 

2 32785 .962 2 35621 [977 2 38482 .992 
2 4l00Z 

2 . 30004 

.*948 

Z Q9079 oL  J  i  Z .963 9 Z 

'.978 

2 00  u  /  0 .993 2 
.933 2.30188 

*.949 

2 3316 .964 2 36 .979 2 38864 .994 
2 41749 

.931 2.30373 .96 2 33348 .965 2 36191 .98 2 39055 .995 2 .41943 

.935 2.30557 .951 2 .33537 .966 2 36381 .981 
2 39247 .996 2 42136 

.936 2.30741 .952 2 33726 .967 2 .36571 .982 
2 39439 .997 2 42329 

.937 2.30926 .953 2 33915 .968 2 .36762 .983 2 
39631 .998 2 .42522 

.938 2.31111 .954 2 .34104 .969 2 .36952 .984 2 .39823 .999 2 42715 

.939 2.31295 .955 2 34293 .97 2 37143 .985 2 .40016 

1. 

2 42908 
.94 2.31479 

To  Ascertain  the  length,  of  a  SeiTii-ZElliptic  Arc 
(right  Semi-Ellipse)  toy  the  preceding  Table. 

Rule.— Divide  the  height  by  the  base,  find  the  quotient  in  the  col- 
umn of  heights,  and  take  the  length  of  that  height  from  the  next  right- 

hand  column.  Multiply  the  length  thus  obtained  by  the  base  of  the 
arc,  and  the  product  will  be  the  length  of  the  arc. 
Example.— What  is  the  length  of  the  arc  of  a  semi-ellipse,  the  base  being  TO  feet, and  the  height  30.10  feet? 

30.10-^70  =  .43  ;  and  .43,  per  table,  —  1.46268. 
Then  1.40 ICS  X  70=102.3876/^. 

When  the  Curve  is  not  that  of  a  Right  Semi-Ellipse,  the  Height  being 
half  of  the  Transverse  Diameter. 

Rule.— Divide  half  the  base  by  twice  the  height,  then  proceed  as 

in  the  preceding  example  ;  multiply  the  tabular  length  by  twice  the 
height,  and  the  product  will  be  the  length  required. 
Examine.—  What  is  the  length  of  the  arc  of  a  semi-ellipse,  the  height  being  35  feet, and  the  base  60  feet  ? 

60  -f-  2  =  30,  and  30  -4-  35x2  ==  .428,  the  tabular  length  of  which  is  1.459C6. 
Then  1 . 45966  X  35  X  2  =  1 02. 17C  2  feet. 
Note.— If  in  the  division  of  a  height  by  the  base  there  is  a  remainder,  proceed  in 

the  manner  given  for  the  Lengths  of  Circular  Arcs,  page  200. 



AEEAS  OF  THE  SEGMENTS  OF  A  CIRCLE.  20o 

Table  of  the  Areas  of*  the  Segments  of  a  Circle. 
The  Diameter  of  a  Circle  assumed  to  he 

equal  Parts. 
Unity,  and  divided  into  1000 

Versed Sine. Seg.  Area.  , I  Sine. Seg.  Area, 
.001 
.002 
.003 
.001 
.005 
.006 
.007 
.008 
.009 
.01 
.011 
.012 
.013 
.014 
.015 
.016 
.017 
.018 
.019 
.02 
.021 
.022 
.023 
.021 
.025 
.020 
.027 
.028 
.029 
.03 
.031 
.032 
.033 
.034 
.035 
.036 
.037 
.038 
.039 
.04 
.041 
.042 
.043 
.044 
.045 
.016 
.047 
.048 
.049 
.05 
.051 
.052 

.00004 
;  .00012 '  .00022 .00034 .00047 .00962 .00078 .00095 .00113 .00133 .00153 .00175 .00197 .0022 
.00244 .00268 .00294 .0032 
.00347 .00375 .00403 
.00432 .00462 .00492  j .00523 .00555 .00587 .00619 .00653 .00686 .00721 .00756 .00791 .00827 .00864 
.00901 .00938 .00976 .01015 .01054 .01093 .01133  I .01173  , 
.01214 
.01255  I .01297 .01339 .01382 
.01425 .01468 .01512 
,01556 

j  .053 .054 
.055 1  .056 
.057 
.058 
.059 
.06 
.061 
.062 
.063 
.064 
.065 
.066 
.067 .068 
.069 
.07  I 
.071 
.072  j 
.073 
.074 
.075 
.076 
.077 
.078 
.079 
.08 
.081 
.082 
.083 
.084 
.085 
.086 
.037 
.088 
.089 
.09 
.091 
.092 
.093 
.094 
.095 
.096 
.097 
.098 
.099 
.1 
.101 
.102 
.103 
.104 

.01601 

.01646 

.01691 

.01737 

.01783 

.0183 

.01877 

.01924 

.01972 

.0202 

.02068 

.02117 

.02165 

.02215 

.02265 

.02315 

.02336 

.02468 

.02519 

.02.371 

.02624 

.02676 

.02729 

.02782 

.02835 

.02889 

.02943 

.02997 

.03052 

.03107 

.03162 

.03218 

.03274 

.0333 

.03387 

.03444 

.03501 

.03558 

.03616 

.03674 

.03732 

.0379 

.03849 

.03908 

.03968 

.04027 

.04087 

.04148 

.04208 
,04269 
0431 

.105 

.106 .107 

.108 

.109 

.11 

.111 

.112 

.113 

.114 

.115 

.116 

.117 .118 

.119 

.12 .121 

.122 

.123 

.124 

.125 

.126 

.127 

.128 

.129 .13 

.131 

.132 .133 

.134 

.135 

.136 

.137 

.138 .139 

.14 

.141 

.142 

.143 

.144 

.145 

.146 

.147 

.148 .149 
,15 
,151 
,152 
,153 
154 
155 
156 

8 

\  .04391 .04452 
.04514 

|  .04575 .04638 
.047 <  .04763 
.04826 
.04889 
.04953 
.05016 
.0508 
.05145 .05209 
.05274 
.05338 
.05404 .05169 
.05534 
.056 
.05666 
.05733 
.05799 
.05866 
.05933 
.06 
.06067 
.06135 
.06203 
.06271 
.06339 
.06407 .06476 
.06545 
.06614 
.06683 
.06753 
.06822 
.06892 
.07033 
.07103 
.07174 
.07245 
.07316 
.07387 
.07459 
.07531 
.07603 
.07675 
.07747 
0782  . 

V*™d  Seg.  Area    *gj«  W  Are*. 
.157 
.158 
.159 
.16 .161 .162 
.163 
.164 
.165 
.166 
.167 
.168 .169 
.17 
.171 
.172 .173 
.174 .175 
.176 
.177 
.178 
.179 

.18 .181 

.182 .183 

.184 

.185 

.186 .187 

.188 

.189 

.19 .191 

.192 .193 

.194 .195 

.196 

.197 .198 

.199 

.2 

.201 

.202 .203 

.204 

.205 
,206 ,207 208 

.07892 

.07965 

.08038 

.08111 

.08185 

.08258 

.08332 

.08406 

.0848 

.08554 

.08629 

.08704 

.08779 

.08853 

.08929 

.09004 

.0908 .09155 

.09231 .09307 

.09384 

.0946 

.09537 

.09613 

.0969 

.09767 

.09845 .09922 

.1 .10077 

.10155 

.10233 

.10312 .1039 

.10468 

.10547 

.10626 

.10705 

.10784 .10864| 

.10943 

.11023 

.11102 

.11182 

.11262 

.11343 

.11423 

.11503 

.11584 

.11665 
11746 11827  I 

.209 .21 

.211 

.212 

.213 .214 

.215 .216 

.217 

.218 .219 
.22 
.221 
.222 .223 
.224 
.225 
.226 
.227 
.228 .229 
.23 
.231 
.232 .233 

.234 

.235 

.236 

.237 

.238 239 

.24 

.241 

.242 

.243 .244 

.245 

.246 .247 

.248 .249 

.25 

.251 

.252 .253 

.254 

.255 

.256 

.257 

.258 .259 
,26 

.11908 

.1199 

.12071 

.12153 .12235 

.12317 

.12399 
. 12481 
.12563 
.12646 
.12728 
.12811 
.12894 
.12977 
.1306 
.13144 
.13227 
.13311 
.13394 
.13478 
.13562 
.13646 
.13731 
.13815 
.139 .13984 
.14069 .14154 
.14239 
.14324 .14409 
.14494 
.1458 
.14665 
.14751 .14837 
.14923 
.15009 
.15095 
.15182 
.15268 
. 15355 
.15441 
.15528 
.15615 .15702 
.15789 
.15876 
.15964 
.16051 
.16139 .16226 
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Ta"ble— (Continued ). 

.16314 

.10402 

.1049 

.10578 

.16000 

.10755 

.10844 

.16931 

.1702 

.17109 

.17197 

.17287 

.17370 

.17405 
. 17554 
.17043 
.17733 
.17822 
.17912 
.18002 
.18092 
.18182 
.18272 
.18361 
.18452 
.18542 
.18033 
.18723 
.18814 
.18905 
.18995 
.19080 
.19177 
.19208 
.1936 
.19451 
.19542 
.19G34 
.19725 
.19817 
.19908 
.2 .20092 
.20184 
.20270 
.20308 
.2040 
.20553 

Vpraed  ~  ^  Versed 
Sine     Seg-  Area!  Sine. 
.309 
.31 .311 
.312 .313 
.314 
.315 
.310 
.317 
.318 
.319 
.32 
.321 
.322 
.323 
.324 
.325 
.326 
.327 
.328 
.329 
.33 
.331 .332 
.333 
.334 
.335 .336 
.337 
.338 
.339 
.34 
.341 
.342 
.343 
.344 
.345 
,346 
,347 
.348 
,349 
.35 
.351 
.352 
.353 
.354 
.355 
.356 

.20645 

.20738 

.2083 

.20923 

.21015 

.21108 

.21201 

.21294 .21387 

.2148 

.21573 

.21667 

.2176 

.21853 

.21947 

.2204 

.22134 

.22228 

.22321 

.22415 

.22509 

.22003 

.22097 

.22791 

.22880 

.2298 

.23074 

.23109 

.23203 

.23358 

.23453 

.23547 

.23042 

.23737 

.23832 

.23927 

.24022 

.24117 

.24212 

.24307 

.24403 

.24498 

.24593 

.24089 

.24784 

.2488 

.24970 

.25071 

Seg.  Area 
357 
,358 
,359 
,30 
.301 
,362 
.303 
.304 
.305 
.306 .367 
.368 
.309 
.37 
.371 .372 
.373 
.374 
.375 .370 
.377 
.378 .379 
.38 .381 
.382 
.383 
.384 
.385 
.386 
.387 

.388 .389 
.39 
.391 
.392 .393 
.394 
.395 
.396 
.397 
.398 
.399 

.4 .401 

.402 

.403 

.404 

.25167 
,25263 
,25359 .25455 
.25551 
.25647 
.25743 
.25839 
.25936 
.26032 
.26128 
.26225 
.26321 
.20418 
.26514 
.26611 
.26708 
.26804 
.26901 
.26998 
.27095 .27192 
.27289 
.27386 
.27483 
.27580 
.27677 
.27775 
.27872 
.27969 
.28067 
.28164 
.28262 
.28359 
.28457 
.28554 
.28652 
.2875 
.28848 
.28945 
.29043 
.29141 .29239 
.29337 
.29435 
.29533 
.29631 
.29729 

Seg.  Area. 
Versed Sine. 

.405 

.400 

.407 .408 

.409 

.41 .411 

.412 

.413 

.414 .415 

.410 

.417 

.418 .419 

.42 

.421 

.422 

.423 

.424 

.425 

.420 

.427 

.428 .429 

.43 

.431 

.432 

.433 

.434 

.435 

.430 

.437 

.438 

.439 

.44 

.441 .442 .443 

.444 .445 .446 

.447 

.448 .449 

.45 

.451 

.452 

.29827. 

.29925 

.30024 

.30122 

.3022 .30319 

.30417 

.30515 

.30014 

.30712 

.30811 .30909 

.31008 .31107 

.31205 

.31304 

.31403 

.31502 

.310 

.31099 

.31798 

.31897 

.31990 

.32095 

.32194 .32293 

.32391 

.3249 

.3259 

.32089 

.32788 

.32887 

.32987 

.33080 

.33185 

.33284 

.33384 

.33483 

.33582 

.33082 

.33781 

.3388 

.3398 

.34079 

.34179 

.34278 

.34378 

.34477 

I  Seg.  Area, 

To  Ascertain  tlie  Area  of  a  Segment  of  a  Circle  "b
y 

tlie  preceding  Table. 

RuLE._Divide  the  height  or  versed  sine  by  the  diameter  of  the  cir- 

cle; find  the  quotient  in  the  colunm  of  versed  sines.  /Mw  the  Jga 
noted  in  the  next  column,  multiply  it  by  the  square  of  the  diametci, and  it  will  give  the  area. 
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Example. — Required  the,  area  of  a  segment,  its  height  heing  10,  and  the  diameter of  the  circle  50  feet. 
10  ̂ -50  =  .2,  and  .2,  per  table,  =  .11182 ;  then  .U1S2  x  50^  =  270.55  feet. 

Xote — If,  in  the  division  of  a  height  by  the  base,  the  quotient  has  a  remainder 
after  the  third  place  of  decimals,  and  great  accuracy  is  required. 

Take  the  area  for  the  first  three  figures,  subtract  it  from  the  next  following  area, 
multiply  the  remainder  by  the  said  fraction,  and  add  the  product  to  the  first  area ; the  sum  will  be  the  area  for  the  whole  quotient. 

2.  What  is  the  area  of  a  segment  of  a  circle,  the  diameter  of  which  is  10  feet,  and the  height  of  it  1.575  feet  ? 
1.575 -r- 10  =.1575;  the  tabular  area  for  .157  =  .07892,  and  for  .15S  =  .07905,  the difference  between  which  is  .00073. 
Then  .5X-00073  ;=  .000365. 
Hence  .157  =.07892 

.0005  = .  000365 
.079285,  the  sum  by  which  the  square  of 

the  diameter  of  the  circle  is  to  be  multiplied  ;  and  .0792S5X  102  =  7.0iS5/cet. 

Table  of  tlie  Areas  of  tlie  Zones  of  a  Circle. 

The  Diameter  of  a  Circle  assumed  to  be  Unity,  and  divided  into  1000 
equal  Parts. 

H'ght A  reft. 
[[Height |  Area jHeight 

Area. 
'Height. 

Area Height Area lea. 

.001 .001 I  .035 .03197 .069 .06878 .103 .10227 .137 .13527 

.002 .002 .036 .03597 .07 .06977 .104 .10325 .138 .13623 
.003 .037 .03697 .071 .07076 .105 .10422 .139 .13719 

.004 .004 .038 .03796 .072 .07175 
.106 .1052 .14 .13815 

.  UU  o .  uuo 
1  .Uoy 

.  UooiH) 
ft  -  Q 

. 07274 
.107 . 10618 .141 .13911 

.006 .006 .04 .03996 .074 .07373 
.108 

.10715 .142 .14007 
.007 .007 .041 .04095 .075 .07472 .109 ;  if/sis .143 .14103 
.008 .008 .042 .04195 .076 .0755 .11 .10911 .144 .14198 
.009 .009 .043 .04295 .077 .07669 .111 .11008 .145 .14294 
.01 .01 .044 .04394 .078 .07768 

.112 .11106 .146 .1439 
.011 .011 .045 .04494 .079 .07867 

.113 
.11 203 

.147 
.14485 

.012 .012 .046 .04593 .08 .07966 
.114 .113 .148 .14581 

.013 .013 .047 .04693 .081 .08064 .115 .11398 .149 .14677 

.014 .014 .048 .04793 .082 .08163 
.116 .11495 .15 .14772 

.015 .015 .049 .01892 .083 .08262 
.117 .11592 .151 .14867 

.016 .016 .05 .04992 .084 .0836 .118 .1169 .152 .14962 

.017 .017 .051 .05091 .085 .08459 
.119 .11787 .153 .15058 

.018 .018 !  .052 .0519 .086 .08557 
.12 

.11884 .154 .15153 
.019 .019 .053 .0529 .087 .08656 

.121 .11981 .155 .15248 
.02 .02 .054 .05389 .088 

. Q$75 ] 
.122 .12078 .  156 .15343 

.021 .021 .055 .05489 .089 
.08853 

.123 .12175 
.157 .15438 

.022 .022 .056 .05588 .09 .08951 .124 .12272 .158 .15533 

.023 .023 .057 .05688 .091 .0905 .125 .12369 
.159 

.15628 
.024 .024 .058 .05787 .092 .09148 

.126 .12469 .16 .15723 

.025 .025 .059 .05886 .093 .09246 .127 .12562 .161 .15817 

.026 .02599 .06 .05986 .094 .09344 .128 .12659 .162 .15912 

.027 .02699 .061 .06085 .095 .09143 .129 .12755 .163 .16006 

.028 .02799 .062 .06184 .096 .0954 
.13 

.12852 
.164 

.16101 
.029 .02898 .063 .06283 .097 .09639 .131 [ 12049 

.166 
.16106 

.03 .02998 .064 .06382 .098 .09737 .132 .13045 
.166 

.1629 
.081 . 03098 .065 .06482 .099 .09835 .133 .13M1 .167 

.16384 
.0.T2 .03198 .  006 .0658 .1 .09933 .134 .13238 

.168 
.16478 

.033 .03298 .067 .0668 .101 .10031 .135 

*  I3{$4 

.169 
116572 

.034  1 ,08887 .068 .0678 .102 .10129 .136 .1343  1 .17  1 
.1(667 
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Table— (Continued). 
H'ght. Area.  [ Height. Height. Height. 

[Height. 
1   Mea'  . .171 .16761 .227 .21894 .283 .26706 .339 .31085 .395 .34879 

.172 .1.6855 .228 .21983 .284 .26789 .34 .31159 .396 .3494 

.173 .16948 .229 .22072 .285 .26871 .341 .31232 .397 .35001 

.174 .17042 .23 .22161 .286 .26953 .342 .31305 .398 .35062 

.175 .17136 .231 .2225 .287 .27035 .343 .31378 .399 .35122 

.176 .1723 .232 .22335 .288 .27117 .344 .3145 
.4 

.35182 
.177 .17323 .233 .22427 .289 .27199 .345 .31523 .401 .35242 
..178 .17417 .234 .22515 .29 .2728 .346 .31595 .402 . 35302 
.179 .1751 .235 .22604 .291 .27362 .347 .31667 .403 

.35361 
.18 .17603 .236 .22692 .292 . 27443 .348 .31739 .404 .3542 
.181 .17697 .237 .2278 .293 . 27524 

.349 
.31811 .405 

.35479 
.182 .1779 .238 .22868 .294 . 27605 

.35 
.31882 .406 . 35538 

.183 .17883 .239 .22956 .295 .27686 .351 .31954 .407 .35596 

.184 .17976 .24 .23044 .296 .27766 .352 .32025 .408 .35654 

.185 .18069 .241 .23131 .297 .27847 .353 .32096 .409 .35711 

.186 .18162 .242 .23219 .298 . 27927 .354 .32167 
.41 

.35769 

.187 . 18254 .243 .23306 .299 .28007 .355 .32237 
.411 

.35826 
.188 .18847 .244 .23394 .3 .28088 .356 .32307 

.412 
.35883 

.189 .1844 .245 .23481 .301 .28167 .357 . 32377 .413 .35939 

.19 .18)32 .246 .23568 .302 .28247 .358 . 32447 .414 . 35995 

.191 .18 525 .247 .23655 .303 .28327 .359 .32517 .415 .36051 

.192 .18717 .248 .23742 .304 .28406 .36 . 32587 .416 
.36107 

.193 .18809 .249 .23829 .305 .28486 .361 .32656 .417 .36162 

.194 .18902 .25 .23915 .306 
.28565 .362 .32725 .418 .36217 

.195 .18994 .251 .24002 .307 .28644 .363 .32794 .419 .36272 

.196 .19086 .252 .24089 .308 .28723 .364 .32862 

.42 

. 36326 
.197 .19178 .253 .24175 .309 .28801 .365 .32931 

.421 
.3638 

.198 .1927 .254 .24261 
.31 

.2888 .366 . 32999 
.422 

.36434 
.199 .19361 .  255 .24347 

.311 
.28958 .367 . 33067 .423 

.36488 
.19453 .256 .24433 .312 .29036 .368 . 33135 .424 .36541 .'201 .19545 .257 .24519 .313 .29115 .369 .33203 .425 .36594 

.202 .19636 .258 .24604 .314 .29192 .37 .3327 .  426 .36646 

.203 .19728 .259 .2469 .315 .2927 .371 
.33337 .427 .36698 

.204 .19819 .23 .24775 .316 . 29348 .  372 .33404 .428 .3675 

.205 .1991 .261 .24861 .317 .29425 .373 .33471 .429 .36802 

.206 .20001 .262 .24946 .318 .29502 .374 .33537 .43 .36853 

.207 .20092 .263 .25021 .319 .2958 .375 . 33604 .431 .36904 

.208 .20183 .264 .25116 
.32 

.29656 .376 .  3367 .432 .36954 
.209 .20274 .265 .25201 .321 .29733 .377 . 33735 .433 

.37005 .21 .20365 .266 .25285 .322 .2981 
.378 .33801 .434 .  37054 

.211 .20156 .267 .2537 
.323 .29886 .379 .33866 .435 .37104 

.212 .20546 .268 .25455 
.324 .29962 .38 . 33931 .436 .37153 .213 .20637 .269 .25539 .325 .30039 .381 .33996 .437 .37202 

.214 .20727 .27 . 25623 .326 .30114 .382 .34061 .  438 .3725 

.215 .20818 .271 
.25707 .327 .3019 .383 .34125 

.439 .37298 
.216 .20908 .272 .25791 .328 .30266 .384 .3419 .44 . 37346 .217 .20998 .273 . 25875 .329 . 30341 .385 . 34253 .441 .37393 
.218 .21088 .274 .25959 .33 .30416 .386 .34317 .442 .  3744 .219 .21178 .275 . 26043 .331 .30491 .387 .3438 .443 .37487 
.22 .21268 .276 .26126 .332 .30566 .388 .34444 .444 .37533 
.221 .21358 .277 .26209 .333 .30641 .389 .34507 .445 .37579 
.222 .21447 .278 .26293 .334 .80715 .39 . 34569 .446 .37624 
.223 .21537 .279 .26376 .835 .3079 .391 .84632 .447 .37669 
.224 .21626 .28 .26459 .336 .30864 .392 .34694 .448 .87714 .225 .21716 .281 .26541 .337 .30938 .893 .84756 .449 

.37758 •226 .21805 .282 1  .26624 .338 .31012 .394 .34818 
.45 

.37802 
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Table— (Continued). 
H'ght. Area. h  Height 

'  — iHeight 

— Area. 

Heigh  t. Area' 
.38923 

|  Height. [  Area'  . 

.451 . 37845 
j  .461 j  .38255 .471 .38617 .481 .491 .3915(5 

A-r2 .37888 .462 .38294 .472 .3865 .482 .3895 .492 .39175 
.453 37931 .  -iOO . OOOOu ATI .  TOO .OOVi 0 .  4y<j .39.192 
.454 ! 37973 .464 .38369  1 .474 .38715 .484 .39001 

.494 .39208 
.455 .38014 1  .465 .38406 .475 .38747 .485 .39026 .495 .39223 
.456 .38056 .466 .38443 .476 .38778 .486 .3905 .496 .39236 
.457  | .38096 .467 ,88479 .477 .38808 .487 .39073 .497 

.39248 .458 .38137 1  .468 .38514 .478 .38838 .488 .39095 .498 

.39258 .439 .38177 .469  j .38549 .479 .38867 .489 .39117 .499 

.39266 .46  1 .38216  | .47  | .38583  i, .48 .38895 .49  ! .39137 .5 .3927 
This  Table  is  computed  only  for  Zones,  the  longest  chord  of  which  is  diam- eter. • 

To  Ascertain  the  Area  ofa  Zone  by  tlie  preceding Table. 

Rule  1. —  When  the  Zone  is  Less  than  a  Semicircle,  Divide  the  height by  the  diameter,  and  find  the  quotient  in  the  column  of  heights.  Take 
out  the  area  opposite  to  it  in  the  next  column  on  the  right  hand,  and 
multiply  it  by  the  square  of  the  longest  chord  ;  the  product  will  be  the area  of  the  zone. 

Example.— Required  the  area  of  a  zone  the  diameter  of  which  is  50,  and  its height  15.  1 
15-h  50  =  .3  ;  and  .3,  as  per  table,  =  .28088. 

IIer.c3  .2S0SSX5D2  =  702.2  area. 

Rule  2. —  When  the  Zone  is  Greater  than  a  Semicircle,  Take  the  height on  each  side  of  the  diameter  of  the  circle,  and  ascertain,  by  Rule  1, their  respective  areas ;  add  the  areas  of  these  two  portions  together, and  the  sum  will  be  the  area  of  the  zone. 
Example.— Required  the  area  of  a  zone,  the  diameter  of  the  circle  being  50,  and the  heights  of  the  zone  on  each  side  of  the  diameter  of  the  circle  20  and  15  renKflt- lvely.  l 

20  ±  50  =  .4  ;  .4,  as  per  table,  =  .35182 ;  and  .35182x502  —  870.5 \ 
15  -f-  50  =  .3  ;  .3,  as  per  table,  =  .280S8 ;  and  .280SSX502  —  702.2. 

Hence  879.55  +  702.2  =  1581.75  area. 
Note — When,  in  the  division  of  a  height  by  the  chord,  the  quotient  has  a  remain- der after  the  third  place  of  decimals,  and  great  accuracy  is  required, Take  the  area  for  the  first  three  figures,  subtract  it  from  the  next  following  area, multiply  the  remainder  by  the  said  fraction,  and  add  the  product  to  the  first  area: the  sum  will  be  the  area  for  the  whole  quotient. 
Example.— What  is  the  area  of  a  zone  ofa  circle,  the  greater  chord  being  100  feet, and  the  breadth  of  it  14  feet  3  inches? 

14  fe^nLiDChf  ̂   l4'25'  aT1(1  14'25  +  100  =  -1425 ;  the  tabular  length  for  .142  = .14007,  and  for  .143  =  .14103,  the  difference  between  which  is  .00096. Then  .5X.000D6  =  .0004S. 
Hence  .143  =  .14007 

.0005  =  .00048 

multiplied ;  and  -Sil&^fcjSS       ̂   °f  ̂  ̂   ̂   ™  tC  * 

s* 
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Ta"ble  of  Squares,  Cubes,  and.  Square 
Roots,  of  all  INTumlDers  from  1  to 

and  Cube 1600. 
Number. Square.  j Cube. 

1 1 I 1 
2 

8r- 

Q 6 9 
27  \ 

A 16 
64 5 25 121 

0 36 216 

rj 

4 
49 343 

Q o 64 512 
o V 81 729 1  n 1  u 1  00 1  000 

1 1 1 1 1  21 1  331 
1  z 1  44 1  728 
lo 1  69 2  197 ~iA 
X^t ]  9G 2  744 

2  25 3  375 
2  56 4  096 1  7 2  89 4  913 1  Q la 3  24 5  832 i  a 3  61 6  859 4  00 8  000 01 ZL 4  41 9  261 

OO ZZ 4  84 10  618 
OQ zo 5  29 12  167 
Zl 5  76 13  824 
OX ZO 6  25 15  625 
Oft zo 6  76 17  576 
Li 7  29 19  683 OQ ZO 7  84 21  952 
oo zu 8  41 

24  3<g9 an 9  00 27  000 
ol 9  61 29  791 
Q9 oz 10  24 32  768 
oo 10  89 35  937 
o4. 11  56 39  304 QX OO 12  25 42  875 
do 

12  96 46  656 07 
13  09 50  653 

QQ OO 14  44 54  872 

QQ 
15  21 59  319 
16  00 64  000 
16  81 68  921 

A  O 4Z 17  64 74  088 /I  Q 18  49 79  507 
19  36 85  184 40 20  25 91  125 46 21  16 97  336 47 22  09 103  823 48 23  04 110  592 

49 24  01 117  649 50 25  00 125  000 51 26  01 132  651 52 
27  04 140  608 53 28  09 148  877 

54 29  16 157  464 
55 30  25 166  375 

Square  Root.  | Cube  Root. 1. 1. 

1.4142  136 1.2599  21 
1.7320  508 1.4422  496 
2. 1.5874  011 
2.2360  68 1.7099  759 
2.4494  897 1.8171  206 
2.6457  513 1.9129  312 
2.8284  271 

2. 

3. 2.0800  837 3.1622  777 
2.1544  3-17 •     3.3166  248 2.2239  801 

3.4641  016 2.2894  286 
3.6055  513 2.3513  347 
3.7416  574 2.4101  422 
3.8729  833 2.4GG2  121 
4. 2.5198  421 
4.1231  056 2.5712  816 
4.2426  407 2.6207  414 
4.3585  989 2.6684  016 4.4721  36 2.7144  177 
4.5825  757 2.7589  243 
4.6904  158 2.8020  393 
4.7958  315 2.8438  67 
4.8989  795 2.8844  991 
5. 2.9240  177 
5.0990  195 2.9224  96 
5.1961  524 

3. 
5.2915  026 3.0365  889 
5.3851  648 3.0723  168 
5.4772  256 3.1072  325 5.5677  644 3.1413  806 
5.G568  542 3.1748  021 
5.7445  G26 3.2075  343 5.8309  519 3.2396  118 5.9160  798 3.2710  663 6. 

8.3019  272 
6.0827  625 3.3322  218 6.1644  14 3.3619  754 6.2449  98 3.3912  114 
6.3245  553 3.4199  519 6.4031  242 3.4482  172 6.4807  407 3.47G0  2G6 
6.5574  385 3.5033  981 6.6332  496 8.5803  483 6.7082  039 3.5568  933 
6.7823  3 3.5830  479 6.8556  546 8.6088  261 6.9282  032 3.6342  411 
7. 

v   3.6593  057 
7.0710  678 3.6840  314 7.1414  284 3.7084  298 7.2111  026 3.7325  111 7.2801  099 3.7562  858 7.3484  692 

3.7797  631 7.4161  985 3.8029  525 
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Ta"ble— (ContinuedX 

87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

Number. i  Square. 
56 31  36 
57 32  49 
58 33  64 
59 34  81 
60 36  00 
61 37  21 
62 38  44 
63 39  69 
64 40  96 
65 42  25 66 43  56 
67 44  89 
68 46  24 69 47  61 
70 49  00 
71 50  41 
72 51  84 
73 53  29 
_ . 54  76 
7o  | 56  25 76  j 57  76 

H  1 
59  29 

78  | 60  84 
79 62  41 
80  ; 64  00 
81 65  61 
82  j 67  24 
83 68  89 
84  | 70  56 
85 72  25 

Cube. Square  Root. Cube  Root. 

73  96 
75  69 

81  00 
82  81 
84  64 
86  49 
88  36 
90  25 
92  16 
94  09 
96  01 
93  01 

1  00  00 
1  02  01 
1 
1 
1 
1 
1 
1 
1 
1 
1 
J  23  21 

.  01  04 
06  09 
08  16 
10  25 
12  36 
14  49 
16  61 
18  81 
21  00 

175  G16 
185  193 
195  112 
205  379 
216  000 
226  981 
238  328 
250  047 
2G2  144 
274  625 
287  496 
300  763 
314  432 
328  509 
343  000 
357  911 
373  248 
389  017 
405  224 
421  875 
438  976 
456  533 
474  552 
493  039 
512  000 
531  441 
551  368 
571  787 
592  704 
614  125 
636  056 
658  503 
681  472 
704  969 
729  000 
75:)  571 
778  688 
804  357 
830  584 
&57  375 
884  736 
912  073 
m  192 
970  299 

i  aoo  ooo 
1  030  301 
1  061  208 

092  727 
m  864 3  57  625 
191  016 
225  043 
259  712 293  029 
331  000 

1  367  G31 

7.4833  14« 
7.5498  344 
7.6157  731 
7.6811  457 
7.7459  667 
7.8102  497 
7.8740  079 
7.9372  539 

8.0622 8.1240 
8.1853 
8.2162 
8.3066 
8.3666 
8.42G1 
8.4852 
8.5440 
8.6023 
8.6602 
8.7177 
8.7749 
8.8317 
8.8881 
8.9442 9. 
9.0553 
9.1104 
9.1(551 
9.2195 
9.2736 
9.3273 
9.3808 
9.4339 
9.4868 
9.5393 
9.591G 
9.6436 
9.G953 
9.7467 
9.7979 
9.8488 
9.8904 
9.9498 10. 

10.0198 
10,0995 
10.1488 
10.1980 
10.2469 
10.2950 
10.3  MO 
10.3923 
10.4403 
10.4880 
10.535G 

577 384 
528 
113 
239 
003 498 
814 
037 253 
54 979 
644 
G09 
944 

719 

851 
336 514 
445 
185 
791 
315 
811 
33 
92 
63 
508 
597 943 

59 578 949 

744 
75G 
049 916 
39 
508 
301 804 
0J8 
065 885 

538 

3.8258  624 
3.8485  011 
3.8708  7G6 
3.8929  9G5 
3.9148  G76 
3.93G4  972 
3.9578  915 
3.9790  571 4. 
4.0207  256 
4.0412  401 
4.0615  48 
4.0816  551 
4.1015  G61 
4.1212  853 
4.1408  178 
4.1G01  676 
4.1793  39 
4.1983  364 
4.2171  G33 
4.2358  23G 
4.2543  21 
4.2726  586 
4.2908  404 
4.3088  G95 
4.3267  487 
4.3144  815 4.3G20  707 
4.3795  191 
4.39G8  296 
4.4140  049 
4.4310  476 
4.4479  G02 
4.4647  451 
4.4814  047 
4.4979  414 4.5143  574 
4.530G  549 
4.5468  359 
4.5G29  026 
4.5788  57 
4.5947  009 
4.6101  3G3 
4.6260  65 4.0415  888 
4.6570  095 
4.G723  287 
4.G875  482 
4.7026  694 
4.7176  94 4.732G  235 
4.7474  594 
4.7622  032 
4.77G8  5G2 
4.7914  199 4.8058  995 
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Ta"ble— (Continued). 
Nurnbev.  I  qUar—  Cube Square  Root,  I Cube  Root. —  ■ 
112 1  25  44 1  404  928 10.5830  052 4.8202  845 
113 1  27  69 1  442  897 10,6301  458 4.8345  881 
114 1  29  96 1  481  544 10.6770  783 4.8488  076 
115 1  32  25 1  520  875 10.7238  053 A    0/-»OA    A  ACl 4.8629  442 
116 1  34  56 1  560  896 10.7703  296 4.8769  99 
117 1  36  89 1  601  613 10.8166  538 4.8909  iSl 
118 1  39  24 1  643  032 10.8627  805 4.9048  681 
119 1  41  61 1  685  159 10.9087  121 4.9186  847 
120 1  44  00 1  728  000 10.9544  512 a    n  o  o  4 4. 9324  24z 
121 1  46  41 1  771  561 11. 4.9460  8/4 
122 1  48  34 1  815  848 11.0453  61 4,9596  757 
123 1  51  29 1  860  867 11.0905  365 a   a-oi  ono 

4.9/31  8l»8 
124 1  53  76 1  906  624 11.1355  287 4.9866  31 125 1  56  25 1  953  125 11.1803  399 

5. 126 1  58  76 2  000  376 11,2249  722 
c  n  1  oo  n""*n 5.0132  9/9 

127 1  61  29 2  048  383 11 .2694  277 0.0200  ZO/ 
128 1  63  84 2  097  152 11     ()1  O  *"    AO  £ 11  313/  08o 

r    AQAp  QAO 
0.0o9b  o4z 

129 1  66  41 2  146  689 11.3578  167 0.0027  /43 
130 1  69  00 2  197  000 -I  -I    a  c\-\  n  C/(0 11.4017  543 5.0657  97 
131 1  71  61 2  248  091 11.4455  231 c    A^OT  Kli 0.0/8/  ool 
132 1  74  24 2  299  968 1  1     A  Of\-t  OCO 11.4891  zoo K   001  £   A  Q/l O.Oylb  4o4 
133 1  76  89 2  352  637 11.5325  626 0.1044  bo/ 
134 1  79  56 2  406  104 II.0/08  369 0-11/Z  Z99 
135 1  82  25 2  460  375 i  1    n-t  on  c 11.6189  5 o.lzvv  z/o 
136 1  84  96 2  515  45$.^ 

2  571  353 
11.6619  038 0.14ZO  boz 

137 1  87  69 11.7046  999 5.1551  367 
138 1  90  44 2  628  072 11.7473  401 5.1676  493 
139 1  93  21 2  685  619 11.7898  261 C     10A1     A  |  - 5.1801  Olo 
140 1  96  00 2  744  000 11.8321  596 c    i  no  i  ah 0.1924  941 
141 1  98  81 2  803  221 11.8743  421 5.2048  2/9 
142 2  01  64 2  863  288 11.9163  753 c    o-i     1    no  4 5.21/1  034 
143 2  04  49 2  924  207 .11.9582  607 k    on  no   o->  f 0.2293  215 
144 2  07  36 ,  2  985  984 12. C     O  1  1  4  bOO 5.2414  828 
145 2  10  25 8  048  625 12.0415  946 c   nro;  ota o.2o3o  8/9 
146 2  13  16 3  112  136 12.0830  46 5.z6ob  o/4 
147 2  16  09 3  176  523 12.1243  557 5.2776  321 
148 2  19  04 3  241  792 12.1655  251 5.2895  725 
149 2  22  01 3  307  949 12.2065  556 C    nm  .1  "no O.o014  o92 
150 2  25  00 3  375  000 12.2474  487 c    o-i  or»  noo 5. 31 32  928 
151 2  28  01 3  442  951 12.2882  057 5.3250  74 
152 2  31  04 3  511  008 12.3288  28 c    oo/-»o  noo O.3o68  Odd 
153 2  34  09 3  581  577 12.3693  169 5.3484  812 
154 2  37  16 3  652  264 12.4096  736 5.3601  084 
155 2  40  25 3  723  875 12.4498  996 5.3716  854 
156 2  43  36 3  796  416 12.4899  96 5.3832  126 
157 2  46  49 3  869  893 12.5299  641 5.3946  907 
158 2  49  64 3  944  312 12.5698  051 5.4061  202 
159 2  52  81 4  019  679 12.6095  202 5.4175  015 
160 2  56  00 19  filQ1  10fi f;  4988  3r)9 
161 2  59  21 4  173  281 12.6885  775 5.4401  218 
162 2  62  44 4  251  528 12.7279  221 5.4513  618 
163 2  65  69 4  330  747 12.7671  453 5.4625  556 
164 2  68  96 4  410  944 12.8062  485 5.4737  037 
165 2  72  25 4  492  125 12.8452  326 5.4848  066 
166 2  75  56 4  574  296 12.8840  987 5.4958  647 
167 2  78  89 4  657  463 12.9228  48 5.5068  784 
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?T  umber. I  Square. 
168 j     2  82  24 169 2  85  61 
170 2  89  00 
171 2  92  41 
172 2  95  84 
173 2  99  29 
174 3  02  76 
175 3  06  25 
176 3  09  76 
177 3  13  29 
178 3  16  84 
179 3  20  41 
180 3  24  00 
181 3  27  61 
182 3  31  24 
183 3  34  89 
184 3  38  56 
185 3  42  25 
186 3  45  96 
187 3  49  69 
188 3  53  44 
189 3  57  21 
190 3  61  00 
191 3  64  81 
192 3  68  64 
193 3  72  49 

Tab  le— {Continued ) . 
Cube.  |  Square  Root. Cube  Root. 

3  76  36 
3  80  25 
3  84  16 
3  88  09 
3  92  04 
3  96  01 
4  00  00 

04  01 
08  04 
12  09 
16  16 
20  25 
24  36 
28  49 
32  64 
36  81 
41  00 
45  21 
49  44 
53  69 
57  96 
62  25 
66  56 
70  89 
75  24 
<0  61 
84  00 
88  41 

4  92  84 
4  97  29 

4  741  632 
4  826  809 
4  913  000 
5  000  211 
5  088  448 

177  717 
268  024 
359  375 
451  776 
545  233 
639  752 
735  339 
832  000 
929  741 
028  568 
128  487 

6  229  504 
6  331  625 
6  434  856 
6  539  203 
6  644  672 
6  751  269 
6  859  000 
6  967  871 
7  077  888 
7  189  057 
7  301  384 
7  414  875 
7  529  536 
7  645  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 
9  129  329 
9  261  000 
9  393  931 
9  528  128 
9  663  597 
9  800  344 
9  938  375 

10  077  696 
10  218  313 
10  360  232 
10  503  459 
10  648  000 
10  793  861 
10  941  048 
11  089  567 

12.9614  814 
13. 
13.0384  048 
13.0766  968 
13.1148  77 
13.1529  404 
13.1909  06 
13.2287  56(3 
13.2664  992 
13.3041  347 
13.3416  641 
13.3790  882 
13.4164  079 
13.4536  24 
13.4907  376 
13.5277  493 
13.5646  6 
13.6014  705 
13.6381  817 
13.6747  943 
13.7113  092 
13.7477  271 
13.7840  488 
13.8202  75 
13.8564  065 
13.8924  4 
13.9283  883 
13.9642  4 
14. 
14.0356  688 
14.0712  473 
14.1067  36 
14.1421  356 
14.1774  469 
14.2126  704 
14.2478  068 
14.2828  569 
14.3178  211 
14.3527  001 
14.3874  946 
14.4222  051 
14.4568  323 
14.4913  767 
14.5258  39 
14.5602  198 
14.5945  195 
14.6287  388 
14.6628  783 
14.6969  385 
14.7309  199 
14.7648  231 
14.7986  486 
14.8323  97 
14  .8660  687 
14.8996  644 
14.9331  845 

5.5178  484 
5.5287  748 
5.5396  583 
5.5504  991 
5.5612  978 
5.5720  546 
5.5827  702 
5.5934  447 
5.6040  787 
5.6146  724 
5.6252  263 
5.6357  408 5.6462  162 
5.6566  528 
5.6670  511 
5.6774  114 
5.6877  34 
5.6980  192 
5.7082  675 
5.7184  791 
5.7286  543 
5.7387  936 
5.7488  971 
5.7589  652 
5.7689  982 
5.7789  966 
5.7889  604 
5.7988  9 
5.8087  857 
5.8186  479 
5.8284  867 
5.8382  725 
5.8480  355 
5.8577  m 
5.8674  673 
5.877.1  307 
5.8867  653 
5.8963  685 
5.9059  406 
5.9154  817 
5.9249  921 
5.9344  721 
5.9439  22 
5.9533  418 
5.9627  32 
5.9720  926 
5.9814  24 
5.9907  261 

6.0092  45 
6.0184  617 
6.0276  502 
6.0368  107 
6.0459  435 
6.0550  489 
6.0641  27 
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Table— (Continued). 
Number. Square. Cube. Square  Root. Cube  Root. 
224 5  01 76 11  239  424 14.9666  295 6.0731  779 
225 5  06  25 11  390  625 15. 6.0822  02 
226 5  10 76 11  543  176 15.0332  964 6.0911  994 
227 5  15  29 11  697  083 15.0665  192 6.1001  702 
228 5  19  84 11  852  352 15.0996  689 6.1091  147 
229 5  24  41 12  008  989 15.1327  46 6.1180  332 
230 5  29  00 12  167  000 15.1657  509 6.1269  257 
231 5  33 61 12  326  391 15.1986  842 6.1357  924 
232 5  38  24 12  487  168 15.2315  462 6.1446  337 
233 5  42  89 12  649  337 15.2643  375 6.1534  495 
234 5  47 56 12  812  904 15.2970  585 6.1622  401 
235 5  52 

25 12  977  875 15.3297  097 6.1710  058 
236 5  56 C6 13  144  256 15.3622  915 6.1797  466 
237 

5  61 
69 13  312  053 15.3948  043 6.1884  628 238 5  66 44 13  481  272 15.4272  486 6.1971  544 239 5  71 
21 13  651  919 15.4596  248 6.2058  218 

240 5  76  00 13  824  000 15.4919  334 6.2144  65 
241 5  80  81 13  997  521 15.5241  747 6.2230  843 
242 5  85  64 14  172  488 15.5563  492 6.2316  797 243 5  90  49 14  348  907 15.5884  573 6.2402  515 
244 5  95  36 14  526  784 15.6204  994 6.2487  998 245 6  00 25 14  706  125 15.6524  758 '15.6843  871 

6.2573  248 
246 6  05 16 14  886  936 6.2658  266 
247 6  10 

09 
15  069  223 15.7162  336 6.2743  054 

248 6  15 04 15  252  992 15.7480  157 6.2827  613 
249 6  20  01 15  438  249 15.7797  338 6.2911  946 
250 6  25  00 15  625  000 15.8113  883 6,2996  053 
251 6  30  01 15  813  251 15.8429  795 6.3079  935 252 6  35 Ot 16  003  008 15.8745  079 6.3103  596 253 6  40  09 16  194  277 15.9059  737 6.3247  035 254 6  45  16 16  387  064 15.9373  775 6.3330  256 255 6  50  25 16  581  375 15.9687  194 6.3413  257 256 6  55 36 16  777  216 16. 6.3496  042 257 6  60  49 16  974  593 16.0312  195 6.3578  611 258 6  65  64 17  173  512 16.0623  784 6.3660  968 259 6  70  81 17  373  979 16.0934  769 6.3/43  111 260 6  76  00 17  576  000 16.1245  155 6.3825  043 261 6  81 

21 17  779  581 16.1554  944 6.3906  765 262 6  86  44 17  984  728 16.1864  141 6.3988  279 263 
6  91 69 18  191  447 16.2172  747 6.4069  585 264 6  96  96 18  S99  744 16.2480  768 6.4150  687 265 7  02  25 18  609  625 16.2788  206 6.4231  583 266 7  07 

56 18  821  096 16.3095  064 6.4312  276 
267 

7  12 89 
19  034  163 16.3401  346 6.4392  767 268 

7  18 
24 19  248  832 16.3707  055 6.4473  057 269 7  23 61 19  465  109 16.4012  195 6.4553  148 270 7  29 00 19  683  000 16.4316  767 6.4633  041 271 7  34 41 19  902  511 16.4620  776 6.4712  736 272 7  39 84 20  123  648 16.4924  225 6.4/92  2oo 273 7  45 29 20  346  417 16.5227  116 6.4871  541 274 7  50 76 20  570  824 16.5529  454 6.4950  653 275 7  56 25 20  796  875 16.5831  24 6.5029  572 276 7  61 
76 21  024  576 16.6132  477 6.5108  3 

277 7  67 
29 

21  253  933 16.6433  17 G.5186  839 278 7  72  84 21  484  952 16.6783  32 6.5265  189 279 7  78  41 21  717  639 1      16.7032  931 6.5343  351 
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N  amber Square. 
7  84  00 
7  89  61 
7  95  24 
8  00  89 
8  06  56 
£12  25 
8  17  96 
8  23  C9 
8  29  44 
8  35  21 
8  41  00 
8  46  81 
8  52  64 
8  58  49 
8  64  36 
8  70  25 
8  76  16 
8  82  09 
8  88  04 
8  94  01 

00  00 
06  01 
12  04 
18  09 

1  24  16 
I  30  25 
36  36 
42  49 

9  48  64 
9  54  81 
9  61  00 
9  67  21 
9  73  44 
9  79  69 
9  85  96 
9  92  25 
9  98  56 

10  04  89 
10  11  24 
10  17  61 
10  24  00 
10  30  41 
10  36  84 
10  43  29 
10  49  76 
10  56  25 
10  02  76 
10  69  29 
10  75  84 
10  82  41 
10  89  00 
10  95  61 
11  02  24 
11  08  89 
11  15  56 
11  22  25 

Table-(Co?if?w<e(?). 
Cube 

21  952  000 
22  188  041 
22  425  768 
22  665  187 
22  906  304 
23  149  125 
23  393  656 
23  639  903 
23  887  872 
24  137  5G9 
24  389  000 
24  642  171 
24  897  088 
25  153  757 
25  412  184 
25  672  375 
25  934  336 
26  198  073 
26  463  592 
26  730  899 
27  000  000 
27  270  901 
27  543  608 
27  818  127 
28  094  464 
28  372  625 
28  652  616 
28  934  443 
29  218  112 
29  503  609 
29  791  000 
30  080  231 
30  37]  328 
30  664  297 
30  959  144 
31  255  875 
31  554  496 
31  855  013 
32  157  432 
32  461  759 
32  768  000 
88  0/6  161 
33  386  248 
33  698  267 
34  012  224 
34  328  125 
34  645  976 
34  965  783 
35  287  552 
85  611  289 
35  937  000 
36  264  691 
36  594  368 
36  926  037 
37  259  701 
37  595  375 

16.7332  005 
16.7630  546 
16.7928  556 
16.8826  038 
16.8522  995 
16.8819  43 
16.9115  345 
16.9410  743 
16.9705  627 
17. 
17.0293  864 
17.0587  221 
17.0880  075 
17.1172  428 
17.1464  282 
17.1755  64 
17.2046  505 
17. 2836  879 
17.2026  765 
17.2916  165 
17.3205  081 
17.8493  516 
17.3781  472 
17.4068  95i 
17.4355  958 
17.4642  492 
17.4928  557 
17.5214  15S 
17.5499  288 
17.5783  958 
17.6068  .169 
17.6151  921 
17.6635  217 
17.6918  06 
17.7200  451 
17.7482  898 
17.7763  888 
17.8044  938 
17.8825  515 
17.8605  711 
17.8885  43$ 
17.1H64  729 
17.9143  584 

.  17.9722  008 18. 
18.0277  564 
18.0554  701 
18.0831  413 
18.1107  703 
18.1383  571 
18.1659  021 
18.11)84  054 
18.2208  672 
18.2482  876 
18.2756  669 
18.3080  052 

Cube  Root. 

6.5421  326~ 

6.5499  116 
6.5576  722 
6.5654  144 
6.5731  385 
6.5808  443 
6.5885  323 
6.5962  023 
6.6038  545 
6.6114  89 
6.6191  06 
6.6267  054 
6.6342  874 
6.6418  522 
6.6493  998 
6.6569  302 
6.6644  437 
6.6719  403 
6.6794  2 
6.6868  831 
6.6943  295 
6.7017  593 
6.7091  729 
0.7165  7 
6.7239  508 
6.7313  155 
6.7m  641 
6.7459  967 
6.7533  134 
6.7606  143 
6.7678  995 
6.7751  69 
6.7824  229 
6.7896  613 
6.7968  844 
6.8040  921 
6.8112  847 
6.8184  62 
6.8250  242 
6.8327  714 
6.8399  037 
6.8470  213 
6.8541  24 
6.8612  12 
6.8682  855 
6.8753  433 
6.8823  888 
6.8894  188 6.8964  345 
6.9034  359 
6.9104  232 
6.9173  964 
6.9243  556 
6.9313  088 
6.9382  321 
6.9451  496 
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Ta"ble— (Continued ). 
Number.  | Square.  | Cube. Square  Root. Cube  Root. 

11  28  96 37  933  056 18.3303  028 6.9520  533 
11  35  69 38  272  753 18.3575  598 6.9589  434 
11  42  44 38  614  472 18.3847  763 6.9658  198 
11  49  21 38  958  219 18.4119  526 6.9726  826 
11  56  00 39  304  000 18.4390  889 6.9795  321 
11  62  81 39  651  821 18.4661  853 .  6.9863  681 
11  69  64 40  001  688 18.4932  42 6.9931  906 
11  76  49 40  353  607 rt\j  ooo  w « 18.5202  592 

7 . 

11  83  36 40  707  584 18.5472  37 7.0067  962 
11  90  25 41  063  625 18.5741  756 7.0135  791 
11  97  16 41  421  736 18.6010  752 7.0203  49 
12  04  09 41  781  923 18.6279  36 7.0271  058 
12  11  04 49  144  192 TZi     lit     ±  >J  i-i 18.6547  581 7.0338  497 
12  18  01 42  508  549 18.6815  417 7.0405  806 
12  25  00 42  875  000 18.7082  869 7.0472  987 
12  32  01 43  243  551 18.7349  94 7.0540  041 
12  39  04 43  614  208 18.7616  63 7.0606  967 
12  46  09 43  986  977 18.7882  942 7.0673  767 
12  53  16 44  361  864 18.8148  877 7.0740  44 
12  60  25 44  788  875 18.8414  437 7.0806  988 
12  67  36 45  118  016 18.8679  623 7.0873  411 12  74  49 45  499  293 18.8944  436 7.0939  709 
12  81  64 45  889  712 18.9208  879 7.1005  885 
12  88  81 46  268  279 18.9472  953 7.1071  937 
12  96  00 46  656  000 18.9736  66 7.1137  866 
13  03  21 47  045  831 19. 7.1203  674 
13  10  44 47  437  928 19.0262  976 7.1269  36 
13  17  69 47  832  147 19.0525  589 7.1334  925 19  01  Qfi Id  c/U 48  228  544 19.0787  84 7.1400  37 1Q  QO  95 lO  0£  ZO 48  fi27  125 19.1049  732 7.1465  695 
1  q  30  5ft lo  OJ  oo 49  027  896 19.1311  265 7.1530  901 13  4ft  89 JLO   TO  0«7 49  430  863 19.1572  441 7.1595  988 
13  54  94 lO      0-±  ̂ <4 49  836  032 19.1833  261 7.1660  957 
13  61  61 50  243  409 19.2093  727 7.1725  809 
i  q  no  r in lO   l)J  vw 50  (153  000 19.2353  841 7.1790  544 
13  76  41 51  064  811 19.2613  603 7.1855  162 1 3  83  84 lO  OO  Ot: 51  478  848 OJ-     T  f  O  UTU 19.2873  015 7.1919  663 
lO   Jl  6o 51  895  117 19.3132  079 7.1984  05 13  08  7ft lo  »/o  <  o 52  313  624 19.3390  796 7.2048  322 
14.  Oft  95 14  WD 52  734  375 19.3649  167 7.2112  479 
1 A    19  7ft 14:   i-O    i  O 53  1 57  3/6 19.3907  194 7.2176  522 
1A  91  90 14  ̂ 1 53  582  633 19.4164  878 7.2240  45 
1 A  9Q  «4 14   iiO  Ot 54  010  152 19.4422  221 7.2304  268 
14  3ft  41 14  OO  t-L 54  439  939 19.4679  223 7.2367  972 
14  44  00 14  44  yjx) 54  872  000 19.4935  887 7.2431  565 
14   51  ft1 14  i)l  OJ 55  30ft  .341 OO    OVVJ  OTJ. 19.5192  213 7.2495  045 
14  50  94 14  ov  ̂ t 55  742  968 19.5448  203 7.2558  415 
14  ftft  89 14  OO  of 56  181  887 19.5703  858 7.2621  675 
14  74  56 56  623  104 19.5959  179 7.2684  824 
14  82  25 56  066  625 19.6214  169 7.2747  864 
14  89  96 57  512  456 19.6468  827 7.2810  794 
14  97  69 57  960  603 19.6723  156 7.2873  617 
15  05  44 58  411  072 19.6977  156 7.2936  33 15  13  21 58  863  869 19.7230  829 7.2998  936 15  21  00 59  319  000 19.7484  177 

7.3061  436 15  28  81 59  776  471 19.7737  199 1     7.3123  828 
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Table— (Continued). 
Square. Cube. Square  Root. 

392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
420 
427 
428 
429 
430 
431 
432 
433 
4.34 
435 
436 
437 
438 
439 
440 
411 
442 
443 
444 
445 
446 
417 

15  36  64 
15  44  49 
15  52  36 
15  60  25 
15  68  16 
15  76  09 
13  84  04 
15  92  01 
16  00  00 
16  08  01 
16  16  04 
16  24  09 
16  32  16 
16  40  25 
16  48  36 
16  56  49 
16  64  64 
16  72  81 
16  81  00 
16  89  21 
16  97  44 
17  05  69 
17  13  96 
17  22  25 
17  30  56 
17  38  89 
17  47  24 
17  55  61 
17  64  00 
17  72  41 
17  80  84 
17  89  29 
17  97  76 
18  06  25 
18  14  76 
18  23  29 
18  31  84 
18  40  41 
18  49  00 
18  57  61 
18  66  24 
18  74  89 
18  83  56 
18  92  25 
19  00  96 
19  09  69 
19  18  44 
19  27  21 
19  86  oo 
19  44  81 
19  53  64 
19  62  49 
19  71  36 
19  80  25 
19  89  16 
19  98  09 

60  236  288 
60  698  457 
61  162  984 
61  629  875 
62  099  186 
62  570  773 
63  044  792 
63  521  199 
64  000  000 
64  481  201 
64  964  808 
65  450  827 
65  939  264 
66  430  125 
66  923  416 
67  419  143 
67  917  312 
68  417  929 
68  921  000 
69  426  531 
69  934  528 
70  444  997 
70  957  944 
71  473  375 
71  991  296 
72  511  713 
73  031  632 
73  560  059 
74  088  000 
74  618  461 
75  151  448 
75  686  967 
76  225  024 
76  765  625 
77  308  776 
77  854  483 
78  402  752 
78  953  589 
79  507  000 
80  062  991 
80  621  568 
81  182  7;i7 
81  746  504 
82  312  875 
82  881  856 
83  453  453 
84  027  672 
84  601  519 
85  184  000 
85  766  121 
86  350  888 
86  938  307 
87  528  384 
88  121  125 
88  716  536 
89  314  623- 

T 

19.7989  899 
19.8242  276 
19.8494  332 
19.8746  069 
19.8997  487 
19.9248  588 
19.9499  373 
19.9749  844 
20. 
20.0249  844 
20.0499  377 
20.0748  599 
20.0997  512 
20.1246  118 
20.1494  417 
20.1742  41 
20.1990  099 
20.2237  484 
20.2484  567 
20.2731  349 
20.2977  831 
20.3224  014 
20.3169  899 
20.3715  488 
20.3960  781 
20.4205  779 
20.4450  483 
20.4694  895 
20.4939  015 
20.5182  845 
20.5426  386 
20.5669  638 
20.5912  603 
20.6155  281 
20.6397  674 
20.6639  783 
20.6881  609 
20.7123  152 
20.7364  414 
20.7605  395 
20.7846  097 
20.8086  52 
20.8326  667 
20.8566  536 
20.8806  13 
20.9015  45 
20.9281  495 
20.9523  268 
20.9761  77 21. 
21.0237  96 
21.0475  652 
21.0713  075 
21.0950  231 
21.1187  121 
21.1423  745 

Cube  Root. 

7.3186~Tl4 
7.3248  295 
7.3310  369 
7.3372  339 
7.3434  205 
7.3495  D66 
7.3557  624 
7.3619  178 
7.3680  63 
7.3741  979 
7.3803  227 
7.3864  373 
7.3925  418 
7.3986  363 
7.4047  206 
7.4107  95 
7.4168  595 
7.4229  142 
7.4289  589 
7.4349  938 
7.4410  189 
7.4470  342 
7.4530  399 
7.4590  359 
7.4650  223 
7.4709  991 
7.4769  664 
7.4829  242 
7.4888  724 
7.4948  113 
7.5007  406 
7.5066  607 
7.5125  715 7.5184  73 
7.5243  652 
7.5302  482 
7.5361  221 
7.5419  867 
7.5478  423 
7.5536  888 
7.5595  263 
7.5653  548 
7.5711  743 
7.5769  849 
7.5827  865 
7.5885  79:5 
7.5943  633 
7.6001  385 
7.6059  049 
7.6116  626 
7.6174  116 
7.6281  519 
7.6288  837 
7.6346  067 
7.6403  213 
7.6160  272 
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Square. 
Ta"ble— {Continued). 
Cube.  Square  Root. 

448 
449 
450 
451 
452 
453 

20  07  04 
20  16  01 
20  25  00 
20  34  01 
20  43  04 
20  52  09 

454 20  61  16 
4v% 20  70  25 

20  79  36 
457 20  88  49 
458 20  97  64 
459 21  06  81 
460 21  16  00 
461 21  25  21 
4ft9 21  34  44 
463 21  43  69 
4ft4 21  52  96 4A^ 40<J 21  62  25 
ioo 21  71  56 
4fi7 40  / 21  80  89 
4££ 40O 21  90  24 
4£Q 40i/ 21  99  61 
470 22  09  00 4.71 22  18  41 479 22  27  84 473 4/  O 22  37  29 474 22  46  76 47 4/  O 22  56  25 47A 4/  O 22  65  76 477 1/  / 99  75  9Q 
A7Q I/O 99  ftl  S4 a  70 
4/1/ 22  94  41 4Q0 4oU 93  04  00 Ltd    V/tt  VJV 
4ol 23  13  61 A  Q9 4oZ 93  93  94 ZD  it)  Ztc /ICQ 4oO 23  32  89 /ISA 4o4 93  49  nfi T"i<  uU 
4o0 23  52  25 
4oo 93  A1  Qfi Zi)   O-L  «/v) 
4o/ 93  71 zo  /  x  o«/ 
488 23  81  44 
489 23  91  21 
490 24  01  00 
491 24  10  81 
492 24  20  64 
493 24  30  49 
494 24  40  36 
495 24  50  25 
496 24  60  16 
497 24  70  09 
498 24  80  04 
499 24  90  01 
500 25  00  00 
501 25  10  01 
502 25  20  04 
503 25  30  09 

89  915  392 
90  518  849 
91  125  000 
91  733  851 
92  345  408 
92  959  677 
93  576  664 
94  196  375 
94  818  816 
95  443  993 
96  071  912 
96  702  579 
97  336  000 
97  972  181 
98  611  128 
99  252  847 
99  897  344 

100  544  625 
101  194  696 
101  847  563 
102  503  232 
103  161  709 
103  823  000 
104  487  111 
105  154  048 
105  823  817 
106  496  424 
107  171  875 
107  850  176 
108  531  333 
109  215  352 
109  902  239 
100  592  000 
111  284  641 
HI  980  168 
112  678  587 
113  379  904 
114  084  125 
114  791  256 
115  501  303 
116  214  272 
116  930  169 
117  649  000 
118  370  771 
119  095  488 
119  823  157 
120  553  784 
121  287  375 
122  023  936 
122  763  473 
123  505  992 
124  251  499 
125  000  000 
125  751  501 
126  506  008 
127  263  527 

21.1660  105 
21.1896  201 
21.21.32  034 
21.2367  606 
21.2602  916 
21.2837  967 
21.3072  758 
21.3307  29 
21.3541  565 
21.3775  583 
21.4009  346 
21.4242  853 
21.4476  106 
21.4709  106 
21.4941  853 21.5174  348 
21.5406  592 
21.5638  587 
21.5870  331 
21.6101  828 
21.6333  077 
21.6564  078 
21.6794  834 
21.7025  344 
21.7255  61 
21.7485  632 
21.7715  411 
21.7944  947 
21.8174  242 
21.8403  297 
21.8632  HI 
21.8860  686 
21.9089  023 
21.9317  122 21.9544  984 
21.9772  61 
22. 
22.0227  155 
22.0454  077 
22.0680  765 
22.0907  22 
22.1133  444 
22.1359  436 
22.1585  198 
22.1810  73 
22.2036  033 
22.2261  108 
22.2485  955 
22.2710  575 
22.2934  968 
22.3159  136 
22.3383  079 
22.3606  798 
22.3830  293 
22.4053  565 
22.4276  615 

Cube  Root. 
7.6517  247 
7.6574  138 
7.6630  943 
7.6687  665 
7.6744  303 
7.6800  857 
7.6857  328 
7.6913  717 
7.6970  023 
7.7026  246 
7.7082  388 
7.7138  448 
7.7194  426 
7.7250  325 
7.7306  141 7.7361  877 
7.7417  532 
7.7473  109 
7.7528  606 
7.7584  023 
7.7639  361 
7.7694  62 
7.7749  801 
7.7804  904 
7.7859  928 
7.7914  875 
7.7969  745 
7.8024  538 
7.8079  254 
7.8133  892 
7.8188  456 
7.8242  942 
7.8297  353 
7.8351  688 
7.8405  949 
7.8460  134 
7.8514  244 
7.8568  281 
7.8622  242 
7.8676  13 
7.8729  944 
7.8783  684 
7.8837  352 
7.8890  946 
7.8944  468 
7.8997  917 
7.9051  294 
7.9104  599 
7.9157  832 7.9210  994 
7.9264  085 
7.9317  104 
7.9370  053 
7.9422  931 
7.9475  739 7.9528  477 
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Square. 
Ta"ble— (Continued). 

Cube.  j         Square  Root. 
Cube  Root. 

25  40  16 
25  50  25 
25  60  36 
25  70  49 
25  80  64 
25  90  81 
26  01  00 
26  11  21 
26  21  44 
26  31  69 
26  41  96 
26  52  25 
26  62  56 
26  72  89 
26  83  24 
26  93  61 
27  04  00 
27  14  41 
27  24  84 
27  35  29 
27  45  76 
27  56  25 
27  66  76 
27  77  29 
27  87  84 
27  98  41 
28  09  00 
28  19  61 
28  30  24 
28  40  89 
28  51  56 
28  62  25 
28  72  96 
28  83  69 
28  94  44 
29  05  21 
29  16  00 
29  26  81 
29  37  64 
29  48  49 
29  59  36 
29  70  25 
29  81  16 
29  92  09 
30  03  04 
30  14  01 
30  25  00 
30  36  01 
30  47  04 
30  58  09 
30  69  16 
30  80  25 
30  91  30 
31  02  49 
31  13  64 
31  24  81 

128  024  064 
128  787  625 
129  554  246 
130  323  843 
131  096  512 
131  872  229 
132  651  000 
138  432  831 
134  217  728 
135  005  697 
135  796  744 
136  590  875 
137  388  096 
138  188  413 
138  991  832 
139  798  359 
140  608  000 
141  420  761 
142  236  648 
143  055  667 
143  877  824 
144  703  125 
145  531  576 
146  363  183 
147  197  952 
148  035  889 
148  877  000 
149  721  291 
150  568  768 
151  419  437 
152  273  304 
153  130  375 
153  990  656 
154  854  153 
155  720  872 
156  590  819 
157  464  000 
158  340  421 
159  220  088 
160  103  007 
160  989  184 
161  878  625 
162  771  336 
163  667  323 
164  566  592 
165  469  149 
166  375  000 
167  284  151 
168  196  608 
169  112  377 
170  031  464 
170  953  875 
171  879  616 
172  808  693 
173  741  112 
174  676  879 

22.4499  443 
22.4722  051 
22.4944  438 
22.5166  605 
22.5388  553 
22.5610  283 
22.5831  796 
22.6053  091 
22.6274  17 
22.6495  033 
22.6715  681 
22.6936  114 
22.7156  334 
22.7376  340 
22.7596  134 
22.7815  715 
22.8035  085 
22.8254  244 
22.8473  193 
22.8691  933 
22.8910  463 
22.9128  785 
22.9346  899 
22.9564  806 
22.9782  506 
23. 
23.0217  289 
23.0434  372 
23.0651  252 
23.0867  928 
23.1084  4 
23.1300  67 
23.1516  738 
23.1732  605 
23.1948  27 
23.2163  735 
23.2379  001 
23.2594  067 
23.2808  935 
23.3023  604 
23.3238  076 
23.3452  351 
23.3366  429 23.3880  311 
28.4093  998 
23.4307  49 
28.4520  788 
28.4733  892 
23.4946  802 
23.5159  52 
23.5372  046 
23.5584  38 
23.5796  522 
23.6008  474 
23.6220  2:16 
23.6431  808 

7.9581  144 
7.9633  743 
7.9686  271 
7.9738  731 
7.9791  122 
7.9843  444 
7.9895  697 
7.9947  883 

8. 

8.0052  049 
8.0104  032 
8.0155  946 8.0207  794 
8.0259  574 
8.0311  287 
8.0362  935 
8.0414  515 
8.0466  03 
8.0517  479 
8.0568  862 
8.0620  18 
8.0671  432 
8.0722  62 
8.0773  743 
8.0824  8 
8.0875  794 
8.0926  723 
8.0977  589 8.1028  39 
8.1079  128 
8.1129  803 
8.1180  414 
8.1230  962 
8.1281  447 
8.1331  87 
8.1382  23 
8.1432  529 
8.1482  765 
8.1532  989 
8.1583  051 
8.1633  102 
8.1683  092 
8.1733  02 
8.1782  888 
8.1832  695 
8.1882  441 
8.1932  127 
8.1981  753 
8.2031  319 
8.2080  825 
8.2130  271 
8.2179  657 
8.2228  985 
8.2278  254 
8.2327  463 
8.2376  614 
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Ta"ble— (Continued). 

I  ■ 

Square  Root. 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 611 
612 613 
614 
615 

31  36  00 
31  47  21 
31  58  44 
31  69  69 
31  80  96 
31  92  25 
32  03  56 
32  14  89 
32  26  24 
32  37  61 
32  49  00 
32  60  41 
32  71  84 
32  83  29 
32  94  76 
33  06  25 
33  17  76 
33  29  29 
33  40  84 
33  52  41 
33  64  00 
33  75  61 
33  87  24 
33  98  89 
34  10  56 
34  22  25 
34  33  96 
34  45  69 
34  57  44 
34  69  21 
34  81  00 
34  92  81 
35  04  64 
35  16  49 
35  28  36 
35  40  25 
35  52  16 
35  64  09 
35  76  04 
35  88  01 
36  00  00 
36  12  01 
36  24  04 
36  36  09 
36  48  16 
36  60  25 
36  72  36 
36  84  49 
36  96  64 
37  08  81 
37  21  00 
37  33  21 
37  45  44 
37  57  69 
37  69  96 
37  82  25 

175  616  000 
176  558  481 
177  504  328 
178  453  547 
179  406  144 
180  362  125 
181  321  496 
182  284  263 
183  250  432 
184  220  009 
185  193  000 
186  169  411 
187  149  248 
188  132  517 
189  119  224 
190  109  375 
191  102  976 
192  100  033 
193  100  552 
194  104  539 
195  112  (KK) 
196  122  941 
197  137  368 
198  155  287 
199  176  704 
200  201  625 
201  230  056 
202  262  003 
203  297  472 
204  336  469 
205  379  000 
206  425  071 
207  474  688 
208  527  857 
209  584  584 
210  644  875 
211  708  736 
212  776  173 
213  847  192 
214  921  799 
216  000  000 
217  081  801 
218  167  208 
219  256  227 
220  348  864 
221  445  125 
222  545  016 
223  648  543 
224  755  712 
225  866  529 
226  981  000 
228  099  131 
229  220  928 
230  346  397 
231  475  514 
232  608  375 

23.6643  191 
23.6854  386 
23.7065  392 
23.7276  21 
23.7486  842 
23.7697  286 
23.7907  545 
23.8117  618 
23.8327  506 
23.8537  209 
23.8746  728 
23.8956  063 
23.9165  215 
23.9374  184 
23.9582  971 
23.9791  576 

24. 24.0208  243 
24.0416  306 
24.0624  188 
24.0831  891 
24.1039  410 
24.1246  762 
24.1453  929 
24.1660  919 
24.1867  732 
24.2074  369 
24.2280  829 
24.2487  113 
24.2693  222 
24.2899  156 
24.3104  916 
24.3310  501 
24.3515  913 
24.3721  152 
24.3926  218 
24.4131  112 
24.4335  834 
24.4540  385 
24.4744  765 
24.4948  974 
24.5153  013 
24.5356  883 
24.5560  583 
24.5764  115 
24.5967  478 
24.6170  673 
24.6373  7 
24.6576  56 
24.6779  254 
24.6981  781 
24.7184  142 
24.7386  338 
24.7588  368 
24,7790  234 
24.7991  935 
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Ta"ble— {Continued). 
Number. Square C#be Square  Root. |       Cube  Root. 616 37  94  56 233  744  896 24.8193  473 8  508ft  417 
617 38  06  89 234  885  113 24.8394  847 8  51  39  435 
618 38  19  24 236  029  032 24.8596  058 8  5178  403 O  .  OS.  4  O  rt\JO 
619 38  31  61 237  176  659 24.8797  106 8  59^4  391 
620 38  44  00 238  328  000 24.8997  992 8  5970  180 (J  •  OLi  4  Kf  XOi7 
621 38  56  41 239  483  061 24.9198  716 8  531 ft  000 O  •  UulU  VVi7 
622 38  68  84 240  641  848 24.9399  278 8  53ft1  78 
623 38  81  29 241  804  367 24.9599  679 8  5407  501 
624 38  93  76 242  970  624 24.9799  92 8  5453  173 
625 39  06  25 244  140  625 

25. 
8.5498  797 

626 39  18  76 245  134  376 25.0199  92 8  5544  372 
627 39  31  29 24G  491  883 25.0399  681 8.5589  899 
628 39  43  84 247  673  152 25.0599  282 8.5635  377 
629 39  56  41 248  858  189 25.0798  724 8.5680  807 
630 39  69  00 250  047  000 25.0998  008 8  5726  180 O  •  <J  1  £t\J  XOO 
631 39  81  61 251  239  591 25.1197  134 8  5771  523 U  •  C  4  4  X    O  —  O 
632 39  94  24 252  435  968 25.1396  102 8  581  ft  800 O.uOiU  OVO 
633 40  06  89 253  636  137 25.1594  913 8  58ft9  047 
634 40  19  56 254  840  104 25.1793  566 8.5907  238 
635 40  32  25 256  047  875 25.1992  063 8  5059  38 O . UOOA  OO 
636 40  44  96 257  259  456 25.2190  404 8  5007  47ft O  .  Ou 1/  4     Tt  4  O 
637 40  67  69 258  474  853 25.2388  589 8  ft049  595 
638 40  70  44 259  694  072 25.2586  619 8  ft087  59ft 
639 40  83  21 260  917  119 25.2784  493 8  ftl 39  48 
640 40  96  00 262  144  000 25.2982  213 8  ftl 77  388 O . UX ( 4  OOO 
641 41  08  81 263  374  721 25.3179  778 8  ft999  94ft 
642 41  21  64 264  609  288 25.3377  189 8  ft9ft7  0ft3 

8  ft311  83 O . OOlX  OO 643 41  34  49 265  847  707 25.3574  447 
644 41  47  36 267  089  984 25.3771  551 8  ft35ft  f^i O  .  00<)0  OOX 
645 41  60  25 268  336  125 25.3968  502 

8  ft401  9-~ft 646 41  73  16 269  585  136 25.4165  301 8  ft445  855 
647 41  86  09 270  840  023 25.43G1  947 8  ft400  437 O  0  0"±  JO  tto< 
648 41  99  04 272  097  792 25.4558  441 8  05Q4  Q7i O  .  0004  y  /  i 
649 42  12  01 273  359  549 25  47  'i4  784 o. 00 1  J  400 
650 42  25  00 274  625  000 25.4950  976 8  ftft93  01 1 O . OOZO  yix 
651 42  38  01 275  894  451 25.5147  016 8  ftftft8  31 0.0000  ox 
652 42  51  04 277  167  808 25  5349  007 ft  r.Tio  r£K O. O/iZ  000 
653 42  64  09 278  445  077 25  5538  ft47 O.O/  00  y  /  4 
654 42  77  16 279  726  264 95  5734-  937 ft    fiQAI  OQ7 
655 42  90  25 281  Oil  375 2n  F5Q9Q  078 ft  £ftzl£»  A^Cl O.  0040  400 
656 43  03  36 282  300  416 25  (5194-  OftO 

ft  ftftfto  r°" 657 43  16  49 283  593  393 25  0390  119 ft  «033  750 0 . 0 joo  t oy 
658 43  29  64 284  890  312 25  ft  51  5  107 ft  ft077  ft4'i 

0 . oy / /  o4o 
659 43  42  81 286  191  179 95  £700  053 ft  7091  QQO 0 .  4\JZ1  00/ 
660 43  56  00 287  496  000 25  0004  059 ft   70H^  QT- 

O. / uoo  0/ i 
661 43  69  21 288  804  781 25  7000  903 ft   71 OO  QOT 0 . 1 iuy  0^/ 
662 43  82  44 290  117  528 25.7293  607 ft   71 53  73 I O  .  /  100  iO-t 663 43  95  69 291  434  247 25! 7487  864 8.7197  596 
664 44  08  96 292  754  944 25.7681  975 ft  7941  4.1/1 O  .  /        L  4X4 
665 44  22  25 294  079  625 25.' 7875  939 8.7285  187 
666 44  35  56 295  408  296 25.8069  758 8.7328  918 
667 44  48  89 296  740  963 25.8263  431 8.7372  604 
668 44  62  24 298  077  632 25.8456  96 8.7416  246 
669 44  75  61 299  418  309 25.8650  343 8.7459  84i; 670 44  89  00 300  763  000 25.8813  582 8.7503  401 
671  | 45  02  41 302  111  711 

T* 

25.9036  677 8.7546  913 



222 SQUARES,  CUBES,  AND  ROOTS. 

Number.  | Square. 
672 45  15  84 
673 45  29  29 
674 45  42  76 
675 45  56  25 
676 45  69  76 
677 AK  Qo  OO 4o  oo  zy 
678 40  vb  o± 
679 46  10  41 
680 A  a   Ol    A  A 40  l±  vJU 
681 \c\  07  ni 40  oi  01 
682 40  01 
683 A  CI  (l\  CO 4b  04  oo 
684 40  to  Oo 
685 46  92  25 686 47  05  96 
687 AT  1 0  nO 4/  ±y  oy 
688 47  33  44 
689 47  47  21 
690 a n  /»1  AA 4/  01  00 
691 47  74  81 
692 47  88  64 693 AO    f\Ct    A  (\ 4o  02  4y 
694 AO    t  {*  Of 4o  10  oo 
695 AO    OA   O  X 4o  30  Zd 696 48  44  16 697 AO    CO  AA 4o  58  09 698 48  72  04 699 ^  O    0/"»  A1 4o  oo  01 
700 49  00  00 
701 49  14  01 
702 49  28  04 703 4  f\    A  »~»   A  A 49  42  Oy 
704 49  56  16 
705 49  70  25 
706 49  84  36 
707 49  98  49 
708 50  12  64 
709 50  26  81 
710 e  rv    A  1    A  A 50  41  00 
711 50  55  21 
712 50  69  44 713 50  83  69 
714 50  9/  9o 
715 51  12  25 
716 51  26  56 
717 51  40  89 
718 51  55  24 
719 K1    ftO  ft1 oi  oy  ox 
720 51  84  00 
721 51  98  41 
722 52  12  84 
723 52  27  29 
724 52  41  76 
725 52  56  25 
726 52  70  76 
727 52  85  29 

Ta"ble— {Continued), 
Square  Root. 

303  464  448 
304  821  217 
306  182  024 
307  546  875 
308  915  776 
310  288  733 
311  665  752 
313  046  839 
314  432  000 
315  821  241 
317  214  568 
318  611  987 
320  013  504 
321  419  125 
322  828  856 
324  242  703 
325  660  672 
327  082  769 
328  509  000 
329  939  371 
331  373  888 
332  812  557 
334  255  384 
335  702  375 
337  153  536 
338  608  873 
340  068  392 
341  532  099 
343  000  000 
344  472  101 
345  948  408 
347  428  927 
348  913  664 
350  402  625 
351  895  816 
353  393  243 
354  894  912 
356  400  829 
357  911  000 
359  425  431 
360  944  128 
362  467  097 
363  994  344 
365  525  875 
367  061  696 
368  601  813 
370  146  232 
371  694  959 
373  248  000 
374  805  361 
376  367  048 
377  933  067 
379  503  434 
381  078  125 
382  657  176 
384  240  583 

25.9229  628 
25.9422  435 
25.9615  1 
25.9807  621 
26. 
26.0192  237 
26.0384  331 
26.0576  284 
26.0768  096 
26.0959  767 
26.1151  297 
26.1342  687 
26.1533  937 
26.1725  047 
26.1916  017 
26.2106  848 
26.2297  541 
26.2488  095 
26.2678  511 
26.2868  789 
26.3058  929 
26.3248  932 
26.3438  797 
26.3628  527 
26.3818  119 
26.4007  576 
26.4196  896 
26.43S6  081 
26.4575  131 
26.4764  046 
26.4952  826 
26.5141  472 
26.5329  983 
26.5518  361 
26.5706  605 
26.5894  716 
26.6082  694 
26.6270  539 
26.6458  252 
26.6645  833 
26.6833  281 
26.7020  598 
26.7207  784 
26.7394  839 
26.7581  763 
26.7768  557 
26.7955  22 
26.8141  754 
26.8328  157 
26.8514  432 
26.8700  577 
26.8886  593 
26.9072  481 
26.9258  24 
26.9443  872 
26.9629  375 
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Square. 
Ta~b  le— (Continued ). 

Cube.  I         Square  Root. Cube  Root. 
728 52  99  84 385  828  352 26.9814  751 
729 53  14  41 387  420  489 27. 
730 53  29  00 S89  017  000 27.0185  122 
731 53  43  61 390  617  891 27.0370  117 
732 53  58  24 392  223  168 27.0554  985 
733 53  72  89 393  832  837 27.0739  727 
734 53  87  56 395  446  904 27.0924  344 
735 54  02  25 397  065  375 27.1108  834 
736 54  16  96 398  688  256 27.1293  199 
737 54  31  69 400  315  553 27.1477  439 
738 54  46  44 401  947  272 27.1661  554 
739 54  61  21 403  583  419 27.1845  544 
740 54  76  00 405  224  000 27.2029  41 
741 54  90  81 406  869  021 27.2213  152 
742 55  05  64 408  518  488 27.2396  769 
743 55  20  49 410  172  407 27.2580  263 
744 55  35  36 411  830  784 27.2763  634 
745 55  50  25 413  493  625 27.2946  881 
746 55  65  16 415  160  936 27.3130  006 
747 55  80  09 416  832  723 27.3313  007 
748 55  95  04 418  508  992 27.3495  887 
749 56  10  01 420  189  749 27.3678  644 
750 56  25  00 421  875  000 27.3861  279 
751 56  40  01 423  564  751 27.4043  792 
752 56  55  04 425  259  008 27.4226  184 
753 56  70  09 426  957  777 27.4408  455 
754 56  85  16 428  661  064 27.4590  604 
755 57  00  25 430  3G8  875 27.4772  633 
756 57  15  36 432  081  216 27.4954  542 
757 57  30  49 433  798  093 27.5136  33 
758 57  45  64 435  519  512 27.5317  998 
759 57  60  81 437  245  479 27.5499  546 
760 57  76  00 438  976  000 27.5680  975 
761 57  91  21 440  711  081 27.5862  284 
762 58  06  44 442  450  728 27.6043  475 
763 58  21  69 444  194  947 27.6224  546 
764 58  36  96 445  943  744 27.6405  499 
765 58  52  25 447  697  125 27.6586  334 
766 58  67  56 449  455  096 27.6767  05 
767 58  82  89 451  217  663 27.6947  648 
768 58  98  24 452  984  832 27.7128  129 
769 59  13  61 454  756  609 27.7308  492 
770 59  29  00 456  533  000 27.7488  739 
771 59  44  41 4,58  314  011 27.7668  868 
772 59  59  84 460  099  648 27.7848  88 
773 59  75  29 461  889  917 27.8028  775 
774 §Q  90  70 463  684  824 27.8208  555 
775 60  06  25 465  484  375 27.8388  218 
776 60  21  76 467  288  576 27.8567  766 
777 60  37  29 469  097  433 27.8747  197 
778 60  52  84 470  910  952 27.8926  514 
779 60  68  41 472  729  139 27.9105  715 
780 60  84  00 474  552  000 27.9284  801 
781 60  99  61 476  379  541 27.9463  772 
782 61  16  24 478  211  768 27.9642  629 
783 61  30  89 480  048  687 27.9821  372 

8.9958  899 

9. 
9.0041  134 
9.0082  229 
9.0123  288 
9.0164  309 
9.0205  293 
9.0246  239 
9.0287  149 
9.0328  021 
9.0368  857 
9.0409  655 
9.0450  417 
9.0491  142 
9.0531  831 
9.0572  482 
9.0613  098 
9.0653  677 
9.0694  22 
9.0734  726 
9.0775  197 
9.0815  631 
9.0856  03 
9.0896  352 
9.0936  719 
9.0977  01 
9.1017  265 
9.1057  485 
9.1097  669 
9.1137  818 
9.1177  931 
9.1218  01 
9.1258  053 
9.1298  061 
9.1338  034 
9.1377  971 
9.1417  874 
9.1457  742 
9.1497  576 
9.1537  375 
9.1577  139 
9.1616  869 
9.1656  565 
9.169G  225 
9.1735  852 
9.1775  445 
9.1815  003 
9.1854  527 
9.1894  018 
9.1933  474 
9.1972  897 
9.2012  286 
9.2051  641 
9.2090  962 
9.2130  25 
9.2169  505 
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TaMe— (Continued). 
Number. Square. Cube. Square  Root. Cube  Root. 

784 61 
46 56 481 890 304 28 9 2208  726 

785 61 62 25 
483 736 625 28 

'0178 

515 9 2247  914 

786 61 77 96 485 587 656 
28 

0356 
915 

9 2287  068 

787 61 93 69 
487 443 403 28 0535 203 9 2326  189 

788 62 
09 44 489 303 872 28 0713 

377 
9 2365  277 

789 62 25 21 491 169 069 28 
0891 438 9 .2404  333 

790 62 
41 00 493 039 000 

28 
1069 

386 9 2443  355 

791 62 56 81 494 913 671 
28 

1247 
222 

9 2482  344 
792 62 72 64 496 793 088 28 1424 

946 

9 2521  3 
793 62 88 49 498 677 257 

28 
1602 557 

9 2560  224 
794 63 

04 
36 

500 566 184 
28 

1780 
056 9 2599  114 

795 63 
20 

25 
502 

459 875 28 1957 
444 9 2637  973 

796 63 36 16 504 358 336 28 2134 

72 

9 .2676  798 
797 63 52 09 506 261 573 28 

2311 
884 

9 2715  592 
798 63 G8 04 508 169 592 28 2488 938 9 2754  352 
799 63 

84 01 510 082 399 28 2665 
881 

9 2793  081 
800 64 00 00 

'512 

000 000 28.2842 
712 

9 2831  777 
801 64 16 01 513 922 

401 28 3019 434 
9 2870  44 

802 64 32 04 515 849 608 28.3196 045 9 .2909  072 
803 64 

48 09 517 781 
627 28 3372 

546 
9 .2947  671 

804 64 
64 16 519 718 464 28.3548 938 9 2986  239 

805 64 80 25 521 660 
125 28.3725 

219 
9 3024  775 

806 64 
06 36 523 606 616 

28.3901 
391 

9 3063  278 
807 
808 65 

12 49 
525 557 943 28.4077 454 9 3101  75 

65 28 64 527 514 112 28.4253 408 9 3140  19 
809 65 44 81 529 475 129 28.4429 253 9 3178  599 
810 65 61 00 531 441 

000 28.4604 989 9 .3216  975 
811 65 77 21 533 411 731 

28 .4780 617 9 3255  32 
812 65 03 44 535 387 328 28.4956 

137 
9 3293  634 

813 66 
00 

69 537 367 797 

28 
5131 549 9 3331  916 814 66 25 96 539 353 

144 28.5306 852 9 3370.  167 
815 66 42 25 541 

343 375 28.5482 048 9 3408  386 
816 66 58 

56 
543 338 

496 28.5657 137 9 3446  575 
817 66 

74 
89 545 338 513 28.5832 119 9 3484  731 

818 66 01 24 ^  547 343 432 28 
6006 

993 9 3522  857 
819 67 07 61 549 353 

239 28 6181 
76 

9 3560  952 820 67 24 
00 551 368 

000* 

28 
6356 

421 
9 3599  016 

821 67 
40 41 553 387 661 28 6530 976 9 3637  049 

822 67 
56 84 555 412 248 

28 6705 424 9 3675  051 823 67 73 29 557 441 767 
28 

6879 766 
9 

3713  022 824 67 80 76 559 476 224 28 7054 002 9 3750  963 
825 68 06 25 561 515 

625 28 7228 
132 

9 3788  873 
826 

68 22 
76 

563 
559 976 28 7402 157 9 3826  752 827 A8 

DO 
on 29 

565 
609 283 

28 7576 
077 

9 3864  6 
828 

DO Aft DO 55 84 567 663 552 28 
7749 

891 
9 3902  419 

829 41 569 722 
789 28 7923 

601 
9 3940  206 

830 
68 

89 00 
571 787 000 28 

8097 

206 
9 3977  964 

831 69 

05 

61 
573 

856 
191 

28 8270 
706 

9 4015  691 
832 69 22 24 

575 930 
368 28 

8444 102 9 4053  387 
833 69 38 

89 578 
009 

537 28 
8617 394 9 .4091  054 

834 69 55 56 580 093 
704 28 8790 582 9 4128  69 

835 69 72 25 
582 182 875 28 8963 666 9 4166  297 

836 69 88 96 584 277 056 28 9136 
646 

9 4203  873 
837 70 05 69 586 376 

253 
28 9309 523 9 

4241  42 838 70 22 44 
588 480 472 

28 
9482 297 9 

4278  936 839 70 30 21 590 589 719 
28 9654 967 9 .4316  423 
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Table— (Continued). 
Nwnber. 

|  Square. |  Cube. [         Square  Root. ]        Cube  Root. 
840 70  56  00 592  704  000 28.9827  535 9.4353  8 
841 70  72  81 594  823  321 29. 9.4391  307 
842 70  89  64 596  947  688 29.0172  363 9.4428  704 
843 71  06  49 599  077  107 29.0344  623 9.4466  072 
844 71  23  36 601  211  584 29.0516  781 9.4503  41 
845 71  40  25 603  351  125 29.0688  837 9.4540  719 
846 71  57  16 605  495  736 29.0860  791 9.4577  999 
847 71  74  09 607  645  423 29.1032  644 9.4615  249 
848 71  91  04 609  800  192 29.1204  396 9.4652  47 
849 72  08  01 611  960  049 29.1376  046 9.4689  661 
850 72  25  00 614  125  000 29.1547  595 9.4726  824 
851 72  42  01 616  295  051 29.1719  043 9.4763  957 
852 72  59  04 618  470  208 29.1890  39 9.4801  061 
853 72  76  09 620  650  477 29.2061  637 9.4838  136 
854 72  93  16 622  835  864 29.2232  784 9.4875  182 
855 73  10  25 625  026  375 29.2403  83 9.4912  2 
856 73  27  36 627  222  016 29.2574  777 9.4949  188 
857 73  44  49 629  422  793 29.2745  623 9.4986  147 
858 73  61  64 631  628  712 29.2916  37 9.5023  078 
859 73  78  81 633  839  779 29.3087  018 9.5059  98 
860 73  96  00 636  056  000 29.3257  566 9.5096  854 
861 74  13  21 638  277  381 29.3428  015 9.5133  699 
862 74  30  44 640  503  928 29.3598  365 9.5170  515 
863 74  47  69 642  735  647 29.3768  616 9.5207  303 
864 74  64  96 644  972  544 29.3938  769 9.5244  063 
865 

74  82  '25 
647  214  625 29.4108  823 9.5280  794 

866 74  99  56 649  461  896 29.4278  779 9.5317  497 
867 75  16  89 651  714  363 29.4448  637 9.5354  172 
868 75  34  24 653  972  032 29.4618  397 9.5390  818 
869 75  51  61 656  234  909 29.4788  059 9.5427  437 
870 75  69  00 658  503  000 29.4957  624 9.5464  027 
871 75  86  41 660  776  311 29.5127  091 9.5500  589 
872 76  03  84 663  054  848 29.5296  461 9.5537  123 873 76  21  29 665  338  617 29.5465  734 9.5573  63 
874 76  38  76 667  627  624 29.5634  91 9.5610  108 
875 76  56  25 669  921  875 29.5803  989 9.5646  559 
876 76  73  76 672  221  376 29.5972  972 9.5682  982 
877 76  91  29 674  526  133 29.6141  858 9.5719  377 
878 77  08  84 676  836  152 29.6310  648 9.5755  745 879 77  26  41 679  151  439 29.6479  342 9.5792  085 880 77  44  00 681  472  000 29.6647  939 9.5828  397 
881 77  61  61 683  797  841 29.6816  442 9.5864  682 
882 77  79  24 686  128  968 29.6984  848 9.5900  937 
883 77  96  89 688  465  387 29.7153  159 9.5937  169 
884 78  14  56 690  807  104 29.7321  375 9.5973  373 
885 78  32  25 693  154  125 29.7489  496 9.6009  548 
886 78  49  96 695  506  456 29.7657  521 9.6045  696 
887 78  67  69 697  864  103 29.7825  452 9.6081  817 888 78  85  44 700  227  072 29.7993  289 9.6117  911 889 79  03  21 702  595  369 29.8161  03 9.6153  977 
890 79  21  00 704  969  000 29.8328  678 9.6190  017 
891 79  38  81 707  347  971 29.8496  231 9.6226  03 
892 '70  56  64 707  932  288 29.8663  69 9.6262  016 
893 79  74  49 712  121  957 29.8831  056 9.6297  975 
894 79  92  36 714  516  984 29.8998  328 9.6333  907 
895  I 80  10  25 716  917  375 29.9165  506 9.6369  812 
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Table- {Continued}. 
JVumber. Square. Cube. Square  Root.  1 Cube  Root. 

896 80  28  16 719  323  136 29.9332  591 9.6405  69 
897 
898 

80  46  09 721  734  273 29.9499  583 9.6441  542 
80  64  04 724  150  792 29.9666  481 9.6477  367 

899 80  82  01 726  572  699 29.9833  287 9.6513  166 
900 81  00  00 729  000  000 30. 9.6548  938 
901 81  18  01 731  432  701 30.0166  62 9.6584  684 
902 81  36  04 733  870  808 30.0333  148 9.6620  403 
903 81  54  09 736  314  327 30.0499  584 9.6656  096 
904 81  72  16 738  763  264 30.0665  928 9.6691  762 
905 81  90  25 741  217  625 30.0832  179 9.6727  403 
906 82  08  36 743  677  416 30.0998  339 9.6763  017 
907 82  26  49 746  142  643 30.1164  407 9.6798  604 
908 82  44  64 748  613  312 30.1330  383 9.6834  166 
909 82  62  81 751  089  429 30.1496  269 9.6869  701 
910 82  81  00 753  571  000 30.1662  063 9.6905  211 
911 82  99  21 756  058  031 30.1827  765 9.6940  694 
912 83  17  44 758  550  825 30.1993  377 9.6976  151 
913 83  35  69 761  048  497 30.2158  899 9.7011  583 
914 83  53  96 763  551  944 30.2324  329 9.7046  989 
915 83  72  25 766  060  875 30.2489  669 9.7082  369 
916 83  90  56 768  575  296 30.2654  919 9.7117  723 
917 84  08  89 771  095  213 30.2820  079 9.7153  051 
918 84  27  24 773  620  632 30.2985  148 9.7188  354 
919 84  45  61 776  151  559 30.3150  128 9.7223  631 
920 84  64  00 778  688  000 30.3315  018 9.7258  883 
921 84  82  41 781  229  961 30.3479  818 9.7294  109 
922 85  00  84 783  777  448 30.3644  529 9.7329  309 
923 85  .19  29 786  330  467 30.3809  151 9.7364  484 
924 85  37  76 788  889  024 30.3973  683 9.7399  634 
925 85  56  25 791  453  125 30.4138  127 9.7434  758 
926 85  74  76 794  022  776 30.4302  481 9.7469  857 927 85  93  29 796  597  983 30.4466  747 9.7504  93 
928 86  11  84 799  178  752 30.4630  924 9.7539  979 
929 86  30  41 801  765  089 30.4795  013 9.7575  002 
930 86  49  00 804  357  000 30-4959  014 9.7610  001 
931 86  67  61 806  954  491 30.5.122  926 9.7644  974 932 86  86  24 809  557  568 30.5286  75 9.7679  922 933 87  04  89 812  166  237 30.5450  487 9.7714  845 934 87  23  56 814  780  504 30.5614  136 9.7749  743 935 87  42  25 817  400  375 30.5777  697 9. / /84  61o 
936 87  60  96 820  025  856 30.5941  171 9.7829  466 
937 87  79  69 822  656  953 30.6104  557 9-7854  288 
938 87  98  44 825  293  672 30.6267  857 9.7889  087 
939 88  17  21 827  936  019 30.6431  069 9.7923  861 
940 88  36  00 830  584  000 30.6594  194 9.7958  611 941 88  54  81 833  237  621 30.6757  233 9.7993  336 942 88  73  64 835  896  888 30.6920  185 9-8028  036 943 88  92  49 838  561  807 30.7083  051 9.8062  711 944 89  11  36 ©41  lol  oo4 

oa   TO/IK  S3 Q  80Q7  3fi2 
945 89  30  25 843  908  625 30.7408  523 9.8131.  989 946 89  49  16 846  590  536 30.7571  13 9.8166  591 947 89  68  09 849  278  123 30.7733  651 9.8201  169 948 89  87  04 851  971  392 30.7896  086 9.8235  723 949 90  06  01 854  670  349 30.8058  436 9.8270  252 950 90  25  00 857  375  000 30.8220  7 

9.8304  757 951 90  44  01 860  085  351 30.8382  879 1     9.8339  238 
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Ta"ble— (Continued). 
Number. Square. |  Cube. Square  Root. |       Cube  Root. 
952 90  63  04 862  801  408 30.8544  972 9.8373  695 
953 90  82  09 865  523  177 30.8706  981 9.8408  127 
954 91  01  16 868  250  664 30.8868  904 9.8442  536 
955 91  20  25 870  983  875 30.9030  743 9.8476  92 
956 91  39  36 873  722  816 30.9192  477 9.8511  28 
957 91  58  49 876  467  493 30.9354  166 9.8545  617 
958 91  77  64 879  217  912 30.9515  751 9.8579  929 
959 91  96  81 881  974  079 30.9677  251 9.8614  218 
960 92  16  00 884  736  000 30.9838  668 9.8648  483 
961 92  35  21 887  503  681 31. 9.8682  724 
962 92  54  44 890  277  128 31.0161  248 9.8716  941 
963 92  73  69 893  056  347 31.0322  413 9.8751  135 
964 92  92  96 895  841  344 31.0483  494 9.8785  305 
965 93  12  25 898  632  125 31.0644  491 9.8819  451 
966 93  31  56 901  428  696 31.0805  405 9.8853  574 
967 93  50  89 904  231  063 31.0966  236 9.8887  673 
968 93  70  24 907  039  232 31.1126  984 9.8921  749 
969 93  89  61 909  853  209 31.1287  648 9.8955  801 
970 94  09  00 912  673  000 31.1448  23 9.8989  83 
971 94  28  41 915  498  611 31.1608  729 9.9023  835 
972 94  47  84 918  330  048 31.1769  145 9.9057  817 
973 94  67  29 921  167  317 31.1929  479 9.9091  776 
974 94  86  76 924  010  424 31.2089  731 9.9125  712 
975 95  06  25 926  859  375 31.2249  9 9.9159  624 
976 95  25  76 929  714  176 31.2409  987 9.9193  513 
977 95  45  29 932  574  833 31.2569  992 9.9227  379 
978 95  64  84 935  441  352 31.2729  915 9.9261  222 
979 95  84  41 938  313  739 31.2889  757 9.9295  042 
980 96  04  00 941  192  000 31.3049  517 9.9328  839 
981 96  23  61 944  076  141 31.3209  195 9.9362  613 
982 96  43  24 946  966  168 31.3368  792 9.9396  363 
983 96  62  89 949  862  087 31.3528  308 9.9430  092 
984 96  82  56 952  763  904 31.3687  743 9.9463  797 
985 97  02  25 955  671  625 31.3847  097 9.9497  479 
986 97  21  96 958  585  256 31.4006  369 9.9531  138 
987 97  41  69 961  504  803 31.4165  561 9.9564  775 
988 97  61  44 964  430  272 31.4324  673 9.9598  389 
989 97  81  21 967  361  669 31.4483  704 9.9631  981 
990 98  01  00 970  299  000 31.4042  654 9.9665  549 
991 98  20  81 973  242  271 31.4801  525 9.9699  095 
992 98  40  64 976  191  488  • 31.4960  315 9.9732  619 
993 98  60  49 979  146  657 31.5119  025 9.9766  12 
994 98  80  36 982  107  784 31 .5277  655 9.9799  599 
995 99  00  25 985  074  875 31.5436  206 9.9833  055 
996 99  20  16 988  047  936 31.5594  677 9.9866  488 
997 99  40  09 991  026  973 31.5753  068 9.9899  9 
998 99  60  04 994  Oil  992 31.5911  38 9.9983  289 
999 99  80  01 997  002  999 31.6069  613 9.9966  656 

K\f\f\ muu t   f\f\   f\f\  Art 1  \J\)  Ou  00 1  000  000  000 31.6227  766 
10. 1001 1  00  02  01 1  003  003  001 31.6385  84 10.0033  222 

3002 1  00  40  04 1  006  01 2  008 31.6543  836 10.0066  622 
1003 1  00  60  09 1  009  027  027 31.6701  752 10.0099  899 
1004 1  00  80  16 1  012  048  064 31.6859  59 10.0133  155 
1005 1  01  00  25 1  01 5  075  1 25 31.7017  349 10.0166  389 
1006 1  01  00  36 1  018  108  216 31.7175  03 10.0199  601 
1007 1  01  40  49 1  021  147  343 31.7332  633 10.0232  791 
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Number. Square.  | Cube. 
1008 1  01  60  64 1  024  192  512 
1009 1  01  80  81 1  027  243  729 
1010 1  02  01  00 1  030  301  000 
1011 1  02  01  21 1  033  364  331 
1012 1  02  41  44 1  036  433  728 
1013 1  02  61  69 1  039  509  197 
1014 1  02  81  96 1  042  590  744 
1015 1  03  02  25 1  045  678  375 
1016 1  03  22  56 1  048  772  096 
1017 1  03  42  89 1  051  871  913 
1018 1  03  63  24 1  054  977  832 
1019 1  03  83  61 1  058  089  859 
1020 1  04  04  00 1  061  208  000 
1021 1  04  24  41 1  064  332  261 
1022 1  04  44  84 1  067  462  648 
1023 1  04  65  29 1  070  599  167 
1024 1  04  85  76 1  073  741  824 
1025 1  05  06  25 1  076  890  625 
1026 1  05  26  76 1  080  045  576 
1027 1  05  47  29 1  083  206  683 
1028 1  05  67  84 1  086  373  952 
1029 1  05  88  41 1  089  547  389 
1030 1  06  09  00 1  092  727  000 
1031 1  06  29  61 1  095  912  791 
1032 1  06  50  24 1  099  104  768 
1033 1  06  70  89 1  102  302  937 
1034 1  06  91  56 1  105  507  304 1035 1  07  12  25 1  108  717  875 1036 1  07  32  96 1  111  934  656 1037 1  07  53  69 1  115  157  653 1038 1  07  74  44 1  118  386  872 1039 1  07  95  21 1  121  622  319 1040 1  08  16  00 1  124  864  000 1041 1  08  36  81 1  128  111  921 
1042 1  08  57  64 1  131  366  088 1043 1  08  78  49 1  134  626  507 
1044 1  08  99  36 1  137  893  184 
1045 1  09  20  25 1  141  166  125 1046 1  09  41  16 1  144  445  336 1047 1  09  62  09 1  147  730  823 1048 1  09  83  04 1  151  022  592 1049 1 10  04  01 1  154  320  649 1050 1  10  25  00 1  157  625  000 1051 1  10  46  01 1  160  935  651 1052 1  10  67  04 1  164  252  608 1053 1  10  88  09 1  167  575  877 1054 1 11  09  16 1  170  905  464 1055 1  11  30  25 1  174  241  375 1056 1 11  51  36 1  177  583  616 1057 1  11  72  49 1  180  932  193 1058 1  11  93  64 1  184  287  112 1059 112  14  81 1  187  648  379 
1060 1  12  36  00 1  191  016  000 1061 1  12  57  21 1  194  389  981 1062 1  12  78  44 1  197  770  328 1063 1  12  99  69 1  201  157  047 

Table— (Continued). 
Square  Root. 

31.7490  157 
31.7647  603 
31.7804  972 
31.7962  262 
31.8119  474 
31.8276  609 
31.8433  666 
31.8590  646 
31.8747  549 
31.8904  374 
31.9061  123 
31.9217  794 
31.9374  388 
31.9530  906 
31.9687  347 
31.9843  712 32. 
32!oi56  212 
32.0312  348 
32.0468  407 
32.0624  391 
32.0780  298 
32.0936  131 
32.1091  887 
32.1247  568 
32.1403  173 
32.1558  704 
32.1714  159 
32.1869  539 
32.2024  844 
32.2180  074 
32.2335  229 
32.2490  31 
32.2645  316 
32.2800  248 
32.2955  105 
32.3109  888 
32.3264  598 
32.3419  233 
32.3573  794 
32.3728  281 
32.3882  695 
32.4037  035 
32.4191  301 
32.4345  495 
32.4499  615 
32.4653  662 
32.4807  635 
32.4961  536 
32.5115  364 
32.5269  119 
32.5422  802 
32.5576  412 
32.5729  949 
32.5883  415 
32.6036  807 
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Ta"ble— (Continued). 
Number. |  Square. 

|  Cube. 
Square  Root. |        Cube  Root. 

1064 1  13  20  96 1    1  204  550  144 32.6190  129 10.2089  375 
1065 1  13  42  25 1  207  949  625 32.6343  377 10.2121  347 
1066 1  13  63  56 1  211  355  496 32.6496  554 10.2153  3 
1067 1 13  84  89 .  1  214  767  763 32.6649  659 10.2185  233 
1068 1  14  06  24 1  218  186  432 32.6802  693 10.2217  146 
1069 1  14  27  61 1  221  611  509 32.6955  654 10.2249  039 
1070 1 14  49  00 1  225  043  000 32.7108  544 10.2280  912 
1071 1  14  70  41 1  228  480  911 32.7261  363 10.2312  766 
1072 1 14  91  84 1  231  925  248 32.7414  111 10.2344  599 
1073 1  15  13  29 1  235  376  017 32.7566  787 10.2376  413 
1074 1  15  34  76 1  238  833  224 32.7719  392 10.2408  207 
1075 1 15  56  25 1  242  296  875 32.7871  926 10.2439  981 
1076 1  15  77  76 1  245  766  976 32.8024  389 10.2471  735 
1077 1  15  99  29 1  249  243  533 32.8176  782 10.2503  47 
1078 1  16  20  84 1  252  726  552 32.8329  103 10.2535  186 
1079 1  16  42  41 1  256  216  039 32.8481  354 10.2566  881 
1080 1  16  64  00 1  259  712  000 32.8633  535 10.2598  557 
1081 1  16  85  61 1  263  214  441 32.8785  644 10.2630  213 
1082 1  17  07  24 1  266  723  368 32.8937  684 10.2661  85 
1083 1  17  28  89 1  270  238  787 32.9089  653 10.2693  467 
1084 1  17  50  56 1  273  760  704 32.9241  553 10.2725  065 
1085 1  17  72  25 1  277  289  125 32.9393  382 10.2756  644 
1086 1  17  93  96 1  280  824  056 32.9545  141 10.2788  203 
1087 1  18  15  69 1  284  365  503 32.9696  83 30.2819  743 
1088 1  18  37  44 1  287  913  472 32.9848  45 10.2851  264 
1089 1  18  59  21 1  291-467  969 33. 10.2882  765 
1090 1 18  81  00 1  295  029  000 33.0151  48 10.2914  247 
1091 1  19  02  81 1  298  596  571 33.0302  891 10.2945  709 
1092 1  19  24  64 1  302  170  688 33.0454^33 10.2977  153 
1093 1  19  46  49 1  305  751  357 33.0605  505 1    10.3008  577 
1094 1  19  68  36 1  309  338  584 33.0756  708 10.3039  982 
1095 1  19  90  25 1  312  932  375 33.0907  842 10.3071  368 
1096 1  20  12  16 1  316  532  736 33.1058  907 10.3102  735 
1097 1  20  34  09 1  320  139  673 33.1209  903 10.3134  083 
1098 1  20  56  04 1  323  753  192 33.1360  83 10.3165  411 
1099 1  20  78  01 1  327  373  299 33.1511  689 10.3196  721 
1100 1  21  00  00 1  331  000  000 33.1662  479 10.3228  012 
1101 1  21  22  01 1  334  633  301 33.1813  2 10.3259  284 
1102 1  21  44  04 1  338  273  208 33.1963  853 10.3290  537 
1103 1  21  66  09 1  341  919  727 33.2114  438 10.3321  77 
1104 1  21  88  16 1  345  572  864 33.2266  955 10.3352  985 
1105 1  22  10  25 1  349  232  625 33.2415  403 10.3384  181 
1106 1  22  32  36 1  352  899  016 33.2565  783 10.3415  358 
1107 1  22  54  49 1  356  572  043 33.2716  095 10.3446  517 
1108 1  22  76  64 1  360  251  712 33.2866  339 10.3477  657 
1109 1  22  98  81 1  363  938  029 33.3016  516 10.3508  778 
1110 1  23  21  00 1  367  631  000 33.3166  625 10.3539  88 
1111 1  23  43  21 1  371  330  631 33.3316  666 10.3570  964 
1  1  1  o 1  23  65  44 1  375  036  928 33.3466  64 10.3602  029 
1113 1  23  87  69 1  378  749  897 33.3616  546 10.3633  076 
1114 1  24  09  96 1  382  469  544 33.3766  385 10.3664  103 
1115 1  24  32  25 1  386  195  875 33.3916  157 10.3695  113 1116 1  24  54  56 1  389  928  896 33.4065  862 10.3726  103 
1117 1  24  76  89 1  393  668  613 33.4215  499 10.3757  076 
1118 1  24  99  24 1  397  415  032 33.4365  07 10.3788  03 
1119 1  25  21  61 1  401  168  159 33.4514  573 10.3818  965 

IT 
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Table— {Continued). 
Square. 

J        Square  Root. 1  25  44  00 
1  25  66  41 
1  25  88  84 
1  26  11  29 
1  26  33  76 
1  26  56  25 
1  26  78  76 
1  27  01  29 
1  27  23  84 
1  27  46  41 
1  27  69  00 
1  27  91  61 
1  28  14  24 
1  28  36  89 
1  28  59  56 
1  28  82  25 
1  29  04  96 
1  29  27  69 
1  29  50  44 
1  29  73  21 
1  29  96  00 
1  30  18  81 
1  30  41  64 
1  30  64  49 
1  30  87  36 
1  31  10  25 
1  31  33  16 
1  31  56  09 

1  31  79  04' 1  32  02  01 
1  32  25  00 
1  32  48  01 
1  32  71  04 
1  32  94  09 
1  33  17  16 
1  33  40  25 
1  33  63  36 
1  33  86  49 
1  34  09  64 
1  34  32  81 
1  34  56  00 
1  34  79  21 
1  35  02  44 
1  35  25  69 
1  35  48  96 
1  35  72  25 
1  35  95  56 
1  36  18  89 
1  36  42  24 
1  36  65  61 
1  36  89  00 
1  37  12  41 
1  37  35  84 
1  37  59  29 
1  37  82  76 
1  88  06  25 

1  404  928  000 
1  408  694  561 
1  412  467  848 
1  416  247  867 
1  420  034  624 
1  423  828  125 
1  427  628  376 
1  431  435  383 
1  435  249  152 
1  439  069  689 
1  442  897  000 
1  446  731  091 
1  450  571  968 
1  454  419  637 
1  458  274  104 
1  462  135  375 
1  466  003  456 
1  469  878  353 
1  473  760  072 
1  477  648  619 
1  481  544  000 
1  485  446  221 
1  489  355  288 
1  493  271  207 
1  497  193  984 
1  501 123  625 
1  505  060  136 
1  509  603  523 
1  512  953  792 
1  516  910  949 
1  520  875  000 
1  524  845  951 
1  528  823  808 
1  532  808  577 
1  536  800  264 
1  540  798  875 
1  544  804  416 
1  548  816  893 
1  552  836  312 
1  556  862  679 
1  560  896  000 
1  504  936  281 
1  568  983  528 
1  573  037  747 
1  577  098  944 
1  581  167  125 
1  585  242  296 
1  589  324  463 
1  593  413  632 
1  597  509  809 
1  601  613  000 
1  605  723  211 
1  609  840  448 
1  613  964  717 
1  618  096  02 1 
1  622  234  375 

33.4664  Oil 
33.4813  381 
33.4962  684 
33.5111  921 
33.5261  092 
33.5410  196 
33.5559  234 
33.5708  206 
33.5857  112 
33.6005  952 
33.6154  726 
33.6303  434 
33.6452  077 
33.6600  653 
33.6749  165 
33.6897  61 
33.7045  991 
33.7194  306 
33.7340  556 
33.7490  741 
33.7638  860 
33.7786  915 
33.7934  905 
33.8082  83 
33.8230  691 
33.8378  486 
33.8526  218 
33.8673  884 
33.8821487 
33.8969  025 
33.9116  499 
33.9263  909 
33.9411  255 
33.9558  537 
33.9705  755 
33.9852  91 
34. 34.0147  027 
34.0293  99 
34.0440  89 
34.0587  727 
34.0734  501 
34.0881  211 34.1027  858 
34.1174  442 
34.1320  963 
34.1467  422 
34.1613  817 
34.1760  15 
34.1906  42 
34.2052  627 
34.2198  773 
34.2344  855 34.2490  875 
34.2636  834 
34.2782  73 
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Tabl  e— {Continued ) . 
Number. Square 

f  Cube. 
Square  Root. 

Cube  Root 

1176 i  1  38  29  76 1  626  379  776 34.2928  564 10.5552  642 
1177 1  38  53  29 1  630  532  233 84.8074  836 10.5582  552 
1178 1  38  76  84 1  634  691  752 34.3220  046 10.5612  445 
1179 1  39  00  41 1  638  858  339 34.3365  694 10.5642  322 
1180 1  39  24  00 1  643  032  000 34.3511  281 10.5672  181 
1181 1  39  47  61 1  647  212  741 34.3656  805 10.5702  024 
1182 1  39  71  24 1  651  400  568 34.3802  268 10.5731  849 
1183 1  39  94  89 1  655  595  487 34.3947  67 10.5761  658 
1184 1  40  18  56 1  659  797  504 34.4093  Oil 10.5791  449 
1185 1  40  42  25 1  664  006  625 34.4238  289 10.5821  225 
1186 1  40  65  96 1  668  222  856 34.4383  507 10.5850  983 
1187 1  40  89  69 1  672  446  203 34.4528  663 10.5880  725 
1188 1  41  13  44 1  676  676  672 34.4673  759 10.5910  45 
1189 1  41  37  21 1  680  914  629 34.4818  793 10.5940  158 
1190 1  41  61  00 1  685  159  000 34.4963  766 10.5969  85 
1191 1  41  84  81 1  689  410  871 34.5108  678 10.5999  525 
1192 1  42  08  64 1  693  669  888 34.5253  53 10.6029  184 
1193 1  42  32  49 1  697  936  057 34.5398  321 10.6058  826 
1194 1  42  56  36 1  702  209  384 34.5543  051 10.6088  451 
1195 1  42  80  25 1  706  489  875 34.5687  72 10.6118  06 
1196 143  04  16 1  710  777  536 34.5832  329 10.6147  652 
1197 1  43  28  09 1  715  072  373 34.5976  879 10.6177  228 
1198 1 43  52  04 1  719  374  392 34.6121  366 10.6206  788 
1199 1 43  76  01 1  723  683  599 34.6265  794 10.6236  331. 
1200 1  44  00  00 1  728  000  000 34.6410  162 10.6265  857 
1201 1  44  24  01 1  732  323  601 34.6554  469 10.6295  367 
1202 1  44  48  04 1  736  654  408 34.6698  716 10.6324  86 
1203 1  44  72  09 1  740  992  427 34.6842  904 10.6354  338 
1204 144  96  16 1  745  3-'57  (564 34.6987  031 10.6383  799 
1205 1  45  20  25 1  749  690  125 34.7131  099 10.6413  244 
1206 1  45  44  36 1  754  049  816 34.7275  107 10.6442  672 
1207 1  45  68  49 1  758  416  743 34.7419  055 10.6472  085 
1208 1  45  92  64 1  762  790  912 34.7562  944 10.6501  48 
1209 146  16  81 1  767  172  329 34.7706  773 10.6530  86 
1210 146  41  00 1  771  561  000 34.7850  543 10.6560  223 
1211 1  46  65  21 1  775  956  931 34.7991  253 10.6589  57 
1212 1  46  89  44 1  780  360  128 34.8137  904 10.6618  902 
1213 1  47  13  69 1  784  770  597 34.8281  495 10.6648  217 
1214 1  47  37  96 1  789  188  344 34.8425  028 10.6677  516 
1215 1  47  62  25 1  793  613  375 34.8568  501 10.6706  799 
1216 1  47  86  56 1  798  045  696 34.8711  915 10.6736  066 
1217 1  48  10  89 1  802  485  313 34.8855  271 10.6765  317 
1218 1  48  35  24 1  806  932  232 34.8998  567 10.6794  552 
1219 1  48  59  61 1  811  386  459 34.9141  805 *  10.6823  771 
1220 1  48  84  00 1  815  848  000 34.9284  984 10.6852  973 
1221 1  49  08  41 1  820  316  861 34.9428  104 10.6882  16 
1222 1  49  32  84 1  824  793  048 34.9571  166 10.6911  331 
1223 1  49  57  29 1  829  276  567 34.9714  169 10.6940  486 
1224 1  49  81  76 1  833  767  244 34.9857  114 10.6969  625 
1225 1  50  06  25 1  888  265  625 35. 10.6998  748 
1226 1  50  30  76 1  842  771  176 35.0142  828 10.7027  855 
1227 1  50  55  29 1  847  284  083 35.0285  598 10.7056  947 1228 1  50  79  84 1  851  804  352 35.0428  309 10.7086  023 
1229 1  51  04  41 1  856  331  989 35.0570  963 10.7115  083 
12.% 1  51  29  00 1  860  867  000 35.0713  558 10.7144  127 
1231 1  51  53  61 1  865  409  391 35.0856  096 10.7173  155 
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Square. 
Table— (Continued). 
Cube.  Square  Root. 

1  51  78  24 
1  52  02  89 
1  52  27  56 
1  52  52  25 
1  52  76  96 
1  53  01  69 
1  53  26  44 
1  53  51  21 
1  53  76  00 
1  54  00  81 
1  54  25  64 
1  54  50  49 
1  54  75  36 
1  55  00  25 
1  55  25  16 
1  55  50  09 
1  55  75  04 
1  56  00  01 
1  56  25  00 
1  56  50  01 
1  56  75  04 
1  57  00  09 
1  57  25  16 
1  57  50  25 
1  57  75  36 
1  58  00  49 
1  58  25  64 
1  58  50  81 
1  58  76  00 
1  59  01  21 
1  59  26  44 
1  59  51  69 
1  59  76  96 
1  60  02  25 
1  60  27  56 
1  60  52  89 
1  60  78  24 
1  61  03  61 
1  61  29  00 
1  61  54  41 
1  61  79  84 
1  62  05  29 
1  62  30  76 
1  62  56  25 
1  62  81  76 
1  63  07  29 
1  63  32  84 
1  63  58  41 
1  63  84  00 
1  64  09  61 
1  64  35  24 
1  64  60  89 
1  64  86  56 
1  65  12  25 
1  65  37  96 
1  65  G3  69 

1  869  959  168 
1  874  516  337 
1  879  080  904 
1  883  652  875 
1  888  232  256 
1  892  819  053 
1  897  413  272 
1  902  014  919 
1  906  624  000 
1  911  240  521 
1  915  864  488 
1  920  495  907 
1  925  134  784 
1  929  781  125 
1  934  434  936 
1  939  096  223 
1  943  764  992 
1  948  441  249 
1  953  125  000 
1  957  816  251 
1  962  515  008 
1  967  221  277 
1  971  945  064 
1  976  656  375 
1  981  385  216 
1  986  121  593 
1  990  805  512 
1  995  616  979 
2  000  376  000 
2  005  142  581 
2  009  916  728 
2  014  698  447 
2  019  487  744 
2  024  284  625 
2  029  089  096 
2  033  901  163 
2  038  720  832 
2  043  548  109 
2  048  383  000 
2  053  225  511 
2  058  075  648 
2  062  933  417 
2  067  798  824 
2  072  671  875 
2  077  552  576 
2  082  440  933 
2  087  336  952 
2  092  240  639 
2  097  152  000 
2  102  071  841 
2  106  997  768 
2  111  932  187 
2  116  874  304 
2  121824  125 
2  126  781  656 
2  131  746  903 

35.0998  575 
35.1140  997 
35.1283  361 
35.1425  568 
35.1567  917 
35.1710  108 
35.1852  242 
35.1994  318 
35.2136  337 
35.2278  299 
35.2420  204 
35.2562  051 
35.2703  842 
35.2845  575 
35.2987  252 
35.3128  872 
35.3270  435 
35.3411  941 
35.3553  391 
35.3694  784 
35.3836  12 
35.3977  4 
35.4118  624 
35.4259  792 
35.4400  903 
35.4541  958 
35.4682  957 
35.4823  9 
35.4964  787 
35.5105  618 
35.5246  393 
35.5387  113 
35.5527  777 
35.5668  385 
35.5808  937 
35.5949  434 
35.6089  876 
35.6230  262 
35.6370  593 
35.6510  869 
35.6651  09 
35.6791  255 
35.6931  366 
35.7071  421 
35.7211422 
35.7351  367 
35.7491  258 
35.7631  095 
35.7770  876 
35.7910  603 
35.8050  276 
35.8189  894 
35.8329  457 
35.8468  966 
35.8608  421 
35.8747  822 

Cube  Root. 
~10.7202  168 

10.7231  165 
10.7260  146 
10.7289  112 10.7318  062 
10.7346  997 
10.7375  916 10.7404  819 
10.7433  707 10.7462  579 
10.7491  436 10.7520  277 
10.7549  103 
10.7577  913 10.7606  708 
10.7635  488 
10.7664  252 10.7693  001 10.7721  735 
10.7750  453 
10.7779  156 
10.7807  843 
10.7836  516 
10.7865  173 10.7893  815 
10.7922  441 10.7951  053 
10.7979  649 10.8008  23 
10.8036  797 
10.8065  348 10.8093  884 
10.8122  404 10.8150  909 
10.81794 10.8207  876 10.8236  336 
10.8264  782 
10.8293  213 10.8321  629 
10.8350  03 10.8378  416 10.8406  788 
10.8435  144 10.8463  485 
10.8491  812 10.8520  125 
10.8548  422 
10.8576  704 10.8604  972 
10.8633  225 10.8661  464 10.8689  687 
10.8717  897 10.8746  091 
10.8774  271 
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Table— {Continued ). 
Square. Cube. 

j        Square  Root. 
Cube  Root. 

1  65  89  44 
1  66  15  21 
1  66  41  00 
1  66  66  81 
1  66  92  64 
1  67  18  49 
1  67  44  36 
1  67  70  25 
1  67  96  16 
1  68  22  09 
1  68  48  04 
1  68  74  01 
1  69  00  00 
1  69  26  01 
1  69  52  04 
1  69  78  09 
1  70  04  16 
1  70  SO  25 
1  70  56  36 
1  70  82  49 
1  71  08  64 
1  71  34  81 
1  71  61  00 
1  71  87  21 
172  13  44 
1  72  39  69 
1  72  65  96 
1  72  92  25 
1  73  18  56 
1  73  44  89 
1  73  71  24 
1  73  97  61 
1  74  24  00 
174  50  41 
1  74  76  84 
1  75  93  29 
1  75  29  76 
1  75  56  25 
1  75  82  76 
1  76  09  29 
1  76  35  84 
1  76  62  41 
1  76  89  00 
1  77  15  Gl 
1  77  42  24 
1  77  68  89 
1  77  95  56 
1  78  22  25 
1  78  48  96 
1  78  75  69 
1  79  02  44 
1  79  29  21 
1  79  56  00 
1  79  82  81 
1  80  09  64 
1  80  36  49 

2  136  719  872 
2  141  700  5G9 
2  146  689  000 
2  151  685  171 
2  156  689  088 
2  161  700  757 
2  166  720  184 
2  171  747  375 
2  176  782  336 
2  181  825  073 
2  186  875  592 
2  191  933  899 
2  197  000  000 
2  202  073  901 
2  207  155  608 
2  212  245  127 
2  217  342  464 
2  222  447  625 
2  227  560  616 
2  232  681  443 
2  237  810  112 
2  242  946  629 
2  248  091  000 
2  253  243  231 
2  258  403  328 
2  263  571  297 
2  268  747  144 
2  273  930  875 
2  279  122  496 
2  284  322  013 
2  289  529  432 
2  294  744  759 
2  299  968  000 
2305199161 
2  310  438  248 
2  315GS5  267 
2  320  940  224 
2  326  203  125 
2  331  47;]  976 
2  336  752  7*3 
2  342  039  552 
2  347  334  289 
2  .'552  637  000 
2  357  947  691 
2  363  266  368 
2  368  593  037 
2  373  927  704 
2  379  270  375 
2  384  621  056 
2  389  979  753 
2  395  346  472 
2  400  721  219 
2  406  104  000 
2  411  494  821 
2  416  893  688 
2  422  300  607 

u* 

35.8887  169 
35.9026  461 
35.9165  699 
35.9304  884 
35.9444  015 
35.9583  092 
35.9722  115 
35.9861  084 
36. 
36.0138  862 
36.0277  671 
36.0416  426 
36.0555  128 
36.0693  776 
36.0832  371 
36.0970  913 
36.1109  402 
36.1247  837 
36.1386  22 
36.1524  55 
36.1662  826 
36.1801  05 
36.1939  221 
36.2077  34 
36.2215  406 
36.2353  419 
36.2491  379 
36.2626  287 
36.2767  143 
36.2904  946 
36.3042  097 
36.3180  396 
36.3318  042 
36.3455  637 
36.3593  179 
36.3730  67 
36.3868  108 
36.4005  494 
36.4142  829 
36.4280112 
36.4417  343 
36.4554  523 
36.4691  65 
36.4828  727 
36.4965  752 
36.5102  725 
36.5239  647 
36.5376  518 
36.5513  388 
36.5650  106 
36.5786  823 
36.5923  489 
36.6060  104 
30. 6 196  668 
30.6333  181 
36.64G9  64< 

10.8802  436 
10.8830  587 
10.8858  723 
10.8886  845 
10.8914  952 
10.8943  044 
10.8971  123 
10.8999  186 
10.9027  235 
10.9055  269 
10.9083  29 
10.9111  296 
10.9139  287 
10.9167  265 
10.9195  228 
10.9223177 
10.9251  111 
10.9279  031 
10.9306  937 
10.9334  829 
10.9362  706 
10.9390  569 
10.9418  418 
10.9446  253 
10.9475  074 
10.950188 
10.9529  673 
10.9557  451 
10.9585  215 
10.9612  965 
10.9640  701 
10.9668  423 
10.9696  131 
10.9723  825 
10.9751  505 
10.9779  171 
10.9806  823 
10.9834  462 
10.9862  086 
10.9889  696 
10.9917  293 
10.9944  876 
10.9972  445 11. 
11.0027  541 
11.0055  069 
11.0082  583 
11.0110  082 
11.0137  569 
11.0165  041 
11.0192  5 
11.0219  945 
11.0247  377 
11.0274  795 
11.0302  199 
11.0329  59 
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Square. 
1  80  63  36 
1  80  90  25 
1  81 17  16 
1  81  44  09 
1  81  71  04 
1  81  98  01 
1  82  25  00 
1  82  52  01 
1  82  79  04 
1  83  06  09 
1  83  33  16 
1  83  60  25 
1  83  87  36 
1  84  14  49 
1  84  41  64 
1  84  68  81 
1  84  96  00 
1  85  23  21 
1  85  50  44 
1  85  77  69 
1  86  04  96 
1  86  32  25 
1  86  59  56 
186  86  89 
1  87  14  24 
1  87  41  61 
1  87  69  00 
1  87  96  41 
1  88  23  84 
1  88  51  29 
1  88  78  76 
1  89  06  25 
1  89  33  76 
1  89  61  29 
1  89  88  84 
1  90  16  41 
1  90  44  00 
1  90  71  61 
1  90  99  24 
1  91  26  89 
1  91  54  56 
1  91  82  25 
1  92  09  96 
1  92  37  69 
1  92  65  44 
1  92  93  21 
1  93  2100 
1  93  48  81 
1  93  76  64 
1  94  04  49 
1  94  32  36 
1  94  60  25 
1  94  88  16 
1  95  16  09 
1  95  44  04 
1  95  72  01 

Table— (Continued). 
Square  Root. 

2  427  715  584 
2  433  138  625 
2  438  569  736 
2  444  008  923 
2  449  456  192 
2  454  911  549 
2  460  375  000 
2  465  846  551 
2  471  326  208 
2  476  813  977 
2  482  309  864 
2  487  813  875 
2  493  326  016 
2  498  846  293 
2  504  374  712 
2  509  911  279 
2  515  456  000 
2  521  008  881 
2  526  569  928 
2  532  139  147 
2  537  716  544 
2  543  302  125 
2  548  895  896 
2  554  497  863 
2  560  108  032 
2  565  726  409 
2  571  353  000 
2  576  987  811 
2  582  630  848 
2  588  282  117 
2  593  941  624 
2  599  609  375 
2  605  285  376 
2  610  969  633 
2  616  662  152 
2  622  362  939 
2  628  072  000 
2  633  789  341 
2  639  514  968 
2  645  248  887 
2  650  991  104 
2  656  741  625 
2  662  500  456 
2  668  267  603 
2  674  043  072 
2  679  826  869 
2  685  619  000 
2  691  419  471 
2  697  228  288 
2  703  045  457 
2  708  870  984 
2  714  704  875 
2  720  547  136 
2  726  397  773 
2  732  256  792 
2  738  124  199 

36.6606-  056 11 0356  967 
36.6742  416 11 0384  33 

36.6878  726 
11 

0411  68 

36.7014  986 
11 0439  017 

36.7151  195 
11 

0466  339 
36.7287  353 11 0493  649 
36.7423  461 

11 
0520  945 

36.7559  519 11 0548  227 
36.7695  526 

11 

0575  497 
36.7831  483 

11 

0602  752 
36.7967  39 11 0629  994 
36.8103  246 

11. 
0657  222 

36.8239  053 
11 

0684  437 
36.8374  809 

11 
0711  639 

36.8510  515 
11 

0738  828 
36.8646  172 11 0766  003 
36.8781  778 

11 
0793  165 

36.8917  335 11 0820  314 
36.9052  842 11 0847  449 
36.9188  299 11 0874  571 
S6.9323  706 

11 
0901  679 

36.9459  0G4 11 0928  775 
36.9594  S72 

11 
.0955  857 

36.9729  631 

11 

0982  926 
36.9864  84 11 

.1009  982 

37. 

11 .1037  025 
37.0135  11 11 

1064  054 
37.0270  172 

11 

.1091  07 
37.0405  184 

11 

.1118  073 
37.0540  146 

11 

.1145  064 
37.0675  06 

11 

.1172  041 
37.0899  924 

11 

.1199  004 
37.0944  74 11 

1225  955 
37.1079  506 11 .1252  893 
37.1214  224 11 .1279  817 
37.1348  893 11 

.1306  729 
37.1483  512 11 1333  628 
37.1618  084 11 1360  514 
37.1752  606 

11 

.1387  386 
37.1887  079 11 1414  246 
37.2021  505 11 

.1441  093 
37.2155  881 

11 
.1467  926 

37.2290  209 
11 

.1494  747 
37.2424  489 11 .1521  555 
37.2558  72 

11 
.1548  35 

37.2692  903 11.1575  133 
37.2827  037 11.1601  903 
37.2961  124 11 .1628  659 
37.3095  162 11 .1655  403 37.3229  152 11 .1682  134 
37.3363  094 11 .1708  852 
37.3496  988 11 .1735  558 37.3630  834 11 .1762  25 37.3764  632 11 .1788  93 37.3898  382 11 .1815  598 
37.4032  084 11.1842  252 
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Table— (Continued). 
Number. Square. I 
1400 
1401 
1402 
1403 
1404 
1405 
1403 
1407 
1408 
1409 
1410 
1411 
1412 
1413 
1414 
1415 
1416 
1417 
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 
144(5 
1447 
1448 
1449 
1450 
1451 
1452 
1453 
1454 
1455 

1  96  00  00 
1  96  28  01 
1  96  56  04 
1  96  84  09 
1  97  12  16 
1  97  40  25 
1  97  68  36 
1  97  96  49 
J  98  24  64 
1  98  52  81 
1  98  81  00 
1  99  09  21 
1  99  37  44 
1  99  65  69 
1  99  93  96 
2  00  22  25 
2  00  50  56 
2  00  78  89 
2  01  07  24 
2  01  35  61 
2  01  64  00 
2  01  92  41 
2  02  20  84 
2  02  49  29 
2  02  77  76 
2  03  06  25 
2  03  34  76 
2  03  63  29 
2  03  91  84 
2  04  20  41 
2  04  49  00 
2  04  77  61 
2  05  06  24 
2  05  34  89 
2  05  63  56 
2  05  92  25 
%  06  20  96 
2  06  49  69 
2  06  78  44 
2  07  07  21 
2  07  36  00 
2  07  64  81 
2  07  93  04 
2  08  22  49 
2  08  51  36 
2  08  80  25 
2  09  09  16 
2  09  38  09 
2  09  67  04 
2  09  96  01 
2  10  25  00 
2  10  54  01 
2  10  83  04 
2  1112  09 
2  114116 
2  11  70  25 

2  744  000  000 
2  749  884  201 
2  755  776  808 
2  761  677  827 
2  767  587  264 
2  773  505  125 
2  779  431  416 
2  785  366  143 
2  791  309  312 
2  797  260  929 
2  803  221  000 
2  809  189  531 
2  815  166  528 
2  821  151  997 
2  827  145  944 
2  833  148  375 
2  839  159  296 
2  845  178  713 
2  851  206  632 
2  857  243  059 
2  863  288  000 
2  869  341  461 
2  875  403  448 
2  881  473  967 
2  887  553  024 
2  893  640  625 
2  899  736  776 
2  905  841  483 
2  911  954  752 
2  918  070  589 
2  924  207  000 
2  930  345  991 
2  936  493  568 
2  942  649  737 
2  948  814  504 
2  954  987  875 
2  961  169  856 
2  967  360  453 
2  973  559  672 
2  979  707  519 
2  985  984  000 
2  992  209  121 
2  998  442  888 
3  004  685  307 
3  010  936  384 
3  017  196  125 
3  023  464  536 
3  029  741  623 
3  Q36  027  392 
3  042  321  849 
3  040,625  000 
3  054  936  851 
3  061  257  408 
3  067  5*0  677 
3  07;)  924  664 
3  080  271  375 

Square  Root. | 
Cube  Root. 

37.4165  738 
37.4299  345 
37.4432  904 
37.4566  416 
37.4699  88 
37.4833  296 
37.4966  665 
37.5099  987 
37.5233  261 
37.5366  487 
37.5499  667 
37.5632  799 
37.5765  885 
37.5898  922 
37.6031  913 
37.6164  857 
37.6297  754 
37.6430  604 
37.6563  407 
37.6696  164 
37.6828  874 
37.6961  536 
37.7094  153 
37.7226  722 
37.7359  245 
37.7491  722 
37.7624  152 
37. 7756  535 
37.7888  873 
37.8021  163 
37.8153  408 
37.8285  606 
37.8417  759 
37.8549  864 
37.8681  924 
37.8813  938 
37.8945  906 
37.9077  828 
37.9209  704 
37.9341  535 
37.9473  319 
3  /  .9605  058 
37.9736  751 
37.9868  398 
38. 38.0131  556 
38.0263  067 
38.0394  532 
38.0525  952 
88.0657  326 
38.0788  055 
38.0919  939 
38.1051  178 
38.1182  371 
38.1313  519 
38.1444  622 

11.1868  894 
11.1895  523 
11.1922  139 
11.1948  743 
11.1975  334 
11.2001  913 
11.2028  479 
11.2055  032 
11.2081  573 
11.2108  101 
11.2134  617 
11.2161  12 
11.2187  611 
11.2214  089 
11.2240  054 
11.2267  007 
11.2293  448 
11.2319  876 
11.2346  292 
11.2372  696 
11.2399  087 
11.2425  465 
11.2451  831 
11.2478  185 
11.2504  527 
11.2530  856 
11.2557  173 
11.2583  478 
11.2609  77 
11.2636  05 
11.2662  318 
11.2688  573 
11.2714816 
11.2741  047 
11.2767  266 
11.2793  472 
11.2819  006 
11.2845  849 
11.2872  019 11.2898  177 
11.2924  323 
11.2950  457 
11.2970  579 
11.3002  688 
11.3028  786 
11.3054  871 
11.3080  945 
11.3107  006 
11.3133  056 
11.3159  094 
11.3185  119 
11.3211  132 
11.3237  134 
11.3263  124 
11.3289  102 
11.3315  067 
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Square. I 
TaTble— {Continued). 

Cube.  I        Square  Root. 
2  11  99  36 
2  12  28  49 
2  12  57  64 
2  12  86  81 
2  13  16  00 
2  13  45  21 
2  13  74  44 
2  14  03  69 
2  14  32  96 
2  14  62  25 
2  14  91  56 
2  15  20  89 
2  15  50  24 
2  15  79  61 
2  16  09  00 
2  16  38  41 
2  16  67  84 
2  16  97  29 
2  17  26  76 
2  17  56  25 
2  17  85  76 
2  18  15  29 
2  18  44  84 
2  18  74  41 
2  19  04  00 
219  33  61 
2  19  63  24 
2  19  92  89 
2  20  22  56 
2  20  52  25 
2  20  81  96 
2  21 11  69 
2  21  41  44 
2  21  71  21 
2  22  01  00 
2  22  30  81 
2  22  60  64 
2  22  90  49 
2  23  20  36 
2  23  50  25 
2  23  8016 
2  24  10  09 
2  24  40  04 
2  24  70  01 
2  25  00  00 
2  25  30  01 
2  25  60  04 
2  25  90  09 
2  26  20  16 
2  26  50  25 
2  26  80  36 
2  27  10  49 
2  27  40  64 
2  27  70  81 
2  28  01  00 
2  28  31  21 

3  086  626  816 
3  092  990  993 
3  099  363  912 
3  105  745  579 
3  112  136  000 
3  118  535  181 
3  124  943  128 
3  131  359  847 
3  137  785  344 
3  144  219  025 
3  150  662  696 
3  157  114  563 
3  163  575  232 
3  170  044  709 
3  176  523  000 
3  183  010  111 
3  189  506  048 
3  196  010  817 
3  202  524  424 
3  209  046  875 
3  215  578  176 
3  222  118  333 
3  228  667  352 
3  235  225  239 
3  241  792  000 
3  248  367  641 
3  254  952  168 
3  261  545  587 
3  268  147  904 
3  274  759  125 
3  281  379  256 
3  288  008  303 
3  294  646  272 
3  301  293  169 
3  307  949  000 
3  314  613  771 
3  321  287  488 
3  327  970  157 
3  334  661  784 
3  341  362  375 
3  348  071  936 
3  354  790  473 
3  361  517  992 
3  368  254  499 
3  375  000  000 
3  381  754  501 
3  388  518  008 
3  395  290  527 
3  402  072  064 
3  408  862  625 
3  415  662  216 
3  422  470  813 
3  429  288  512 
3  436  115  229 
3  442  951  000 
3  449  795  831 

38.1575  681 
38.1706  693 
38.1837  662 
38.1968  585 
38.2099  463 
38.2230  297 
38.2361  085 
38.2491  829 
38.2622  529 
38.2753  184 
38.2883  794 
38.3014  36 
38.3144  881 
38.3275  358 
38.3405  79 
38.3536  178 
38.3666  522 
38.3796  821 
38.3927  076 
38.4057  287 
38.4187  454 
38.4317  577 
38.4447  656 
38.4577  691 
38.4707  681 
38.4837  627 
38.4967  53 
38.5097  39 
38.5227  206 
38.5356  977 
38.5486  705 
38.5616  389 
38.5746  03 
38.5875  627 
38.6005  181 
38.6134  691 
38.6264  158 
38.6393  582 
38.6522  962 
38.6652  299 
38.6781  593 
38.6910  843 38.7040  05 
38.7169  214 
38.7298  335 
38.7427  412 
38.7556  447 
38.7685  439 
38.7814  389 
38.7943  294 
38.8072  158 
38.8200  978 
38.8329  757 
38.8458  491 
38.8587  184 
38.8715  834 

Cube  Root. 
11.3341  022 11.3366  964 
11.3392  894 
11.3418  813 
11.3444  719 
11.3470  614 
11.3496  497 
11.3522  368 
11.3548  227 
11.3574  075 
11.3599  911 
11.3625  735 
11.3651  547 
11.3677  347 
11.3703  136 
11.3728  914 
11.3754  679 
11.3780  433 
11.3806  175 
11.3831  906 
11.3857  625 
11.3883  332 
11.3909  028 
11.3934  712 
11.3960  384 
11.3986  045 
11.4011  695 
11.4037  332 
11.4062  959 
11.4088  574 
11.4114  177 
11.4139  769 
11.4165  349 
11.4190  918 
11.4206  476 
11.4242  022 
11.4267  556 
11.4293  079 
11.4318  591 
11.4344  092 
11.4369  581 
11.4395  059 
11.4420  525 
11.4445  98 
11.4471424 
11.4496  857 
11.4522  278 
11.4547  688 
11.4573  087 
11.4598  474 
11.4623  85 
11.4649  215 
11.4674  568 
11.4699  911 
11.4725  242 
11.4750  562 
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Table — (.Continued). 
Square. 

|  Cube. J        Square  Root. j       Cube  Root. 1512 2  28  61  44 3  456  649  728 38.8844  442 11.4775  871 
1513 2  28  91  69 3  463  512  697 38.8973  006 11.4801  169 
1514 2  29  91  96 3  470  384  744 38.9101  529 11.4826  455 
1515 2  29  52  25 3  477  265  875 38.9230  009 11.4851731 
1516 2  29  82  56 3  484  156  096 38.9358  447 11.4876  995 
1517 2  30  12  89 3  491  055  413 38.9486  841 11.4902  249 
1518 2  30  43  24 3  497  963  832 38.9615  194 11.4927  491 
1519 2  30  73  61 3  504  881  359 38.9743  505 11.4952  722 
1520 2  31  04  00 3  511  808  000 38.9871  774 11.4977  942 
1521 2  31  34  41 3  518  743  761 39. 11.5003  151 
1522 2  31  64  84 3  525  688  648 39.0128  184 11.5028  348 
1523 2  31  95  29 3  532  642  667 39.0256  326 11.5053  535 
1524 2  32  25  76 3  539  605  824 39.0384  426 11.5078  711 
1525 2  32  56  25 3  546  578  125 39.0512  483 11.5103  876 
1526 2  32  86  76 3  553  559  576 39.0640  499 11.5129  03 
1527 2  33  17  29 3  560  558  183 39.0768  473 11.5154173 
1528 2  33  47  84 3  567  549  552 39.0896  406 11.5179  305 
.1529 2  33  78  41 3  574  558  889 39.1024  296 11.5204  425 
1530 2  34  09  00 3  581  577  000 39.1152  144 11.5229  535 
1531 2  34  39  61 3  588  604  291 39.1279  951 11.5254  634 
1532 2  34  70  24 3  595  C40  768 39.1407  716 11.5279  722 
1533 2  35  00  89 3  602  686  437 39.1535  439 11.5304  799 
1534 2  35  31  56 3  609  741  304 39.1663  12 11.5329  865 
1535 2  35  62  25 3  616  805  375 39.1790  76 11.5354  92 
1536 2  35  92  96 3  623  878  656 39.1918  359 11.5379  965 
1537 2  36  23  69 3  630  961  153 39.2045  915 11.5404  998 
1538 2  36  54  44 3  638  052  872 39.2173  431 11.5430  021 
1539 2  36  85  21 3  645  153  819 39.2300  905 11.5455  033 
1540 2  37  16  00 3  652  264  000 39.2428  337 11.5480  034 
1541 2  37  46  81 3  659  383  421 39.2555  728 11.5505  025 
1542 2  37  77.64 3  666  512  088 39.2683  078 11.5530  004 
1543 2  38  08  49 3  673  650  007 39.2810  387 11.5554  973 
3544 2  38  39  36 3  680  797  184 39.2937  654 11.5579  931 
1545 2  38  70  25 3  687  953  625 39,3064  88 11.5604  878 
1546 2  39  01  16 3  695  119  336 39.3192  065 11.5629  815 
1547 2  39  32  09 3  702  294  323 89.3319  208 11.5654  74 
1548 2  39  63  04 3  709  478  592 39.3446  311 11.5679  655 
1549 2  39  94  01 3  716  672  149 39.3573  373 11.5704  559 
1550 2  40  25  00 3  723  875  000 39.3700  394 11.5729  453 
1551 2  40  56  01 3  731  087  151 89.3827  373 11.5754  336 
1552 2  40  87  04 3  738  308  608 39.3954  312 11.5779  208 
1553 2  41  18  09 3  745  539  377 39.4081  21 11.5804  069 
1554 2  41  49  16 3  752  779  464 39.4208  067 11.5828  919 
1555 2  41  80  25 3  760  028  875 39.4334  883 11.5853  759 
1556 2  42  11  36 3  767  287  616 39.4461  658 11.5878  588 
1557 2  42  42  49 3  774  555  693 89.4588  393 11.5903  407 
1558 2  42  73  64 3  781  833  112 39.4715  087 11.5928  215 
1559 2  43  04  81 3  789  119  879 39.4841  74 11.5953  013 
1560 2  43  36  00 3  796  416  000 39.4968  353 11.5977  799 
1561 2  43  67  21 3  803  721  481 39.5094  925 11.6002  576 
1562 2  43  98  44 3  811036  328 39.5221  457 11.6027  842 1563 2  44  29  69 3  818  360  547 39.5347  948 11.6052  097 
1564 2  44  60  96 3  825  641  144 39.5474  399 11.6076  841 
1565 2  44  92  25 3  833  037  125 39.5600  809 11.6101  575 
3566 2  45  23  56 3  840  389  496 39.5727  179 11.6126  299 
15G7 2  45  54  89 3  847  751  263 39.5853  508 11.6151  012 



238  SQUARES,  CUBES,  AND  ROOTS. 

Table— (Continued). 
Number. Square.  | Cube. Square  Root. Cube  Root. 
1568 2  45  86  24 3  855  123  432 39.5979  797 11.6175  715 
1569 2  46  17  61 3  862  503  009 39.6106  046 11.6200  407 
1570 2  46  49  00 3  869  883  000 39.6232  255 11.6225  088 
1571 2  46  80  41 3  877  292  411 39.6358  424 11.0249  759 
1572 2  47  11  84 3  884  701  248 39.6484  552 11.6274  42 
1573 2  47  43  29 3  892  119  517 39.6610  64 11.6299  07 
1574 2  47  74  76 3  899  547  224 39.6736  688 11.6323  71 
1575 2  48  06  25 3  906  984  375 39.6862  696 11.6348  339 
1576 2  48  37  76 3  914  430  976 39.6988  665 11.6372  957 
1577 2  48  69  29 3  921  887  033 39.7114  593 11.6397  566 
1578 2  49  00  84 3  929  352  552 39.7240  481 11.6422  164 
1579 2  49  32  41 3  936  827  539 39.7366  329 11.6416  751 
1580 2  49  64  00 3  944  312  000 39.7492  138 11.6471  329 
1581 2  49  95  61 3  951  805  941 39.7617  907 11.6495  895 
1582 2  50  27  24 3  959  309  368 39.7743  636 11.6520  452 
1583 2  50  58  89 3  966  822  287 39.7869  325 11.6544  998 
1584 2  50  90  56 3  974  344  704 39.7994  975 11.6569  534 
1585 2  51  22  25 3  981  876  625 39.8120  585 11.6594  059 
1586 2  51  53  96 3  989  418  056 39.8241  155 11.6618  574 
1587 2  51  85  69 3  996  969  003 39.8376  686 11.6643  079 
1588 2  52  17  44 4  004  529  472 39.8497  177 11.6667  574 
1589 2  52  49  21 4  012  099  469 39.8622  628 11.6692  058 
1590 2  52  81  00 4  019  679  000 39.8748  04 11.6716  532 
1591 2  53  12  81 4  027  268  071 39.8873  413 11.6740  996 
1592 2  53  44  64 4  034  866  688 39.8998  747 11.6765  449 1-593 2  53  76  49 4  042  474  857 39.9124  041 11.6789  892 
1594 2  54  08  36 4  050  092  584 39.9249  295 11.6814  325 
1595 2  54  40  25 4  057  719  875 39.9374  511 11.6838  748 
1596 2  54  72  16 4  065  356  736 39.9499  687 11.6863  161 
1597 2  55  04  09 4  073  003  173 39.9624  824 11.6887  563 
1598 2  55  36  04 4  080  659  192 39.9749  922. 11.6911  955 
1599 2  55  68  01 4  088  324  799 39.9874  98 11.6936  337 
1600 2  56  00  00 4  096  000  000 40. 11.6960  709 

The  uscs^of  the  preceding  table  may  greatly  extended  by  aid 
of  the  following  Rules : 

To  Ascertain  tlie  Square  or  Cn"be  of  a  higher  INTxiiriher than  is  contained  in  the  Tahle. 

When  the  Number  is  divisible  bij  a  Number  without  leaving  a  Remainder. 
Rule.— Tf  the  number  exceed  by  2,  3,  or  any  other  number  of  times,  any  number 

contained  in  the  table,  multiply  the  square  or  cube  of  that  number  in  the  table  by 
the  square  of  2,  3,  etc.,  and  the  product  will  give  the  result. 

Example. —Required  the  square  of  1701 
1700  is  10  times  170,  and  the  square  of  170  is  2  SD  00. 

Then  28300x102  =  2890000. 
Ex.  2.— What  is  the  cube  of  2400? 

2400  is  2  times  1200,  and  the  cube  of  1200  is  1728  000  000. 
Then  1 728  000  003x23=3 13  S24000  000. 

When  the  Number  is  an  Odd  Number. 
Rule. — Take  the  two  numbers  nearest  to  each  other,  which,  added  together,  make 

that  sum ;  then  from  the  sum  of  the  squares  or  cubes  of  these  two  numbers,  as  per 
table,  multiplied  by  2,  subtract  1,  and  the  remainder  will  give  the  lvsult. 
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EXAMPLE — What  is  the  square  of  1745  ? 

The  nearest  two  numbers  are  1  Sf  (  == 1745* 
Then,  per  table,  \Zf  =  l6.  21  29 »(  872*=  T6  03  84 

152  2513X2  =  304502G  —  1  =  3  04  50  25. 

T°  C°^PJill  Scares  or  Cxxbes  ofNumbers  Ibllowin- each,  other  in  Arithmetical  Progression  -to 

the^VTomthe  in  £  usual  way,  and  subtract 

Example.— W  hat  are  the  squares  of  1001,  1002,  and  1003  ? 10002  =  100  00  00 
9992  —   99  SO  01 1999 

Add  10032  — ico  00  00 Add   2 

Difference,        +  1  j^gfi  ̂   of  10*1. 

M  2003+2  ̂ gg  °f  1002- 100G0U9  Square  of  1003. 

^Ai5t-SW2  ta&fE.fe  hZ&  aD,d  5W «%•  «W  «N»  the 

Si* addi"0D 

Example.— What  are  the  cubes  of  1001,  1002,  and  1C03  ? First  Series. 
Cube  of  1000  — 100iA000000  0       ,  „  . 
Cube  of  999=  997002999  „  Second  Series. 

>007nni  n.  -         V;llbe  of  1000  =  iooooooooo 
999x0  +  6=     M^Werence.    Z>tf:  for  1000,  3003001 

0000      +0=  of  1000.2)^  for  1001, 

mm  Biff,  of  1001.  Biff  for  1002,     1°1gSSS==  Cuhe °fl002- 60C6      +0=  6012 
3015019  Z)?y.  of  1002. 

1009027027=  Qube  of  1003, 

To  Compete  tfce  Square  or  Cjube  Root  of  a  Higher b«r  than  is  contained  in  the  Table 

E"  ? iSt  Z  diViM  hj  4      8  With0Ut  ka™9  «  Remainder. 
q«fe£tt£  o^t  o? Th^tienT  iVStoT^'  1^  *™  "  C"be  ™fc  « 
will  give  the  root  required  ",e  tabk>'  nuiltlP^  U  ̂   2>  "n(i  the  product 
Example.    What  are  the  square  and  cube  roots  of  3200  9 
T,  32':0-f-4=800,  and  3200-=- 8  =  400. 

The  cube  root  for  400,  p2r  table,  U  7.3GS0G3,  which,  being  X2  =  14.73  Gl  20,  the  root. 
Whence  Root  (which  is  taken  as  the  Number)  does  not  exceed  I G00 

J^sTKATIo,.-The  square  root  of  G400  is  80,  and  the  cube  root  of  512000  is  SO. 
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When  a  Number  has  Three  or  more  Ciphers  at  its  right  hand. 

Ettte  -Point  off  the  number  into  periods  of  two  or  three  figures  each,  according 
»<«  the  soTiare  or cube  root  is  required,  until  the  remaining  figures  come  withm  the 
Hmits of tfie  table 7 then  take  the  root  for  these  figures,  and  remove  the  decimal 
point  one  figure  for  every  period  pointed  off. 
Example.— What  are  the  square  or  cube  roots  of  1500000  ? 

1500000  =  150,  the  remaining  figure,  the  square  root  of  which  =  12. 24745 ;  hence 1224. T45,  the  square  root.  ^AA~*A  T 
1500000  =  1500,  the  remaining  figures,  the  cube  root  of  which  =  11.44*14;  hence 114.4T14,  the  cube  root. 

To  Ascertain  tlie  Cxx^e  Hoot  ofany  Nuxnteer  over  1600. 

T?ttt  f    Find  bv  the  table  the  nearest  cube  to  the  number  given,  and  call  it  the  as- 

*T,S,™l"f  .I,.—....  .h...moIih.8«.  .—.,,»..« root  of  the  assumed  cube  to  the  root  of  the  given  number. 
Example.— What  is  the  cube  root  of  224  809  ? 
Bv  table,  the  nearest  cube  is  216  000,  and  its  root  is  60. y        '  216  000  X  2 +  224809=  656  S09, 

And  224  S09  X  2  +  2 1 6  000  =  665  618. 
Then  656  S09  :  665018  :  :  60  :  60.804+,  the  root. 

root  to  seven.  m       ,        .  fo,, 

Example. — What  is  the  square  root  of  53.75,  and  the  cube  root  of  84S
U5? 

y    54  —  7.3484 
V     53  = '{/S43      ==  9.4466 .0037 

 .75 

.002775 3/843     ==  9.4466 

$/843.75  =  9.449375 

.051225 53  =  7.2801 
^/53.75  =  7.331325 

When  the  Square  Root  is  required  for  Numbers  not  exceedin
g  the  Roots 

given  in  the  Table. 
The  Numbers  in  the  table  are  the  squares  and  cubes  of  the  roots 

IiLiTSTEATiON.-The  square  of  27.313  is  746,  and  the  cube  of  11.01925  is  1
338, 

mmmmmm
 

result  is  the  root  required. 
Example.— What  are  the  square  roots  of  .15, 1.50,  and  15.00  ? 
In  the  table  15  has  for  its  root  3.87298 ;  hence  .387298  =  ̂ ^fJ\°^or  ̂  
150  has  for  its  root  12.24745;  hence  1.224745  =  the  square  root  for  1.51 
1500  has  foi  L  root  88.7298 ;  hence  3.81298  =  **  square  root  for  15. 
Ex  2  —What  are  the  cube  roots  of  .15,  1.50,  and  15.00? 

Add  a  cipher  to  each,  to  give  the  numbers  three  places  of  figures. 
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°f  3  has 

To  Ascertain  the  Square  or  Cube  Hoots  of  Decimals  alone. 
1i™n*o7£0int  f?  the  Dumbei\from  the  decimal  point  into  periods  of  two  or  three figuie*  each  as  the  square  or  cube  root  is  required.    Ascertain  from  the  table  or  hv 
fni';  at,10Vile  r°0t  °f  the  J?umber  ̂ spending  to  the  dec  in  al  g™n the  "me  be Lf?  f°H  7  "an0V,ng  th-e  dedmal  P°int  oue  Pla<*  ̂   the  left  for  every  period  of  2 

t^&flSISg  13  "W  ̂        PlaCG  fOT  ̂   **i  o/o^ts  if2 Example — What  are  the  square  and  cube  roots  of  .S10,  .031,  and  0081  ? ■  S10,  when  pointed  off  =  .SI,     and  V  =  0.      which  becomes  9  • 
•031'      U        u       "=.081,    "   V=2.SiG     "         "  2S46- 
•°°Sl»    "       "      "  =  .0031,  «  ̂   =  9.         «        u      >09>  ' 

.810,  when  pointed  off  =  .810,  and  V  ~  9.3217,  which  becomes  93217  • 

.oosi,         "     w  -  .oosi,  "  p±z  j.oojr,    "      u  >200S39 
To  Compute  tlie  4th  Root  of  a  Number. 

Rule. —Take  the  square  root  of  its  square  root. Example. — What  is  the     root  of  1G00? 
V1600  =  40,  and  v^O  =  G.3  245  553. 

To  Compute  tlie  Gtli  Root  of  a  Number. Rule. — Take  the  cube  root  of  its  square  root. Example  —What  is  the  V  of  441? 
V441  =  21,  and  ̂ 21  =  2.75S9243. 

To  Extract  the  Root  of  any  Given  Number  of  any  Rower 
w£Sfc£2^&Z  qT^tliZ  ~i root;      t0  the 
less  power  to  that  given  ;  dMde  ?hj  sum  by  ̂ 6^^^"^  by  the  neXfc 
which  repeat  the  operation  if  necessary.  g        powei  for  a  new  root>  with 
Example.— Ascertain  the  cube  root  of  04 

'^Stat^T  °f  al0Ve  qU°Umt'  an"  the  assumal  ™ot  implied  by  the 
1  *n?Z  *  w q'l"Uet  °f  the  aivm pomr  = the  ***  "Wired, 
tc  T.    Z         6  C"be  r— '  21C-   *aenme  the  root  to  be  4 

tm£&*  «bo67„;=c4i°54'  and  4-2051  +  ̂ ^2  =  1S.538S,  which  +  3  = 

•fc'ja=^  -  *«»  +  =  18.0155,  which  *  3  = 
Finaliy,  21C  + 6.0052,=  5.99,  and  5.99  +  =  IS,  whic.^3  =  0,  ̂  ̂  I.x.  3.— Ascertain  the  fifth  root  of  G43G314  o,t/ie>oot 
Assume  20,  the  fourth  power  of  which  =  160000 

«S?JESft£  £J£  =  40-224'  aQd  4°-227  +  ̂ 5  =  120.2ST,  which  *  5  = Assume  24,  the  fourth  power  of  which  =  33177G 

Then  0430843  -  279841  =  23,  the  root. X 
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Taole  of  tjie  4th  and  5th  Powers  of  Numb
ers. 

6 
7 
8 
9 

10 11 
12 13 
14 
15 
16 17 
18 
19 
20 21 
22 23 
21 25 26 27 
28 
29 
30 
31 32 33 
34 
35 
36 37 38 
39 
40 
41 
42 43 
44 
45 46 
47 
48 
41 50 
51 
52 
53 
54 
55 56 57 
5S 59 
CO 61 
62 
63 64 

1 
16 81 

256 
625 1 296 

2401 
4096 
6561 

10000 14641 
20736 
28561 
3S416 
50625 
65536 
83521 

104976 
130321 160000 
1944S1 
234256 
279841 
331776 
390 625 
45^976 
531441 
614656 
707 2S1 
810000 
923521 

1048576 
1185921 
1336336 
1500625 
1679616 
1874161 20S5136 
2313441 
2560000 
2825761 
3111696 
341S801 
3748096 
4100625 
4477456 
4879  631 
5308416 
5764801 
0250000 
6705201 
7311016 
7  8  :04S1 8503056 
9150625 
9S34496 
10556001 
11316496 
12117  301 
1290001)0 
13  815841 
14776336 
15752961 
10777216 

1 

32 243 1024 
3125 
7776 

16807 
32768 
59049 

100000 161051 
248832 
371293 
537  824 
75:>375 

1048576 
1419857 1889  568 
2476099 
3200000 40S4101 
5153032 
6436343 
7902624 
9 7 05 025 

11  SSI  376 
14348907 
17210363 
20511149 
24300000 
28629151 
33554432 
39135393 
45435424 
52521875 
60466176 
69343957 
79235168 
90224199 
102400000 
115856201 130691232 
147008443 
164910224 
184528125 205962976 
£29345007 
254 803 908 
232475249 
312500000 
345025251 
3S0204032 
4 IS 195 493 
4591C5024 5032S4375 
550731776 
001092057 
056356763 
714924299 
777600000 844590301 
9ioi32s:;2 
992  4:;0543 

1073741824 

05 
06 67 
63 
69 
70 71 
72 

73 74 

75 
76 
77 

78 79 
80 81 

32 83 
84 
85 
86 87 83 

89 
90 
91 
92 
93 
94 

95 96 
97 £8 
99 100 101 

102 
103 
104  . 

105 106 107 
108 
109 
110 111 
112 
113 
114 115 
116 
117 118 

119 
120 
121 
122 
123 
124 125 
126 m 
128 

4th  Power. 5th  Power. 
17S50625 IS  974736 
20151121 
21381376 22667121 
24010000 
25411681 
26873856 
28:93241 
299S6576 
31640625 
33362176 
35153041 
37  015  056 
3S9500S1 
40960000 
43046721 45212 176 
4745S321 49787136 
52200025 
54708016 
572S9  761 
59969536 
02742241 
65610000 63574961 
71639296 
74805201 
78074896 
SI  450  625 84034650 
8S  529  281 
92236816 96  050 601 
100000000 
104060401 
108243216 
112550881 
116985856 
121550625 
126247696 
131070  601 
136048896 
141158161 
146410000 
151807041 
157351936 
163047361 16SS96016 
174900625 
181063936 
18738S721 193877776 
200533921 207360000 
21435SSS1 
221533456 
228336641 
236421376 
244140625 252047376 
260144(541 
268435456 

11 6: 1-90  625 
1252332576 
1350125107 
1453933508 
1504031 349 
1GS0700000 
1804229351 
1934917032 
2073071593 
2219  000624 2373040S75 
2535525376 
2706784157 
2SS71743C8 
3077056399 
3276800000 
3480784401 
3  707  398432 
3930040643 
4182119424 
4437053125 
4704270176 
4984209  20T 
527731910S 
55S4059  449 
5904900000 0240321451 
0590815232 C95GSS3093 
7339040224 
7  737  809  375 8153726976 
8587340257 90392079G8 
9509900499 
10000000000 
10510100501 
11 040  80S 032 11592740743 
12  106  529  024 
12762  815025 
13382255770 
14025517307 
14093280703 
15380239549 
10105100000 
10 850581 551 
17623416832 
18424351793 
19254145S24 201135S1S75 
21003416576 
21924480357 
22S7757756S 
238G3536599 
24 S83 200000 
25037424001 27027081632 
28153050843 
29316250624 
30517578125 
31757069376 
33  038369407 
3435J73836S 
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Ta"ble— {Continued). 
Number. 4th  Powdr. 5 th  Power. Number. 

IS9 276  922  SSI 35723051649 140 
130 2S5610000 37129300000 141 

'.94499  921 38  579  489  651 142 
132 303535776 40074642432 143 
lc3 312900721 41615795  893  ! 144 
134 322417936 43  204003424  \ 145 135 3321596^5 44  S40  334375 146 136 343102016 46525874176 147 137 352275361 48261724457 14S 
138 362073936 50049003168 

149 139 373301641 51SSSS44699  J 150 

4th  Power. 
3S4160000 
395254161 
4065S6S96 
41S161601 
429981696 
442050025 
454371856 
46694SSS1 
479785216 4928S4401 
506  250  0.0 

5th  Power. 
53  7S2400o00 55730836701 
57735339232 
59  797108943 
61917  304224 
64097840625 
60 33S 290970 
08041485507 
71;0O8211  90S 
73  439  775749 75937500000 

To  Ascertain  tlie  -4rth  P*ower  of  a,  nSfviniber  greater  than  is contained,  in  tlie  Talkie. 
_  Rule — Ascertain  the  square  of  the  number  by  the  preceding  table  or  by  calcula- tion, and  square  it ;  the  product  is  the  power  required. 
Example.- — What  is  the  4th  power  of  15  ? 

152  =  225,  and  2252  =  50  025. 
To  Ascertain  tlie  5th  Power  of  a  jNTninher  greater  than  is contained  in  tlie  Talkie. 
Rule.— Ascertain  the  cube  of  the  number  by  the  preceding  table  or  by  calcula- tion, and  multiply  it  by  its  square;  the  product  is  the  power  required. 
Example.— What  is  the  5th  power  of  15? 

153  =  3375,  which  X  152(225)  =759  375. 
To  Ascertain  the  4th  and  5tli  Powers  by  another  IVtethod. 

Rule  —Reduce  the  number  by  2  until  it  is  one  contained  within  the  table.  Take 
the  power  which  is  required  of  that  number,  and  multiply  it  by  10,  102,  and  1G3  re- 

spectively for  each  division  by  2  for  the  4th  power,  and  by  32,  322,  3-3  respectively fur  each  division  by  2  fur  the  5th  power. 
Example.— What  are  the  4th  and  5th  powers  of  600  ? 

600  -h  2  =  300,  and  300  -f-  2  =  150. 
Tho  4th  power  of  159,  per  table,  =  506  250  000,  which  X  162(250),  the  multiplier for  a  second  division  =  129  600  000  000,  the  Uh  power. 
Again,  the  5th  power  of  150  =  75  937  501 000,  which  X 322(  1C24)  =  77  760  000  000  000, 

the  b'.h  power. 
To  Compxvte  the  Gth  Power  of  a  Number. 

Rule. — Square  its  cube. 
Example.— What  is  tlie  0th  power  of  2? 

(23)2  —  82,  and  82  =  04. 
To  Ascertain  the  4th  or  oth  Hoot  of  a  Number. 

Rule. — Find  in  the  column  of  4th  and  5th  powers  the  number  given,  and  the number  from  which  that  power  is  derived  will  be  tlie  root  required. 
Example.—  What  i.s  the  5th  root  of  3200009? 
3200000  in  the  table  is  the  5th  power  of  20  ;  hence  20  is  the  root  required. 

reciprocals. 
The  Reciprocal  of  a  number  is  the  quotient  arising  from  dividing  1  by  the  num  - 

ber ;  thus  the  reciprocal  of  2.  is  14-2  =  .5. 
The  product  of  a  number  and  its  reciprocal  is  always  equal  to  i.  ;  thus,  2x.5=  1. 
The  reciprocal  of  a  vulgar  fraction  is  the  denominator  divided  by  the  numerator; 

thu*  ?  =  .5. 
'  1 
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MENSURATION  OF  AREAS,  LINES,  AND  SURFACES. 
PARALLELOGRAMS. 

Definition— Quadrilaterals,  having  their  opposite  sides  parallel. 

To  Compute  the  Area  of  a  Square,  a  Rectangle,  a 
Rhombus,  or  a  RnoixL^oid-IFigs.  1,  2,  3,  and  4. 

Rule.— Multiply  the  length  by  the  breadth  or  height. 
Or,  Ixb  =  area,  I  representing  the  length,  and  b  the  breadth. 

Fig.  t Fig.  3. 

Fig.  2. 

b  b 
Example  The  sides  ab,b  c,  Fig.  1,  are  5  feet  6  ins. ;  what  is  the  area? 

5.5x5.5  =  30.25  square  feet. 
Note.— The  side  of  a  square  is  equal  to  the  square  root  of  its  area. 
2.  The  opposite  angles  of  a  Rhombus  and  a  Rhomboid  are  equal. 

GNOMON. 

Definition.  The  space  included  between  the  lines  forming  two  similar  parallel- 
ogram^ of  which  the  smaller  is  inscribed  within  the  larger,  so  that  one  angle  in  each is  common  to  both. 

To  Compute  tlie  Area  of  a  Gnomon. 
Rule. — Ascertain  the  areas  of  the  two  parallelograms,  and  subtract 

the  less  from  the  greater  ;  the  difference  will  give  the  area. 
Or,  a  —  a'=  area,  a  and  a'  representing  the  areas. 

/  Example.— The  sides  of  a  gnomon  are  10  by  10  and  6  by  6  ins.  ;  what  is  its  area  ? 
10x10  =  1030,  and  6x6  =  36.    Then  100  —  36  =  64  square  ins. 

TRIANGLES. 
Definition  Plain  superficies  having  three  sides  and  angles. 

To  Compute  the  Area  of  a  Triangle— Frigs.  5,  6,  and  7. 
Rule. — Multiply  the  base  by  the  height,  and  divide  the  product  by  2. 

Or,  ahXcd.    Or,         =  area,  b  representing  the  base,  and  h  the  height. 2  2 
Note.— The  Ilypothenusc  of  a  right  angle  is  the  side  opposite  to  the  right  angle. 
2.  The  perpendicular  height  of  a  triangle  =  twice  its  area  divided  by  its  base. 

Fig.  5.  Fig.  6.  .  Fig.  7. c 
Example.  —  The  base  a  &, 

Fig.  5,  is  4  feet,  and  the  height 
c  b,  6 ;  what  is  the  area  ? 
4X6=  24,  and  24  -5-  2  =  12 

square  feet. b  a b  a 
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To  Compute  the  Area  of  a  Triangle  hy  the  Length of  its  Sides— Figs.  6  and.  7. 

Rule. — From  half  the  sum  of  the  three  sides  subtract  each  side  sep- arately ;  then  multiply  the  half  sum  and  the  three  remainders  contin- 
ually together,  and  take  the  square  root  of  the  product. 

Or,  V«  (*  —  «)  X  (*  —  />)  X  (s  —  c)  =  area,  a,  &,  c  representing  the  sides,  and  s  half the  sum  of  the  three  sides.  ' 

When  all  the  Sides  are  Equal 

Rule.— Square  the  length  of  a  side,  and  multiply  the  product  by .433. 
Or,  S2x.433  =  area,  S  representing  length  of  a  side. 

*     Example.— The  sides  of  a  triangle  are  30,  40,  and  50  feet ;  what  is  the  area  ? 
30  -f  40  +  50     120     nn      %    m  6")  —  30—30)  a  =  ~T  —  G°i  or  half  sum  of  the  sides.      60  —  40  =  20  V  remainders Z  60  —  50  =  10) 
Whence  30x20x10x60  =  360000,  and  ̂ 300000  =  600  square  feet. 

To  Compute  the  Length,  of  one  Side  of  a  Right-an- 
gled Triangle,  the  Length  of  the  other  two"  Sides being  given— Fig.  £>. 

When  the  two  Legs  are  (jiven,  to  Ascertain  the  Hypothenuse. 
Rule.— Add  together  the  squares  of  the  two  legs,  and  take  the square  root  of  their  sum. 

Or,  i/q  6*  +  6t2  =  hypothenuse.    Or,  ̂b'<*  +  It*. 
ExampTjE.  —  The  base  at  is  30  ins.,  and  the  height  be  40;  what  is  the  length  of the  hypothenuse?  ° 

302  _|_  402  =  2500,  and  ̂ 2500  =  50  ins. 

To  Ascertain  the  other  Leg,  When  the  Hypothe- nuse and  one  of  the  Legs  are  given— T^ig.  G. 
Rum;.— Subtract  the  square  of  the  given  leg  from  the  square  of  the hypothenuse,  and  take  the  square  root  of  the  remainder. 

ln  iSitT,n^~The  °f  a  tria"Sl6  18  30  feGt'  and  the  h>'Pothenuse  50  ;  what  is  the 
5, 2 -30*  =  25 30 -f00,  anfl  9500-900=1600.    Then  ̂ 1600=40  feet. 

rlV>  Compute  the  Length  of  a  Side,  When  the  Hy- pothenuse of  a  Right-angled  Triangle  of  equal Sides  alone  is  given— Figs.  8  and  9. 
Rule. — Divide  the  hypothenuse  by  1.414213. „  hijp. 

1  1.414213  =  the  lenSth  of  a  side. 

I«^h^Ti^?h3rP0thenU8e  °f  a  riSht-anSled  trianSle  i  300  feet;  what  is  the 
3G0  i  1.414213  =  212.1321  feet 

X* 



246  MENSURATION  OF  AliEAS,  LINES,  AND  SURFACES. 

To  Compute  the  Perpendicular  or  Height  of  a  Tri- 
angle, W lie ix  tlie  Base  and.  Area  alone  are  given. 

Rule.— Divide  twice  the  area  by  its  base.    Or,  2%-f,b^h. 
Example.— The  area  of  a  triangle  is  10  feet,  and  the  length  of  its  base  5;  what  is 

its  perpendicular?  and  20-5  =  4  feet. 

To  Compute  tlie  Perpendicular  or  Height  of  a 

Triangle,  "When  the  two  Sides  and  the  Base  are 
given. 
Rule.— As  the  base  is  to  the  sum  of  the  sides,  so  is  the  difference 

of  the  sides  to  the  difference  of  the  divisions  of  the  base.  Half  this 
difference  being  added  to  or  subtracted  from  half  the  base  will  give 
the  two  divisions  thereof.  Hence,  as  the  sides  and  their  opposite  di- 

vision of  the  base  constitute  a  right-angled  triangle,  the  perpendicular 
thereof  is  readily  ascertained  by  preceding  rules. 

0r  bc  +  eaXhcQ0™  =  bd*>da. 1  ba 

act  +  aW-bc*^        whence  Jac*-ad*z=dc. 1         2  a  b 
■p.    8  Example.— The  three  sides  of  a  triangle,  abc,  Fig.  8, 

fo*  '  are  0.928,  8,  and  5  feet ;  what  is  the  length  of  the  perpen- dicular on  the  longest  side  ? 
As  0.02S  :  8  +  5: : 8  co  5 :  3.928,  the  difference  of  the  divi- sions of  the  base.  ^  ̂ 

Then  3.928 2  =  1.9G4,  which,  added  to  r^pr  =  4. C64  -\- 
3  G.92S,  the  length  of  the  longest  division  of  the 

$  base 
Hence  we  have  a  right-angled  triangle  with  its  base 6.92S. .and  taj^M*  *i 

consequently,  its  remaining  side  or  perpendicular  is  V(82-6.92S2)  _4/c<?t. 

When  any  two  of  the  Dimensions  of  a  Triangle  and  one  of  the  correspond- 

ing Dimensions  of  a  similar  Figure  are  given,  and  it  is  required  to  as- 
certain the  other 'corresponding  Dimensions  of  the  last  figure. 

Fig.  9.      ̂   Fig.  10.      ̂   ̂  ̂  -  ̂   v  ̂  be  Wo  g. m.lar  tr ianglefS  Figs.  9  and  io. 
Then  a  b  :  b  c  : :  a'  V :  V  c\  or  G  b'  :b'  c' ::  ab  :b  c. 
TS[ote.—  The  same  proportion  holds  with  respect  to  the 

similar  *  lineal  parts  of  any  other  similar  figures,  whether plane  or  solid. 

"  Example  -The  shadow  of  a  vertical  cone  4  feet  in  length  was  5  fe*t ;  at  the  same tim^he  shadow  of  a  tree  on  level  ground  was  S3  feet ;  what  was  the  height  of  the  tree? 5  a'  b' :  4  b'  c':  :83  a  b  :  66.2-5  b  cfcet. 
TRAPEZIUM. 

Definition.— Quadrilaterals  having  unequal  sides. 

To  Compute  the  Area  of  a  Trapezium-Fig.  11. 

Rule  —Multiply  the  diagonal  by  the  sum  of  the  two  perpendiculars 

falling  upon  it  from  the  opposite  angles,  and  divide  the  product  by  A d  b  X  a  -f  c Or,  — I- =  area. 
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Fig.  11. 

Example.— The  dingonal  d  &,  Fig.  11,  is  125  feet,  and  the  per< b  pendiculars  a  and  c  50  and  37  feet ;  what  is  the  area  ? 
125x5l>  +  3T=  10ST5,  and  10S75-=-  2  ==  543T.5  square  feet. 

When  the  two  opposite  Angles  are  Supplements  to  each  other,  that  is, 
when  a  Trapezium  can  be  inscribed  in  a  Circle,  the  Sum  of  its  oppo- 

site Angles  being  equal  to  two  Rigid  Angles,  or  180°. 
Rule. — From  half  the  sum  of  the  four  sides  subtract  each  side  sev- 

erally; then  multiply  the  four  remainders  continually  together,  and 
take  the  square  root  of  the  product. 
Example.— In  a  trapezium  the  sides  are  15,  13,  14,  and  12  feet;  its  opposite  an- 

gles being  supplements  to  each  other,  required  its  area. 

27 
15 

54 
15+13  +  14  +  12  =  54,  and  -  =27 

27  27 
14  12 

12  X  14x13  X 15  =  327G0,  and  ̂ 32760  =  1S0.C97  square  feet. 
TRAPEZOID. 

Definition. — A  Quadrilateral  with  only  one  pair  of  opposite  sides  parallel. 

To  Compute  trie  Area  of  a  Trapezoid— Fig.  13. 

Rule. — Multiply  the  sum  of  the  parallel  sides  by  the  perpendicular 
distance  between  them,  and  divide  the  product. 

Or, ab-\-dcXah 
Or, 

s+.s'X/i —  area,  s  and  s'  representing  the  sides. 
Fig.  12. 

Ex.vMrr.E. — The  parallel  sides  a?;,  cd,  Fig.  12,  are  103  and  132 feet,  and  the  distance  between  them  02.5  feet;  what  is  the  area? 
100  +  132x02.5  =  14500,  and  145G0  +  2  =  7250  square  feet. 

POLYGONS. 
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  theArea  of  a  Regular  IPolygon-Fig.  la. 
Re l e .  Multiply  the  length  of  a  side  by  the  perpendicular  distance to  the  centre;  multiply  the  product  bv  the  number  of  sides,  and  di- vide it  by  2. abxee^n Or, 

Fig.  13. 
-  area,  n  representing  the  number  of  sides. 

Example.    What  is  the  area  of  a  pentagon,  the  side  a  &,  Fig-  13 being  5  feet,  and  the  distance  c  e  4^  feet? 
S    5X4KX5  (n)  =         -  product  of  length  of  a  side,  the  distance  to the  centre,  and  the  number  of  sides. 

Then  10GX  T$  =  53-125 
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To  Compute  tlie  Area  of  a  Regular  Polygon,  When 
th.e  Length,  of  a  Side  only  is  given. 

Rule.  Multiply  the  square  of  the  side  by  the  multiplier  opposite 
to  the  name  of  the  polygon  in  the  following  table  : 

No.  of Sides. Name  of  Polygon. 

3 Trigon 4 Tetragon 5 Pentagon 6 Hexagon 7 Heptagon 8 Octagon 9 Nonagon to Decagon U Undccagon 
12 Dodecagon 

Area. 
A.        |        B.       j  C 

Radius  of    '                     1   Radius  of Circumscribed  Length  of  the  Circumscrib- 
Circle.       j        Side        |  ing  Circle. 

T). 

Radius  of 
lusc  rl  lied 
Circle. 

.433013 

2. 

1.T32 .5773 

.'-SS7 

1. 1.414 1.4142 
.7071 

.5 

1.T2047T 1.238 1.1756 .8500 .03S2 
2.59S076 1.156 

1. 
I! .800 3.033912 1.11 .SG77 1.1524 1.0383 

4.82842T 1.083 .7053 1.3000 1.2071 
C.181S24 1.004 .0S4 1.4019 1.3737 
T.  094200 1.051 .018 1.018 1.53S8 
9.36504 1.042 .5034 1.7747 1.7028 

11.190152 1.03T .5170 1.9319 1.SG0 

Example.-  What  is  the  area  of  a  square  when  the  length  of  its  sides  is  7.071067S inches  ?  „  . 
7.0710G7S2  — 50,  and  50x1.  =50  ins. 

To  Compute  the  Radius  of  a  Circle  that  contains 
a  Given  Polygon,  When  the  Length  of  a  Perpen- 

dicular from  the  Centre  alone  is  given. 

Rule.— Multiply  the  distance  from  the  centre  to  a  side  of  the  poly- 
gon by  the  unit  in  column  A. 

Example.  What  is  the  radius  of  a  circle  that  contains  a  hexagon,  the  distance  to 
the  centre  being  4.33  inches? 

433x1.156  =  5  ins. 

To  Compute  the  Length  of  a  Side  of  a  Polygon  that 
is  contained  in  a  Given  Circle,  When  the  Radius 
of  the  Circle  is  given. 

Rule.— Multiply  the  radius  of  the  circle  by  the  unit  in  column  B. 
Example.— What  is  the  length  of  the  side  of  a  pentagon  contained  in  a  circle  S.5 feet  in  diameter  ? 

S.5  J- 2  =  4.25  radius,  and  4.C5xl.l<56.=  5/e<tf. 

To  Compute  the  Radius  of  a  Circumscribing  Cir- 
cle?  When  the  Length  of  a  Side  is  given. 

Rule e  — Multiply  the  length  of  a  side  of  the  polygon  by  the  unit  in* column  C. 
Example.— What  is  the  radius  of  a  circle  that  will  contain  a  hexagon,  a  side  being 3  inches? 

5X1  =  5  ins. 

To  Compute  the  Radius  ofaCircle  that  can  "be  In- scribed in  a  Given  Polygon,  When  the  Length  of 
a  Side  is  given. 

Rule.  — Multiply  the  length  of  a  side  of  the  polygon  by  the  unit  in column  D. 
Example! — What  is  the  radius  of  the  circle  that  is  bounded  by  a  hexagon,  its  sides being  5  inches?  ... 

5X.806  =  4.33 -ms. 
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KeguLlar  Polygon,^  hen  the  Area  alone  is  given. 
R^B.— Multiply  the  square  root  of  the  area  of  the  polygon  by  the multiplier  in  co  umn  E  of  the  following  table  for  the  length  of  the side  ;  by  the  multiplier  in  column  G  for  the  radius  of  the  cii^mscrib! ing  circle;  and  by  the  multiplier  in  column  H  for  the  radius  of  the inscribed  circle  or  perpendicular. 

No.  of Sides 
Name  of 
Polygon. Length  of the  Side 

10 
11 
12 
Exa 

Bide? 

Trigon 
Tetragon 
Pentagon 
Hexagon 
Heptagon 
Octagon 
Nonagon 
Decagon 
Undecagon 
Dodecagon 

1.5197 1. 
.TG24 
.6204 
.5246 .4551 
.4022 
.3605 
.3269 
.29S9 

G. 
Radius  of 

Circumscrib- 
ing Circle. 

.S774 

.7071 

.C4S5 

.0204 

.6045 

.5046 

.5SS .5333 

.5709 

.5774 

H. Radius  of Inscribed 
Circle. 

Angle. Angle  of Polygon. 
.43S7 

120° 

G0° 

.5 
90 90 

.5247 

72 

103 .5373 
60 

120 .5446 

51  25' 

128  4-7 .5493 45 135 
.5525 40 140 
.554S 30 

144 
.5504 

32  43' 

147  3-11 
.5577 30 150 

Tangents. 

ifPLE.    The  area  of  a  square  (tetragon)  is  16  inches;  what  is  the  len 
VIC  =  4,  and  4x1=4  ins. 

.57735 

1. 
1.3763S 
1.73205 2.07G52 
2.41421 2.74747 
3.0776S 
3.4056S 
3.73205 

jfth  of  its 

f^ffJ!!0!^1  US€S>  Vttefororing  Table. -The  6th  and  7th  columns  of  the  tab!? 
!?e  co.?8tructlon  01 'these  figures  with  the  aid  of  a  sector    T"fu«  if  t  is  re 

uz4  mufe  &S£S?  SSSZ'S?  T  adj°ining  ?idcs  of  the  ̂ e^ve  fig- ures mate  with  each  othei ,  and  the  8th  gives  the  tangent  of  the  angle  in  column  6th. REGULAR  BODIES. 

To  Compute  trie  Surface  or  Linear  Edge  of  any Regular  Solid.  Body. 

_  Rule.— Multiply  the  square  of  the  linear  edge,  or  the  radius  of  the circumscribed  or  inscribed  sphere,  by  the  units  in  the  following  table under  the  head  of  the  dimension  used  :  ' No.  of Sides. 

12 
20 

Names  of  Figures. 

Tetrahedron 
Hexahedron 
Octahedron 
Dodecahedron 
Icosahedron 

Radius  of Radius  of 
Surface. Circumscribed Inscribed 

Circle. Circle. 
1.73205 1.63299 4.89808 6. 

1.1547 
2. 

3.4641 1.41121 2.4494T 20.64578 .71364 .89S06 
8.06025 1.05146 1.32317 

Linear  Edge 

by  Surface. 
.75884 
.40S25 
.53729 .22008 
.33981 

Example.— -What  is  the  surface  of  a  hexahedron  or  cube  having  sides  of  5  inches? 53)<6  =  26X6  =  150  ins. 

To  Compute  the  Linear  Edge  when  the  Surface alone  is  given. 

Rule.— Multiply  the  square  root  of  the  surface  by  the  multiplier under  the  head  of  Linear  Edge  by  Surface. 
Example — What  is  the  linear  edge  of  a  hexahedron,  the  surface  being  6  inches? V^X  40825=  1  linear  edge. 
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Fig.  15. 

Irregular  Polygons. 

Definition. -Figures  with  unequal  sides. 

To  Compute  tlie  Area  of  an  Irregular  Polygon- Figs.  14  and  15. 
Fig.  14.  Rule.— Draw  diagonals,  as 

a  d  /',  d  g,  g  c,  and  g  b,  to  divide 
/  the  figures  into  triangles  and  ̂  

quadrilaterals :    ascertain  the 
areas  of  these  separately,  and 
take  their  sum. 

Note  —To  ascertain  the  area  of  mixed  or  compound  fig- 
ure- or  such  as  are  composed  of  rectilineal  and  curvilmeal 

figures  together,  compute  the  areas  of  the  several  figures of  which  the  whole  is  composed,  then  add  them  together,  irvpo-ninr 

cles,  and  computing  the  area  of  each  separately. 

When  ami  Part  of  a  Figure  is  bounded  by  a  Curve  the  Arm  may  be  «s- 

cerZZi  as  .follows:  Erect  any  number  of  perpendiculars  upon
  ihebase 

at  eaual  distances,  and  ascertain  their  lengths. 

ITd  the  lengths  of  the  perpendiculars  thus  found  together  an
 Ulreir 

sum,  divided  by  their  number,  will  give  the  mean  oreadth ;  the
n  multi- 

ply the  mean  breadth  by  the  length  of  the  base. 

To  Compute  the  Area  of  a  long  Irregular  Fig
ure- 

Fig.  16. 
Rule.— Take  the  breadth  at  several  places,  and 

at  equal  distances  apart;  add  them  together,  divide 
their  sum  by  the  number  of  breadths  for  the  mean 

breadth,  and  multiply  this  by  the  length  of  the  ng- d  ure. 

CIRCLE. 

The  Diameter  is  a  right  line  drawn  through  its  centre,  hounded  by  its  periphery. 
The  Radius  is  a  right  line  drawn  from  its  centre  to  its  circumference. 
The  Circumference  is  assumed  to  he  divided  into  3G0  equal 

each  degree  is  divided  into  CO  parts,  termed  minutes  ;  each  minute  into  60  paits, termed  seconds;  and  each  second  into  CO  parts,  termed  thirds,  and  so  on. 

To  Compute  tlie  Circumference  of  a  Circle. 

Rule.— Multiply  the  diameter  by  3.U1G. 
Or,  as  T  is  to  22,  so  is  the  Diameter  to  the  Circumference. 
Or,  as  m  is  to  355,  so  is  the  Diameter  to  the  Circumference. 

Ex  vmple. — The  diameter  of  a  circle  is  IX  inches;  what  is  its  circumfeience? 
D£X3.1416  =  3.C27  ins. 

To  Compute  the  Diameter  of  a  Circle. 
Divide  the  circumference  by  3.1416. 

Or  as  22  is  to  T,  so  is  the  Circumference  to  the  Diameter. 

NOTE—Divide  the  area  hy  .T354,  and  the  square  root  of  the  quotient  will  give  the diameter  of  the  circle. 

Fi-.  16. 
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To  Compete  the  Area  of  a  Circle. 

Rule. — Multiply  the  square  of  the  diameter  by  .7854. 
Or,  multiply  the  square  of  the  circumference  by  .07958. 
Or,  multiply  half  the  circumference  by  half  the  diameter. 
Or,  multiply  the  square  of  the  radius  by  3.141C. 
Or^p  )-2  =  area,  r  representing  the  radius. 
Exa.mpij:.— The  diameter  of  a  circle  is  S  inches  ;  what  is  the  area  of  it? 

82  or  SXS  =  64,  and  64x.  7854  =  50.2653  ins. 
USEFUL  FACTORS. 

In  which  p  represents  the  Circumference  of  a  Circle,  the  Diameter  of 
p=  3.141592653539  + 

2p=  6.2^3185307179 -j- 4  p  =  12. 5663706 14359  + 
YiP—  1.570796326794  + 

which  is  1. 
U  2>=  .785398163397  + 4-3j.>  =  4.1SS79 
14  p—  .523598 %  p=  .392C99 

1-12  p=  .261791) 1-300^=:  .00ST26 

}iy/p  —  .886226 36^  =  113.097335 

=  10. 
=  7.071067 =  5. 

=  1.464466 
=  3.826S3 
=  3.535533 
=  15.707963 =  7.S539S1 
=  50. 
=  1.210151 2.144061 

In  ichich  the  Diameter  of  a  Circle  is  10. 
1.  Chord  of  the  arc  of  the  semicircle 
2.  Chord  of  half  the  arc  of  the  semicircle 
3.  Versed  sine  of  the  arc  of  the  semicircle 
4.  Versed  sine  of  half  the  arc  of  the  semicircle 
5.  Chord  of  half  the  arc,  of  the  half  of  the  arc  of  the  semicircle 6.  Half  the  chord,  of  the  chord  of  half  the  arc 
7.  Length  of  arc  of  semicircle 
8.  Length  of  half  the  arc  of  the  semicircle 
9.  Square  of  the  chord,  of  half  the  arc  of  the  semieirclc  (2) 10.  Square  root  of  versed  sine  of  half  the  arc  (4) 

11.  Square  of  versed  sine  of  half  the  arc  (4) 
12.  Square  of  the  chord  of  half  the  arc,  of  half  the  arc  of  the  semicircle  (5j=  14  64467 lo.  Square  of  half  the  chord,  of  the  chord  of  half  the  arc  (6)  =  12.5 
Note.— In  all  the  calculations  p  is  taken  at  3.1416,  }£  p  at  .7S5L  V  p  at  .5*30 : and  whenever  the  decimal  figure  next  to  the  one  last  taken  exceeds  5,  one  is  added ;Tnus,  3.14159  for  four  places  of  decimals  is  taken  as  3.1416. 

To  Compute  tlie  Length  of  an  Arc  of  a  Circle,  Fig. 17,  When  the  Number  of  Degrees  and  the  Radius are  given. 

Rule  1.— Multiply  the  number  of  degrees  in  the  arc  by  3.141G  times the  radius,  and  divide  by  180. 
2  Multiply  the  radius  of  the  circle  by  .01745329,  and  the  product by  the  degrees  in  the  arc. 

JLmc.crlcn"rh  is  rorl«in-'d  for  minutes,  multiply  the  radius  by -OG02J0880  ;  if  for  seconds,  multiply  by  .000004848. Fig.  17. 
Example.— The  number  of  degrees  in  an  arc,  nab,  are 

90,  ;in<\  the  radius,  o  5  inches;  what  is  the  length  of  the arc? 
90x  (3.1416x5)  =1413.72,  which     180  =  7.851  ins, 

Ex.  2.—  The  radius  of  an  arc  is  10,  and  the  measure  of  its 
angle  44°  30'  30"  ;  what  is  the  length  of  the  arc? 
1  Ox. 01745329=  .1745329,  which  X44=: 7.6794476,  the  lenqth 

for  44°. =  .00290889,  which  X 30  =  .08721667,  the  lenqth  for  30'. 
=  .00004848,  which  X30  =  .0014544,  the  length  for  30". 

10X1000290889 
10X.000004S48 

Then  7.6794476) 
.0872667  V  =  7.7681687,  length.  Or,  reduce  the  minutes  and  seconds  to  the 
.0014544)  decimal  of  r  degree,  and  multiply  by  it. 

See  Rule,  page  4 T.    3  V  30"  =  .50S3,  and  .1745329  from  above  X 44.5083  =  7.70S163. 
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When  the  Chord  of  half  the  Arc  and  the  Chord  of  the  Arc  are  given. 
Rule. — From  8  times  the  chord  of  half  the  arc  subtract  the  chord 

of  the  arc,  and  one  third  of  the  remainder  will  give  the  length  nearly. 
g    Q 

Or,  — — — ,  c'  representing  the  chord  of  half  the  arc,  and  c  the  chord  of  the  arc. 
Example, — The  chord  of  half  the  arc,  a  c,  Fig.  IT,  is  30  inche.?,  and  the  chord  of 

the  arc,  a  b,  48;  what  is  the  length  of  the  arc  ? 
30  xS  =  240  =  8  times  the  chord  of  half  the  arc ;  240  —  4S  =  192,  and  lC2-^3  =  64  ins. 
When  the  Chord  of  the  Arc  and  the  Versed  Sine  of  the  Arc  are  given. 

Rule. — Multiply  the  square  root  of  the  sum  of  the  square  of  the 
chord,  and  four  times  the  square  of  the  versed  sine  (equal  to  twice  the 
chord  of  half  the  arc),  by  ten  times  the  square  of  the  versed  sine  ;  di- 

vide this  product  by  the  sum  of  fifteen  times  the  square  of  the  chord 
and  thirty-three  times  the  square  of  the  versed  sine ;  then  add  this 
quotient  to  twice  the  chord  of  half  the  arc,*  and  the  sum  will  give  the 
length  of  the  arc  very  nearly. 

Vc2  +  4  7>2X10  V2 Or,  —  —  1-  2  c  ,  v  representing  the  versed  sine. 15  c2  -\-  oo  v* 
Example. — The  chord  of  an  arc  is  80,  and  its  versed  sine  30;  what  is  the  length, of  the  arc  ? 

SO2  =  6400  =  square  of  the  chord ;  302  =  900  =  square  of  the  versed  sine. 
■^(6400  +  900x4)  =  100  =  square  root  of  the  square  of  the  chord  and  four  times  the 

square  of  the  versed  sine —  twice  the  chord  of  half  the  arc. 
Then  100  X  302  X 10  =  900000  =  product  of  ten  times  the  square  of  the  versed  sine 

and  the  root  above  obtained. 
SO2  X 15  =  96000  -  15  times  the  square  of  the  chord. 30*x33  =  29700  =  33  times  the  square  of  the  versed  sine. 

125700 

And  100x302x10  =  900000  =  7.1599,  which,  added  to  100.  or  twice  the  chord  of  half 125700  125700 
the  arc  =107.1599. 

When  the  Diameter  and  Versed  Sine  are  given. 
Rule. — Multiply  twice  the  chord  of  half  the  arc  by  10  times  the 

versed  sine ;  divide  the  product  by  27  times  the  versed  sine  subtract- 
ed from  60  times  the  diameter,  and  afad  the  quotient  to  twice  the 

chord  of  half  the  arc  }  the  sum  will  give  the  length  of  the  arc  very 
nearly. 2c'xl0u  .  a  , 

Or,   4-  2  C—  c. '  60d  -  27  v 

Example.— The  diameter  of  a  circle  is  100  feet,  and  the  versed  sine  of  the  arc  25; 
what  is  the  length  of  the  arc  ? 

V  25 x  100  =  50  =  chord  of  half  the  arc. 
50x2x25x  10  =  25000  =  twice  the  chord  of  half  the  arc  by  10  times  the  versed  sine. 

7  =  5325  =  27  times  the  versed  sine  subtrac 

:  4.6948,  and  4.6948  +  50x2  =  104.6948  feet. 

100x60  —  25x27  =  5325  =  27  times  the  versed  sine  subtracted  from  60  times  the diameter. 
25000 

*  The  square  root  of  the  sum  of  the  square  of  the  chord  and  four  times  the  square  of  the  versed sine  is  equal  to  twice  the  chord  of  half  the  arc. 
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Or,  V  (c'2  —  r-)X2  =  c. 

.englhTf  t^rd  ohfThe°afrchff  *  **  &  6°'  aDd  the  ̂   *»  ««  -hat  ife  the 
602  —  362  —  2304,  and  ̂ 2304x2  =  96. 

W7<ew  Me  Diameter  and  Versed  Sine  are  given. Rule — Multiply  the  versed  sine  by  2,  and  «ubtnr>h  Hip  wwwi.  4.  * 
ter  ;  then  subtract  the  square  of  the  remainder  from  the  Bm?i? nft/'T  the  diam°' take  the  square  root  of  that  remainder.  16  °f  the  dlameter,  and 

Or,  V(yx2  —  rf)2_rf2  —  c 
*•  ~~  sine  of  half  the  arc  i, 

100-3(iX2  =  2S;  then  100»^2S=  =  9216,  and  Vf216  =  »S 
to  ow* 

tiohe  square  of  the  **  ?^  - 
^  °f  ">e        °fthe  S*1"ares  ofhalf  t,lc  Oordofth, 

0r' — t — =*'•  0rv(|) 
W7»fn  Me  Diameter  and  Versed  Sine  are  given 

£3?*™* diametCr  by  th°  ™'sed  sin*>  <"><■       the  square  root  of  their 
Or,  VdXv  =  c'. 

To  Compute  a,  Diameter. 
Rule  l.-Divide  the  square  of  the  chord  of  half  the  arc  by  the  versed  sine p  "*i  c  2 ~  v  ==  diameter. 

^  TmXl^  ,tf  °f  th°      t0  th°  <*  *•  versed 
0ri(1±2i!±i!i= v 

To  Compute  the  Versed  Sine 
licit-Divide  the  square  of  the  chord  of  half  the  arc  by  the  diameter 

Or,  " 

d 

When  the  Chord  of  the  Are  and  the  Diameter  are  o  wen 

f>™A£^K^^^^^°  rr*  si  «sf  *«.  -«> halve  the  remainder.  «»wiuaei ,  subtract  this  root  from  the  diameter,  ana 
Or,   .  =  v. 

When  it  is  greater  than  a  Semidiameter 

Or,  ±+^*>— 

— -  =  v. 
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Proportions  of  the  Circle,  its  Equal,  Inscribed,  and  Circumscribed  Squa
res. 

CIECLE. 
1.  Diameter        x-8££;l  =  Side  of  an  Equal  Square. 
2.  Circumference  X ,  28 21 ) 

4  Smference  xSt^Side  of  the  Inscribed  Square. 
5.  Area  X- 9003  -4- diam.  ) 

SQUARE. 
/•   A  ai(ip  x  1.1442  =  Diameter  of  its  Circumscribing  Circle. 
u  x  4.443  p=  Circumference  of  its  Circumscribing  Circle. 

q*       «  X  1.128  —Diameter        )  , 
9       it  x  3.  f>45  =  Circumference  V  of  an  Equal  Circle. 

10'.  Square  inches  X  1.273  =  Round  inches  ) 
Note.— The  square  described  within  a  circle  is  one  half  the  area  of  one  described 

with0Ut  {t  SECTOR  OF  A  CIRCLE. 
Definition. -A  part  of  a  circle  bounded  by  an  arc  and  two  radii. 

To  Compute  tlie  Area  of  a  Sector  of  a  Circle  When 
tlie  Degrees  in  tlie  Arc  are  given— *  ig.  IB. 

■Rule  —As  360  is  to  the  number  of  degrees  in  a  sector,  so  is  the 
area  of  the  circle  of  which  the  sector  is  a  part  to 
the  area  of  the  sector. 

  ft  or,        =  area,  d  representing  the  degrees  in  the  arc,  and 
/       a  the  area  of  the  circle. 

X      /  Example  —The  radius  of  a  circle,  o  a,  is  5  inches,  and  the 
\f  number  of  degrees  of  the  sector,  a  b  o,  is  22°  30' ;  what  is  the o  area  ? 

Area  of  a  circle  of  5  inches  radius  =  7S.54  inches. 

Then,  as  360°  :  22°  30'  : :  78.54  :  4.90875  ins. 

When  the  Length  of  the  Arc,  etc.,  are  given-— Tig.  17. 

Rule.— Multiply  the  length  of  the  arc  by  half  the  length  of  the
  ra- 

dius, and  the  product  is  the  area. 
Or,  bxT^  —  arca,  b  representing  the  arc,  and  r  the  radius. 

SEGMENT  OF  A  CIRCLE. 
Definition—A  part  of  a  circle  bounded  by  an  arc  and  a  chord. 

To  Compute  the  Area  of  a  Segment  of  a  Circ
le, 

Trio-  17  When  the  Chord  and  "Versed  Sine  of  the 

Ire",  ancl  Radius  or  Diameter  of  the  Circle  are given. 

Rule  —When  the  Segment  is  less  than  a  Semicircle,  as  a  b  c,  Fig.  17, 

Ascertain  the  area  of  the  sector  having  the  same  arc  as  the  segme
nt ; 

the*  ascer  ain  the  area  of  the  triangle  formed  by  the  chord  of  the
  seg- 

ment and  he  radii  of  the  sector,  and  take  the  difference  of  these  areas
 

Note    Subtract  the  versed  sine  from  the  radip s ;  multiply  the  remainder  by  one 
half  oTtlTe'  lwdtf  the  arc,  and  the  product  will  rt»  the  area  of  the  nangle. 

Or  a  -  ct'=  area,  a  a'  representing  areas  of  the  sector  and  the  triangle. 

RuLE  —When  the  Segment  is  greater  than  a  Semicircle,  Ascertain,  by 

the  preceding  rule,  the  area  of  the  lesser  portion  of  the  circle ;  s
ubtract 

it  from  the  area  of  the  whole  circle,  and  the  remainder  will  give  the
 

area0r,  a  -o'=  area,  a  a'  representing  areas  of  circle  and  the  lesser  portion. See  Table  of  Areas,  page  205. 
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oo^T/f  -The/^rV,*,  is L 14142 ;  the  diameter,  &  «,  is 
rfihf^tntT^  S1UG'  6  £  "  2'929  iQdles ;  what  is  the  a'ea «    14142 -i- 2  =  7.071  =  half  the  chord  of  the  arc 

\  VT.0712+ 2.929^  =  7.654  =  the  square  root  of  the  sum  of  the 
XT*  %  hll/ i*"  chord  If  the  arc  ind  versed  sim, .        ichich  is  the  chord  a  b  of  half  the  arc  a  be. i  0  >     By  Rule,  page  252, 

/   "^A^2'929;?448-3^  =  ch°rd  of  half  the  arc  by  10  times  the  versed  sine. 
^rr"  20X60-2  929X27  =  1120.917  r.CO  the  diameter  sub- tracted from  2  i  times  the  versed  sine 

Then  448.371-1120.917  =  .400,  and  .400  added  to  7^2  (twice  the  chord  of 
half  the  arc)  =  15.70S  inches,  the  length  of  the  arc.    By  Rule,  page  254,  15.70SX™ 
10  78 ft =  *5  o-i  mu}^lied  hJf  the  l^gth  of  radius,  =  the  area  of  the  sector. 10  -  2.929  =  7.0, 1  =  the  versed  sine  subtracted  from  a  radius,  which  is  the  height  of the  triangle  a  o  c,  and  7.071  X-^  =  50=  area  of  the  triangle. Consequently,  78.54  —  50  =  2S.54  ins. 

When  the  Chords  of  the  Arc  and  of  the  half  of  the  Arc,  and  the  Versed Sine  are  given. 

Rule  — To  the  chord  of  the  whole  arc  add  the  chord  of  half  the arc  and  one  third  of  it  more ;  multiply  this  sum  by  the  versed  inc and  tins  product,  multiplied  by  .40426,  will  give  the  area  nearly. 
Or,  c  +  c'4-|ux.40426=  area  nearly. 

-s  +  15+g-  =  (A«  chord  of  the  arc  added  to  the  chord  of  half  the  arc  and  one  third of  above  sum  and  the  **«  **•  «* 

When  the  Chord  of  the  Arc  (or  Segment)  and  the  Versed  Sine  only  are 
given. 

RULE. -Ascertain  the  chord  of  half  the  arc,  and  proceed  as  before. SPHERE. 

^Definition. -A  figure,  the  surface  of  which  is  at  a  uniform  distance  from  the  cen- 

To  Compute  tlie  Convex  Surface  of  a  Sphere- ITig.  SO. 

Rule.— Multiply  the  diameter  by  the  circumference and  the  product  will  give  the  surface. 

fe?enciC  =  SUr/aCe' d  rePresentin9  diameter,  and  c  the  circum- 
,      Or,  4 pr*=  surface.* <)r,p  d*  =  surface. 

diameter  ?E'~What  iS       C°nVCX  SUrfaCG  °f  a  sphere  of  10  inches 10X31.416  =  314.16  ins. 

Fig.  20. 

cmTS  iS^'twt iD      CaSM  Wh6re  {%  [B  U?Cd'  ̂«~^^l^un1ference  of  a  cir- 
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SEGMENT  OF  A  SPHERE. 
Definition. — A  section  of  a  sphere. 

To  Compute  tlie  Surface  of  a  Segment  of  a  Sphere -Fig.  31. 

rule. — Multiply  the  height  by  the  circumference  of  the  sphere, 
and  add  the  product  to  the  area  of  the  base. 

Or,  h  c  -f-  b  —  surface,  h  representing  the  height,  and  b  area  of  base. 
Or,  2prh=z  convex  surface  alone. 

Example. — The  height,  b  o,  of  a  segment,  a  b  c,  is  36  inch- 
es, and  the  diameter,  b  e,  of  the  sphere  100;  what  is  the  con- vex surface,  and  what  the  whole  surface? 

36x100x3.1416  =  11309.76  =  height  of  segment  multiplied 
by  the  circumference  of  the  sphere. 

Then,  to  ascertain  the  area  of  the  base ;  the  diameter  and 
■  versed  sine  being  given,  the  diameter  of  the  base  of  the  seg- 

\  |  /  ment,  being  equal  to  the  chord  of  the  arc,  is,  by  Rule,  page  253, 
100  —  36x2  =  28;  V^O*  —  282=9G. 

!        ,/     C62  X  .7854  =  7238.2464  =  convex  surface,  and  7238.2464  + 
— i  '*  11309.76  =  18548.0064  =  convex  surface  added  to  area  of e  base  —  the  stirface. 

Note.— When  the  convex  surface  of  a  figure  alone  is  required,  the  area  or  areas  of the  base  or  ends  must  be  omitted. 

When  the  Diameter  of  the  Base  of  the  Segment  and  the  Height  of  it  are alone  given. 
Rule  Add  the  square  of  half  the  diameter  of  the  base  to  the  square  of  the  height ; 

divide  this  sum  by  the  height,  and  the  result  will  give  the  diameter  of  the  sphere. 
Or,  d^-2  +  7(2 -^h  —  diameter. 

SPHERICAL  ZONE  (OR  FRUSTRUM  OF  A  SPHERE). 
Definition.— The  part  of  a  sphere  included  between  two  parallel  chords. 

To  Compute  tlie  Surface  of  a  Spherical  Zone— I^icr.  22. 

Fig.  22. Rule.— Multiply  the  height  by  the  circumfer- 
ence of  the  sphere,  and  add  the  product  to  the 

area  of  the  two  ends. 
Or,  h  c  -f  a  -f  a'  =  surface. Or,  %prhz=z  convex  surface  alone. 

Example.  — The  diameter  of  a  sphere,  a  b,  from  which  a 
zone  c  g  is  cut,  is  25  inches,  and  the  height  of  it,  c  g,  is  8  ; 
what  ig  the  convex  surface? 
25x3.1416x8  =  62S.  32  =z  height  X  circumference  of  sphere —  convex  surface. 

When  the  Diameter  of  the  Sphere  is  not  given,  Multiply  the  mean  length 
of  the  two  chords  by  half  their  difference  ;  divide  this  product  by  the 
breadth  of  the  zone,  and  to  the  quotient  add  the  breadth  To  the 

square  of  this  sum  add  the  square  of  the  lesser  chord,  and  the  square 
root  of  their  sum  will  give  the  diameter  of  the  sphere. 

SPHEROIDS  OR  ELLIPSOIDS. 
about  one  of Definition.— Figures  generated  by  the  revolution  of  a  semi-ellips 

11  WhenetheSrevolution  is  about  the  transverse  diameter  they  are  Prolate,  and  when it  is  about  the  conjugate  they  are  Oblate. 
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To  Compute  the  Surface  of  a  Spheroid-Fig.  23. When  the  Spheroid  is  Prolate. 
RuLE.—Square  the  diameters,  and  multiply  the  square  root  of  half their  sum  by  3.H16,  and  this  product  by  the  , coDjugat! ̂diameter. 

Fig  23  n        Aia  +  d'2 °r'  \/     2      X  3,1416  x  d  =  surface,  d  representing conjugate  diameter. 
Example.— A  prolate  spheroid  has  diameters  of  10  and 14  inches  ;  what  is  its  surface? 

on*  10o  + 142  =  296  =  mm  of  S(lmres  of  diameters. U5j  2  =  US  and  V14S  =;  12.1655  =  square  root  of  half the  sum  of  the  squares  of  the  diameters 
12. 1 655X  3. 1416  x  10  =  352. 19 1  ins.  =  product  of  root  above 

8^        ̂   that^'oduci  *  ̂e  connate When  the  Spheroid  is  Oblate. 

JES^^uF  diameters,  and  multiply  the  square  root  of  half their  sum  by  3.1416,  and  this  product  by  the  transverse  diameter, p.  /ds-\-d/2 
V      2     X3.1416xd'=  surface,  d>  representing  transverse  diameter. 

surfa^eTLE*~Al1  °blatG  has  diaraeters  of  14  and  10  inches;  what  is  its 
0Qr  .  a     „dn      142  -f  1 02  —  296  —  sum  0f  squares  of  diameters. 

thl^tltT  V™=™™*«mf>  rootof  half  the  sum  of  the  squares  of 

m^^i^lt^6MT9  in^^duct  of root  above  obtained  X3.1416  and inaipioauct  by  the  transverse  diameter.  A       1  '  wuu 

To  Compute  the  Convex  Surface  of  a  Segment  of  a Spheroid-Figs.  24  and  35. 

«,™ULI"~ SqUT      diametci  s.  and  take  the  square  root  of  half  their sum;  then  as  the  diameter  from  which  the  segment  is  cut  is  to  th k root,  so  »  the  height  of  the  segment  to  the  brSonate height * 
quired.    Multiply  the  product  of  the  other  diameter  and  by" he'8ht  of  the  -d  this  last  produ^wS, 

dor  d>  or  c?x3.1416  =  surface. 
Example.-  The  height,  a  o,  of 

a  segment,  ef,  of  a  prolate  sphe- roid, Fig.  24,  is  4  inches,  the  di- 
ameters being  10  and  14  inches; what  is  the  convex  surface  of  it  t 

Square  root  of  half  the  sum  of  the 
squares  of  the  diameters,  as  by previous  examples,  12.1C55. Then  14  :  12.1655  :  :  4  :  3.4758  = 
height  of  segment,  proportion- ate to  the  mean  of  the  diameters. 

proporwinaleM^^^r  ******  *'<meter  X3-141C'  <">«  «**  *B 

214.0272  ins. 

Y* 

Fig.  25. 

10X3.1416X3.4758  : 



the  surface. 

Fig.  26. 
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To  Compute  the  Convex  Surface  of  aFr
ustrum  or 

Zone  of  a  Spheroid-Figs.  35  and  2b. 

Rule  -Proceed  as  by  previous  rule  for  the  surface  of
  a  segment, 

^^in  t^VTO^rtio^  height  of  the  frustrum
 ;  then  multiply 

the  product  of  the  diameter  parallel  to  the  base  of  
the  frustrum  and 

3  14^6  by  the  proportionate  height  of  the  frustrum, 
 and  it  toll  give 

Or,d  or  d'X^^Xh  =  surface. 
Example. —The  middle  frus-  Fig.  2T. 

trum,  o  <?,  of  a  prolate  spheroid,  c 
Fig.  25,  is  6  inches,  the  diameters of  the  spheroid  being  10  and  14 

\     inches;  what  is  its  convex  but- 
\j  face? ;    Mean  diameter,  as  per  example, 

page  £57,  is  12.1655. 
Diameter  parallel  to  base  of  frus- trum is  10. 
Then  14 :  12.1655  :  :  6  :  5.213S 

-_=:  proportionate  height  of  frustrum,  and  10X3.1416X5.213S  =  163.7967  ins. 
CIRCULAR  ZONE. 

Definition.  A  part  of  a  circle  included  between  two  parallel  chords. 

To  Compute  the  Area  of  a  Circular  Zone-Fig.  88. 

RurE  __To  the  area  of  the  trapezoid,  abed,  or  of  the  parallelo- 
gram, a  he  g,  as  the  case  may  be,  add  the  area 

of  the  segments,  a  b,  e  d,  or  a  h,  e  g,  and  the  sum 
will  give  the  area. 

Or,  subtract  the  areas  of  the  segments,  a  i  c,  h  k  from the  area  of  the  circle. 
Or,  a  -f  a'=  s,  a  representing  area  of  trapezoid,  or  par- U  d  allelogram,  and  a'  area  of  segments. 

i '        See  Table  of  Areas  of  Zones,  page  207. 
l\  i°        When  the  Diameter  of  the  Circle  is  not  given, 

y        Multiply  the  mean  length  of  the  two  chords  by 
^TT  half  their  difference  ;  divide  this  product  by  the 

breadth  of  the  zone,  and  to  the  quotient  add  the  breadth. 

To  the  square  of  this  sum  add  the  square  of  the  lesser  chord,  and 

the  square  root  of  their  sum  will  give  the  diameter  of  the  circle. 
Example. — The  greater  chord,  b  d,  is  C6  inches;  the  lesser,  a  c,  is  60;  and  tho breadth  of  the  zone,  a  e,  is  20 ;  what  is  its  area? 

06  +  60  =  fa=  mean  length  of  chords ;  °^=^  =  IS  =  half  their  difference. 
7S_X_18 

"26 

Fig.  2S. 

54  -f  $ 
802_i-602  = 

=  64  =  product  of  chords  and  their  differenced  by  the  breadth  of  the  zone. 
>  =  80=i  sum  of  above  quotient  and  breadth  of  zone. 
10000  =±  mm  of  square  of  above  sum  and  lesser  chord. 

Then  V1°0°0  = 100  =  diameter,  and  7SX20  =  2028  =  area  of  trapezoid. 

To  Compute  the  Area  of  the  Segments,  It  is  necessary,  first,  to  ascer- 
tain the  chord  of  their  arcs;  second,  the  versed  sine  ot  their  arcs. 

To  Ascertain  the  CW.— The  breadth  of  the  zone  is  the  perpendic- 

ular, a  e,  of  the  triangle,  of  which  either  chord,  a  b,  c  d,  is  the  hypoth- 
enusc  Further,  half  the  difference  of  the  chords  a  c  and  b  d  of  the 
zone  is  the  length  of  the  base,  b  e,  of  this  triangle. 
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Hence,  having  the  base  and  the  perpendicular,  the  hvpothenuse  or chord  of  the  arc  of  the  segment  is  readily  computed. 
Thus,  26  =  breadth  of  the  zone  or  perpendicular  of  triangle  ;  96  —  60  —  2  —  IS  — 

length  of  base  of  triangles.  ~ 
Then  132  +  gtf  =  1000,  and  ̂ 1000  =  31. 622S  =  chord  of  arc  of  segments  a  b,  c  d. To  Ascertain  the  Versed  Sine  -From  the  square  of  the  radius  subtract  the  square of  halt  the  chord,  and  subtract  the  square  root  of  the  remainder  from  the  radius. Thus,  100  -f-2  =  50,  and  502  —  2500  =  square  of  radius ,  31.6228—  2  —  15  8114 and  =  2^0  =z  square  of  half  the  chord,  2500 -  250  =  2.50,  and  V2250  = 

Thf  t"Ta/S°  otf<te<*\ffere7iceofthe  squares  of  the  radius  and  half  the  chord. men  ou —  4i . 4o-±J  =  'J.obob  =  oersed  sine 
Having  obtained  the  versed  sine  (2.5658),  the  diameter  of  the  circle  (100),  then, by  Rule,  page  253,  V100X2.565S  =  16.01S1  —  chord  of  half  the  arc. 
And  by  Rule,  paye  i53,  to  compute  the  length  of  an  arc,  32.1747=  length  of  the 

nTV  32  Jlf  X5U  -2  =  s°4 -3075  =  the  product  of  the  length  of  the  arc  and  half  the radius  oj  the  circle  =  area  cf  sector.  J 

And  S04.3675 -  31-G-s><^.4o42  _ ^  ̂  __  ̂   ̂  >  n  triangle  subtracted from the  area  of  the  sector  =  area  of  each  segment ,  54.3664x2  =  108.732S  =  area  of  tee- merits.    Area  of  trapezoid  =2028  =  2136  7328  ins  =  area  of  zone. 
CYLINDER. 

Definition— A  figure  formed  by  the  revolution  of  a  right-angled  parallelogram around  one  of  its  sides.  ,    lr  & 

To  Compute  tlie  Surface  of  a  Cylinder— Fig.  29. 
Rule.— Multiply  the  length  by  the  circumference,  and  add  the  prod- uct to  the  area  of  the  two  ends. 

Or,  I  c  -\-2  a  =  s,  a  representing  area  of  end. 
Xotf :  — When  the  internal  or  convex  surface  alone  is  wanted,  the t  areas  of  the  ends  are  omitted.  1 
Example.— The  diameter  of  a  cylinder,  b  c,  is  30  inclies,  and  ito length,  a  b  50  inches ;  what  is  its  surface  ? 

30  X  3.1416  =  94.248  ins.  =  circumference ;  94.24S  X  50  =  4712  4  — area  of  body 
And  302 x. 7854  =  706  86=  area  of  one  end,  706.86x2  =  1413  72  = area  of  both  ends. 

Then  4712.4  -f  1413.72  —  6125 .12  ins. 

Fig.  29. 

PRISMS. 

and  paralIel0N,""FigUreS  ̂   ****  °f  ****  ar°  ParalleIoSrams,  and  the  ends  equal 
Note. -When  the  ends  are  triangle-,  they  are  termed  triangular  prisms;  when 

prilmVl^t^  SQUare  °r  ̂   prisms>  and  when  the?  are  Pentagon,  pentagonal 
To  Compute  tlie  Surface  of  a  Right  Prism-Fies 30  and  31. 

Fig.  30.        ̂   Rule.— Ascertain  the  areas  of  the  ends  and    F%  31 sides,  and  add  them  together. 
Or,  2a-|-na'  =  5,  a  representing  area  of  the  ends,  and a'  the  area  of  the  sides. 
Example — The  side,  a  b,  Fig.  30,  of  a  square  prism is  12  inches,  and  the  length,  b  c,  30;  what  is  the  surface  ? 

12x12  =144=  area  of  one  end  ,  144X2  =  288  =  area  of both  ends;  12x30  =  360  =  area  of  one  side ;  300x4 =  1440  =  area  of  four  sides. 
Then  288  -f  1440  =  1728  ins. 
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Fig.  32. 

WEDGE. 

Definition  —A  wedge  is  a  prolate  triangular  prism,  and  its  surface  is  computed by  the  rule  for  that  of  a  right  prism. 
Example.— The  back  of  a  wedge,  abed,  Fig.  32,  is  20  by 

2  inches,  and  its  end,  e  f  20  by  2  inches ;  what  is  its  surface  ? 

202  _j_  2^~\=  401  z=  sum  of  the  squares  of  half  the  base,  a  f and  the  height,  ef,  of  the  triangle,  ef  a.  \ 
V401  =  20 .025=  square  root  of  above  sum  =  length  of  e  a. 

Then  20. 025 X  20  X  2  =  808  =  area  of  sides. 
And  20X2  =  40  =  area  of  back;  and  20X2  + 2X2  =  40  = 

P        area  of  ends.    Hence  801  +  40  +  40  =  881=  surface. 
PRISMOIDS. 

Definition.  Figures  are  alike  to  a  prism,  but  having  only  one  pair  of  their  sides parallel. 

To  Compete  the  Surface  of  a  PrisiTioid-Fig. 
 33. 

Rule . — Ascertain  the  area  of  the  ends  and  sides  as 

by  the  rules  for  squares,  triangles,  etc.,  and  add  them 
together. 

Example. -The  ends  of  a  prismoid,  efgh&nd  ab  c  d.  Fig.  33, 
are  10  and  8  inches  square,  and  its  slant  height  25;  what  is  its surface  ?  .  i 

10X10  =  100=  area  of  base;  8X8  =  64=  area  of  top. 
1Q  +  8X25  =  225,  and  225x4  =  900  =  area  of  sides 

Then  100  +  64+  900  =1064=  surface. 

Fig.  33. b 

c 

\ 

Fig.  34. 

Fig.  35. 

g  UNGULAS. 
Definition.— 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  the  Curved  Surface  of  an  TJngula— Figs.  34, 35,  36,  and  37. 

Rule. — 1.  When  the  Section  is  parallel  to  the  Axis  of  theCy Under,  Fig.  34,  Mul- tiply the  length  of  the  arc  of  one  end  by  the  height.  _ 
Example  -The  diameter  of  a  cylinder  from  which  an  ungula  is  cut 

is  ̂  fnches  its  length  50,  and  the  versed  sine  or  depth  of  the  ungula 
is  5  inches  ;  what  is  the  curved  surface? 10     2  =  5  =  radius  of  cylinder. 

Hence  the  radius  and  versed  sine  are  equal ;  the  arc, 
therefore,  of  the  ungula  is  one  half  the  circumference  of 
the  cylinder,  which  is  31.416 -r- 2  =15.708,  and  15.708 X 50  =  785.4  ins. 

Rule  —2.  When  the  Section  passes  obliquely  through 
the  opposite  Sides  of  the  Cylinder  Jig.  35,  Multiply  he circumference  of  the  base  of  the  cylinder  by  half  the  sum 

of  the  greatest  and  least  heights  of  the  ungula. 
TTv  *  mpt  1?  — -HPIip  diameter  of  a  cylindrical  ungula  is  10  inches,  and 

thfg™and  i^Tfghts,  *  d  /nd  a  c,  are  25  and  15  inches ;  what  »  ,ts  enrved 

ifZleter  =  31 .416  circumference ;  25  +  15  =  40,  and  40  -  2  =  20.  Hence  31.410 X  20  =  628.32  ins. 
1?,™     q  Whm  the  Section  vasses  through  the  Base  of  the  Cylinder  and  one  of 

^°X^u^u^  »&1^«»f  the  arc  and  Cosine,  a  o.    Multiply  the 
*  When  the  cosine  is  0,  this  product  is  0. 
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Fig.  3G.       difference  thus  found  by  the  quotient  of  the  height,  g  c,  divided  bv  the versed  sine,  ag. 

'\  )     K  Example.—  The  sine,  a  d,  of  half  the  arc  of  the  base  of  an  ungula  is :     5,  the  diameter  of  the  cylinder  is  10,  and  the  height  of  the  ungula  10 inches  ;  what  is  the  curved  surface  ? 
5X10  =  50  =  sine  of  half  the  arc  by  the  diameter 

Length  of  arc,  the  versed  sine  and  radius  being  equal,  under  Rule, page  252  =  15.  <08. 
Again,  as  the  versed  sine  and  the  radius  are  equal,  the  cosine  is  0. 

Hence,  when  the  cosine  is  0,  the  product  is  0.    50  —  0  =  50  =  the  dif- ference of  the  product  before  obtained  and  the  product  of  the  arc and  the  cosine. 
*>X  10  ̂ 5  =  51x2  =  100  =  the  difference  multiplied  by  the  height  divided  bu  the versed  sine,  which  is  the  surface. 

Rule.  4.  When  the  Section  passes  through  the  Base  of  the  Cylin- der, and  the  Versed  Sine,  a  g,  exceeds  the  Sine.  Fig.  37,  Multiply  the sine  of  half  the  arc  of  the  base  by  the  diameter  of  the  cylinder,  and  to this  product  add  the  product  of  the  arc  and  the  excess  of  the  versed sine  over  the  sine  of  the  base. 
Multiply  the  sum  thus  found  by  the  quotient  of  the  height  divided by  the  versed  sine. 
Example — The  sine,  a  d,  of  half  the  arc  of  an  ungula  is  12  inches  : he  versed  sine,  a  g,  is  1G;  the  height,  c  g,  1G;  and  the  diameter  of the  cylinder,  h  g,  25  inches  ;  what  is  the  curved  surface? 

12  x  25  =  300  =  sine  of  half  the  arc  by  the  diameter  of  the  cylinder. 
Length  of  arc  of  base,  Rule,  p.  252=  arc  ofdhf-  circumference  of  base  =  4G.392 Then  46.392  x  1G  - 12.5  =  162.372  =  product  of  arc  and  the  excess  of  the  versed  sine 

Fig.  37. 

Fig.  38. 

^  ™  iU—  L±..j  _  10a.ofa  =  proauctor  arc  and  the  excess  of  the  versed  sine over  the  t«e;  300+ 162.373==-  462.  m=  the  sum  of  the  above  product I r;  l£4 - 1( T= t-._  ™       1  _  quotient  of  height  divided  by  the  versed  sine ;  4G2. 372x1  =4G2  372 ins.  =  the  sum  of  the  products  and  the  height  divided  by  the  versed sine  =  the  curved  surface 

%a  di-^e'r~When  ̂   SinG  °f  ̂       "  °'  the  Vei'Sed  Sine  is  Gqual  t0  the 
#i  PV7f ™.hen*he  Sectlon  passes  obliquely  through  both  Ends  of thety Under  lig  ;S ,  Conceive  the  section  to  be  continued  till  it  meets the  side  of  the  cylinder  produced  ;  then,  as  the  difference  of  the  versed sines  of  the  arcs  of  the  two  ends  of  the  ungula  is  to  the  versed  sine  of 

9d  tlie  side  wluceT  ^  ̂   °f  tUe  cylinder  to  the  Part  of 
Ascertain  the  surface  of  each  of  the  ungulas  thus  found  by  Rules  3 and  4,  and  their  difference  will  give  the  curved  surface. LUXE. 

Definition-. -The  space  between  the  intersecting  arcs  of  two  eccentric  circles. 
To  Compute  the  Area  of  a  Lune- Fig.  39. 

Rule.— Ascertain  the  areas  of  the  two  segments  from  which  the lune  is  formed,  and  their  difference  will  give the  area. d 
Example.— The  length  of  the  chord  a  c  is  20,  the  height e  d  is  3,  and-e  b  2  inches ;  what  is  the  area  of  the  lune? By  Rule  2,  page  253,  the  diameters  of  the  circles  of which  the  lune  is  formed  are  thus  ascertained: 

Fig.  39. 

c  -f  or  a  a  c,  —  25.    For  aec,  -! —  —  j g  —  —      *™  i*  t.   — Then,  by  Rule  for  Areas  of  Segments  of  a  Circle,  p.  254,  the  area  of  ad  c  is  70.5577  ms 
"       aec  "J27.1G3S  " 

M  their  difference  43  3939  ms 
PiQTE.  If  semicircles  be  described  on  the  three  sides  of  a  right-angled  triangle  as 
theUiangleT0  ^  and  their  united  ™™  "B  be  equ'l  to  that  of 
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CYCLOID. 

Definition.-A  curve  generated  by  the  revolution  of  a  circle  on  a  plane. 

To  Compute  tlie  Area  of  a  Cycloid-Fig.  40. 

Fig.  40.  Rule.— Multiply  the  area  of  the  gener- 

_:  b   ating  circle,  a  b  c,  by  3. 
Example.— The  generating  circle  of  a  cycloid  has 

j  an  area  of  115.45  inches;  what  is  the  area  of  .he 
J    cycloid  ? "c  115.45x3  =  346.35  ins. 

To  Compute  the  Length  of  a  Cycloi
dal  Curve- 

Fig.  40. 

RuLE.-Multiply  the  diameter  of  the  generating  circle  by  4 

Example.  — The  diameter  of  the  generating  circle  of  a  cycloid,  Fig.  40,  is  8  inch
es  , 

what  is  the  length  of  the  curve  dsc' 
8  X  4  =  32  =  product  of  diameter  and  4  ==  ins 

through  any  other  path 
RINGS. 

CIRCULAR  RINGS. 

Definition.  The  space  between  two  concentric  circles. 

To  Compute  the  Sectional  Area  of  a  Cir
cular  Ring. 

RuLE.-From  the  area  of  the  greater  circle  subtract  that
  of  the  less. 

Or,  a -  a  —  area. 
CYLINDRICAL  RINGS. 

Definition. — A  ring  formed  by  the  curvature  of  a  cylinder. 

To  Compute  the  Surface  of  a  Cyli
ndrical  Ring- 

£  ig.  41. 

Rple  -To  the  thickness  of  the  ring  add  the  inner
  diameter ;  mul- 

Rlle.    lo  tne      ̂   ̂        ̂   ̂       and  the  product  by m  4t-  9.8696. 
Or,  d+d' d  9.8690  =  surface. 

Example. -The  thickness  of  a  cylindrical  ring,  a  Me  2 
esfand  the  inner  diameter,  b  c,  is  18;  what  is  the  surface  of  it? 

2  4- 18  =  20  =  thickness  of  ring  added  to  the  inner  diameter. 
20x2x9  8696  =  394.784  ins.— the  sum  above  obtained  X  the 

thickness  of  the  ring,  and  that  product  by  9.86S6. 

LINK. 
Definition. — An  elongated  ring. 

To  Compute  the  Surface  of  a  Fink-F
igs.  43  and  43. 

RULE.-Multiply  the  circumference  of  a  sectio
n  of  the  body  ot  the 

link  by  the  length  of  its  axis. 
Or,  cXl  =  surface. 

Note.  -To  Compute  the  Circumference  or  Length  of  the  Ax
es. 
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Fig.  42. Fig.  43. 
\\  hen  the  Ring  is  Elongated.— To  the  less  diameter  add  its  thickness,  and  multi- 

ply the  sum  by  3.1416;  multiply  the  difference  of  the  di- 
ameters by  2,  and  take  the  sum  of  these  products. 

When  the  Ring  is  Elliptical.— Square  the  diameters  of 
the  axes  of  the  ring,  and  multiply  the  square  root  of  half their  sum  by  3.1416. 
Example — The  link  of  a  chain,  Fig.  42,  is  1  inch  in  di- 

ameter of  body,  a  h,  and  its  inner  diameters,  b  c  and  e  f, are  12.5  and  2.5  inches  ;  what  is  its  circumference? 
2.5  -f  1X3.1416  =  10.9956=  length  of  axis  of  ends. 
12.5  —  2.5x2  =  20=  length  of  sides  of  body. 
Then  10.9956  -4-  20  =  30.9956  =  length  of  axis  of  link,  which X 3- 1416  (cir.  of  1  in.)  =97.3T5S  ins. 

CONES. 
Definition.  —  A  figure  described  by  the  revolution  of  a  right-angled  triangle about  one  of  its  legs. 
For  Sections  of  a  Cone,  see  Conic  Sections,  page  239. 

Xo  Compute  tlie  Surface  of  a  Cone—Trig.  44. 
Fig.  44.  Rule.— Multiply  the  perimeter  or  circumference 

of  the  base  by  the  slant  height,  or  side  of  the  cone  ; 
halve  the  product,  and  add  it  to  the  area  of  the  base. 

Or,  cXA-=-2-f-a'=  surface,  c  representing  -perimeter. 
Example.— The  diameter,  a  b,  of  the  base  of  a  cone  is  3  feet, and  the  slant  height,  a  c,  15;.  what  is  the  surface  of  the  cone? 0  494.Q 

Circum.  of  3  feet  =  9.4248,  and  -  ̂  X  =  70.6S6  =  surface of  side,  and  area  3  =  7. 068  =  70. 6S6  +  7. 068  =  77. 754  sq.feet. 
To  Compute  tlie  Surface  of  the  iFWxstruiTi  of  a Coiae— Fig.  45. 

Rule.— Multiply  the  sum  of  the  perimeters  of  the  two  ends  by  the slant  height  0f  the  frustrum  ;  halve  the  product,  and  add  it  to  the areas  of  the  two  ends. 
Fig.  45. c  +  c'xh Or,  \-  a  4-a' -  surface. 

Example.— The  frustrum,  abed,  Fig.  45,  has  a  slant  height of  26  inches,  and  the  circumferences  of  its  ends  are  15.71  and 22  inches  respectively  ;  what  is  its  surface  ? 
15.71  +  22.  x26  /15  71  \2 

 \  =  490.23  =  surface  of  sides;  X.7S54  + 

/  21.  \2 \37iiT6/  X  T854  =  58.119  =  areas  of  ends.  Then  490.23  -f 58. 1 1 9  =  548. 349  inches. 
PYRAMIDS. 

,hS^^alSlS.tllC  baSe  °fWhiCh  haS  three  "  m°re  and  the  sides  of 
To  Compute  the  Surface  of  a  IPyramicl— Figs.  46 and  47. 

Rule.— Multiply  the  perimeter  of  the  base  by  the  slant  height  • naive  the  product,  and  add  it  to  the  area  of  the  base. 
~  cXh Or,  — — \-a  =  surface. 
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Fife  46  Example.- The  side  of  a  quadrangular  pyramid,     Fig.  4  7. 
a  b,  Fig.  46,  is  12  inches,  and  its  slant  height,  a  c,  40  ; what  is  its  surface? 

12  X  4  =  48  =  perimett  r  of  base. 

fL^H!  p-  9C0  =  area  of  sides. 

if  * 
f  £      Then  12  X 12  +  9C0  =  1104.  ins. 

To  Compute  tlie  Surface  of*  tlie  Frustrum  of  a  Pyr- amid-Fig. 48. 

rULe  —Multiply  the  sum  of  the  perimeters  of  the  two  ends  by  the 
slant  height  or  side ;  halve  the  product,  and  add  it  to  the  areas  of  the ends.  c-\-c'xh  ,     ,    ,  /• LI1U°-  Or,       t        +a  +  a'=  surface. Fig.  48.  • 

</         c  Example.— The  sides,  a  &,  c  rf,  Fig.  48,  of  the  frustrum  of  a 
quadrangular  pyramid  are  10  and  9  inches,  and  its  slant  height, 
a  c.  20;  what  is  its  surface? 

10X4  =  40,  and  9x4  =  36  =  76  =  swm  of  perimeters. 

ka  76X20  =  1520,  and  15^  =  760  =  area  of  sides;  10x10  =  100, 
and  9X9  =  81. 

I  J  'j      Then  100  -f-  81  +  760  =  941  =  his. 
HELIX  (SCREW). 

Definition. -A  line  generated  by  the  progressive  rotation  of  a  point  around  an axis  and  equidistant  from  its  centre. 

To  Compute  the  Length  of  a  Helix-Fig.  49. 

Rule  —To  the  square  of  the  circumference  described  by  the  gen- 
erating point  add  the  square  of  the  distance  advanced rig'  49>        in  one  revolution,  and  take  the  square  root  of  their 

sum  multiplied  by  the  number  of  revolutions  of  the 
generating  point. 
0l%  ̂ /(C2-j-  h?)n  =  length,  n  representing  number  of  revolutions. 
Example.— What  is  the  length  of  a  helical  line  running  3  5 

times  around  a  cylinder  of  22  inches  in  circumference  and  ad- vancine  16  inches  in  each  revolution ?  . 
902  J_  162—  740  =  sum  of  squares  of  circumference  and  of  the 

distance  advanced.*"  ThenV^X  3.5  =  95.21  inches. 
SPIRALS. 

Definition.  -  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,  or  around  a  cone. 

To  Compute  the  Length  of  a  Plane  Spiral  Line- Fig.  50. 

Rule.— Add  together  the  greater  and  less  diameters ;  divide  their 

sum  by  two  ;  multiply  the  quotient  by  3.1416,  and  again jy^enum- 

«  When  the  spiral  is  other  than  a  line,  measu^  the  diameters  of  it  from  the  middle  of  the  body composing  it. 
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her  of  revolutions.  Or,  when  the  circumferences  are  given,  take  their 
mean  length,  and  multiply  it  by  the  number  of  revolutions. 

Or,  d  +  <r-^2x3.1410  n  —  length  of  line  ;  pXn  =  radius,  aucl pr2-"r- 1  =  pitch. 
Kx  ample. — The  less  and  greater  diameters  of  a  plane  spiral 

spring:,  as  a  b,  c  d,  Fig.  50,  are  2  and  20  inches,  and  the  number 
of  revolutions  10;  what  is  the  length  of  it? 
24-20—2  =  11=:  sum  of  diameters  ~  2  ;  11x3.1416=  34.5576' =  above  quotient  X3.1416. 

Then  34.5576x10  =  345.576  inches. 
Note.— The  above  rule  is  applicable  to  winding  engines  where  it  is  required  to ascertain  the  length  of  a  rope,  its  thickness,  the  number  of  revolutions,  diameter  of drum,  etc.,  etc. 

To  Compute  trie  Length,  of  a  Conical  Spiral  Line- 
Fig.  51. 

Rule. — Add  together  the  greater  and  less  diameters;  divide  their 
sum  by  two,  and  multiply  the  quotient  by  3.1416. 

To  the  square  of  the  product  of  this  circumference  and  the  number 
of  revolutions  of  the  spiral,  add  the  square  of  the  height  of  its  axis, and  take  the  square  root  of  the  sum. 

:  length  of  line. Fig.  51. Or,  ̂ {d  -fd'-^-2x3.1416n  +  I  2)  ̂  
Example.— The  greater  and  less  diameters  of  a  conical  spiral.  Fi"- 

51,  are  20  and  2  inches  ;  its  height,  c  d,  10 ;  and  the  number  of  revo- lutions 10  ;  what  is  the  length  of  it  ? 
20  +  2  2  =  11x3.1416  =  34.5576  =  sum  of  diameters  4-  2,  and 

X3.1416;  34.5576X10  =  345.576,  and  345.5762  119422.77  — 
square  of  the  product  of  the  circumference  and  number  of  revo- lutions. 

Then  ̂ / 119422. 77  -4- 102  =  346.72  inches. 
SPINDLES. 

Definition — Figures  generated  by  the  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.,  etc. 
CIRCULAR  SPINDLE. 

T  Compute  trie  Convex  Surface  of  a  Circular  Spin- dle, Zone,  or  Segment  of  it— IPig.  52,  53,  and.  5<L. 
Rule. — Multiply  the  length  by  the  radius  of  the  revolving  arc ; multiply  this  arc  by  the  central  distance,  or  distance  between  the  cen- 

Fig.  52.  tre  of  the  spindle  and  centre  of  the  revolving  arc  ; 
subtract  this  product  from  the  former,  double  the  re- 

mainder, and  multiply  it  by  3.141G. 

)  2 p  —  surface,  a  representing  length 
of  arc,  and  c  the  chord. 

Example. — What  i3  the  surface  of  a  circular  spindle,  Fig. 
/     52i  the  length  of  it,/ c,  being  14.142  inches,  the  radius  of  its 

IS       ar(N  0  c>  1°»  and  tne  central  distance,  o  e,  7.071  ? 
v  ̂ T""  14  142  x  10  — 141'42  =  lenSth  X  radius.    Length  of  arc,/  a  c, by  Rule*,  page  252  =  15.708.  J  J 15-™3x7.071  =111.0713  =  length  of  arc  X  central  distance;  141.42—111.0713  = 30.3487  =  difference  of  products.    Then  30.3487x2x3. 141G  =  190.687  inches. 

Or,  lr 
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Fig.  54. 

Example. — What  is  the  convex  surface  of  the  zone  of  a 
circular  spindle,  Fig.  53,  the  length  of  it,  i  c,  being  77653  inch- 

es, the  radius  of  its  arc  10,  the  central  distance  T.071,  and 
the  length  of  its  side  or  arc,  d  b,  T.854  inches  ? 

;>  7.653X10:=  76.53  =  Zmir^X  radius;  7.854x7.071=55.5356 
==  length  of  arc  X  central  distance;  76.53  —  55.5356  = 20.9944  =  difference  of  products. 

\      ;     /  Then  20.9944x2x3.1416  =  131.912  inches. 
\  |  /  Example.— What  is  the  convex 

surface  of  a  segment  of  a  circular 
gpindle,  Fig.  54,  the  length  of  it  being  3.2495  inches,  the radius  of  its  arc  10,  the  central  distance  7.071,  and  the  length 
of  its  side,  id,  3.927  inches? 
3  2495X10  =  32.495  =  length  X  radius;  3.927  X  7.071 1  = 

27.7678  =  length  of  arc  X  central  distance  ;  uZ.495—  \  ; 
27.767S  =  4.7272  =  difference  of  products.  \    i  /' Then  4. 7272  X  2  X  3. 1 416  =  29. 7 02  inches.  \^/ 

General  For.mula._S  =  2  (7r- a  c)  p  =  surface  I  rep- 
resenting  length  of  spindle,  segment,  or  zone,  a  the  length  of  its  revolving  arc,  r  the 
radius  of  the  generating  circle,  and  c  the  central  distance. 

Illustration  —The  length  of  a  circular  spindle  is  14.142  inches,  the  length  of  its 
revolving  arc  is  15.708,  the  radius  of  its  generating  circle  is  10,  and  the  distance  of 
its  centre  from  the  centre  of  the  circle  from  which  it  is  generated  is  7.0<1;  what  is 

its  surface?  2x(14142xl0  _  15. 708 X 7. 071 )X 3. 1416  =  19 0.687  inches. 
Note.— -The  surface  of  a  frustrum  of  a  spindle  may  be  obtained  by  the  division  of the  surface  of  a  zone. 

CYCLOID AL  SPINDLE. 

To  Complete  the  Convex  Surface  of  a  Cycloiclal 
Spindle— Fig.  55. 

Rule.— Multiply  the  area  of  the  generating  circle  by  64,  and  divide 
it  by  3. 

Or Fig.  55. 
«X64 

"IT 

=  surface. 

Example.— The  area  of  the  generating  circle,  a  b  c,  of 
b  a  cycloidal  spindle,  d  e,  is  32  inches ;  what  is  the  surface ;  of  the  spindle  ? 

32  X  64  =  2048  =  area  of  circle  X04 ;  and  204S  -f-  3  = 682.667  inches. 
NOXE>  The  area  of  the  greatest  section  of  a  cycloidal 

spindle  is  twice  the  area  of  the  cycloid. 

ELLIPSOID,  PARABOLOID,  OR  HYPERBOLOID  OF  REVOLUTION. 

Definition— Figures  alike  to  a  cone  generated  by  the  revolution  of  a  conic  sec- tion around  its  axis. 
Note.— These  figures  are  usually  known  as  Conoids. 
When  they  are  generated  by  the  revolution  of  an  ellipse,  they  are  called  Ellipsoids, and  when  by  a  parabola,  Paraboloids,  etc.,  etc. 
The  revolution  of  an  arc  of  a  conic  section  around  the  axis  of  the  curve  will  give  a segment  of  a  conoid. 

ELLIPSOID. 

To  Compute  the  Convex  Surface  of  an  Ellipsoicl- IPig.  56. 

Rule. — Add  together  the  square  of  the  base  and  four  times  the 

square  of  the  height;  multiply  the  square  root  of  half  their  sum  by 
3.1416,  and  this  product  by  the  radius  of  the  base. 

0r,  ̂/&2-Hfe2  3  1416  r  _  SUrface,  h  representing  height  of  the  ellipsoid. 
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To  Compute  tlie  Conyex  Surface   of  a  Segment, 
Frustrurn,  or  Zone  of  an  Ellipsoid.^ 

•  See  Rules  for  the  Convex  Surface  of  a  Segment, Frustrum,  or  Zone  of  a  Spheroid  or  Ellipsoid,  pages 257,  258. 
Example.— The  base,  a  b,  of  an  ellipsoid,  Fig.  56,  is  10  inches, and  the  vertical  height,  c  d,  7  ;  what  is  its  surface  ? 

102  _j_  72 x  4  —  296  =  sum  of  the  square  of  the  base  and  4  times the  square  of  the  height ;  296-^-2  — 148,  and  -^148  =  12.1655 ==  square  root  of  half  the  above  sum. 
Then  12.1655x3.1416x^  =  191.0957  inches, a 

PARABOLOID. 
To  Compute  the  Convex  Surface  of  a  ̂ Paraboloid— 

Eig.  57. 

Rule.—  From  the  cube  of  the  square  root  of  the  sum  of  four  times 
the  square  of  the  height,  and  the  square  of  the  radius  of  the  base,  sub- 

tract the  cube  of  the  radius  of  the  base ;  multiply  the  remainder  by 
the  quotient  of  3.1416  times  the  radius  of  the  base  divided  by  six times  the  square  of  the  height. 

Or,  (y/u*  +  r~')3  -  r3x  ~j2  =  surface. 
Example. — The  axis,  b  d,  of  a  paraboloid,  Fig.  57,  is  40  inch- 
es :  the  radius,  a  d,  of  its  base  is  18  inches :  what  is  its  convex surface? 
402X4  =  6400  =  4  times  the  square  of  the  height;  6400  -f-  182 —  6724=  sum  of  the  above  product  and  the  square  of  the  radius of  the  base;  ( ̂6724)  3  _  1S3  =545536  —  the  remainder, of  the  cube oj  the  radius  of  the  base  subtracted  from  the  cube  of  the  square root  of  the  preceding  sum;  3.1416x18  -f-  (6x402)  =  .005S905  =- the  quotient  of  3.1416  times  the  radius  of  the  base  -f-  6  times  the square  of  the  height. 

Then  5 15536 X. 0058905  =  3213.43  inches. 
ANY  FIGURE  OF  REVOLUTION. 

To  Ascertain  the  Convex  Surface  of  any  figure  of -Revolution-Figs.  58,  59,  and  GO. 

frlT^S*!?1/  the  Iength  of  thc  uncrating  line  by  the  circum- teience  described  by  its  centre  of  gravity. 
Or,  l  2rp=  surface,  r  representing  radius  of  centre  of  gravity. Fig.  5S. 

g 

n  I  i  f BT*AV<>-<--U  the  generating  line,  a  c,  of  the  cylinder, 
IZJiL  I ?-In  C£f,  m.  diameteiN  Fig.  58,  ia  10,  then  the  centre  of giavity  of  it  will  be  in  &,  the  radius  of  which  is  b  r=5. 

Hence  10X5X2X3.1416  =314.16  inches  =  the  convex  surface oj  the  cylinder.  J 
Again,  If  the  generating  line  is  e  a  c  g,  and  it  is  (e  a  =  5,  a  c —  10,  and  c  g  —  5)  =  20,  then  the  centre  of  gravity,  o,  will  be  in the  middle  of  the  line  joining  the  centres  of  gravity  of  the  Man- US  gIM  e  ac  and  a  c  g= 3.75  from  r. 

471.24  inches  =  the  entire  sur* Hence  20X  3.75X  2  X  3.1416 
J  ace  of  the  cylinder. 
Pboof  !  Convex  surface  as  above   314  16 

I  Area  of  each  end,  lOax.7854  =  78.54,  and  78.54x2  =  '.  ]  ]  157^08 

471~24 
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Illustration  2. —If  the  generating  elements  of  a  cone, 
Fig.  5J.  pig  5^  are  a  d  _  lo,dc  =  10,  and  a  c  the  generating  line 
a  —  14.142,  the  centre  of  gravity  of  which  is  in  o,  and  o  r  =  5. 
/[\  Then  14142x5X2X3.1416  =  444.285  =         Fig.  60. 

St  1  r    \       the  convex  surface  of  the  cone,  and  10X2 x  \     X  .7S54  =  314. 16  =  area  of  base. 
e   "v     Hence  444. 2S5  +  314.16  =  758.445  ==  the 

entire  surface  of  the  cone. 
Illustration  3.— If  the  generating  elements  of  a  sphere,  Fig.  1 

03,  are  a  c  =  10,  abc  will  be  15.70S,  the  centre  of  gravity  of  which is  in  o,  and  by  Rule,  page 339,  or=  3.183. 
Hence  15.7C8x3.1S3X2X 3.1416  =  314.16  inches— the  surface  of  c 

the  sphere. 

To  Ascertain  trie  Area  of  an  Irregular  [Figure. 

Rule. — Take  a  uniform  piece  of  board  or  pasteboard,  weigh  it,  cut 
out  the  figure  of  which  the  area  is  required,  and  weigh  it ;  then,  as 
the  weight  of  the  board  or  pasteboard  is  to  the  entire  surface,  so  is  the 
weight  of  the  figure  to  its  surface. 

CAPILLARY  TUBE. 

To  Compute  tlie  Diameter  of  a  Capillary  Tube. 

Rule.— Weigh  the  tube  when  empty,  and  again  when  filled  with 
mercury;  subtract  the  one  weight  from  the  other;  reduce  the ^ differ- 

ence to  Troy  grains,  and  divide  it  by  the  length  of  the  tube  in  inches. 
Extract  the  square  root  of  this  quotient,  multiply  it  by  .0192245,  and 
the  product  will  give  the  diameter  of  the  tube  in  inches. 

Or,  /sJyX  -0192245  —  diameter,  w  representing  difference  in  weights  inTroy  grains and  I  the  length  of  the  tube. 
Example. —The  difference  in  the  weights  of  a  capillary  tube  when  empty  and 

when  filled  with  mercury  is  90  grains,  and  the  length  of  the  tube  is  10  inches  ;  what is  the  diameter  of  it  ?  ;      n      4  «w  wnooiK 
Q0  —  10  — 9  z=z  weight  of  mercury  -r-  length  of  tube;  V9  =  3>  and  dX- 011^40  _ 

.0516135=  the  square  root  of  the  above  quotient  x. 0192245  inches  =  diameter  of tube. 
Phoof.— The  weight  of  a  cubic  inch  of  mercury  is  3442.75  Troy  grains,  and  the 

diameter  of  a  circular  inch  of  equal  area  to  a  square  inch  is  1.128  (page  254). 
If  then,  3442  75  grains  occupy  1  cubic  inch,  90  grains  will  require  .0201419  cubic 

inch,  which,  -h- 10  for  the  height  of  the  tube  =  .00261419  inch  for  the  area  of  the  sec- tion of  the  tube.  :      ,  - 
Then  V- 0026141 9  =  .051129=  side  of  the  square  of  a  column  of  mercury  oj  this 

arilence  .051129x1-128,  which  is  the  ratio  between  the  side  of  a  square  and- the  di- ameter of  a  circle  of  equal  area  =  .0576735. 

ADDITIONAL  RULES  FOR  ELEMENTS  OF  REGULAR  POLYGONS. 

To  Compute  trie  Eadius  of  trie  Inscribed  or  Cir- 
cvxm.scri"becl  Circles. 

Rule.—  When  the  Radius  of  the  Circumscribing  Circle  is  given.  Mul- 
tiply the  radius  given  by  the  unit  in  column  E,  in  the  following  Table, 

opposite  to  the  figure  for  which  the  radius  is  required. 
num.— When  the  Radius  of  the  Inscribed  Circle  is  given,  Multiply 

the  radius  given  by  the  unit  in  column  F,  in  the  following  Table,  op- 
posite to  the  figure  for  which  the  radius  is  required. 
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To  Compute  tlie  Area,  When  the  Radii  of  the  In- scribed  or  Circumscribing  Circles  are  given. 
Rule.— Square  the  radius  given,  and  multiply  it  by  the  unit  in  col- umns G  or  H,  m  the  following  Table,  and  opposite  to  the  figure  for which  the  area  is  required.  6 

To  Compute  the  Length  of  a  Side,  When  the  Ra- dius of  the  Inscribed  or  Circumscribing  Circle is  given. 

c  Mnltirty  the  radius  given  by  the  unit  in  column  K,  in  the following  Table,  and  opposite  to  the  figure  for  which  the  length  is  re quired.  
to 

No.  of Sides. Name  of  Polygon. 

E. 
Radius  of Inscribed Circle. 
By  Cir- cumscrib. Circle. 

9 
10 
11 
12 

Tngon  
Tetragon . . 
Pentagon. . 
Hexagon . . 
Heptagon  . 
Octagon . . . 
Nonagon  . . 
Decagon  . . 
Undecagon 
Dodecagon 

.5 .70711 

.80902 

.S6692 

.900^7 .92388 

.93969 

.95100 

.95949 

.90693 

F. 
Radius  of Circumscr, Circle. 
By  Inscrib- ing Circle. 
2. 
1.41421 1.23607 
1.1547 
1.10092 
1.0S239 1.0041 S 
1.05146 
1.04222 
1.035.8 

G.        I  H. Area.  Area. 
By  Radius   By  Radius 
of Inscrib'd Circle, 

5.19615 4. 
3.63272 3.4641 
3.37102 3.31371 
3.27573 
3.2492 3.22989 3.215G9 

of  Circum scribing 
Circle. 

1.29904 
2. 

2.S7764 
2.59808 
2.73641 
2.82842 2.89254 
2.93893 2.97353 
3. 

z* 

I. 
Area. 

By  Length of  Side. 

.43301 
1. 
1.7204S 2.59808 
3.03391 
4.81843 
6.18  82 
7.69421 9.36564 

11.19615 

K. 

Length  of Side. 

By  Radius 
of  Inscrib'd Circle. 

3.4(341 2. 
1.45308 
1.1547 
.96315 
.82843 
.72794 
.64984 
.58725 
.5359 
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MENSURATION  OF  SOLIDS. 

CUBES    AND    PARALLEL  OPIPEDONS. 

CUBE. 

Definition.— A  solid  contained  by  six  equal  square  sides. 

To  Compete  tlie  Volume  of  a  Cube— Fig.  61. 

Fig.  61.  Rule.— Multiply  a  side  of  the  cube  by  itself,  and  that 
product  again  by  a  side. 
or,  s3  =  V,  s  representing-  the  length  of  a  side,  and  V  the  volume. 

JHIII  Example.— The  side  a  b,  Fig.  Gl,  is  12  inches;  what  is  the  vol-  ume  of  it  ? 
12x12x12=:  1728  cubic  inches. 

PARALLELOPIPEDON. 

Definition— A  solid  contained  hy  six  quadrilateral  sides,  every  opposite  two  of which  are  equal  and  parallel.  ^.  G2> 

To  Co irip vi to  tlie  Volume  of  a  Paral- 
lelopipecloxi— Fig.  62. 

Rule.— Multiply  the  length  by  the  breadth,  and 
that  product  again  by  the  depth. 

Or,  lbd  —  V. 

PRISMS,  PRISMOIDS,  AND  WEDGES. 
PRISMS. 

DEFiNiTiON.-Solids,  the  ends  of  which  are  equal,  similar,  and  parallel  planes,  and die  sides  of  which  are  parallelograms. 

NoTE.-When  the  ends  of  a  prism  or  prismoid  are  triangles,  Itja  called  a  triangu- lar prism  or  prismoid;  when  rhomboids,  a  rhomboidal  prism  etc.,  when  squaie., 
a  square  prism,  etc. ;  when  rectangles,  a  rectangular  prism,  etc. 

Fi-  63.       To  Compute  tlie  Volume  of  a  Prism- Figs.  63  and.  64.  Fig  G4> 

Rule.— Multiply  the  area  of  the  base  by 
the  height. 

Or,  aXh  =  \. 
Fx  ample. —A  triangular  prism,  abcde,  Fig.  64,  has 

sides  of  2.5  feet,  and  a  length,  c  d,  of  10  feet ;  what  is its  volume? 
By  Rule,  page  245,  2.52X.433=  2.T0625  =  area  of 

end  a  be,  and  2.70625x10  =  27.0625  cubic  feet  d 

PRISMOID  S.* 
To  Compute  tlie  Volume  of  a  Prismoicl-Fig.  65. 

Rule  —To  the  sum  of  the  areas  of  the  two  ends  add  four  times  the 
area  of  the  middle  section,  parallel  to  them,  and  multiply  this  sum  by 
%  of  the  perpendicular  height.f  _____ 

*  An  excavation  or  embankment  of  a  road,  when  terminated  by  parallel  cross  sections,  is  a  rectnn- 

!UWS  general  rule,  and  applies  equally  to  figures  of  proportionate  or  dissimilar  ends. 



JIEXSURATION  OF  SOLID3. 271 

Or,  a-f-  a'+  4m  =  k^-6  =  V,  a  and  a'  representing  areas  of ends,  and  m  area  of  middle  section. 
,-.Ex^MrLE — what  is  the  volume  of  a  rectangular  prismoid, Jr  lg.  05,  the  lengths  and  breadths,  e  g  and  g  h,  and  a  b  and  b  d 
feet?6  tW°  GndS  bdng  7X0        3X2  inche6i  and  the  he!gllfc  J5 
7x6  +  3x2  =  42  +  6  =  48=:^™  oftheareas  of  the  two  ends  ; i-\-o  —  2  —  b  =  length  of  the  middle  section  ;  C  +  2  —  2  —  4  = breadth  of  the  middle  section;  5x4x4  =  80  —four  times  the area  of  the  middle  section. 

,15x12 Then  4S  +  S0X- 

b' 

=  12Sx30  =  3S40  cubic  inches. 

Fig.  66. 

Note.— The  length  and  breadth  of  the  middle  section  are  respectively  eaual  to half  the  sum  of  the  lengths  and  breadths  of  the  two  ends. 
2  —  Prismoid?,  alike  to  prisms,  derive  their  designation  from  the  figure  of  their ends,  as  triangular,  square,  rectangular,  pentagonal,  etc. 

WEDGE. 

To  Compute  the  Volume  of  a  Wedge— Fig.  66. 
Rule.  To  the  length  of  the  edge  add  twice  the  length  of  the  back  ; multiply  this  sum  by  the  perpendicular  height,  and  then  by  the  breadth of  the  back,  and  take  x/%  of  the  product. 

Or,  tf+F>&xhb)  +  6=^f. 
Example.    The  hack  of  a  wedge,  a  b  c  d,  is  20  by  2  inches, and  its  height,  ef  20  inches;  what  is  its  volume? 
20  4-20x2  —  CO  =  length  of  the  edge  added  to  twice  the length  of  the  back ;  60x  20x2  =  2400  =  above  sum  multiplied 

by  the  height,  and  that  product  by  the  breadth  of  the  back. Then  2400  ̂ -  6  =  400  cubic  inches. 
,      Xote.— When  a  wedge  is  a  true  prism,  as  represented  by c  Fig.  06,  the  volume  of  it  is  equal  to  the  area  of  an  end  mul- tiplied by  its  length. 

REGULAR  BODIES  (POLYHEDRONS). 

uF^T^S'^  repula,'bo,(ly  J8  a  poli(1  contained  under  a  certain  number  ofsimi- Ml  and  equal  plane  face*,*  all  of  which  are  equal  regular  polygons. 
Note.— The  whole  number  of  regular  bodies  which  can  possibly  be  formed  is  five. 

abou7a\v^nirt  i"a7  ahva^  he  inscribed  within,  and  may  always  be  circumscribed about  a  legular  body  or  polyhedron,  which  will  have  a  common  centre. 
Fig.  67. Fig.  63 Fig.  60. 

1. 
The  Tetrahedron,  or  Pyramid,  Fig.  07,  which  has  four  triangular  face*. The  Hexahedron,  or  Cube,  Fig.  61,  which  has  six  square  faces. The  Octahedron,  Fig.  68,  which  has  eight  triangular  faces. The  Dodecahedron,  Fig.  69,  which  has  twelve  pentagonal  faces, I  he  fcosahedron,  Fig.  70,  which  has  twenty  triangular  faces. 

*  The  angle  of  the  adjacent  faces  of  a  polygon  is^IIed  the  diedral  angle. 
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To  Compute  the  Elements  of  any  Regular  Body— ITigs.  67,  6S,  61,  69,  and  70. 

Jb  Compute  the  Radius  of  a  Sphere  that  will  Circumscribe  a  given  Regu- 
lar Body,  and  the  Radius  of  one  also  that  may  be  Inscribed  within  it. 

Rule. —  When  the  Linear  Edge  is  given,  Multiply  it  by  the  multiplier opposite  to  the  body  in  the  columns  A  and  B  in  the  preceding  Table, under  the  head  of  the  element  required. 
Example.— The  linear  edge  of  a  hexahedron  or  cube,  Fig.  61,  is  2  inches:  what are  the  radii  of  the  circumscribiug  and  inscribed  spheres  ? 

2 x. 56602  =  1.73201  inches  —  radius  of  circumscribing  sphere;  2X.5  =  1  inch  = radius  of  inscribed  sphere. 
Rule. —  When  the  Surface  is  given,  Multiply  the  square  root  of  it  by the  multiplier  opposite  to  the  body  in  columns  C  and  D  in  the  preced- 

ing Table,  under  the  head  of  the  element  required. 
Rule.  —  When  the  Volume  is  given,  Multiply  the  cube  root  of  it  by the  multiplier  opposite  to  the  body  in  columns  E  and  F  in  the  preced- 

ing Table,  under  the  head  of  the  element  required. 
Rule. —  When  one  of  the  Radii  of  the  Circumscribing  or  Inscribed Sphere  alone  is  required,  the  other  being  given,  Multiply  the  given  radius 

by  the  multiplier  opposite  to  the  body  in  columns  G  and  H  in  the  pre- ceding Table,  under  the  head  of  the  other  radius. 

To  Compute  the  Linear  Edge  of  a  Polyhedron. 
Rule.  —  When  the  Radius  of  the  Circumscribing  or  Inscribed  Sphere is  given,  Multiply  the  radius  given  by  the  multiplier  opposite  to  the body  in  columns  I  and  K  in  the  preceding  Table. 
Rule.-  When  the  Surface  is  given,  Multiply  the  square  root  of  it  by the  multiplier  opposite  to  the  body  in  column  L  in  the  preceding  Table. 
Rule. — When  the  Volume  is  given,  Multiply  the  cube  root  of  it  by the  multiplier  opposite  to  the  body  in  column  M  in  the  preceding  Table. 

To  Compute  the  Surface  of  a  Polyhedron. 
i  Rule.     When  the  Radius  of  the  Circumscribing  Sphere  is  given,  Mul- 

tiply the  square  of  the  radius  by  the  multiplier  opposite  to  the  bodv  in column  N  in  the  preceding  Table. 
Rule.—  When  the  Radius  of  the  Inscribed  Sphere  is  given,  Multiply the  square  of  the  radius  by  the  multiplier  opposite  to  the  body  in  col- nmn  O  in  the  preceding  Table. 
Rule.—  When  the  Linear  Edge  is  given,  Multiply  the  square  of  the edge  by  the  multiplier  opposite  to  the  body  in  column  P  in  the  pre- ceding Table.  1 
Rule.—  When  the  Volume  is  given,  Extract  the  cube  root  of  the  vol- 

ume and  multiply  the  square  of  the  root  by  the  multiplier  opposite  to the  body  in  column  Q  in  the  preceding  Table. 
To  Compute  the  Volume  of  a  Polyhedron. 

Rule.—  When  the  Linear  Edge  is  given,  Cube  the  linear  edge,  and multiply  it  by  the  multiplier  opposite  to  the  body  in  column  R  in  the preceding  Table. 
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~RvLE.—Whe?i  the  Radius  of  the  Circumscribing  Sphere  is  given,  Mul- 
tiply the  cube  of  the  radius  given  by  the  multiplier  opposite  to  the 

body  in  column  S  in  the  preceding  Table. 
[Rule.  When  the  Radius  of  the  Inscribed  Sphere  is  given,  Multiply 

the  cube  of  the  radius  given  by  the  multiplier  opposite  to  the  body  in 
column  T  in  the  preceding  Table. 

Htjlv.  — When  the  Surface  is  given,  Cube  the  surface  given,  extract 

the  square  root,  and  multiply  the  root  by  the  multiplier  opposite  to  the 
body  in  column  U  in  the  preceding  Table. 

Fig.  71. 

Fig.  72. 

CYLINDER. 

To  Compute  tlie  "Volume  of  a  Cylinder- Fig.  71. 

Rule.— Multiply  the  area  of  the  base  by  the  height. 
Or,  axh  =  V. 

Example.— The  diameter  of  a  cylinder,  b  c,is  3  feet,  and  its  length, 
X — 4M b  a  b,  7  feet ;  what  is  its  volume? 

Area  of  3  feet  =  7.06S.    Then  7.0G8X  7  — 49.176  cubic  feet. 
CONE. 

To  Compute  trie  "V olivine  of  a  Cone- Fig.  73. 

Rule.— Multiply  the  area  of  the  base  by  the  per- 
pendicular height,  and  take  one  third  of  the  product. 

Or,  a/i-^3  — V. 
Example.— The  diameter,  a  ft,  of  the  base  of  a  cone  is  15  inch- 

es, and  the  height,  c  e,  32.5  inches  ;  what  is  its  volume  ? 

Area  of  15  inches  =  176.7140.    Then  3*-5l914.41C5 cubic  inches. 

To  Compete  trie  Volume  of  trie  Frustrum  of  a Cone— Fig.  73. 

Rule  —Add  together  the  squares  of  the  diameters  of  the  greater 

and  lesser  end^nd  the  product  of  the  two  diameters ;  multip  y  their 
sum  by  7854,  and  this  product  by  the  height;  then  divide  this  last 

product  by  three.  Or,  add  together  the  squares  of  the  circumferences 

of  the  greater  and  lesser  ends  and  the  product  of  the  two  circumfer- 
ences; multiply  their  sum  by  .07958,  and  this  product  by  the  height ; 

then  divide  this  last  product  by  three.   
0r,  d2 _|_ d'2 4_ dxd' X  .7854 h -f  - 3  =± V. 

Fig.  73.  or;  C2+c'2  +  cXc/x.0T95S  -4-3  =  V. 
Example.— What  is  the  volume  of  the  frustrum  of  a  cone, 

the  diameters  of  the  greater  and  lesser  ends,  b  d,  *  *  «&■  13,  be- 
ing respectively  5  and  3  feet,  and  the  height,  e  o,  9  teet  f 

52  _i_  32  4-  5xB  —  49  =  the  sum  of  the  squares  and  the  product  of 
the  diameters;  49X.7854  =  38.4S46  —  the  above  sum  ty.7854. 38  4848X9  =115.4538  cubic  feet. 5 

PYRAMID. 

Note. -The  volume  of  a  pyramid  li  equal  to  one  third  of  that  of  a  prism  having equal  bases  and  altitude. 
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To  Compuie  tlie  IToIume  of  a  FyraixLid—ITig.  74. 
Fig.  74.        Rule.— Multiply  the  area  of  the  base  by  the  perpendic- ular height,  and  take  one  third  of  the  product. 

•     Or,  ah-7-3  =  S. 
Example.— What  are  the  contents  of  a  hexagonal  pyramid,  Fiff  74 a  side,  a  b,  being  40  feet,  and  its  height,  c  e,  60  feet  ?  -  1 
40=X2.59S1  (tabular  multiplier,  page  24S)  =4156.96  =  area  of  base 4156.96X69 

 g  =  83139.2  cubic  feet. 

To  Compute  trie  "Volume  of  tlie  Frustrum  of  a IPyraiXLid— Fig.  75. 

Rule. — Add  together  the  squares  of  the  sides  of  the  greater  and lesser  ends  and  the  product  of  these  two  sides ;  multiply  the  sum  by 
the  tabular  multiplier  for  areas  in  Table,  page  248,  and  this  product by  the  height ;  then  divide  the  last  product  by  three. 

^  ¥htsSi'det***  X        mUlt  Xh^S  =  Vi  s  and  s'  representing  the  lengths  of 
When  the  areas  of  the  ends  are  known,  or  can  be  obtained  without  reference  to  a 
Fi"  75         tabular  multiplier,  use  the  following. 

Or,  a-\-  a'  -\-y/aXa'Xh-±-3  =  V,  a  and  a'  representing  areas  of 
the  ends.  raj Example.— What  are  the  contents  of  the  frustrum  of  a  hexago- nal pyramid,  Fig.  75,  the  lengths  of  the  sides  of  tlie  greater  and leafier  ends,  cd,ab,  being  respectively  3.75  and  2.5  feet,  and  its  per- pendicular height,  e  0,  7.5  feet  ? 

3.752  -f  2.52=:  20.3125  =  sum  o  f  the  squares  of  sides  of  greater and  lesser  ends;  20. 3155 4-3. 75x2. 5  =  29. 6875  =  above  sum  added to  the  product  of  the  two  sides;  29.6S75x2.5981x7.5=  578.48  = the  last  sum  X  tab.  mult.,  and  again  by  the  height,  which,  —  3  — 
192.83  cubic  feet.  '  '  ~ 

When  the  Ends  of  a  Pyramid  are  not  those  of  a  Regular  Polygon,  or when  tlie  Areas  of  the  Ends  are  given. 

Rule.—  Add  together  the  areas  of  the  two  ends  and  the  square  root of  their  product;  multiply  the  sum  by  the  height,  and  take  one  third of  the  product. 
Or,  a  +  a'-f-  V«X«,X/i-^3  =  V. 

Example — What  are  tlie  contents  of  an  irregular-sided  frustrum  of  a  pyramid, the  areas  of  the  two  ends  being  22  and  88  inches,  and  the  length  20  inches. 
22  4-SS  =  110  =  sum  of  areas  of  ends;  22x88  =  1936,  and  V^36=  44  =  square 

root  of  product  of  areas.    Then  110  +  44X20  _  1()26>  66  cubic  inches> 
SPHERICAL  PYRAMID. 

A  Spherical  Pyramid  is  that  part  of  a  sphere  included  within  three  or  more  ad- joining plane  surfaces  meeting  at  the  centre  of  the  sphere.    The  spherical  polygon defined  by  these  plane  surfaces  of  the  pyramid  is  called  the  base,  and  the  lateral faces  are  sectors  of  circles.  1 
To  compute  the  Elements  of  Spherical  Pyramids,  see  Docharty  and  Hackley's  Ge- ometry. J 

CYLINDRICAL  UXGULAS. 
Definition.  -Cylindrical  Ungulas  are  frustra  of  cylinders.    Conical  Ungulas  are fmstra  of  cones.  & 



276 MENSURATION  OF  SOLIDS. 

To  CoiXL-poate  tlio  Yolume  of  a  Cylindrical  TJngula— l^ig.  76. 

1.  When  the  Section  is  parallel  to  the  Axis  of  the  Cylinder. 

Fig.  76.        Rule.— Multiply  the  area  of  the  base  by  the  height  of the  cylinder. 
Or,  aXh  —  Y. 

Example.— The  area  of  the  base,  d  ef  Fig.  76,  of  a  cylindrical  tin- 
gula  is  15.5  inches,  and  its  height,  e  a,  20;  what  is  its  volume? 15.5X20  =  310  cubic  inches. 

Fig.  77. 

Fig.  78. 

2.  When  the  Section  passes  Obliquely  through  the  opposite 
sides  of  the  Cylinder— Fig.  77. 

Rule.— Multiply  the  area  of  the  base  of  the 
cylinder  by  half  the  sum  of  the  greatest  and 

least  lengths  of  the  ungula.  
Or,  «x/  +  ̂ 2  =  V. 

Example. -The  area  of  the  base,  d  ef,  of  a  cylindrical  ungula,  Fig. 
77,  is  25  inches,  and  the  greater  and  less  heights  of  it,  ad,  be,  are  lo and  17  inches ;  what  is  its  volume  ? 

25x^5-i^  =  400  cubic  inches. 

3.  When  the  Section  passes  through  the  Base  of  the  Cylinder  and  one  of 

its  Sides,  and  the  Versed  Sine  does  not  exceed  the  Sine — Fig.  78. 
Rule  —From  %  of  the  cube  of  the  sine  of  half  the  arc  of  the  base 

subtract' the  product  of  the  area  of  the  base  and  the  cosine*  of  the half  arc.    Multiply  the  difference  thus  found  by  the  quotient 
arising  from  the  height,  divided  by  the  versed  sine. 

Or  —  —acX  —  —  V,vs  representing  the  versed  sine. '3  vs 

r     Example  —The  sine,  a  d,  of  half  the  arc,  def,oi  the  base  of  an  un- 
'  gula  Fig  78,  is  5  inches,  the  diameter  of  the  cylinder  is  </0,  and  the 
Light,  eg,  of  the  ungula  10  ;  what  are  the  contents  of  it? 

of  53  =  83  333  =  two  thirds  of  the  cube  of  the  sine.  As  the  versed 
sine  and  radius  of  the  base  are  equal,  the  cosine  is  0.  Hence  area of  base  X  cosine  =  0.  ^  n     '     ..,  .  _ 

83.333  —  0x10 -r-5  =  166. 6G6  cubic  inches. 

4   When  the  Section  passes  through  the  Base  of  the  Cylinder,  and  the 
Versed  Sine  exceeds  the  Sine—Fig.  79. 

Rule  —To  %  of  the  cube  of  the  sine  of  half  the  arc  of  the  base 
add  the  product  of  the  area  of  the  base  and  the  cosine.  Multiply 
the  sum  thus  found  by  the  quotient  arising  from  the  height,  divided  by the  versed  sine. 
iJ-  Or,  — +  ac  X— —  V. 1    3  vs 

Example.— The  sine  a  d  of  half  the  arc  of  an  ungula,  Fig.  70,  is  12 
inches,  the  versed  sine  a  g  is  16,  the  height  g  c  10,  and  the  diameter of  the  cylinder  25  inches  ;  what  is  its  volume  ? 
/s  of  123  —  H52  _=  two  thirds  of  cube  of  sine  of  half  the  arc  of  the 

base.    Area  of  base  =  331.78 ;  1152  +  331.78X VS  -  12.G >  =  C3U L23 
—  sum  of  %  of  the  cube  of  the  sine  of  half  Vie  arc  of  the  base, and  product  of  area  of  base  and  cosine. 

Then  2313.23x2;)  -J- 16  =  2851.5375  cubic  inches.  _____ 
*  When  the  cosine  is  0,  the  product  is  0. 
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5.  When  the  Section  passes  Obliquely  through  both  Ends  of  the  Cylinder 

—Tig.  80.  J  ' Rule.  Conceive  the  section  to  be  continued  till  it  meets  the  side of  the  cylinder  produced ;  then,  as  the  difference  of  the  versed  sines of  the  arcs  of  the  two  ends  of  the  ungula  is  to  the  versed  sine  of  the 
arc  of  the  less  end,  so  is  the  height  of  the  cvlinder  to  the  part  of  the side  produced. 

Ascertain  the  volume  of  each  of  the  ungulas  by  Rules  3  and  4  and take  their  difference. 

0ri  =  *'i  v  and  v>  representing  the  versed  sines  of  the  arcs  of 

,        fanvroduced.  ******  °f  the  and  *'  the  height  of  the 
Example.— The  versed  sines,  a  e  d  c,  and  sines,  e  k  and  c;  of  the  arcs f'f.tlfe  }™  eild??f  *n  «5gu}«,  Fig.  80,  are  assumed  to  he  respectively 8  5  and  25,  and  11.5  and  0  inches,  the  length  of  the  ungula,  b  e,  within the  cylinder,  cut  from  one  having  25  inches  diameter,  d  c,  is  20  inches  • what  is  the  height  of  the  ungula  produced  beyond  the  cylinder,  and )  I  what  is  the  volume  of  it?  ' 

25  XcSyl^dSe'r6  ::20:  10,30:3  —  height  of  ungula  produced  beyond  the 
Greyer  unguln  the  sine  cbeingO,  the  versed  sine=z^e  diameter.  Base  of  ungula being  a  circle  of  25  inches  diameter,  area  =  490.  S75.  The  versed  sine  and  diaS 

of  the  base  being  equal  (25),  the  sine  =  0.  400.ST5X25  co  ̂  =  G135.9375  product of  area  of  base  and  cosine  or  excess  of  versed  sine  over  the  sine  of  the  base.  30.303 r5  =  =  W°to™t  Of  height  ~  versed  sine. 
Then  6135.9375X1.21212  =  7437.4926  cubic  inches;  and  by  Rules  3  and  4,  volumes of  less  and  greater  ungulas  =  515.444,  and  6922.0480  =  7437.4926  cubic  i?ichcs SPHERE. 

^  Definition.-A  solid,  the  surface  of  which  is  at  a  uniform  distance  from  the  cen- 
Fig.  81. To  Compute  the  Volume  of  a  Sphere— Fig.  SI. 

^     Rule.—  Multiply  the  cube  of  the  diameter  by  .5236. Or,  d3 X. 5236  =  V,  d  representing  the  diameter. 
Example.— What  is  the  volume  of  a  sphere,  Fig.  81,  its  diame- ter, a  b,  being  10  inches  ? 

103  =  1000,  and  1000x.523C  =  523.6  cubic  inches. 
SEGMENT  OF  A  SPHERE. 

Definition — A  section  of  a  sphere. 

To  Compute  the  Volume  of  a  Segment  of  a  Sphere -ITig.  82. 

Rule  J. — To  three  times  the  square  of  the  ra- 
dius of  its  base  add  the  square  of  its  height;  mul- tiply this  sum  by  the  height,  and  the  product  by 

.523G.  .   1  J Or,  3r«  +  A2/iX.5236  =  V. 
2. — From  three  times  the  diameter  of  the  sphere subtract  twice  the  height  of  the  segment;  multiply this  remainder  by  the  square  of  the  height,  and  the product  by  .5236. 

Or,  3d—2hh* X .5236  —  V. A  A 
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Example.— The  segment  of  a  sphere,  Fig.  82,  has  a  radius,  a  o,  of  7  inches  for  its 
base,  and  a  height,  b  o,  of  4  inches ;  what  is  its  volume? 
72  x  34-  42  =  163  =zthe  sum  of  three  times  the  square  of  the  radius  and  the  square, 

of  the  height ;  163  X4X- 5236  —  331.3872  cubic  inches, 
SPHERICAL  ZONE  (OR  FRIT  STRUM  OF  A  SPHERE). 

Definition.— The  part  of  a  sphere  included  between  two  parallel  chords. 

To  CoixLT>u.te  tlae  Volume  of  a  Spherical  Zone- 
Fig.  83. 

Definition  The  part  of  a  sphere  included  between  two  parallel  planes. 
Rule.— To  the  sum  of  the  squares  of  the  radii  of  the  two  ends  add 

%  of  the  square  of  the  height  of  the  zone ;  multiply  this  sum  by  the 
height,  and  again  by  1.5708.   

y>    S3>  Or,  r2  -f  r'2  +  h*    3 XhX  1.5708  =  V.   Example. — What  are  the  contents  of  atspherical  zone,  Fig. 
S*        ~^Ns        83,  the  greater  and  less  diameters,/*  and  d  e,  being  20  and /         c  \      15  inches,  and  the  distance  between  them,  or  height  of  the 

af  !  l|IBke  zone,  c  g,  being  10  inches. 
/  _!      s  -  jm   lQ2-|-7,52  —  i56.25  —  sum  of  the  squares  of  the  radii  of  the 
[  rijJIlli         two  ends;  156.25  +  K)2      3  =  189.58  =  the  above  sum A   — ■    /.         added  to  one  third  of  the  square  of  the  height. 
J\  /        Then  189.53X  10x1.5708  =  2977.9226  cubic  inches. 

^  ^  SPHEROIDS  (ELLIPSOIDS). 
DEFiNiTiON.-Solids  generated  by  the  revolution  of  a  semi-ellipse  about  one  of  its 

diameters.  When  the  revolution  is  about  the  transverse  diameter  they  are  Prolate, 
and  when  about  the  conjugate  they  are  Oblate. 

To  Compute  tlie  Volume  of  a  Splieroid-Fig.  84. 

Rule.— Multiply  the  square  of  the  revolving  axis  by  the  fixed  axis, 
and  this  product  by  .5236. 

Or,  a2a' X- 5236  =  V^ a  and  a'  representing  the  revolving *^»«  °4-  and  fixed  axes. 
e  Or,  4 -^3X3.1416  r2r'  =  V,r  and  r'repres'g  the  semi-axes. 

^    j  Example.— In  a  prolate  spheroid,  Fig.  84,  the  fixed  axis, 
j  \      a  b,  is  14  inches,  and  the  revolving  axis,  c  d,  10  ;  what  is /  j|L    its  volume? 

a\ f jSp     iQ2  x  14  —  1400  =  product  of  square  of  revolving  axis  and 
V  I      Jm?  fixed  axis.    Then  1400 X- 5236  =  733.04  cubic  inches. 
^^^j^S^         Note.— The  volume  of  a  spheroid  is  equal  to  %  of  a  cyl- 
d  inder  that  will  circumscribe  it. 

SEGMENTS  OF  SPHEROIDS. 
To  Coin  pi  ite  tlie  Volume  of  tlie  Segment  of  a 

Spheroid. 
When  the  Base,  e  f,  is  Circular,  or  parallel  to  the  revolving  Axis,  as  c  d} 

Fig.  85,  or  as  e  f  to  the  Axis  a  b,  Fig.  86. 
-  Rule.— Multiply  the  fixed  axis  by  3,  the  height 

g;  of  the  segment  by  2,  and  subtract  tlie  one  prod- 
r — ^         net  from  the  other.;  multiply  the  remainder  by 
i        X     the  square  of  the  height  of  the  segment,  and  the 

/  /  :  \     ■  \   product  by  .5236.    Then,  as  the  square  of  the 
arJr'7,f"~~'\ J    lixed  axis  is  to  the  square  of  the  revolving  axis,  so 

j  /     is  the  last  product  to  the  volume  of  the  segment. 

~  3a-2/ix/i2X.5236xa/2 e       j  Or,  ■  —r.  =  »  • d  '  a* 
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Example.— In  a  prolate  spheroid,  Fig.  85,  the  fixed  or  transverse  axis,  a  b,  is  100 
inches,  the  revolving  or  conjugate,  c  d,  60,  and  the  height  of  the  segment,  a  o,  10 inches  ;  what  is  its  volume  ? 
100x3  — 10 X '2  —  2S0  -  twice  the  height  of  the  segment  subtracted  from  three  times 

the  fixed  axis  ;  2S0xl02X.5236  =  14660.S  inches —product  of  above  remainder, 
the  square  of  the  height,  and  .5236.  Then  1002  .  CO-  :  :  14669.S  :  52TT.8SS  cubic inches. 

When  the  Base,  ef  is  Elliptical,  or  -perpendicular  to  the  revolving  Axis 
a  b.  Fig.  85,  or  e  f  Fig.  86,  to  the  Axis  c  d. 

Rule. — Multiply  the  revolving  axis  by  3,  and  the  height  of  the  seg- 
ment by  2,  and  subtract  the  one  from  the  other;  multiply  the  remain- 

der by  the  square  of  the  height  of  the  segment,  and  the  product  by 
.5236.  Then,  as  the  revolving  axis  is  to  the  fixed  axis,  so  is  the  last 
product  to  the  volume  of  the  segment. 

Fig.  S6.  Or  3tt'-2ftXft»X.5236Xa  =  y 
c  "a' 
T^rr^^  Example.— The  diameters  of  an  oblate  spheroid,  Fig.  86, 
2^Ljs£^\f     are  100  and  60  inches,  and  the  height  of  a  segment  thereof /  \     is  12  inches  ;  what  is  its  volume? 

a — J   ~)b  100x3  —  12x2  =  276  =  tiuice  the  height  of  the  segment subtracted  from  three  times  the  revolving  axis;  276X 
122x  .5236  =  20S09.9584  =  product  of  above  remainder, 
the  square  of  the  height,  and  5236. Then  100  :  00  :  :  20Si)9:95S4  :  124S5.975  cubic  inches. 

FRUSTRA  OF  SPHEROIDS. 
To  Compute  the  Volume  of  tlie  Middle  Frustruin 

of  a  Splieroid. 

When  the  Ends,  ef  and  g  h,  are  Circular,  or  parallel  to  the  revolving 
Axis,  as  c  d,  Fig.  87,  or  a  b,  Fig.  88. 

Rule. — To  twice  the  square  of  the  revolving  axis  add  the  square 
of  the  diameter  of  either  end  ;  multiply  this  sum 

lg  by  the  length  of  the  frustrum,  and  the  product  by C  rr  O  p  1  Q 
*  Or,  2a/2-Ld2x*.261S  =  V. 
Example.— The  middle  frustrum  of  a  prolate  spheroid, 

;  ;  1  \y  i  0,  Fig.  87,  is  36  inches  in  length,  the  diameter  of  it  being, 
\,y  ]    in  the  middle,  c  d,  50  inches,  and  at  its  ends,  ef  and  g  h, wM  J    40;  what  is  its  volume? 

jttjfs      502 x 2  +  402  —  C600  _  sum  Qj  twice  the  square  0f  the  mid. j.^^Mm^^jl  die  diameter  added  to  the  square  of  the  diameter  of  the J  ends.    Then  6600  X  36  x  2618  =  62203.68  cubic  inches. 
When  the  Ends,  e  f  and  cj  h,  are  Elliptical,  or  perpendicular  to  the  re- 

volving Axis  a  h,  Fig.  87,  or  ef  and  g  h  to  the  Axis  c  d,  Fig.  88. 
Fig.  88.  Rule.— To  twice  the  product  of  the  transverse 
c  and  conjugate  diameters  of  the  middle  section 

add  the  product  of  the  transverse  and  conjugate 
J  of  either  end  ;  multiply  this  sum  by  the  length 

of  the  frustrum,  and  the  product  by  .2618. 
Or,  d  c/'x2  +  rfT/xZX.2618  =  V. 

h       Example — In  the  middle  frustrum  of  a  prolate  spheroid, 
'  Tfr^^        VHs-  88,  the  diameters  of  its  middle  section  are  50  and  30 a  inches,  its  ends  40  and  24  inches,  and  its  length,  0  i,  IS inches ;  what  is  its  volume  ? 
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50x30x2  =  3000:=  twice  the  product  of  the  transverse  and  conjugate  diameters; 
3000 +  40x24=  3960  =  sum  of  the  above  product  and  the  product  of  the  trans- verse and  conjugate  diameters  of  the  ends. 

Then  3960 X IS X. 2018  =  18661.104  cubic  inches. 

CYLINDRICAL  KING. 

Definition.— A  ring  formed  by  the  curvature  of  a  cylinder. 

To  Compute  the  "Volmne  of  a  Cylindrical  !Riiig— Eig.  89. 

Rule.— To  the  diameter  of  the  body  of  the  ring  add  the  inner  di- 
ameter of  the  ring;  multiply  the  sum  by  the  square  of  the  diameter 

of  the  body,  and  the  product  by  2.4674. 
Or,  d-\-  d'Xd2  2.4614  =  V,  d  and  d'  representing  the  diameter Fio-.  89.  of  the  body  and  inner  diameter. 
Or,  aX^  =  V,  a  representing  area  of  section  of  body,  and  I  the 

length  of  the  axis  of  the  body. 
Example. — What  is  the  volume  of  an  anchor  ring,  Fig.  S9, 

the  diameter  of  the  metal,  a  b,  being  3  inches,  and  the  inner  di- 
ameter of  the  ring,  b  c,  8  inches? 

3  _j_sx32  =  99  —  product  of  sum  of  diameters  and  the  square  of diameter  of  body  of  ring. 
Then  99x2.4674  =  244.2720  cubic  inches. 

LINKS. 

Fig.  90. 

Definition. — Elongated  or  Elliptical  rings. 

ELONGATED  OR  ELLIPTICAL  LINKS. 

To  Compute  tne  "Volmne  of  an  Elongated  or  El- liptical Link— Figs.  90  and  91. 

Rule.— Multiply  the  area  of  a  section  of  the  body  of  the  link  by  its 
length,  or  the  circumference  of  its  axis. 

Or,  axZ  =  V. 
Note  By  Rule,  page  203,  the  circumference  or  length  of  the  axis  of  an  Elonga- ted link  =  the  sum  of  3.1416  times  the  sum  of  the  less  diameter  added  to  the  thick- 

ness of  the  ring,  and  the  product  of  twice  the  remainder  of  the  less  diameter  sub- tracted from  the  greater.  m  . 
Also  the  circumference  or  length  of  the  axis  of  an  Elliptical  ring  = 

the  square  root  of  half  the  sum  of  the  diameters  added  to  the  thickness 
of  the  ring  or  the  axes  squared  X  3. 1416. 
Example.— The  elongated  link  of  a  chain,  Fig.  CO,  is  1  inch  in  diam- 

eter of  body,  a  b,  and  its  inner  diameters,  e  c  and  ef,  are  10  and  2.5 inches  ;  what  is  its  volume? 
Area  of  1  inch  =  .7854;  2.5+1x3.1416  =  10.9956  =  3.1416  times  the 

sum  of  the  less  diameter  and  thickness  of  the  ring  =  length  of 
axis  of  ends;  10  —  2.5x2  =  15  =  twice  the  remain- der, of  the  less  diameter  subtracted  from  the  greater =  length  of  sides  of  body. 

Then  10.9'\56  -f  15  -  25.9956  =  length  of  axis  of  link. Hence  .7S54X25.9956  =  20.417  cubic  inches. 
Ex.  2.— The  elliptical  link  of  a  chain,  Fig.  91,  is  of  the  same  dimen- sions as  the  preceding;  what  is  its  volume? 2  133  25 

2^+1  +  lo-j-  1  =  133.25  =  diameter  of  axes  squared;  — j—X  3. 1416 
=  25. 643  =  square  root  of  half  sum  of  diameters  squared  X  3. 141 6 
=  circumference  of  axis  of  ring.    Area  of  1  inch  =  .7S54. Then  i5. 04i3 X  .7S54=  20.14  cubic  inches. 

Fig.  91. 
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Fig.  92. 

SPHERICAL  SECTOR. 
Definition.  — 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. 
Note.— The  arc  of  the  sector  generates  the  surface  of  a  zone,  termed  the  base  of the  sector  of  a  sphere,  and  the  radii  generate  the  surfaces  of  two  cones,  havin^  a  ver- 

tex m  common  with  the  sector  at  the  centre  of  the  sphere. 

To  Compxite  th.e  "Volume  of  a  Spherical  Sector- Fig.  9S. 

Rule.— Multiply  the  surface  of  the  zone,  which  is  the  base  of  the sector,  by  %  of  the  radius  of  the  sphere. 
Or,  aXr^-3  =  Y,  a  representing  the  area  of  the  base. 

Example.— What  is  the  volume  of  a  spherical  sector,  Fig.  92,  generated  by  the sector,  c  ah,  the  height  of  the  zone,  abed,  being, 
a  o,  12  inches,  and  the  radius,  g-  h,  of  the  sphere  15 inches  ? 

a/'-  j  ̂^alv        12X94.248  =1130.9T6  =  height  of  zone  X  circumfer- /  j  ̂ ^gHk  ence  °f  sphere  =  surface  of  zone  (see  page  256). 
J  o|  \  IjMjjjjy  1130.97Gx30-=-ti  {—yz  of  radius)  =5654.83  cub.  ins. i^^^BM     f  "     ̂ ^^\       Note. — The  surface  of  a  spherical  sector  =  the  sum — !Mfc*_--^  J   of  the  surface  of  the  zone  and  the  surfaces  of  the  two 11  cones. 

SPINDLES. 

Definition.  —Figures  generated  by  the  revolution  of  a  plane  area  bounded  by  a curve,  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  from  which  they are  generated,  as  Circular,  Elliptic,  Parabolic,  etc. 
CIRCULAR  SPINDLE. 

To  Compute  the  Volume  of  a  Circular  Spindle- Fig.  93. 

Rule.— Multiply  the  central  distance  by  half  the  area  of  the  re- volving segment;  subtract  the  product  from  %  of  the  cube  of  half  the 
length,  and  multiply  the  remainder  by  J2.5G64. 

 §  (  CX-  )  X  12.5664  =  V,  a  repressing  the  area  of  the  revolving  segment. 
Fig  93               Example. — What  is  the  volume  of  a  circulnr  spindle,  Fig. 

"     '            93,  when  the  central  distance,  o  e,  is  7.071067  inches,  the  length, /c,  14.14213,  and  the  radius,  o  c,  10  inches? 
7.071067X1427  =  100.9041  =  central  distance  X  half  area  of 

,  .  7.071673 revolving  segment;  100.E041  =  16.947  =  re- 
\         mainder  of  above  product  and  %  of  cube  of  half  the  length. 

0  j      Then  16.497*12.5664  =  212.9628  cubic  inches. 
m  Note — The  area  of  the  revolving  segment,/ e,  being  =  the 

side  of  the  square  that  can  be  inscribed  in  a  circle  of  20,  is 
2u2X  .7S54  — 14.142132  -4-  4  =  28.54. 

FRU STRUM  OR  ZONE  OF  A  CIRCULAR  SPINDLE.* 
rf"o  Compute  the  Volume  of  a  Frustrum  or  Zone of  a  Circular  Spindle— Fig.  94. 

Rule.— From  the  square  of  half  the  length  of  the  whole  spindle 
take      of  the  square  of  half  the  length  of  the  frustrum,  and  multiply 

*  The  middle  frustrum  of  a  Circular  Spindle  is  one  of  the  various  forms  of  casks 

A  A* 
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the  remainder  by  the  said  half  length  of  the  frustrum  ;  mnltiply  the 
central  distance  by  the  revolving  area  which  generates  the  frustrum ; 
subtract  this  product  from  the  former,  and  multiply  the  remainder  by 6.2832.  2 

0l.5  ]~I~£—  IlZIIx-  —  (cX<*)X6.2332  =  V,  I  and  V  representing  the  lengths  of  the 
spindle  and  of  the  frustrum,  and  a  area  of  the  revolving  section  of  frustrum. 

Note.— The  revolving  area  of  the  frustrum  can  he  obtained  by  dividing  its  plane iuto  a  segment  of  a  circle  and  a  parallelogram. 
PIxample  —  The  length  of  the  middle  frustrum  of  a  circular  spindle,  i  c,  Fig.  94, 

is  6  inches  ;  the  length  of  the  spindle,  fg,  is  8  inches  ;  the  central  distance,  o  e,  is  o 
inches ;  and  the  area  of  the  revolving  or  generating  seg- 

Fig.  94.  ment  is  10  inches ;  what  is  the  volume  of  the  frustrum  ? 
(6-r-2)2 z  13  and  13  X  3  =  39  =  product  of  half 

the  length  of  the  frustrum,  and  the  remainder  of% 
the  square  of  half  the  length  of  the  frustrum  sub- tracted from  the  square  of  half  the  length  of  the  spin- 

\     /  die;  39  —  3Xl<>  =  9  —product  of  the  central  distance. 
\  j  /"'  and  the  area  of  the  segment  subtracted  from  preced- &  ing  product. 
°  Then  9x6.2832  ==  56.54SS  cubic  inches. 

SEGMENT  OF  A  CIRCULAR  SPINDLE. 

Xo  Compute  lire  Volume  of  a  Segment  of  a  Circu- lar Spindle—Fig.  95. 

Kule.— Subtract  the  length  of  the  segment  from  the  half  length  of 

the  spindle  ;  double  the  remainder,  and  ascertain  the  volume  of  a  mid- 
dle frustrum  of  this  length.  Subtract  the  result  from  the  volume  of 

the  whole  spindle,  and  halve  the  remainder.* 
Or,  c  —  c-r-  2  =  V,  6  and  c  representing  the  volume  of  spindle  and  middle  frustrum. 

Example. — The  length  of  a  circular  spindle,  i  a,  Fig.95,  is  14  14213  ;  the  central 
distance,  o  e,  is  7.07107 ;  the  radius  of  the  arc,  o  a,  is  10; Fig.  95.  an(i  the  length  of  the  segment,  i  c,  is  3.53553  inches :  what 

_   ^  is  its  volume? 
14.14213 ;  _3  53553X2  —  7.07107  —  double  the  remainder, 

of  the  length  of  the  segment  subtracted  from  half  the 
\   "J'    /  length  of  the  spindle  ==  length  of  the  middle  frustrum . 
\  j  /'  Note.— The  area  of  the  revolving  or  generating  seg- \]/  ment  of  the  whole  spindle  is  28.54  inches,  and  that  of  the o  middle  frustrum  is  19.25. 

The  volume  of  the  whole  spindle  is   212.9628  cubic  inches. 
u         U        middle  frustrum  is  ... .  162.8982  u 

IIenc^  _   50.0646  ̂ -2  —  25.0323  cubic  inches. 

CYCLOID AL  SPINDLE,  t 

To  Compute  the  Volume  of  a  Cycloidal  Spincile- ZEPig.  96. 

Rule.— Multiply  the  product  of  the  square  of  twice  the  diameter  of 
the  generating  circle  and  3.927  by  its  circumference,  and  divide  this product  by  8.   

*  T^s  rule  u  applicable  to  the  segment  of  any  Spindle  or  any  Conoid,  the  volume  of  the  figure  and frustrum  being  first  obtained. 
f  The  volume  of  a  Cycloidal  Spindle  is  equal  to  %  of  its  circumscribing  cylinder. 
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2rf'x3.927xrfX3.1416  , U1i   g  =V,  d  representing  the  diameter  of  the  circle,  or  half width  of  the  spmdie. 
Fig.  9G.  Example,  — The  diameter  of  the  generating  circie,  a  be, of  a  cycloid,  Fig.  £6,  is  10  inches;  what  is  the  volume  of 

b  the  spindle,  del 

)e   2 lox2x3.92T=  1570.S=r^rote  of  twice  the  diameter squared  and  3.927. 

^IH^^  Then  1570.8x10x3.1416^-8  =  616S.5316  cubic  inches- ELLIPTIC  SPINDLE. 

To  Compute  the  Contents  of  an  Elliptic  Spindle- Fig.  97. 

Rule. — To  the  square  of  its  diameter  add  the  square  of  twice  the diameter  at  \{  of  its  length  ;  multiply  the  sum  by  the  length,  and  the 
product  by  .1309.t  2 

Or,  rf2  -J-  2  d'  X/.1S09  =  V,  d  and  d'  representing  the  diameter  as  above. 
Y\cr  07  Example— The  length  of  an  elliptic  spindle,  a  b,  Fig.  97, irf  75  inches,  its  diameter,  c  d,  35,  and  the  diameter,  e  f,  at  U 
r^JL^^  of  hs  length,  25 ;  what  is  its  volume  ? 

*<^~}  i—  -^>fl  25x2  =  31 -5  =  swift  of  squares  of  diameter  of  spindle 
■  ̂ l^^aSfir  and  °£  twice  ils  diameter  at  a4  of  its  length;'  3725x75 ^  -  -       u       g*r.     -        _  279375=  above  sum  X  length  of  the  spmdie. f  /      Then  279375X.  1309  =  36510.1815  cubic  inches. 

""**•..  i Note.— For  all  such  solid  bodies  this  rule  is  exact  when M»a  body  is  formed  by  a  conic  section,  or  a  part  of  it,  revolv- 
ing about  the  axis  of  the  section,  and  will  always  be  very  near  when  the  figure  re- volves about  anoth?r  line.  = 

To  Compute  the  Volume  of  the  Middle  Frustrmn 
or  Zone  of  an  Elliptic  Spindle—Fig.  98. 

Rule.— -Add  together  the  squares  of  the  greatest  and  least  diame- ters, and  the  square  of  double  the  diameter  in  the  middle  between  the 
two ;  multiply  the  sum  by  the  length,  and  the  product  by  .1309.* 
Or,  rf2  _f_  d>2  +  £  d„  x/.icoo  ==  V,  d,  d\  and  d"  representing  the  different  diameters. Fig.  98.  Example. —The  greatest  and  least  diameters,  a  b  and  c  d, of  the  frustrum  of  an  elliptic  spindle,  Fig.  98,  are  GS  and  50 inches,  its  middle  diameter,  g  h,  GO,  and  its  length,  e  f  75  • what  u  its  volume  ? 

C82-f-502-f00X22=  21524  —  sum  of  squares  of  greatest  and least  diameters  and  of  double  the  middle  diameter. 
Then  21524X75X.1309  =  211311.87  cubic  inches. 

To  Compute  the  Volume  ofa  Segment  of* an  Ellip- tic Spindle— I^ig.  99. 
IvCle.  Add  together  the  square  of  the  diameter  of  the  base  of  the 

segment  and  the  square  of  double  the  diameter  in  the  middle  between 
the  base  and  vertex  ;  multiply  the  sum  by  the  length  of  the  segment, and  the  product  by  .1309.* 

 2 
 Or,  tf2  +  2d//  x/X-1309  —  V,  d  and  d"  representing  the  diameters. *  See  Note  above. 

g  a 
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Fio-.  99.  Example. — The  diameters,  c  d  and  g  h,  of  the  segment  of 
an  elliptic  spindle,  Fig  99,  are  20  and  12  inches,  and  the 

I  length,  o  e,  is  16  inches;  what  is  its  volume  ? 
 2 02  _|_  12x2  ==  976  =  sum  of  squares  of  diameter  at  base 

and  in  the  middle. 
Then  9T6X116X-1303  =.: 2044.134  cubic  inches. 

PARABOLIC  SPINDLE. 

To  Compute  the  "Volume  of  a  !Para"bolic  Spindle- Fig.  lOO. 

Rule  1.— Multiply  the  square  of  the  diameter  by  the  length,  and 
the  product  by  .41888.* 

Rule  2.— To  the  square  of  its  diameter  add  the  square  of  twice  the 
diameter  at  X  of  its  length ;  multiply  the  sum  by  the  length,  and  the 
product  by  .1309. f   2 

Or,  d2+2d'XZX.1309=V. 
»se  Example.— The  diameter  of  a  paraholic  spindle,  a  b,  Fig. 

h'c     '  100,  is  40  inches,  and  its  length,  cd,  10;  what  is  its  vol- ume ? 
402x10  =  16000=  square  of  diameter  X  the  length. 
Then  1G000X.418S8=:  6702.08  cubic  inches. 

Nis^^^gggil^        Again,  If  the  middle  diameter  at  %  of  its  length  is  30, 

^a=iiS^  theni  by  Rule  2,  402  _j_  30X22X 40 X .1309  =2  0806.8  cubic  ins. 

To  Compute  trie  Volume  of  tlie  Middle  Frustrum 
of  a  Farabolie  Spindle-Fig.  lOl. 

Rule  1  —Add  together  8  times  the  square  of  the  greatest  diameter, 

3  times  the  squared  the  least  diameter,  and  4  times  the  product  of 
these  two  diameters;  multiply  the  sum  by  the  length,  and  the  prod- uct by  .05236.      .a  ̂  

Or,  d2  8+d'23-f  rfrf,X4Z.X0523G=V. 

Rule  2.— Add  together  the  squares  of  the  greatest  and  least  diame- 
ters and  the  square  of  double  the  diameter  in  the  middle  between  the 

two;  multiply  the  sum  by  the  length,  and  the  product  by  .1309. 

Or         tJ/2  +  2~rf7/2xZX.1309  =  V,  d"  representing  the  diameter  between  the  two. Example.— The  middle  frustrum  of  a  parabolic  spindle, 
Fig.  101.  Fig  101,  has  diameters,  a  b  and  ef,  of  40  and  30  inch  s, 

e       -  c"  "  -  - ./       and  its  length,  c  rf,  is  10  inches ;  what  is  its  volume? 
/^H^;:I;p;~^^K      402  x  8  i  302  x  3  +  40  X  30  X  4  =  20300  =  the  sum  of  8  ti?nes 

a<r "1  Me  square  of  the  greatest  diameter,  3  times  the  square 
Xv-----.:::d^^^F  0f  the  least  diameter,  and  4  times  the  product  of  these. 

*  ̂  -"Z*"'."-- "'"  Then  20300X10X-05236  ==  10629.08  cubic  inches. 

To  Compute  tlie  Volume  of  a  Segment  of  a  Para- 
bolic Spindle-Fig.  102. 

Rule  —Add  together  the  square  of  the  diameter  of  the  base  of  the 

segment  and  the  square  of  double  the  diameter  in  the  middle  between 
the  base  and  vertex;  multiply  the  sum  by  the  length  of  the  segment, and  the  product  by  .1309. 

Or,  rf2-t-d"2XZ.X.1309  =  V.  

il.i5of.7854"  t  See  Note,  page  283. 
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Example.— The  segment  of  a  parabolic  epindle,  Fig.  102, has  diameters,  ef  and  g  h,  of  15  and  S.T5  inches,  and  the 
length,  c  d,  is  2.5  inches  ;  what  is  its  volume  ? 
152 -{-S.  75x2  —  531.25=  sum  of  square  of  base  and  of  dou- ble the  diameter  in  the  middle  of  the  segment. 

Then  531.25x2.5x. 1309  =  173.852  cubic  inches. 

HYPERBOLIC  SPINDLE. 

To  Compute  tlie  Volume  of  a  Hyper  oolic  Spindle— Fig.  103. 

Rcle. — To  the  square  of  the  diameter  add  the  square  of  double  the 
diameter  at  X  of  its  length ;  multiply  the  sum  by  the  length,  and  the 

product  bv.1309.* Fig.  103.   2 
a  Or,  tf2  +  2tf'  K/X  .1809=V. 

Example.— The  length,  a  b,  Fig.  103,  of  a  hyperbolic  spin- 
dle is  100  inches,  and  its  diameters,  c  d  and  e'f  are  150  and 110  inches  ;  what  is  its  volume  ? 

1502+110x2  xl09  =  TOH000O  =  product  of  the  sum  of  the squares  of  the  greatest  diameter  and  of  twice  the  diame- 
ter at  %  of  the  length  of  the  spindle  and  the  length. Then  7090000 X- 1309  =  9aS0Sl  cubic  inches. 

To  Compute  the  "Volume  of  the  Middle  Frustrum of  a  Hyperbolic  Spindle—Fig.  lOl . 

Rule.— Add  together  the  squares  of  the  greatest  and  least  diame- ters and  the  square  of  double  the  diameter  in  the  middle  between  the 
two  ;  multiply  this  sum  by  the  length,  and  the  product  by  .1309.  f Or,  d2_|_rf'2_}_(2d'/)2X;x.i309  =  v. 

Fig.  104.  Example.— The  diameters,  a  b  and  c  d,  of  the  middle  frus- trum of  a  hyperbolic  spindle,  Fig.  104,  are  150  and  110  inch- es; the  diameter,  g  h,  140  inches;  and  the  length,  e  f  50* what  is  its  volume  ?  ' 
1502  +  140X2  =  113000  =  sum  of  squares  of  greatest and  least  diameters  and  of  double  the  middle  diameter. Then  113000x50x.l309  —  7395S5  cubic  inches. 

To  Compute  the  Volume  of  a  Segment  of  a  Hy- perbolic Spindle— Fig.  105. 

Rule.  Add  together  the  square  of  the  diameter  of  the  base  of  the segment  and  the  square  of  double  the  diameter  in  the  middle  between the  base  and  vertex;  multiply  the  sum  by  the  length  of  the  segment, and  the  product  by  .1309.  5 
Or,  d2  +  d//2/x.130D  =  V. 

OF  REVOLU- ELLIPSOID,  PARABOLOID,  AND  HYPERBOLOID 
tionJ  (conoids). 

Definition.  —Figures  like  to  a  cone,  described  by  the  revolution  of  a  conic  sec- tion around  and  at  a  right  angle  to  the  plane  of  their  fixed  axes. 
*  See  Note,  pape  2^3. t  These  fifniro,  have  been  known  as  Conoids.  For  the  definition  of  a  Coi titration,  page  233.  , 



286  MENSURATION  OF  SOLIDS. 

Fi<*  105  Example.— The  segment  of  a  hyperbolic  spindle,  Fig.  105,  has 
a    '  diameters,  ef  and  g  h,  of  110  and  G5  inches,  and  its  length,  a  b, g^^h        25 ;  what  is  its  volume  ? 

^^_..._j^q-^g^/  ̂   ̂  ̂   ___2^  290C0  _  sum  qj  squares  0j  diameter  of  base  and {  t" ~j         of  double  the  middle  diameter. 
j  Then  29000 X 25 X- 1309  =  94902.5  cubic  inches. 

ELLIPSOID  OF  REVOLUTION  (SPHEROID). 
Definition  An  ellipsoid  of  revolution  is  a  semi-spheroid.    (See  page  257.) 

PARABOLOID  OF  REVOLUTION.* 

To  Compute  tlie  Vol  nine  of  a  Paraboloid,  of  Revo- lution-Fig. lOG. 

Fi   10G  Rule.— Multiply  the  area  of  the  base  by  half  the 
°'d    '         altitude.  0r,  aXh+  2  =  V. 

Note.— This  rule  will  hold  for  any  segment  of  the  paraboloid, 
whether  the  base  be  perpendicular  or  oblique  to  the  axis  of  the solid. 
Example.— The  diameter,  e  b,  of  the  base  of  a  paraboloid  of 

revolution,  Fig.  106,  is  20  inches,  and  its  height,  d  c,  20  inches  ; what  is  its  volume  ? 
w  b  Area  of  20  inches  diameter  of  base  —  314.16. 

g  Then  314.16x20-^-2  =  3141.6  cubic  inches. 

FRU STRUM  OF  A  PARABOLOID  OF  REVOLUTION. 

To  Compute  the  Volume  of  a  Frustrum  of  a  Para- 
boloid of  Revolution.— Fig.  107. 

r..r  10-  Rule.— Multiply  the  sum  of  the  squares  of  the 
diameters  by  the  height  of  the  frustrum,  and  this 
product  by  .3927. 

Or,  rf2_|_^2x/iX.3927=:V. 
Example.— The  diameters,  a  b  and  d  c,  of  the  base  aim 

vertex  of  the  frustrum  of  a  paraboloid  of  revolution,  Fig.  10<, 
are  90  and  11.5  inches,  and  its  height,  ef  12.6;  what  is  its volume  ? 

2'")2  _l  lt.52  —  532.25  =  sum  of  squares  of  the  diameters. 
1     Then  5B2.25X12.CX-392T  =  2633.583T  cubic  inches. 

SEGMENT  OF  A  PAKABOLOID  OF  REVOLUTION. 

To  Compute  tlie  Volume  of  tlie  Segment  of  a  Par- 
aboloid of  Revolution— Fig.  108. 

Fig.  108.  Rule.  — Multiply  the  area  of  the  hase  by  half  the 
/  altitude. 

Or,  aXh^-2  —  Y. 
Note.— This  rule  will  hold  for  any  segment  of  the  parabo- 

loid, whether  the  base  b6  perpendicular  or  oblique  to  the  axis of  the  solid. 
S- b  Example.— The  diameter,  a  b,  of  the  base  of  a  segment  of  a 

paraboloid  of  revolution,  Fig.  108,  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  103.869xT.4-r-  2  =  284.315  cubic  inches. 

*  The  volume  of  a  Paraboloid  of  Revolution  is  =  %  of  its  circumference. 
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HYPERBOLOID  OF  REVOLUTION. 
To  Compute  tlie  Volume  of  a  Hyperboloid  of 

Revolution.— Fig.  1G9. 
Rule. — To  the  square  of  the  radius  of  the  base  add  the  square  of the  middle  diameter;  multiply  this  sum  bv  the  height,  and  the  prod- uct b/.5236. 

Or,  r2  +  d*x  h  X-523G  =  V,  d  representing  middle  di- ameter. 
Example.— The  base,  a  b,  of  a  hyperboloid  of  revolt turn,  Fig.  109,  is  SO  inches  ;  the  middle  diameter,  c  d 66  ;  and  the  height,  ef,  60  ;  what  is  its  volume? 

-u     -  +  G62  =  5956  =  sum  of  square  of  radi  us  of  base and  middle  diameter. 
Then  5956  X  CO  X  .5:30  =  87113.7  cubic  inches. 

FRUSTRUM  OF  A  HYPERBOLOID  OF  REVOLUTION. 
To  Compute  tlie  Volume  of  tlie  Frustrum  of  a 

Hyperboloid.  of  Revolution— Fig.  HO. 
Rule. — Add  together  the  squares  of  the  greatest  and  least  semi- 

diameters  and  the  square  of  the  diameter  in  the  middle  of  the  two ; 
multiply  this  sum  by  the  height,  and  the  product  by  .5236. 

Or,  W-L^i-V-j-  d"2>ax.593G  =V,  d,  d',  and  d"  rep- resenting the  several  diameters. 
Example. — The  frustrum  of  a  hyperboloid  of  revolu- 

tion, Fig.  110,  is  in  height,  e  i,  50  inches  ;  the  diame- 
ters of  the  greater  and  lesser  ends,  a  b  and  c  d,  are  110 

and  42 ;  and  that  of  the  middle  diameter,  g  h,  is  SO ; what  is  the  volume? 
&  110  -=-  2  =  55,  and  42  -r-  9  =  21.    Hence  1102  -f  212  _|_ 

S02  =  9S66  ==  sum  of  the  squares  of  the  semi-diam- eters of  the  ends  and  of  the  middle  diameter. Then  9S66x50x.5230  =  25329  l.SS  cubic  inches. 

SEGMENT  OF  A  HYPERBOLOID  OF  REVOLUTION. 
To  Compute  tlie  Volume  of  tlie  Segment  of  a  Hy- 

perboloid. of  Revolution,  as  Fig.  109. 

Rule. — To  the  square  of  the  radius  of  the  base  add  the  square  of 
the  middle  diameter ;  multiply  this  sum  by  the  height,  and  the  prod- uct by  .5230. 

Or,  r2  -f  d2  X  h  X  .5236  =  V,  r  representing  radius  of  base. 
Example.— The  radius,  a  e,  of  the  base  of  a  segment  of  a  hyperboloid  of  revolu- tion, as  Fig.  109,  is  21  inches;  its  middle  diameter,  c  d,  is  30:  and  its  height,  e  f 

15;  what  is  its  volume?  Ji 
212  -L.  302x15  =  20115  —  the  product  of  the  sum,  of  the  squares  of  the  radius  of  the base  and  the  middle  diameter  multiplied  by  the  height. Then  20115x.523C  =  10532.214  cubic  inches. 

ANY  FIGURE  OF  REVOLUTION. 

To  Compute  tlie  Volume  of  any  Figure  of  Revo- 
lution-Fig. 111. 

RtJLE.— Multiply  the  area  of  the  generating  surface  by  the  circum- 
ference described  by  its  centre  of  gravity. 

Or,  a2rp  =  V,  r  representing  radius  of  centre  of  gravity. 
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Fig.  111.  Illustration. — If  the  generating  surface,  a  b  c  d,  of  the 
cylinder,  b  e  d  f,  Fig.  Ill,  is  5  inches  in  width  and  10  in 
height,  then  will  a  6  =  5  and  b  d  =  10,  and  the  centre  of 
gravity  will  be  in  o,  the  radius  of  which  is  r  o  =  5  -f-  2  =  2.5. Hence  10x5  =  50  =  area  of  generating  surface. 

Then  50x2.5x2x3.1416  =  785.4  =  area  of  generating  sur- 
face X  circumference  of  its  centre  of  gravity  =  the  volume 

of  the  cylinder. 
Proof. — Volume  of  a  cylinder  10  inch-  Fig.  112. en  in  diameter  and  10  inches  in  height.  a 

102x.TS54=7S.54,  and 78.54x10=785.4. 
I   Illustration  2.— If  the  generating  surface  of  a  cone,  Fig. 
112,  is  a  e  =  10,  d  e  =  5,  then  will  a  d  =  11.18,  and  the  area  of 
the  triangle  =  10x5     2  =  25,  the  centre  of  gravity  of  which  is 
in  o,  and  o  r,  by  Rule,  page  339  =  1.6G0. 

Hence  25x1^60X2x3.1416  =  261.8  =  area  of  generating  sur- 
V<r  113         face  *  circumference  of  its  centre  of  gravity a  ig.  l    •        ._  fjie  voiume  0j  cone. 

Illustration  3.  —  If  the  generating  sur- 
face of  a  sphere,  Fig.  113,  is  a  b  c,  and  a  c  =  10,  a  b  c  will  be 

^102>C7S54j  ̂  39  27,  the  centre  of  gravity  of  which  is  in  o,  and by  Rule,  page  339,  o  r  =  2.122. 
Hence  39. 27 X 2. 122 X 2 X 3. 1416  =  523.6=  area  of  generating 

surface  X  circumference  of  its  centre  of  gravity  =  the  volume 
c  of  the  sphere. 

To  Compute  tlie  Volume  of  an  Irregular  Body. 

Rule. — Weigh  it  both  in  and  out  of  fresh  water,  and  note  the  dif- 
ference in  pounds;  then,  as  62.5*  is  to  this  difference,  so  is  1728f  to 

the  number  of  cubic  inches  in  the  body.  Or,  divide  the  difference  in 
pounds  by  62.5,  and  the  quotient  will  give  the  volume  in  cubic  feet. 

3Stote. — If  salt-water  is  to  be  used,  the  ascertained  weight  of  a  cubic  foot  of  it,  or 
64,  is  to  be  used  for  62.5.  ' 
Example. — An  irregular-shaped  body  weighs  15  pounds  in  water,  and  30  out; what  is  its  volume  in  cubic  inches  ? 

30  — 15  =  15  =  difference  of  weights  in  and  out  of  water. 
62.5  :  15  :  :  1728  :  414.72  =.' volume  in  cubic  inches. Or,  15  ~  62.5  =  .24,  and  .24x1728  =  414.72  =  volume  in  cubic  inches. 

*  The  weight  of  a  cubic  foot  of  fresh  water, 
f  The  number  of  inches  ia  a  cubic  foot. 
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CONIC  SECTIONS. 

Fig.  1. 

Fig. 

Fig.  3. 

«  \q 

A  Co«e  is  a  figure  described  by  the  revolution  of  a  right-angled  tri- 
angle about  one  of  its  legs,  or  it  is  a  solid  having  a  circle  for  its  base, 

and  terminated  in  a  vertex. 
Conic  Sections  are  the  figures  made  by  a  plane  cutting  a  cone. 

The  Axis  is  the  line  about  which  the  triangle  revolves. 
The  Base  is  the  circle  which  is  described  by  the  revolving  base  of  the  triangle. 
Notes. — If  a  cone  is  cut  by  a  plane  through  the  vertex  and  base,  the  section  will be  a  triangle. 
If  a  cone  is  cut  by  a  plane  parallel  to  its  base,  the  section  will  be  a  circle. 

An  Ellipse  is  a  figure  generated  by  an  oblique  plane  cutting  a cone  above  its  base. 
The  transverse  axis  or  diameter  is  the  longest  right  line  that 

can  ba  drawn  in  it,  as  a  b,  Fig.  1. 
The  conjugate  axis  or  diameter  is  a  line  drawn 

through  the  centre  of  the  ellipse  perpendicular  to 
the  transverse  axis,  as  c  d. 

A  Parabola  is  a  figure  generated  by  a  plane 
cutting  a  cone  parallel  to  its  side,  as  a  b  c,  Fig.  2. 

The  axis  is  a  right  line  drawn  from  the  vertex 
to  the  middle  of  the  base,  as  b  o. 

Note. — A  parabola  has  no  conjugate  diameter. 
A  Hyperbola  is  a  figure  generated  by  a  plane 

cutting  a  cone  at  any  angle  with  the  base  greater 
than  that  of  the  ̂ ida  of  the  cone,  as  a  b  c,l  ig.  3. 

The  transverse  axis  or  diameter,  o  b,  is  that  part  of  the  axis,  c  b, 
which,  if  continued,  as  at  o,  would  join  an  opposite  cone,  ofr. 

The  conjugate  axis  or  diameter  is  a  right  line  drawn  through  the 
$  ,  centre,  g,  of  the  transverse  axis,  and  perpendicular  to  it. 

/    \  i  The  straight  line  through  the  foci  is  the  indefinite  transverse 
\|  axis;  that  part  of  it  between  the  vertices  of  the  curves,  as  o  b,  U 
fib  the  definite  transverse  axis.  Its  middle  point,  g,  is  the  centre  of 
y\     the  curve. 

/I   vm     The  eccentricity  °f  a  hyperbola  is  the  ratio  obtained  by  dividing 
t:.  AJjjP  the  distance  from  the  centre  to  either/oews  by  the  semi-transverse  ~\     »xis.  i c 

The  asymptotes  of  a  hyperbola  are  two  right  lines  to  which  the 
curve  continually  approaches,  touches  at  an  infinite  distance,  but  docs  not  pass; they  are  prolongations  of  the  diagonals  of  the  rectangle  constructed  on  the  extremes of  the  axes. 
Two  hyperbolas  are  conjugate  when  the  transverse  axis  of  the  one  is  the  conjugate ot  the  other,  and  contrariwise. 

Geneeai.  Definitions — An  Ordinate  is  a  right  line  from  any  point  of  a  curve  to either  of  the  diameters,  a  e  and  d  o,  Fig.  4;  a  b  and  df  are  dou- ble ordinate?. 
An  abscissa  is  that  part  of  the  diameter  which  is  contained 

between  the  vertex  and  an  ordinate,  as  c  e,  g  o. 
The  parameter  of  any  diameter  is  equal  to  four  times  the  dis- 

tance from  the  focus  to  the  vertex  of  the  curve  ;  the  parameter 
b  of  the  axis  is  the  least  possible,  and  is  termed  the  parameter  of g  the  curve. 

The  parameter  of  the  curve  of  a  conic  section  is  equal  to  the 
chord  of  the  curve  drawn  through  the  focus  perpendicular  to  the axis. 

The  parameter  of  the  transverse  axis  is  the  least,  and  is  termed the  parameter  of  the  curve. 
The  parameter  of  a  conic  section  and  the  foci  are  sufficient  ele- ments for  the  construction  of  the  curve. 

Bb 
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Notes.— In  the  Parabola  the  parameter  of  any  diameter  is  a  third  proportional  to 
the  abscissa  and  ordinate  of  any  point  of  the  curve,  the  abscissa  and  ordinate  being 
referred  to  that  diameter  and  the  tangent  at  its  vertex. 

In  the  Ellipse  and  Hyperbola  the  parameter  of  any  diameter  is  a  third  proportional 
to  the  diameter  and  its'  conjugate. 
To  Determine  tlie  Parameter  of  an  Ellipse  or  Hyperbola. 

Fig.  5. Fig.  6. 

■d 

Fig.  7. 

Rule.— Divide  the  product  of 
the  conjugate  diameter,  multi- 

plied by  itself,  by  the  transverse, and  the  quotient  is  equal  to  the 
parameter. 

In  the  annexed  Figs.  5  and  6, 
of  an  Ellipse  and  Hyperbola,  the 
transverse  and  conjugate  diame- 

ters, ab,  c  d,  are  each  30  and  20. Then  30  :  20  :  :  20  :  13.333  = 
parameter. 

The  parameter  of  the  curve  =  e  f,  a  double  ordinate  pass- 
ing through  the  focus,  s. 

In  a  Parabola,  Fig.  7.    The  abscissa,  a  b, 
and  ordinate,  c  b,  are  also  equal  to  30  and  20. 

A  Focus  is  a  point  on.  the  principal  axis  where  the  double  ordinate 
to  the  axis,  through  the  point,  is  equal  to  the  parameter,  as  ef  in 
the  preceding  figures. 

It  may  be  determined  arithmetically  thus  :  Divide  the  square  ot 
the  ordinate  by  four  times  the  abscissa,  and  the  quotient  will  give 
the  focal  distances,  a  s  and  s,  in  the  preceding  figures. 

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.    The  straight  line  and  curve 

are  called  directrices,  the  plane  a  plane  directrix,  and  the  moving  line  the  generatrix. 
The  Directrix  of  a  conic  section  is  a  straight  line,  such  that  the  ratio  obtained  by 

dividing  the  distance  from  any  point  of  the  curve  to  it  by  the  distance  from  the  same 
point  to  the  focus  shall  be  constant.  It  is  always  perpendicular  to  the  principal 
axis  ;  and  if  the  curve  is  given,  it  is  readily  constructed.  (See  HasweWs  Mensura- tion, page  232.) 

Ellipsoid,  Paraboloid,  and  Hyperboloid  of  Revolution- figures  generated  by  the 
revolution  of  an  ellipse,  parabola,  etc.,  around  their  axes.  (See  Mensuration  oj  Sur- faces and  Solids.) 
Note  All  the  figures  which  can  possibly  be  formed  by  the  cutting  of  a  cone  are 

mentioned  in  these  definitions,  and  are  the  five  following:  viz.,  a  Triangle,  a  Circle, 
an  Ellipse,  a  Parabola,  and  a  Hyperbola;  but  the  last  three  omy  are  termed  the Conic  Sections. 

ELLIPSE. 
To  Describe  Ellipses. 

When  any  three  of  the  four  following  Terms  of  an  Ellipse  are  given,  viz.,  the 
IVansverse  and  Conjugate  Diameters,  an  Ordinate,  and  its  Abscissa,  to Ascertain  the  remaining  Terms. 

To  Compute  tlie  Ordinate,  tlae  Transverse  and  Conjugate 
Diameters  and.  tlie  Abscissa  toeing  given — Fig. 

Rule.— As  the  transverse  diameter  is  to  the  conju- 
gate, so  is  the  square  root  of  the  product  of  the  abscissae to  the  ordinate  which  divides  them. 

Fig.  8. 

Or,  -X  V«X  {t  —  a')  —o,  t  representing  the  transverse 
diameter*  c  the  conjugate,  a'  the  less  abscissa,  and  a the  ordinate. 
Example.  —  The  transverse  diameter,  a  6,  of  an  el- 

lipse, Fig.  8,  is  25;  the  conjugate,  c  d,  is  1G;  and  the 
abscissa,  a  i,  7  ;  what  is  the  length  of  the  ordinate,  i  c  ? 
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25  —  7  =  IS  =  second  abscissa;  V"XlS  =  11.225  =  square  root  of  the  abscissa. Hence  lo  :  16  :  :  11.225  :  7.184  inches  =  length  of  the  ordinate. 

To  Compute  tne  ̂ Jbscissse,  tlie  Transverse  aiid  Conjugate 
Diameters  and.  tlie  Ordinate  "being  given  Fig.  8. 

Rule.— As  the  conjugate  diameter  is  to  the  transverse,  so  is  the  square  root  of  the difference  of  the  squares  of  the  ordinate  and  semi-conjugate  to  the  distance  between the  ordinate  and  centre ;  and  this  distance  being  added  to,  or  subtracted  from  the semi-transverse,  will  give  the  abscissae  required. 

Or  -x  /(-\2—02  =  x  i  t^~i~^~x  =  a'  \  x  ̂Presenting  the  distance  obtained,  and '  c    V  \-J  \t^-2  —  x  =  a',f    a  a'  the  greater  and  lesser  abscissae. 
Example.— The  transverse  diameter,  a  b,  of  an  ellipse,  Fig.  8,  is  25 ;  the  conju- gate, c  d,  16;  and  the  ordinate,  i  e,  7. 184;  what  is  the  abscissa,  i  b? 

V'S-  — 7.1S42-  =  3.519943  =  square  root  of  difference  of  squares  of  semi- conjugate and  ordinate. 
Hence,  as  16  :  25  :  :  3.52  :  5.5  =  distance  between  ordinate  and  centre. 
Then  25-^-2  =  12.5,  and  12.5 -f  5.5  =  IS  —  b  iA    .  . 

25-2=13.5,  and  12.5-5.5=  T  =  ai,/  ̂bscisstB. 
To  Compute  tlie  Transverse  Diameter,  tlie  Conjugate, 

Ordinate,  and  Abscissa  "being  given  Fig.  8. 
Rule.— To  or  from  the  semi-conjugate,  according  as  the  greater  or  lesser  abscissa is  used,  add  or  subtract  the  square  root  of  the  difference  of  the  squares  of  the  ordi- nate and  semi-conjugate.  Then,  as  this  sum  or  difference  is  to  the  abscissa,  so  is the  conjugate  to  the  transverse. 

Example.— The  conjugate  diameter,  e  d,  of  an  ellipse,  Fig.  6,  is  16;  the  ordinate, i  e,  is  7.184;  and  the  abscissae,  bie,a,  are  IS  and  7 ;  what  is  the  length  of  the  trans- verse diameter  ? 

(16  -r-  2)2  _  7.1812  =  3.52  =  square  root  of  difference  of  squares  of  ordinate  and semi-conjugate. 
16  -  2  +  3.52  :  18  :  :  16  :  25 ;  16  -  2  -  3.52  :  7  : :  16  :  25  =  transverse  diameter. 
To  Compute  tlie  Conjugate  Diameter,  tlie  Transverse, Ordinate,  and  Abscissa  being  given  Fig.  8. 
Rule._As  the  square  root  of  the  product  of  the  abscissee  is  to  the  ordinate,  so  is tne  transverse  diameter  to  the  conjugate. 

Or,  oxt^r-  y/axa'  =  c. 

i  /fs'VTsf.^Iieth'a^VerSe  cli;araet^.  a  ̂   k**  ellipse,  Fig.  6,  is  25;  the  ordinate, 
gat€ !  diamL T  °  %        *     18  a"d  7  '  what  is  th°  len&h  of  tUe 

Y^^V^h226-  1}-?2r>  =  square  root  of  product  of  abscissae. lL.ito  .  7.1b4  : :  2o  :  16  =  conjugate  diameter. 

To  Compute  tne  Circumference  of  an  Ellipse— Fig.  8. 
te2Ubf314t«Uiplf  the  Square  root  of  half  the  sum  of  the  "P**"  of  the  two  diame- 

V  2  X  =  circumference. 
Fi^TiV^'S  Zl^TT'  *?d  ?onjn^ate  diameters,  a  h  and  e  d,  of  an  ellipse, *  ior-  fJ,  ai  e  24  and  20  ;  what  is  its  circumference  9 242  -f  202 
g  -48S,  and  V433  =  22.09  =  syMare  root  of  half  the  sum  of  the  squares  of the  diameters. 

Hence  22.09x3. 1416  =  69.398  =  fA«  above  root  X3.1416  =  area. 
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To  Compute  the  Area  of  an  Ellipse — Fig.  8. 
Eule.—  Multiply  the  diameters  together,  and  the  product  by  .7854.  Or,  multiply 

one  diameter  hy  .7S54,  and  the  product  hy  the  other. 
Or,  d  X  d'  X-  7854  —  area. 

Example.  The  transverse  diameter  of  an  ellipse,  a  b,  Fig.  C,  is  12,  and  its  con« 
jugate,  c  rf,  0  ;  what  is  its  area? 12x9X-7851=  84. 8232  —product  of  diameters  and  .7S54  =  area. 

SEGMENT  OF  AN  ELLIPSE. 
To  Compute  the  Area  of  a  Segment  of  an  Ellipse  when 

its  Base  is  parallel  to  either  Axis,  as  e  i  f,  Fig.  9. 
Rule.  Divide  the  height  of  the  segment,  b  i,  by  the  diameter  or  axis,  a  b,  of 

which  it  is  a  part,  and  find  in  the  Table  of  Areas  of  Segments  of  a  Circle,  page  205, 
a  segment  having  the  same  versed  sine  as  this  quotient ;  then  multiply  the  area  of 
the  segment  thus  fcund  and  the  two  axes  of  the  ellipse  together. 

Or,  h-^dX  tab.  area  X  d.d'  —  area. 
ExAMn.E. — The  height,  b  i,  Fig.  9,  is  5,  and  the  axes 

cf  the  tllipse  are  30  and  20  ;  what  is  the  area  of  the  seg- ment? 
5  -^-30:=.  1666  —  tabular  versed  sine,  the  area  of  which 

(page  205)  is  .0a554. Hence  .08554x30x20  =  51  324=  area. 
Note.— The  area  of  an  elliptic  segment  may  also  he 

found  by  the  following  rule : 
Ascertain  the  segment  of  the  circle  described  upon  the 

same  axis  to  which  the  base  of  the  segment  is  perpendic- 
ular. Then,  as  this  axis  is  to  the  other  axis,  so  is  the  circular  segment  to  the  ellip- 

tical segment. 
Illustration. — In  the  above  example,  the  axis  to  which  the  base  of  the  segment 

is  perpendicular  is  the  conjugate,  50,  and  the  height  of  the  segment  25.    Also,  the 1963.4954 
area  of  the  segment  is  one  half  of  that  of  a  circle  of  50  diameter—  ^  — 081.7477. 

Hence  50  :  70  : :  9S1.75  : 1374.45  =  area  cf  elliptic  segm  ent. 

Fig.  9. 

PARABOLA. 
To  [Describe  a  IJai*abola,  tlie  JBase  and 

Height  "being  given — Fig.  lO. 
OrERATTON. — Draw  an  isosceles  triangle,  as  a  b  d,  Fig.  10,  the 

base  of  which  shall  be  equal  to,  and  its  height,  c  Z>,  twice  that 
of  the  proposed  parabola. 

Divide  each  side,  a  b,d  b,  into  any  number  of  equal  parts ; 
then  draw  lines,  1  1,  2  2,  3  3,  etc.,  and  their  intersection  will 
define  the  curve  of  a  parabola. 
To  Compute  either  Ordinate  or  Abscissa  of 

a  Farabola,  tlie  other  Ordinate  and  tlie 
Abscissa?,  or  the  other  Abscissa  and  the 
Ordinates  being  given — Fig.  11. 
Rule.  —  As  either  abscissa  is  to  the  square  of  its  ordinate,  sc 

is  the  other  abscissa  to  tlie  square  of  its  ordinate. 

3. o2Xa'  __a  4  Q'2Xa_fl/ 
o'2        '  o2 

Or,  as  the  square  root  of  any  abscissa  is  to  its  ordinate,  so  is  the  square  root  of  any other  abscissa  to  its  ordinate. 

TI  oX^a' 
Hence  — ; —  = 
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Fig.  11. Example.— The  abscissa,  a  b,  of  the  parabola,  Fig.  11,  is  9; 
is  ordinate,  b  c,  6 ;  what  is  the  ordinate,  d  e,  the  abscissa  of which,  a  d,  is  16? 

Hence  9  :  62  :  :  16  :  64,  and  -JM  =  8  =  length  of  ordinate. 
Or,  ̂ 9:6:  :  -y/lQ  :  S  =  ordinate. 
Ex.  2.— The  abscissae  of  a  parabola  are  9  and  16,  and  their 

corresponding  ordinate*  6  and  8;  any  three  of  these  being taken,  it  is  required  to  find  the  fourth. 
-  ordinate. 

—  9  =  less  abscissa. 
V       '  —  6  =  ordinate. 16 8^x9 

62 

:  16  ==  abscissa. 

PARABOLIC  CURVE. 
To  Compute  the  Length,  of  the  Curve  of  a  Parabola  cut 

off  b y  a  Double  Ordinate — Wig.  11. 
Rule — To  the  square  of  the  ordinate  add  4-3  of  the  square  of  the  abscissa,  and  the 

square  root  of  this  sum,  multiplied  by  two,  will  give  the  length  of  the  curve  nearly. 
/       4  a2\ 

Or,  V(°2H — —J  1  — length  of  curve. 
Example.— The  ordinate,  d  e,  Fig.  11,  is  8,  and  its  abscissa,  a  d,  16;  what  is  the length  of  the  curve, /<z  e? 

4Xl62 82H  — =  405.333  =  swra  of  square  of  the  ordinate  and  4-3  of  the  square  of  the 
abscissa,  and  ̂ 405. 333  =  20.133,  which  x2  =  40.267  =  length. 

To  Compute  the  Area  of  a  Parabola — 
Fig.  IS. 

Rule.— Multiply  tlie  base  by  the  height,  and  take  %  of  the product.*  2 
Or,  -  bxh  =  area. 

Example. — What  is  the  area  of  the  parabola,  a  be,  Fig.  12,  the height,  b  c,  being  16,  and  the  base,  or  double  ordinate,  a  c,  16? 
16x16  =  256  =  product  of  base  and  height,  and  %  of  266  = a  e  c        110.667  =  area. 

To  Compute  tlie  Area  of  a  Segment  of  a  Parabola — Fig.  IS. 
Rule. — Multiply  the  difference  of  the  cubes  of  the  two  ends  of  the  segment,  a  c, df,  by  twice  its  altitude,  e  o,  and  divide  the  product  by  three  times  the  difference  of the  squares  of  the  ends. 

<*3  cod'3x2  h 
rf2  cc  rf^xa  =  area,  d  and  d>  rePresentinS  the  lengths  of  the  base  and  lesser  end. 

Example.— Tlie  ends  of  a  segment  of  a  parabola,  a  c  and  df,  Fig.  12,  are  10  and 6,  and  the  height,  e  o,  is  10 ;  what  is  its  area  ? 
103  co  62X10X2 
15680-4-102  co  62x3  =  SI. 667  = 

squares  of  the  ends  =  area. 

15680  =  difference  of  cubes  of  the  ends  X  twice  the  height. 
preceding  product  -4-  3  times  the  difference  of  the 

Note — Any  parabolic  segment  is  equal  to  a  parabola  of  the  same  altitude,  the 
base  of  which  is  equal  to  the  base  of  the  segment,  increased  by  a  third  proportional to  the  sum  of  the  two  ends  and  the  lesser  end. 
Illustration.— In  Example  1  the  base  and  end  are  10  and  6. 
Then  10  +  6  :  6  :  :  6  :  2.25  =  third  proportional  to  the  sum  of  the  two  ends  and  the lesser  end. 
Hence  10  -4-2.25  =  12.25=  sum  of  length  of  base  of  parabola  and  third  propor- tional, and  the  area  then,  the  height  being  10  =  81.667. 

*  Corollary. —A  parabola  is  %  of  its  circumscribing  parallelogram. 

Bb* 
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HYPERBOLA. 
To  Describe  a  Hyperbola. 

(See  HasiveWs  Mensuration,  page  246.) 

To  Compute  tlie  Ordinate  of  a  Hyperbola,  tlie  Transverse 
and.  Conjxigate  Diameters  and  the  Abscissae  being  given 
—Fig.  13. 
Kule  As  the  transverse  diameter  is  to  the  conjugate,  so  is  the  square  root  of  the 

product  of  the  abscissae  to  the  ordinate  required. 

Fig.  13.  Or,  cX^aXa'  =  ordinate, d  /b  1 /  i       Example.  —  The  hyperbola,  a  b  c,  Fig.  13,  has  a 
/     \     transverse  diameter,  at,  of  120;  a  conjugate,  d f  of 

 _aj       :    72 ;  and  the  abscissa,  a  e,  is  40 ;  what  is  the  length  of 
V        e  the  ordinate,  e  c? 
\      ;    40-)- 120  =  1G0  =  sum  of  lesser  abscissa  and  axis=: \    I  greater  abscissa, 

f  \c  120  :  T2  :  :  V(10xl0D)  :  43  =  ordinate. 
Note  Tn  hyperbolas  the  lesser  abscissa,  added  to  the  axis  (the  transverse  diam- 

eter), gives  the  greater. 
2  Tlie  difference  of  two  lines  drawn  from  the  foci  of  any  hyperbola  to  any  point 

in  the  curve  is  equal  to  its  transverse  diameter. 

To  Compute  tlie  Abscissae,  tlie  Transverse  and  Conjxxgate 
Diameters  and  the  Ordinate  being  given — IPig.  13. 

Rule.  As  the  conjugate  diameter  is  to  the  transverse,  so  is  the  square  root  of  the 
sum  of  tlie  squares  of  the  ordinate  and  semi-conjugate  to  the  distance  between  the 
ordinate  and  the  centre,  or  half  the  sum  of  the  abscissae.  Then  the  sum  of  this  dis- 

tance and  the  semi-transverse  will  give  the  greater  abscissa,  and  their  difference the  lesser  abscissa. 
_     iVoH  (c-r-2)2     a  -f-  a'  .  . Or,  --  —  =  — - —  =  half  the  sum  of  the  abscisses. 

a-\-a'     t            ,  a 4-  a'     t  , =     and  —  -  =  «'. 
Example.—  The  transverse  diameter,  a  t,  of  a  hyperbola,  Fig.  13,  is  120;  the  con- 

jugate, d  f  72;  and  the  ordinate,  ec,  4S;  what  are  the  lengths  of  the  abscissae,  t  e and  a  e  ? 
72  :  120  :  :  V^S2  -f  (72-7-2)2  — GO  :  100=  half  the  sum  of  the  abscisses. 
100 -f  (120-7-2)  =160=  above  sum  added  to  the  semi-transverse  =  the  greater  ab- scissa ;  and 
100—  (120-7-2)  =40  =  above  sum  subtracted  from  the  semi-transverse  =  the  lesser abscissa- 

To  Compute  tlie  Conjugate  Diameter,  tlie  Transverse  Di- 
ameter, tlie  Abscissae,  and  Ordinate  being  given — T^ig.  13. 

Rule. — -As  the  square  root  of  the  product  of  the  abscisrse  is  to  the  ordinate,  so  is 
the  transverse  diameter  to  the  conjugate. 

Or,  =  conjugate  diameter. 

y/(axa') Example. — The  transverse  diameter,  a  b,  of  a  hyperbola,  Fig.  13,  is  120  ;  the  ordi- nate, e  c,  48;  and  the  abscissae,  t  e  and  a  e,  160  and  40;  what  is  the  length  of  the 
conjugate,  d  f?   

V40X1C0  =  SO":  48  : :  120  :  72  =  conjugate. 
To  Compute  tlie  Transverse  Diameter,  tlie  Conjugate,  tlie 

Ordinate,  and  an  Abscissa  being  given — Tfigv  13. 
Rule. — Add  the  square  of  the  ordinate  to  the  square  of  the  semi-conjugate,  and extract  the  square  root  of  their  sum. 
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Take  the  sum  or  difference  of  the  semi-conjugate  and  this  root,  according  as  the greater  or  lesser  abscissa  is  used.*  Then,  as  the  square  of  the  ordinate  is  to  the product  of  the  abscissa  and  conjugate,  so  is  the  sum  or  difference  above  ascertained to  the  transverse  diameter  required. 
Or,  a  or  a'XcXXv^2  +  (c  -f-  2)2  ±  cT?)  -r-o2  —  transverse  diameter. 

Example. —The  conjugate  diameter,  df,  of  a  hyperbola,  Fig.  13,  is  72  ;  the  ordi- nate, e  c,  4^:  and  the  lesser  abscissa,  a  e,  40;  what  is  the  length  of  the  transverse diameter,  at? 

v  4"^6'(T2~  "j2  =  60~^Wrtre  r°0t  °fthe  squares  °fthe  ̂ dinate  and  semi-conju- 
60 +  72  ̂-2  =  96=:  sum  of  above  root  and  the  semi-conjugate  (the  lesser  abscissa being  used). 
40x72  =2SS0=  product  of  abscissa  and  conjugate. 4S2  :  28S0  : :  96  :  120  =  transverse  diameter. 
To  Compute  the  Length  ofanyArc  of  a  Hyperbola,  com- mencing at  tlie  Vertex — Fig.  14. 
Eule.— To  19  times  the  transverse  diameter  add  21  times  the  parameter  of  the RXie,  and  multiply  the  sum  by  the  quotient  of  the  lesser  abscissa  divided  by  the transverse  diameter. 
To  9  times  the  transverse  diameter  add  21  times  the  parameter,  and  multiply  the sum  by  the  quotient  of  the  lesser  abscissa  divided  by  the  transverse  diameter. To  each  of  the  products  thus  ascertained  add  15  times  the  parameter,  and  divide the  former  by  the  latter;  then  this  quotient,  being  multiplied  by  the  ordinate,  will give  the  leug.h  ot  the  arc  nearly.  ' 

Fig.  14.  tX  19 -f  21XjtfX^H-15>Q? 
yx  0  0r>   ^3 — - —       Xo  =  arc  nearly. 
/  |  'X  9  +  21Xj>X-  +  15x? 

/       i  .  J^ample.— In  the  hyperbola,  a  b  c,  Fig.  14,  the  transverse  diameter a(-  L  "  120 \,hc  conjugate  80,  the  ordinate,  e  c,  4S,  and  the  lesser  abscissa,  a  e, V  j e  40 :  what  is  the  length  of  the  arc,  a  b  ? 
\       \  129  :  80  :  :  80  :  53.3333  =  parameter. \       !     4q 
V]  m*  19  +  53.3333X21X--  =  1133.3333  =  product  of  the  sum  of  19 

c       times  the  transverse  and  21  times  the  parameter,  by  the  quotient  of the  lesser  abscissa  and  the  transverse. 
%0 

12jX9  +  5.i.iJ33;Jx2ix^-)=733.3333=^ro^  of  the  sum  of  9  times  the  trans- 
verse and  21  times  the  parameter,  by  the  quotient  of  the  lesser  abscissa  and transverse. 

1133  3333+  53.33^x15  (33.3333  +  T3.3333X15)  =  1.2609  =  quotient  of  former 1  orFJ^  l'S  °fiS^me8  the  P^ameter  -f-  latter  product  and  15  times  the  parameter. i. -bWX 4^  =  60.5232  =  above  quotient  X  the  ordinate  — length. 
Note.— Aa  the  transverse  diameter  is  to  the  conjugate,  so  is  the  coniumite  to  the parameter.    (See  pie,  page  290.) 

To  Compute  the  Area  of  a  Hyperbola,  the  Transverse, Conjugate,  and  lesser  Abscissa  being  given  Fig.  14-. 
Rl  r.F.—To  the  product  of  the  transverse  diameter  and  lesser  abscissa  add  5-7  of the  square  of  this  abscissa,  and  multiply  the  square  root  of  the  sum  by  21. Add  4  times  the  sqiiara  root  of  the  product  of  the  transverse  diameter  and  leaser abscissa  to  the  product  last  ascertained,  and  divide  the  sum  by  75. Divide  4  times  the  product  of  the  conjugate  diameter  and  lesser  abscissa  by  the transverse  diameter,  and  this  last  quotient,  multiplied  by  the  former,  will  jrive  the area  nearly.  '  ° 

Vt  X  a  +  f  q'2  X  21  +  ( y7x7'  X  4)  cXa'xl uri  =^ —  X  —  area. 

*  When  the  greater  abscissa  is  used,  the  difference  is  taken,  and  < 
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Example.— The  transverse  diameter  of  a  hyperbola,  Fig.  14,  is  60,  the  conjugate 
36,  and  the  lesser  abscissa  or  height,  a  e,  20;  what  is  the  area  of  the  figure? 
60x20 -f-^  of  202  =  1485. 7143  =  sum  of  the  product  of  the  transverse  and  abscissa 

and  £  of  the  square  of  the  abscissa. 
-^1485.7143x21  =  809.424  =  21  times  the  square  root  of  the  above  sum. 
V6U x  20 X 4  +  809. 424  =  947.988  =  sum  of  above  result  and  Ike  root  of  4  times  the product  of  the  transverse  and  abscissa. 
947.988-^-75  =  12.6398  =  quotient  of  above  result  -4-75. 
36X20X4  ̂   12.G398  =  606.7104  =  yroduct  of  4  times  the  product  of  the  conjugate 60 and  abscissa  -4-  the  transverse  and  the  above  quotient  =  area. 

PLANE  TRIGONOMETRY. 

Bv  Plane  Trigonometry  is  ascertained  how  to  compute  or  determine 
four" of  the  seven  elements  of  a  plane  or  rectilinear  triangle  from  the other  three  when  one  of  the  given  quantities  is  a  side,  or  the  area. 

The  determination  of  the  mutual  relation  of  the  Sines,  Tangents, 
Secants,  etc.,  of  the  sums,  differences,  multiples,  etc.,  of  arcs  or  angles 
is  also  classed  under  this  head. 

For  Explanation  of  Terms,  see  Geometry,  page  163. 
When  any  three  elements  of  a  Plane  Triangle  are  given,  one  of 

which  being  a  side,  or  its  area,  the  remaining  elements  may  be  de- 
termined ;  and  this  operation  is  termed  solving  the  triangle. 

RIGHT-ANGLED  TRIANGLES. 

For  Solution  by  Lines  and  Areas,  see  also  Mensuration,  page  245. 

In  the  following  figures,  A  =  90°,  B  =  45°,  C  =  45°,  Radius  =  1,  Secant  =  1-4142, Cosine  =  .7071,  Sin  45°  =  .7071,  Tangent  =  1,  Area  =  .25,  tigs.  1  and  2,  and  =  .5, 

FlBy  sfn^Tan.,  Sec,  etc.,  etc.,  A,  B,  etc.,  is  expressed  the  Sine,  Tangent,  Secant, etc.,  of  the  angle,  A,  B,  etc. 

To  Compute  Sides  A.  C  arid  B  A~ Figs.  1  and  2. 

C  Hyp.  B  C,  rR.  1  :  BC  1  : :  sin.  B  .7071  :  A  C  :  .7071,  Fig.  1. 
Given  \  Leg    B  A,  ■<  R  1 :  B  C  1 :  :  sin.  C  .7071  :  B  A  :  7071,  Fig.  1. 

(and  Angles  (Sin.  C.  7071::  sin.  B.  .7071  : :  B  A  .7071  :  A  C  .7071,  Figs.  1 

To  Compute  Sides  33  J±  and  13  C — Figs.  3  and  4. 
(  AO    (R.  1  :  A  C  1  : :  tan.  CI:  B  A  1,  Fig.  3. 

Given-}   and   J  R.  1 :  A  C  1 1  :  sec.  C  1  4142  :  B  C  1.4142,  Fig.  3. 
(Angles  (Sin.  B  .7071  :  AC  1  :  :  K.  1  :  BC1  4142,  Fig.  4. 

&2. 
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(3, 

To  Compute  tL\e  Angles  and.  Side,  .A.  C — IFigs.  1  and  3. 
Givpn  f  H^P-  B  C  /B  C  1  :  R.  1  :  :  B  A  .7071  :  Bin.  C  .7QT1— Fig.  1. 
^1VLU  \and  Leg  B  A  \R.  1  :  B  C  1  :  :  sin.  B  .7071  :  A  C.  7071—  tig.  2. 

To  Compute  Angles  and  Side,  13  C — Fig.  3. 
(A  C  .7071  :  R.  1  :  :  B  A  .7071  :  tan.  C  1— Fig.  2. 

Given  both  Leg.--  Sin.  (J  .7071  :  B  A  .7071  :  :  R.  1  :  BC  1— Fig.  2. 
(Rl:  AC  .7071  : :  sec.  C  1.4142  :  B  C  1— Fig.  2. 

To  Compute  Area — Fig.  1. 
Given  B  A  and  A  C  .  B  A  X  A  C     2  —  . 7071 X . 7071  -r-  2  =  area  . 25. 

"4  :  BC2  1  :  :  sin.  2  C  1  :  area .25 —Fig.  1. 
^AC2  „     .5    ,  L    j,.  _ -Fig.  1. 

(  Hyp.  B  C Given  <  and 
(  Angle  C 

B  A  2 ■  X  cot.  C  : rXl=  area.  25— Fig.  1. 

Jiveni^VlBuT  BA)X(BC-BA): 
(       X.7071  —  area  .25— Fig.  1. 

7071 
-XV(1+.7071)X1  — .  7071  =.3535 

Let  BAG  be  a  right-angled  triangle,  in  which 
C  A  is  assumed  to  be  radius;  BA  is  the  tan- 

gent of  C,  and  B  C  its  secant  to  that  radius ;  or, 
dividing  each  of  these  by  the  base,  there  is  ob- 

tained the  tangent  and  s:ecant  of  C  respectively to  radius  1. 
Radius     C  A  =  1. 
Secant      015  =  1.4142. 
Tangent    A  B  =  1. 
Co-secant  CB  =  1.4142. 
Cotangent  e  B  =  1. 

tan.  angle  C  =  .7071 
1.4142 

base 

perp. hyp- 

perp. base 
byp. 

=  sec.  angle  C 

=  sin.  angle  C 

=  tan.  angle  B 

==  sec.  angle  B  = 

=  sin.  angle  B  = 

Sine  d  g  a 
Cosine  C  g  or  o  d  : 
Versed  nine  g  A  : Co-versed  sine  o  e  z 
Angle  GAB: 
=  1. 

=  1.4142. 

r  .7071. 
:  .7071. :.2929. 
:.2929. 

:90°. 

1.4142 
1 
1 

1.4142 

=  .7071. 

=  1.4142. 

1.4142 
=  .7071. 
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=z  sin.  C 

—  tan.  C 

1 
1.4L42 1 
I 

.7071 

.7071 
7#  1  —  cos.  C  —  versin  C  =  1 ,7071  _ 

1 

HA 
13  O 
B  A 
A  O 
Sin.  C 

Formulae — Fig.  5. A  C 

5.  r""  °  —  tan.  C Cos.  C 

it  —  sec.  C  — Cos.  C 

=  .7071. 

=  1. 
=  1. 

—  .7071  : 

:  1.4142. 

2. 

4. 
6. 

Cot.  C 
.2929. 

BA 

B  C 

2  Area 

A  Ca  ' 

1 

.5X2 

12 

:  tan.  C  c= 

:  tan.  C  := 

:  1. 

:  sec.  C^1^^  1.4142. 
10.  VA  C2  -f  B  A^  =  hyp.  B  C  =  VI  +  1  =  1-4142. 

1  ^  AO —-—  =  1.4142.     12.-  ;- .7071  Cos.  C 11.  #^r=hyp.BC Sin.  C 
1 

hyp.  BC  =  2^/'^-  —  1.4142. 1. 
/  Area 

14.  B  C  X  cos.  C  =  radius  =  1.4142  X  .7071 
15.  B  A  X  cot.  C  ==  radius  =lXl=l. 
10.  B  C  X  sin.  C  =  radius  —  1.4142  X  .7071  =  1.     

It  Area  /  5X2 
17.  BAXtan.B  =  radiu8  =  lXl=l.  ^Vt^O"  V"~ 
19.  Sin.  C'2+  Cos.  2  =  radius  2  —  .70712+  .70712  =  1. 
20.  BOX  sin.  C  =  perp.  B  A  =  1.4142  X  .7071  =±  11 
21.  A  C  X  tan.  C  =  perp-  BA=fxl=l. 

1 
Sin.  C 

1 
cosec.  C  : 

=  cot.  C  = 

1 
"  .7071  : 
1-1 

1  ' 

z  1.4142. „o  Cos.  C        .  -T071 

25.  1  —  sin.  C  =  co-versin.=l  —  .7071  =  .2929. 

A70712  _l.  .29202 =  .3S2G8. 

Tan.  C 
2G.  2  sin.  C.  cos.  C  ±±  sin.  2  C  =  2  X  .7071  X  .7071  =  1. 

1    :  .  1?J, 
27.  -  V  sin-  C-'  +  versiu.  C2  =  sin.  -  C  : 

28.  Sin.  C.  cos.  B  ±  sin.  B  cos.  C  =  sin.  <C  ±  B)  =  .7071  X  .7071  +  .7011  X  .7071 
_  1,  or  (450  _ 450 ;  __  o;  .7071 X-7071  —  .7071  X-7071  =  0. 

Illustration. — The  side,  B  A,  of  a  right-angled  triangle  is  100  feet;  the  angle 
C  =  30°  ;  and  B  s=  G0° ;  what  are  the  lengths  of  the  sides,  B  C  and  A  C  t 
100  =100_Q  ^  BC.  200  xcos.  30°  =  200X.S6603  =  173.200/^,  AC. 

Sin.  S0°       .5  '  ■      1  ,         "  *  *• 
2.-Side  BC  =  200  feet,  and  anele  C  =  30°  ;  what  is  the  length  of  side  B  A  ? 

200  X  sin.  30°  =  200  X  .5  =  103  feet. 

OBLIQUE-ANGLED  TRIANGLES. 

B  B 
(6.) (7.) 
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Fig.  6.  pj„  7 
A  =  116°.30';  B  =  1S°.30';  C  =  45°.  A  =  63°.30';  B  =  Tl°.30';  C  =  45°. B  A   =  1.1174;  AC  =  .5014;  BC  =  1.4142. 

Area  =  .2507  ;  S  =  yz  sum  of  sides  —  1.5105. 
B  A  =  1.1174:  AC=1;  BC  =  1.4142. 
Area  —    .7493;  S     —  %  sum  of  sides    =  2.0151. 

To  Compute  33  A.  and        C  Fig.  6. 
Given  /An£les  and  /Sin-  A  -s9493  •  B  C  1.4142  :  :  sin.  C  .7071  :  B  A  1.1174.  v 
Ulven  \  Side  B  C    \Sin.  A  .89493  :  B  C  1.4142  : :  sin.  B  .3173  :  A  C  .5014.  N 

To  Compnte  Angles  13  and  C  and  Side  A.  C — Figs.  6  and  7. 
rB  C  1.4142  :  sin.  A  .S9493  :  :  B  A  1.1174  :  sin.  C  .7071,  which 

/A  B  BC  \angte  added  to  A  and  the  sum  subtracted  from  180°  =±  angle 
Given  And  Angle  <M  B— Fig.  G  =  IS0. GO',  and  which  added  to  A  and  the  sum j       B        J  subtracted  from  ISO0  =  angle  of  B— Fig.  7  =  71°  30' ^  /Sin.  A  .S9493  :  B  C  1.4142  :  :  sin.  B  .3173  :  A  C  .5014— Fie.  6. ^Sin.  A  .89493  :  BC  1.4142  :  :  sin. B  .94832  :  A  C  1 .4986-Fig.  7. 

To  Compute  13  C  and  13  .A. — Figs.  6  and  7. 
(  AC    fSin.  B  .3173  :  AC  .5014  : :  sin.  A  .S9493  :  B  C  1.4142— Fi°-  6 

Given  J    and    )  Sin"  B  -94832  :  A  C  T-49^  : :  sin.  A  .89493  :  B  C  1.4142— Fig.  7. 
J  An" L  )  Sin-  B  -31I;3  :  A  C  -5014  :  :  sin-  C  .T071  :  B  A  1.1174— Fig.  6. ^     °      (.Sin.  B  .94832  :  A  C  1.49SG  :  :  sin.  C  .7071  :  B  A  1.1174-Fig.  7. 

To  Compute  Angles  T3  and  C  and  Side  T3  C — Figs.  6  and  7. 
f    Subtract  half  of  the  given  angle,  A,  from  90°  ;  the  remain- der  is  half  the  sum  of  the  other  angles. 

(A  C,  A  B,  |     Then,  as  the  sum  of  the  sides,  A  C,  A  B,  is  to  their  differ- 
GivenV  and  Angled  ence,  so  is  the  tangent  of  the  half  sum  of  the  other  angles  to 

(       A  the  tangent  of  half  their  difference,  which,  added  to  and  sub- 
I  tracted  from  the  half  sum,  will  give  the  two  angles  B  and  C, ^the  greatest  angle  being  opposite  to  the  greatest  side. 

Operation.  90°  —  £_  A  +  2  =  90"  —  110°.30'-j-  2  =  31°.45/  =3  ̂i1?!!?0^- 

2  ~~ 

half  sum  of  the  other  angles. 
Then  A C  +  A  B  =  .5014+1.1174  =  1.G1SS  :  A C  co  A B  =  1.1 174  —  .5014  =  .61C0  : : 

tan.  Z_  B  +  C  -r-  2  =  1S°.30/  +  45°  -f-  2  =  31°.45'  =  .61882  :  tan.  /_  B  co  C  -r-  2  = 
45°  — 1$°.  30' -i- 2  =  13°.  15' =  .23547;  which,  being  added  to  31°.45'  (the  half  sum) 
=  13°.  15' +  31°. 45'=  45°  =  /_C,  opposite  to  side  A  B,  and  31°. 45'  —  13°.  15'  = 18°. 30' Z_  B,  opposite  side  A  C. 

To  Compute  all  tlie  Angles — T^igs.  6  and  7. 
Let  fall  a  perpendicular,  B  d,  opposite  to  the  required  angle. 
Then,  as  A  C  :  sum  of  A  B,  B  C  :  :  their  difference  :  twice  d  g,  the 

Given  all  ̂  distance  of  the  perpendicular,  B  d,  from  the  middle  of  the  base, 
three  sides.  \    Hence  A  d,  C  g  are  known,  and  the  triangle,  A  B  C,  is  divided  into 

^two  right-angled  triangles,  B  C  d,  B  A  d ;  then,  by  the  rules  in  right- -angled triangles,  ascertain  the  angle  A  or  C. 
Operation — A  C,  Fig.  6.  .5014  :  A  B  +  B  C  1.1174  +  1.4142  =  2.531G  ::  A  B  co 

BC  1.4142  — 1.1174  =  .2968:  2  X  d  g  —  1.4986.  1  4986  5014 
1  lence  A  d  —  d  g  —  A  C  -r-  2  =  —  '—^  = .  49 86,  and  C  d  =  A  d  +  A  c  =  1 . Consequently,  the  triangle  B  d  C  is  divided  into  two  triangles,  B  A  C  and  B  d  A. 
Afcain,  A  C  (Fig.  7,  1.418  5  :  A  B  +  B  C  1.1174+  1.4142  =  2.5316  :  :  A  B  co  B  (J 

1.4142  —  1.1174  =  .2968  :  2  X  d  g  =  5014. 
Hence  A  d  =  d  g  —  AV -+-2  =  .5014  ̂ -2  —  1.4986  -h  2  =  .498G,  and  rfC^AC- A  d  =  1 . 49S6  —  .  49S6  =  1. 
Consequently,  the  triangle  A  B  C  is  divided  into  two  triangles,  B  d  C  and  B  d  A. 

Then,  by  the  preceding  rules  for  right-angled  triangles,  ascertain  the  angle  A  or  C. 
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Formulae — Figs.  6  and  7. 

,   BC.Pin.B       .     ,  1.4142X-3173_ 1    =  sin.  A  =  zT^n  w*jo. u        A  ( ;  .5014 

BC...n.O  =  gto  A  =  .1.4142X.V0Tl=  s9m B  A  1.11<4 

AO  .sin.  0     ;4_  T>_.50Ux.T0Tl 
B  A 4.  A       =  sin.  B  =  =  31T8. 

2  Area    _  ^507  X  2__  = 
AO.  BC  .5014x1.4142 

■   1?  A  .  sin.  A      .  '      1.11T4X -89493  _  ' 
6.         —  =     c  =  l  tt43  ;  -  ;»=»■ 

;  BA.sin.  A      ,  •'  1.11T4X.89493 

8.  *4k*L±  =  hyp.  B  C  =^W?  =  1.4142. sin.  B  -olio 

/ 2  Area  .  sin.  A  p  c  /j*tt>^ 
V  sin.  C.  sin.  (A+C)       ̂   V  .T0iiX.31T3 

K>-       sin.  A      -iiA~  .89493 
B  C  .  Bin.  C  _  1.4142X.T0n  =  ̂  

1L  sin.  (0+  B>  •  -83493 
2  Area  _BA__^Tx2_ 

11  A  C  .  sin.  A  .6O14X.89403  ~ 
/     2  Area  .  sin.  O  -o  a  _     /•2507x2x.7071  _  .  n 

13'  V  sin.  B  .  sin.  (C  +  B)  V    -3173X.39493  * 
AC.Bin.C  =.50UX-.70T1  = 

i4>       sin.  B  .3173 
BC.Bln.B  1J142X.3173 

^       sin.  a  .89493 
2  Area         .  ri  .2597X.2 

16-  B^n70  =  AC  =  l-^<Am  =  -5014' 
/2  Area  .  sin.  (C  +  A)  _  __  /  5J<X2X.3i73  _ 

1L  V  sin.  O  .  sin.  A  ,  ■.  ~  A  C  ~  V  .7071X.S9493  ~ 
18.  AC.BC.sin.C  =  ̂   =  .5014x14143x  7071  =  ̂  

B  A  .  AC.  sin.  a                1.1174X-5014X. 89493 19  ■  -  —  area  =  -  =  250*. 

B  C2  .  sin.  C.  sin.  B  1.41422  *  7071 X  3173 

20r  -T^-(B--FcT"  =  area  =  2X^9493. ...  -;.2507'  
21.  v/S  .  (S  —  B  C)  (S  —  B  A)  (S  —  AC)  =  area  =  ̂ 1.5165  X  (1.5165  —  1.4142)  X 

(1.5165  —  1.1174)  X  (1.5165  — .5014)  =  V-O62S504S  =c  .S507. 



NATUKAL  SINES  AND  COSINES. 

Table  of  Xatural  Sines  and.  Cosines. 
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Ta"ble— {Continued). 
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Ta"bl  e-~  (Co  ntinued ) . 
25 1  10° 

11° 
12° 

13° 
|  14° 
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p. 

28 —L- IN  bine X  coa N.  sine.;  N  cos N.sine.i  N.  cos. N  si 
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Table— (Continued). Pro
p, 
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15° 

16° 
17° 

18° 

19° 

O  >3 

— 
/ N.  sine. N.  cos. N  sine. N.  cos. N.  sine. N.  cos. N.  sine. N.  cos. N.  sine. 

N.  cos. 
9 

0 96593 27564 96126 29237 
9563 30902 95106 32557 94552 

60 
9 

q 1 9KCH 96585 27592 96118 29265 95622 30929 95097 32584 94542 
59 

9 
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5S 

9 
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57 
9 
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56 
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54 

8 
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53 

8 
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52 
8 
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51 

8 
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50 
8 
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49 

7 
5 12 26219 27899 96029 29571 95528 31233 94997 32887 94438 

48 
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47 
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40 

7 
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9497 32969 94409 

45 

7 
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44 
7 
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43 

6 
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9438 

42 
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41 
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40 

6 
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39 
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38 
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35 
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34 

5 
12 
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33 

5 
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31 
5 
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30 
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14 32 2678 96347 28457 95S65 30126 95354 31786 94814 33436 94245 

28 
4 

15 33 2680S 9634 28485 95S57 30154 95345 31813 
94805 33463 94235 

27 
4 

15 34 26836 96332 28513 95849 30182 95337 31841 94795 3349 94225 
26 

4 
16 35 26S64 96324 28541 95841 30209 95328 31868 94786 33518 

94215 25 
4 

16 36 26892 96316 28569 95S32 30237 
95319 31896 94777 33545 94206 24 

4 
17 37 2  ",  92 96308 28597 95324 30265 

9631 31923 94768 33573 94196 
23 

3 
17 38 26948 96301 2S625 95816 30292 95301 31951 94758 336 94186 

22 
3 

18 39 26976 96293 2S652 95807 3032 95293 31979 
94749 33627 94176 21 3 
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94167 

20 
3 
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19 

3 
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IS 

3 
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17 
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16 2 
20 45 27144 96  >46 2382 95757 30486 

9524 32144 94693 33792 94118 
15 

2 
21 46 2^172 9623S 28S47 95749 30514 95231 32171 

94684 33S19 94108 14 2 
21 47 272 9623 28875 9574 30542 95222 32199 

94674 
33846 94098 

13 
2 

22 48 27228 96222 28903 95732 3057 95213 32227 
94665 33874 940S8 12 2 

22 49 27256 96214 28331 95724 30597 95?04 32254 
94656 

33901 94078 11 2 
23 50 27284 96206 28959 95715 30625 95195 32282 94646 33929 94068 10 2 
23 51 27312 96198 28987 95707 30653 951S6 32309 

94637 33956 94058 9 1 
23 52 2<34 9619 29015 95698 3068 95177 32337 94627 33983 94049 8 1 
24 53 28368 96182 29042 9569 30708 95168 32364 

9461 S 
34011 94039 7 1 

24 54 27396 96174 2907 95681 30736 95159 32392 94609 34038 94029 g 1 
25 55 27424 96166 29098 95673 30763 9515 32419 

94599 
34065 94019 5 1 

25 56 27452 96153 29126 95664 30791 95142 32447 9459 34093 94009 4 1 
26 57 2248 9615 29154 95656 30819 95133 32474 9458 3412 93999 3 0 
26 58 27508 96142 29182 95647 30846 95124 32502 94571 34147 93989 2 0 
27 59 27536 96134 29209 95639 30874 95115 32529 94561 34175 93979 1 0 
27 60 27564 96126 29237 9563 30902 95106 32557 94552 34202 93969 0 0 

74° 

73° 
72° 

71° 
70° 
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10 11 
19 
13 14 15 
16 17 
18 
19 20 •21 

22 
23 24 
25 
H 27 
28 •29 

30 
31 32 
33 34 
35 
30 
37 
88 
39 40 
41 
42 
4:; 44 
45 
46 
47 
43 
49 50 
51 
52 53 
54 
55 
66 
57 
66 
59 
00 

20° N.  sine.'  N. 
34202  i  939oi> 
34229  93959 
34257  j  93949 342S4  93939 
34311  93929 
34339 ! 93919 
34366 ! 93909 
34393  93899 
34421  93SS9 
34448 | 93879 34475  93869 
34593  93S59 
3453  93849 
34557 ! 93839 
34584  93S29 
34'512  i  93819 34639 I 93309 
14666  93799 
34694  j  93789 
34721 | 93779 34748  9376 ) 
34775  93759 
34S03 ! 93748 
3483  93738 
34857  93728 
34334  1 93718 
34  >12  93708 
34939  936  >8 
34966  93688 
34993  93677 
35021  93667 
35048 
35075 
35102 
3513 
35157 
35134 
35211 
35239 
35266 
352/3 
3532 
35347 
35375 
35402 
35129 
3545(5 35484 
35511 
35533 
355 .5 
35592 
35619 95647 
35674 
35T01 
35723 
35T55 
35782 
3531 
35337 
N.  cos. 

93657 
93647 
93637 
93026 
93616 
936)6 
935  >6 93585 
>3575 
93565 
93555 
93544 
93534 
93524 
93514 
93503 
93493 
93483 
93472 
93462 
93452 
93441 
93431 
9342 
9341 934 
90339 
93379 
933  18 
93358 
N  sine. 

59° 

Ta"ble— {Continued). 
21°  22°       ]  23° 

N  sine.'  N.  cos 
35337 : 93358 
S5S64,9334S 35391  93337 
35918,93327 
35945  j  93316 35973  93306 
36  93295 
36027  93285 
36054  93274 
36031  93264 
36103  93253 
36135  93243 
36162  93232 
3619  93222 
36217  93211 
36241  93201 
36271  9319 
36298 i 9313 
16325  93169 
36352 | 93159 36379  93148 
36406  93137 
36434 ' 93127 36461  93116 
3648S j 93106 36515  93 995 
36542  j  93084 36569  93074 
36596  93063 
36623  93052 
3665  93042 
36677  93031 
36704  9302 
36731  9301 
36753  92999 
36735  92:)8S 
36812  92978 
36839  1 92967 

N.  sine,  i  N.  cosJn 
i  |N. 37461  92718  3907 

37488  £2707 
37515  926  »7 

34867 
36394 
36921 
36948 
36975 
37002 
37029 
37056 
37083 3711 
37137 
37164 
37191 
37218 
;7245 
3727  J 
37299 37326 
37453 
3738 
7497 37434 

37461 

92956 
92945 92935 
92924 
92913 
92902 
92892 
92381 
9287 
92859 
92819 92838 
92827 
92805 
92794 
92784 
92773 
92762 92751 
9274 
92729 92718 

N.  cos.  i  N. sine 

68° 

37512 
37569 37595 
37622 
3764) 37676 
37703 3773 
37757 37784 
37811 
37S38 
37S65 
37892 
37919 
37946 
37973 
37999 
1302-6 33' >53 
3803 
3S107 
38134 
33161 18183 
33215 
3S241 38268 
382  5 
33322 
38349 
3S376 
38403 
3843 
38456 3S433 3851 
33537 
335  .4 
33591 
38617 
38644 
33671 
38093 33725 
33752 
38778 
38805 38832 
33859 
33386 
38912 
38939 
38966 
38993 
3902 39046 
39073 
N.  cos. 

92034 92075 
92064 
92653 
92642 92631 
9202 92009 
9259S 
925S7 
92576 
92545 
92554 
92543 
92532 
92521 
9251 
92199 
92438 
92477 
B2466 
92455 
92444 
92432 
92421 
9241 92399 
92388 92377 
92306 92355 92343 
92332 
92321 9231 
92299 92287 
92276 
92265 
92254 92243 
92231 
9222 92209 
92195 
92185 
92175 92104 
92152 
92141 9213 
92119 
92107 
92096 92085 
92073 
92062 9205 
N.sine. 

67° 

391 
39127 39153 
3918 39207 
39234 
3926 39237 
34314 
39341 
39367 
34394 
39421 
3944S 
39474 
39501 
3952S 
39555 
39581 
3900S 
39035 39(01 
3.  OSS 
39715 
39741 
39768 39795 
39822 ;39848 
39875 
39902 
39928 
39955 39.  82 
40008 
40035 
40062 40088 
40115 
40141 
40108 40195 
40221 
4024S 
40275 40301 
40323 40355 
40381 
40408 
40434 
40401 
40488 
40514 40541 
40567 
40594 
40621 
40647 
40074 
N.C09. 

9205 92039 
92028 92010 
92005 91994 
919  S2 91971 
91959 
91948 91930 
91925 
91914 
91902 
91S91 
91879 
91808 
91S50 
91845 
91833 
91S22 9181 
91799 91787 
91775 
91704 
91752 
91741 
91729 
91718 
91700 
91694 
91683 91671 
9166 
91648 
91036 
916:5 91613 
91001 
9159 91578 
91566 91555 
91543 
91531 
91519 
9150S 91440 
91484 91472 91401 
91449 
91437 
91495 91414 
91402 
9139 91378 
91300 
91355 

24° 

N.  sine  |  N.  cos 

N.  sine 

40074 407 
40727 40753 
4078 40S00 
40S33 
4086 
40SS6 40913 
40939 40960 
40992 
41019 
41045 41072 
41098 
41145 41151 41178 
41204 
41231 
41257 
41284 4131 
41337 41363 
4139 41416 41443 
41469 
41496 
41522 
41549 41575 
41602 4162S 
41655 
41081 41707 
41734 
4170 41787 
41813 
4184 4180G 
41892 
41919 41945 
41972 41998 
42024 42051 
42077 
42104 
4213 42150 421S3 
42209 42235 
42202 

91355 
91343 
91331 
91319 91307 
91295 
91283 
91272 9126 
91248 
91236 
91224 
91212 912 
911S8 91170 
91164 
91152 9114 
91128 91116 
91104 
91042 9108 
91008 91050 
91044 
91032 
9102 91008 
9099G 
90972 090 
90948 
90936 
'40924 

C0911 
90899 0887 
90S75 
90863 
90S51 90839 
40826 90814 
90802 9079 
90778 
90766 
90753 90741 
90729 90717 
90704 
90092 9068 
9006S 90055 
90043 90031 

37 
30 

35 

34 

33 
32 

31 

30 29 

28 

27 

20 

45 
24 
23 

22 
21 
20 

19 

18 
17 

16 

15 
14 

13 12 11 

10 
9 
8 
7 
0 
5 
4 
3 
2 
1 
0 

N.  cos.  N.i 

66° 
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a-  cu 
26 

25° 

NATURAL  SINES  AND  COSINES. 

TaTole— (Continued). 

26°       1       27°       |  2S° 
N.  sine.  |  N.  c 

!262 
422  SS 
42315 
42341 
4236T 
42394 
4242 
4244G 
42473 

N  sine.  I  N.  cos 
90631 
90618 
90606 90594 
90582 
905G9 
90557 
90545 
90532 

43837  i  89879 
43S63  i  89867 438S9 I  89854 
43916 ' 89841 43942 ! 89828 43968  89816 

10 
11 
12 
13 
14 15 
16 17 18 
19 
20 
21 
22 23 
24 
25 
26 27 
28 
29 
30 
31 
32 
33 
34 35 
36 
37 38 
39 
40 
41 
42 43 
44 
45 
46 47 
43 49 50 
51 
52 53 
54 
55 56 57 
53 
59 
60 

42499 ! 9052 
42525 ! 90507 
42552  j  '.  0495 42578  j  90483 42604  i  9047 
42631  J  90458 
42657  I  90446 
42633 | 90433 42703  90421 
42736 ' 90408 42762 ; 90396 
42738 i 903S3 

43994 
4402 44046 
44072 

42S15 
42841 
42867 
42894 
42)2 
42:;46 
42972 
42999 
43025 
43051 43077 
43104 
4313 
43156 
43132 
43209 
43235 
43261 
43287 
43313 4334 
43366 
43392 
43418 
43445 43471 
43497 
43523 
4354) 43575 
43002 
43628 
43654 
4368 
43706 
43733 
43759 
43785 
43811 

:0371 
90358 
90346 90334 
90321 
30309 90296 
902S4 
90271 
90259 90246 
90233 
90221 

8980, 8979 
89777 
83764 

44098  |  89752 
44124  89739 
44151 j 89726 
44177  j  S9713 44203  j  S97 
44229  89687 

90196 
90183 
90171 
90158 
90146 
90133 9012 
90108 
90095 
90082 
9007 
90057 
90045 
9003 
90019 
90007 
89994 
891)81 
89968 
89956 89943 
S993 
89918 
89905 89892 

44255 89674 
44281 89662 
44307 89649 
44333 83636 
44359 89623 
44385 8961 
44411 83597 
44437 S95S4 
44464 89571 
4449 8955S 
44516 83545 
44542 S3532 
44563 89519 
44594 89506 4462 83493 
44646 8943 
44672 s;;467 
44698 89454 
44724 89441 
4475 89428 
44776 83415 44802 S9402 
44328 8  339 
44854 89376 4488 89363 
44906 S935 
44932 89337 44958 ft  -324 
44984 89311 
4501 89298 45036 

89285 45062 89272 45088 89259 

45399 45425 
45451 
45477 
45503 
45529 
45554 4558 
45606 45632 
45658 
45684 4571 
45736 
45762 
457S7 
45S13 
45339 45S65 
45S91 45317 
45942 45968 
45994 
4602 
46046 
46072 
46097 
46123 
46149 46175 
46201 
46226 46252 
46278 
46304 
4633 46355 
4J381 

46947 46973 
N.  sine.  N.  cos.  ]  N .  sine 

89101 89087 
83074 S9061 
8904S 
89035 
89021 
89008 
8S995 S8931 
839  68 88955 
88942 

|N.  cos, 

4514  S9232 
45166  8  >219 

43S37  89879 

64° 

45192 
45218 45243 
4526) 
45295 45321 
45347 
45373 
45399 

89206 
33193 3918 
89167 83153 8914 
89127 89114 8910 

8S915 
8SC02 88S8S 
88875 
8S862 
88S4S 
8S835 
88S22 
8SS08 
88795 
887S2 83768 
88755 
83741 
88723 
88715 
88701 
886S8 
88674 
8S661 
88647 83634 
8362 88607 
S8593 

46407  I 885S 
46433 j 88566 
4045>'3S553 46484  8S533 
4651  ; 88526 46536 ! S8512 
46561 ; 83499 
46587  i S84S5 '46613188472 
46639 ! 8S458 
46064  j 8S445 4669  188431 
46716 '88417 
46742  j 88404 
46767 1 8839 46733  88377 
46819  88363 
46844  j 83349 4687  i 38336 
43896 ' 88322 46921  8S308 
46947  i  88295 

47024 
4705 47076 
47101 
47127 
47153 
47178 47204 
47229 
47255 47281 
47306 
47332 4735S 
47383 
47409 47434 
4746 
474S6 
47511 47537 
47562 475S8 
47614 
47639 47665 
4769 47716 
47741 47767 
47793 
47818 47844 
47869 
47895 
4792 47946 
47971 
47997 
4S022 48048 4S073 
4S099 48124 
4815 48175 
48201 48226 
48252 48277 
48303 

29° 

N.  sine. |  N.  cos, 

88-95 88281 
8S267 8S254 
8S24 
8S226 88213 
88199 
8S1S5 
88172 88153 
83144 8813 
88117 
8S103 
88089 88075 
83062 8S048 8S034 
8802 88006 
87933 
87973 87365 
87951 87937 
87923 
87909 87896 
87882 

48481 
4S506 
48532 
48557 48583 
48608 
48634 
48659 4S6S4 
4871 
48735 48761 4S786 
48811 
4S837 
48S62 
4SS88 
48913 48938 
43964 

43983 43014 
4904 49065 
4909 
49116 
49141 49166 

87462 
87448 87434 
8742 
37406 87391 87377 
87363 
87349 
87335 87321 
87300 
87292 
87278 
87264 8725 
87235 
87221 87207 87193 
87178 
87164 8715 
87136 
87121 
87107 
87093 87079 

63° 

87854 8784 
87826 
87812 
87798 87784 
8777 _7756 
87743 
87729 87715 
87701 87687 
8767h 87659 
87645 S7631 
87617 87603 
87589 
87575 87561 

49192  87064 49217 
49242 49268 49293 .  . 
4931S ' 86393 

8705 
87036 
87021 87007 

49344 49369 
49394 
49419 
49445 
4947 49  43  5 

869.  _ 
86964 
86949 
86935 
86921 8690(5 
86892 

48328 ! 87546 
48354  87532 
48379  |  S751S 48405 ! 87504 
4843  18749 
48456  87476 
4S481 ; 87462 

49521 ! 86878 49546 ! 86863 
49571  86849 
49596  86S34 
49622 43647  86805 
41672  j 86791 
49697  86777 
49723 ! 86762 49748  8674S 
49773  8673F 
49798  S67 19 
49824  i  86704 
49849 ! 8669 49874 1 86675 

49)899 '  86661 49924  j  86646 4995  186632 
43975  86617 
5       i  86603 
N.  cos.  N.  sine I 

60° 

J 
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a 
10 11 
12 
13 
14 15 16 
17 
18 19 
20 21 
22 
23 
24 
25 
26 -7 
23 •2D 
30 
31 32 
33 
34 
35 
36 37 

38 39 
40 
41 
42 

4."> 44 
45 
40 
47 
48 49 
50 
51 
52 
53 54 
55 56 
57 
58 
59 
60 

30° 

Table— {Continued). 

31°       1       32°  33° 
N.  sine/  N.  cos.  N  sine.|  N. 
5 
50025 
5005 
50076 
50101 
50126 
50151 
50176 
50201 
50227 
5  1252 
50277 
50302 
50327 
50352 
50377 
50403 
5942S 
50453 
5047S 
50503 
50528 
5  553 
5057S 
50603 
5*628 
50694 50670 
507041 
50T29 
50754 
50779 
50804 | 
50829 
5  '854 ►0879  I 
50904 
50929 ; 
50954 
50979  I 
51004 1 
51029 
51054 
51079 
51104 
51129 
51154 
51179 
51204 
51229 
51254 
51279 
51304 
513.9 
51354 
51379 
51404 
i!429 
51451 
51479 
51504 

I 86603 
8  5SS 
S6573 
SG559 
S6544 
8653 
S6515 
86501 
S64S6 
83471 
86457 
SJ442 
86427 S6413 
86393 
S6384 
S6369 
S6354 
8634 
86325 
8631 
86295 
86281 
8626J 
80251 
86237 
86222 
8G207 
SJ192 
86178 
86163 
86148 
86183 85119 
86104 
86089 
86074 
86059 
86045 
8603 86015 
86 
859  S5 
8597 
85956 
85941 
85926 
85911 
85396 
85381 
85866 
85851 
85836 
85821 
85806 
85792 85777 
85762 85747 
857:52 
85717 

51504 !  85717 
I  51529  I  85702 51554  85687 
51579  j  S5672 51604  85657 
51628  S5642 
51653 !  S5627 
51678 !  85612 
51703 ' 85597 5t728| 85582 51753  8556 
5177S ' 85551 518 93  i 85536 
51828  I  85521 51852  85506 
51 S77  85491 
51902  85476 
51927  I  85461 
51952  j  85446 
51V;7T  j  85431 52002  85416 
52026  85401 
52051  I  S5385 
52076  j  8537 52101  85355 
52126 
52151 
52175 
522 
52225 
5225 
52275 
52299 

8534 85325 
8531 
S5294 
85879 85264 
85249 85234 

52992  84805 
53017  84789 
53  141  S4774 
53066  S4T59 
53091  S4743 
■3115  84728 
5314  S4712 
53164  S4097 
53189  84681 53214  84866 
53238  8465 
53263  S4635 
53283  84619 

52324185218 
52349 
52374 
52399 
5242:; 

85203 
85188 
85173 85157 

52448185142 
52473  851' 5249  S 
52522 
52547 
52572 52597 
52621 52646 
52671 
52696 
5272 
52745 
5277 
52794 
52819 
52844 
52869 
52893 52918 
52943 52967 
52992. 

.  cos. IN.  sine. I  N.  c 

85112 85096 
85081 
85036 
85051 
85035 8502 
85005 
84989 84974 
84959 
84943 
84928 
84913 
84897 

84366 84851 
84836 
8482 
84805 N~sine. 

53312 53337 
53361 
533S6 
53411 
53435 
5346 
53484 
53509 53534 
53553 
535S3 
53607 
53632 53C56 
53681 
53705 
5373 53754 
53779 
53804 
53828 53S53 
5:i877 
53902 
53926 53951 53975 54 
54024 
54049 
54073 54!  197 
54122 
54146  84072 
54171  84057 

84604 
S4-88 
S4573 
84557 
S4542 84526 
84511 
S4495 
8448 
84464 
84448 
84433 
S4417 
84402 84386 8437 
84355 
84339 
84324 84303 
84292 84277 
84261 
84245 
8423 S4214 84198 
8418 
84167 
84151 
84135 
8412 84104 

511! 5422 54244 
51269 
542!;  3 51317 
54342 
54366 
54391 
54415 5444 
54464 

S4041 84025 
84009 83994 
83978 
83962 
83946 8393 
••:;•<!  5 

83  899 838S3 
83867 

54464 5448S 
54513 
54537 
54561 54586 5461 
54635 
54659 
54683 54708 
54732 54756 
54781 
5iS(5 
54S29 54S54 5437S 
54902 54927 
54951 
54975 
54999 
55024 5504S 
55072 55097 55121 
55145 55169 
55194 55218 
55242 55266 
55291 
55315 
55339 
55363 
553S8 
55412 55436 
5546 55484 
55509 
55533 55557 
5558 1 55605 
5563 55654 
55678 55702 
55726 
5575 55775 
55799 55323 55347 55371 

895 55919 

58° 

■08.  N.sine, 

~57° 

S;>S07 
83851 
S3835 
S3S19 
S3804 
837SS 
S3772 83756 
8374 
83724 83708 8369 
83676 
83l6 S3645 
83629 83613 
83597 
835S1 
83565 
83549 
83533 83517 

501 
80485 
83469 
83453 S3437 
83421 83405 83389 
83373 
83356 8334 
83324 83308 
83  92 
83276 
8326 

244 83228 
83212 83195 
83179 83163 83147 
83131 83115 83098 
83082 
83066 8305 
83034 83017 
S3001 82985 
82969 
82953 82936 
8292 

34° 

55919 
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Ta~ble — (Continued). Pro
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Table— (Continued). 
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The  preceding  Table  contains  the  Natural  Sine  and  Cosine  for  ev- 
ery minute  of  the  quadrant  to  the  radius  of  1,  and  although  the  deci- 
mal point  is  not  put  in  the  Table,  it  is  always  to  be  prefixed. 

If  the  Degrees  are  taken  at  the  head  of  the  columns,  the  minutes, 
sine  and  cosine  must  be  taken  from  the  head  also;  and  if  they  are  taken 
at  the  foot  of  the  column,  they  must  be  taken  from  the  foot  also. 

Illustration.— .3113  is  the  sine  of  18°  30',  and  the  cosine  of  71°  30'. 

To  Compute  tlie  Sine  or  Cosine  for  Seconds. 

When  the  Angle  is  less  than  45°. 
Ascertain  the  sine  or  cosine  of  the  angle  for  degrees  and  minutes 

from  the  Table ;  then  take  the  difference  between  it  and  the  sine  or 
cosine  of  the  angle  next  below  it.  Look  for  this  difference  or  remain- 

der,* if  the  Sine  is  required,  at  the  head  of  the  column  of  Proportional 
Parts,  on  the  left  side  ;  and  if  the  Cosine  is  required,  at  the  head  of  the 
column  on  the  right  side;  and  in  these  respective  columns,  opposite  to 
the  number  of  seconds  of  the  angle  in  the  column,  is. the  number  or 
correction  in  seconds  to  be  added  to  the  Sine,  or  subtracted  from  the 
Cosine  of  the  angle. 
Example.— What  is  the  sine  of  8°  0'  10"  ? 

Sine  of  8°  9',  per  Table  =  .14177  ;?  ,  -  00028 
Sine  of  8°  10',       "      =  .14205  ;  j  difference,  .uuu.b. 

In  left-side  column  of  proportional  parts,  under  29,  and  opposite  to  10',  is  5,  the correction  for  10',  which,  being  added  to  .14177  =  .14182,  the  sine. 
Ex.  2.— What  is  the  cosine  of  8°  9'  10"  ? 

Cos.ine  °l  To  ,n>  Per  Table  =  -ooS  ;  i  difference,  .00004. Cosine  of  8°  10'        "        =  .£8986;)    ̂   1 
In  right-side  column  of  proportional  parts,  under  4,  and  opposite  to  10',  is  1,  which, being  subtracted  from  .98990  =  .£8989,  the  cosine. 

When  the  Angle  exceeds  45°. 
Ascertain  the  sine  or  cosine  for  the  angle  in  degrees  and  minutes 

from  the  Table,  taking  the  degrees  at  the  foot  of  it;  then  take  the  dif- 
ference between  it  and  the  sine  or  cosine  of  the  angle  next  above  it 

Look  for  the  remainder,  if  the  Sine  is  required,  at  the  head  of  the 
column  of  Proportional  Paris,  on  the  right  side ;  and  if  the  Cosine  is 

required,  at  the  head  of  the  column  on  the  left  side  ;  and  in  these  re- 
spective 'columns,  opposite  to  the  seconds  in  the  angle,  is  the  number or  correction  in  seconds  to  be  added  to  the  Sine,  or  subtracted  from 

the  Cosine  of  the  angle. 
Example.— What  is  the  sine  of  81°  50'  50"? 

Sine  of  81°  50',  per  Table  =  .98986;) difference,  .00004. 
Sine  of  81°  51',       "       =. 989.0;{    »  ' 

In  right-side  column  of  proportional  parts,  and  opposite  to  50',  is  3,  which,  being added  to  .98986  =  .98989,  the  sine. 
Ex.  2  What  is  the  cosine  of  81°  50'  50"  ? 

Cosine  of  81°  50',  per  Table  =  .14205  ;)  difrermce  .00025. 
Cosine  of  81°  51,       "       =  .14177;)  * 

In  left-side  column  of  proportional  parts,  and  opposite  to  50',  is  24,  which,  being subtracted  from  .14205  =  .14181,  the  cosine.  

*  The  Tables  in  some  instances,  as  in  the  example  given,  will  give  a  unit  too  much,  but  this,  in general,  is  of  little  importance. 
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To  Compute  tlie  Number  ofDegrees,  Minutes,  and Seconds  of  a  given  Sine  or  Cosine. 
When  the  Sine  is  given. 

Rule. — If  the  given  Sine  is  found  in  the  Table,  the  degrees  of  it  will be  found  at  the  top  or  bottom  of  the  page,  and  the  minutes  in  the 
marginal  column,  at  the  left  or  right  side,  according  as  the  sine  cor- 

responds to  an  angle  less  or  greater  than  45°. 
If  the  given  sine  is  not  found  in  the  Table,  take  the  sine  in  the  Ta- 

ble which  is  the  next  less  than  the  one  for  which  the  degrees  etc.  are 
required,  and  note  the  degrees,  etc.,  for  it.  Subtract  this  sine'from  the tabular  sine  next  greater  than  it,  and  also  from  the  given  sine. 

Then,  as  the  tabular  difference  is  to  the  difference  between  the  given sine  and  the  tabular  sine,  so  is  60  seconds  to  the  seconds  for  the  sine given. 
Example.— What  are  the  degrees,  minutes,  and  seconds  for  the  sine  of  .75000? 
The  next  less  sine  is  .74992,  the  arc  for  which  is  4S°  35'.  The  next  greater  sine is  .  fpOH,  the  difference  between  which  and  the  next  less  is  .75011  —  .74992  =  19.  The difference  between  the  less  tabular  sine  aiid  the  one  given  is  .75000  —  74992  =  8 Then  19  :  S  :  :  CO  :  25+,  which,  added  to  4S°  35'  =  48°  35'  25". 

When  the  Cosine  is  given. 
Rule. — If  the  given  Cosine  is  found  in  the  Table,  the  degrees  of  it will  be  found  as  in  the  manner  specified  when  the  Sine  is  given. 

^  If  the  given  cosine  is  not  found  in  the  Table,  take  the  cosine  in  the 
Table  which  is  the  next  greater  than  the  one  for  which  the  degrees, etc.,  are  required,  and  note  the  degrees,  etc.,  for  it.  Subtract  this  co- 

sine from  the  tabular  cosine  next  less  than  it,  and  also  from  the  given cosine. 
Then,  as  the  tabular  difference  is  to  the  difference  between  the  given cosine  and  the  tabular  cosine,  so  is  60  seconds  to  the  seconds  for  the cosine  given. 
Example.— What  are  the  degrees,  minutes,  and  seconds  for  the  cosine  of  .75000? 

f  The  next  greater  cosine  is  .75011,  the  arc  for  which  is  41°  24'.    The  next  less  co- sine is  .74992,  the  difference  between  which  and  the  next  greater  is  .75011  —  74992  = 
19.    The  difference  between  the  greater  tabular  cosine  and  the  one  given  is  .75011 

.  4O000  —  11.    Then  19  :  11  :  :  00  :  35  — ,  which,  added  to  41°  24'  ~  41°  24'  35". 

Xo  Compute  the  "Versed.  Sine  of  an  ̂ Lngle. 
Subtract  the  cosine  of  the  angle  from  1. 
Example.— What  is  the  versed  sine  of  21°  30'  ? 

The  cosine  of  21°  SO.'  is  .93042,  which.  —  1  =  .0695S,  the  versed  sine. 
To  Compute  the  Co-versed  Sine  of  an  ̂ Vngle. 
Subtract  the  sine  of  the  angle  from  1 . 
Examtle.— What  is  the  co-versed  sine  of  21°  30'? 

The  sine  of  21°  30'  is  .3605,  which,  —  1  =  .0335,  the  co-versed  sine. 
To  Compute  the  Chord  of  an  ̂ \.nglo. 

Double  the  sine  of  half  the  angle. 
Example. — What  is  the  chord  of  21°  30'? 

21°  30' Sine  of  — —-  =  sine  of  10°  45'  =  .18052.  which,  X2  =  .373C4,  the  chord. 
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Ta"ble  of*  INatxiral  Secants  and  Co-secants. 

parts 
to  i". 

ti 
P 

0' 10' 20' 

SO'  | 

.004 o 1. 1. 1.00002 
1.00004, 

.013 1 1.00015 1.00021 1.00027 1.000341 

.021 2 .1.00061 1.00072 1.00083 1.00095 
!o3 1.00137 1.00153 1.00169 1.00187 '.038 4 1.00244 1.00265 1.00287 1.00309 
.047 5 1.00382 1.00408 1.00435 1.00462 
.056 6 1.00551 1.00582 1.00614 

1.00647 
.064 7 1.00751 1.00787 1.00825 

1.00863 
.073 8 1,00983 1.01024 1.01067 1.01111 
.082 9 1.01246 1.01294 1.01342 

1.0139 
.091 10 1.01543 1.01595 1.01649 1.01703 
.101 11 1.01872 1.0193 1.01989 1.02049 
.11 12 1.02234 1.02298 1.02362 

1.02428 
.12 13 1.02631 1.027 1.0277 1.02841 
.13 14 1.03061 1.03137 1.03213 1.0329 
.139 15 1.03528 1.03609 1.03691 1.03774 
.15 16 1.0403 1.04117 1.04205 1.04295 
.16 17 1.04569 1.04663 1.04757 1.04853 
.171 18 1.05146 1.05246 1.05347 1.05449 
.182 19 1.05762 1.05869 1.05976 1.06085 
.194 20 1.06418 1.06531 1.06645 1.06761 
.205 21 1.07114 1.07235 1.07356 1.07479 
.217 22 1.07853 1.07981 1.08109 1.08239 
.23 23 1.08636 1.08771 1.08907 1.09044 
.243 24 1.09464 1.09606 1.09749 1.09895 
.256 25 1.10338 1.10488 1,1064 1.10793 
.27 26 1.1126 1.11419 1.11579 1.1174 
.285 27 1.12233 1.124 1.12568 1.12738 
.3 28 1.13257 1.13433 1.1361 1.13789 
.315 29 1.14335 1.14521 1.14707 1.14896 
.332 30 1.1547 1.15665 1.15861 1.16059 
.349 31 

1.16663 1.16868 1.17075 1.17283 
.366 32 1.17918 1.18133 1.1835 1.18569 
.885 33 1.19236 1.19462 1.19691 1.1992 
.404 34 1.20622 1.20859 1.21099 1.21341 
.425 35 1.22077 1.22327 1.22579 1.22833 
.446 36 1.23607 1.23869 1.24134 1.244 
.469 37 

1 . 25214 1.25489 1.25767 1.26047 
.493 38 1.26902 1.27191 1.27483 1.27778 
.518 39 1.28676 1.2898 1.29287 1.29597 
.545 

40 
1.30541 1.30861 1.31183 1.31509 

.573 41 1.32501 1.32838 1.33177 1.33529 

.603 
42 

1.34563 1.34917 1.35274 1.35634 
.634 1  OC70Q I .  obi  66 1  .  O  /  lKJO 1 . 37481 1.3786 
.668 44 1.39016 1.39409 1.39804 l! 40203 
.704 45 1.41421 1.41834 1.42251 1.42672 
.742 46 1.43956 1.44391 1.44831 1.45274 
.783 47 1.46628 1.47087 1.47551 1.48014 
.827 48 1.49448 1.49933 1.50422 1.50916 
.874 49 1.52425 1.52938 1.53455 1.53977 
.925 50 1.55572 1.56114 1.56661 1.57213 

CO' 
1  50' i  40' 

1  30' 

40' 

50' 

. 
a? 

_°  ' 

Prop, 

parts to  1'. 

1.00007 1.00011 89 .25 
1.00042 1.00051 

88 .76 
1.00108 1.00122 

87 1.27 
1.00205 1.00224 86 

1.78 

1.00333 1.00357 85 
2.3 

1.00491 1.0052 
84 

2.81 
1.00681 1.00715 

83 
3.34 

1.00902 1.00942 
82 

3.86 1.01155 
1.012 

81 

4.39 

1.0144 1.01491 

80 

4.94 
1.01758 1.01814 

79 

5  =  48 

1.02109 1.02171 78 6  04 

1.02494 1.02562 

77 
6  6 

1.02914 1.02987 
76 

7.18 
1.03368 1.03447 

75 

7.77 

1.03858 1.03944 74 8.37 
1.04385 1.04477 

73 
8.99 

1.0495 1.05047 

72 

9.62 
1.05552 1.05657 

71 

10.26 
1.06195 1.06306 70 

10.93 

1.06878 1.06995 69 
11.61 

1.07602 1.07727 

68 

12.32 

1.0837 1.08502 67 13.04 
1.09183 1.09322 66 13.79 
1.10041 1.10189 65 

14.57 
1.10947 1.11103 

64 

15.37 
1.11903 1.12067 

63 
16.21 

1.1291 1.13083 62 
17.07 

1.1397 1.14152 61 17.97 
1.15085 1.15277 

60 
18.91 

1.16259 1.16461 
59 

19.89 
1.17493 1.17704 

58 
20.91 

1.18789 1.19012 57 21.98 
1.20152 1.20386 

56 23.09 
1.21584 1.2183 

55 

24.26 
1.23089 1.23347 

54 
25.49 

1.24669 1.2494 

53 
26.78 1.2633 1.26615 

52 
28.14 1.28075 1.28374 

51 29.57 1.29909 1.30223 

50 
31.08 1.31837 1.32168 49 32.68 1.33864 1.34212 48 34.37 1.35997 1.36363 

47 
36.16 1.38242 1.38627 46 
38.06 1.40606 1.41012 45 
40.08 1.43096 1.43524 

44 42.24 1.45721 1.46173 
43 44.53 1.48491 1.48967 

42 
47. 1.51414 1.51918 41 
49.63 1.54504 1.55036 40 
52.45 1.57771 1.58333 39 
55.49 

20' 
10' 

Deg. 

CO-SECANTS. 
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Table— {Continued). 

Prop, 
parts to  1". 

SECANTS. 

.979 
1.038 
1.102 
1.171 
1.246 
1.327 
1.416 
1.515 
1.622 
1.74 
1.872 
2.017 
2.18 
2.362 
2.564 
2.797 
2.06 
2.36 
3.705 
4.104 
4.57 
5.117 
5.768 
G.549 
7.496 
8.662 

10.12 
11.975 
14.5531 
17.602 

0' 

Gl  2 
62  2 
63  I  2 

5. 
5. 
6. 7. 
8 0. 

11. 
86  |14. 
87  il9. 
88  28. 
89  ,57. 

.58902 

.62427 

.66164 
0132 

.73445 
8829 

.83608 

.88708 

.9416 .'0626 
13005 20269 .28117 3662 .45859 5593 66947 79043 9238 07155 23607 4203 
62795 8637 13357 44541 80973 24084 75877 39245 1853 20551 56677 4737 3556 1073 6537 2987 

10' 
20' 

30' 

40' 

1 . 59475  1 . 60054  1.60639!  1  •  61229 
1 . 63035  1 . 63648  1 . 64268  1 . 64894 
1.66809  1.6746  |1.68117ll .68782 

70815 ;  1 . 71506  1  ■  72205  1 . 72911 
.7o073  1.75888  1.76552  1.77303 

1 
1 
1 
1 
1 
1 
1 
1 . 89591 !  1 . 90485 1 1 . 91 388  1 . 92302 
2 

1.79604  1.80388  1.8118 
1.84435  1. 852711. 86116 

.95106  1.96062  1.97029 

.01014  2.02039  2.030 

.07356  2.08458 
14178  2.15365 

.21535  2.22S17 
29487  2.30875 
38106  2.39614 

2.09574 
2.16568 
2,24116 

1.81981 
1.8697 

1.98008 

32282  2.33708 
2. 41142'2. 42692  2.44264 

47477|2. 4911912. 50784;2. 52474 
57697,2.5949112.61313  2.63162 

50' 

1.61825 
1.65526; 
1.69452 1.73624 1.78062| 
1.8279 1.87S34] 
1.93226! 
1.98998 

2.04128  2.05191 
.1184 
.19019 

2.10704 
2.17786  _ 
2.25432  2.26766 

2.35154 

68839  2.70851  2.7285 
.81175  2.83342  2.85545  2.87785 
94372 : 2. 97135  2.99574  3.0205: 
09774  3.1244  [3.15154  3.1792 26531 
45317 
66515 

3.29512  3.32551 
3.48671  3.52094  3.55587 
3.70311  3.74198 

.90612  3.94952  3.99393  4.03938  4.08591 
4 . 18238  4 . 23239  4 . 28366  4 . 33621 
4 . 50216 ; 4 . 56041  4 . 62023  4 . 68167 
4 . 8764 9 ; 4 . 945 1 7  5 . 01 585  5 . 08863 
5.32049  5.40263  5.4874  5.57493 
5.85539  5.9553616.05886  6.16607 6. 51208  6.63633  6.76547 

33719  7.49571:7.6613 
40166  8.61379  8.83367 83912 
8684 
9579 
2303 
2576 
75 1 4 

GO' 

10.1275|10.4334  10.7585 
12.2912  12.7455  13.2347 
15. 636816.3804  17.1984 
21.4937|22.92oG  24.5621 34.3823  38.2015  42.975 
85.9456  114.593  171.888  343 

50'  40'  Stf 
CO-SECANTS. 

2.74881 

3.35649  3. 

2.5419 
2.6504 
2.76945 
2.90063 
3.04583 
3.20737 

3.59154 
3.78166  3.82222 

6.8998 
83443  8.01564 

9.06515  9.30917 

4.39012 
4.74482 .16359 
.66533 

6.27719 
.03962 

11.1045 
13.7631 
18.1026 
26.4504 
49.1141 

20' 

Prop, 

parts 

10'  jDeg. 

'  58.75 

62.29 66.1 
70.24 
74.74 
79.64 
85. 90.87 97.33 104.44 

112.33 121.06 130.8 141.72 
153.84 167.85 
183.6 201.6 
222.29 
246.25 
274.19 307.06 
346.09 392.91 449.77 
519.74 
607.21 
718.52 
863.21 1056.1 

The  preceding  Table  contains  the  Natural  Secants  and  Co-secants 
for  every  ten  minutes  of  the  quadrant,  to  the  radius  of  1. 

The  degrees  in  the  column  on  the  left  side  and  the  minutes  at  the 
head  of  the  page  are  for  Secants,  and  contrariwise  for  Co-secants. 

If  the  degrees  are  taken  in  the  column  on  the  left  side,  the  minutes 
and  seconds  must  be  taken  from  the  head  of  the  page  ;  and  if  thev  are taken  from  the  column  on  the  right  side,  the  minutes  and  co-secant must  be  taken  from  the  foot. 

Illustration — 1.1C050  la  the  secant  of  30°  30',  and  the  co-sccant  of  50°  30' Dd 
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To  Compute  the  Secant  or  Co-secant  Tor  Minutes 
not  given  at  the  Head  or  Foot  of  the  Columns. 
Ascertain  from  the  Table  the  Secant  or  Co-secant  of  the  angle  for  de- 

grees, and  the  next  less  number  of  minutes  given  in  the  line  opposite  to 
the  degrees.  Take  the  correction  or  number  for  one  minute  from  the 
right-hand  column  of  Proportional  Parts,  and  opposite  to  the  degrees 
given;  multiply  it  by  the. number  of  minutes,  and  add  the  product  to 
the  result  for  degrees  and  minutes  before  obtained,  if  the  Secant  is  re- 

quired, and  subtract  it  if  the  Co-secant  is  required. 
Example.— What  is  the  secant  of  25°  25'? 

Secant  of  25°  20',  per  Table  =  1.10G40. 
The  correction  for  V  over  25°  is  15.37,  which,  multiplied  by  5"  =  77  ;  and  1.1004;) 

-f  77  =  1.10717,  the  secant. 
Ex.  2  What  is  the  co-secant  for  64°  35'  ? 

Co-secant  of  G4°  30',  per  Table  =  1.10793. 
The  correction  for  V  over  64°  is  15.37,  which,  multiplied  by  5"  =  77  ;  and  1.107:3 

—  77  =  1.10716,  the  co-secant. 
To  Compute  the  Secant  or  Co-secant  of  Seconds. 
Ascertain  from  the  Table  the  Secant  or  Co-secant  of  the  angle  for  de- 

grees and  minutes.  Take  the  correction  or  number  for  one  second  from 
the  left-hand  column  of  Proportional  Parts,  and  multiplj*  it  by  the  num- 

ber of  seconds ;  add  the  product  to  the  result  for  degrees  and  minutes 
before  obtained,  if  the  Secant  is  required,  and  subtract  it  if  the  Co-secant 
is  required. 
Example.— What  is  the  secant  of  22°  40'  22"? 

Secant  of  22°  40',  per  Table  =  1.0S370. 
The  correction  for  1"  over  22°  is  .217,  Avhich,  multiplied  by  .22"  =  4.77;  and 1.08370  +  4.77=  1.08375,  the  secant. 
Ex.  2.— What  is  the  co-secant  of  67°  19  '  38"  ? 

Co-secant  of  67°  19',  per  previous  Rules  =1.08383. 
The  correction  for  1"  over  67°  is  .217,  which,  multiplied  by  38"  =  8.25;  and  1.083S3 

—  8.25=  1  08375,  the  co-secant. 
To  Compute  the  Secant  or  Co-secant  of  any  .Angle 

in  Degrees,  ^Minutes,  and.  Seconds. 
Divide  1  b}^  the  cosine  of  the  angle  for  the  Secant,  and  by  the  sine  for the  Co-secant. 
Example. — What  is  the  secant  of  25°  25'  ? 

Cosine  of  this  angle  =  .90321.    Then  1  ̂-  .90321  =  1.10716,  secant. 
Ex.  2.— What  is  the  co-secant  of  64°  35'  ? 

Sine  of  this  angle  =  .90321.    Then  V  -4-  .90321  =  1.10716,  co-secant. 
To  Compute  the  dumber  of  Degrees,  Minutes,  and 

Seconds  of  a  given  Secant  or  Co-secant. 
When  the  Secant  is  given, 

Proceed  as  by  Rule,  page  311,  for  Sines,  substituting  Secants  for  Sines. 
Example. — What  is  the  secant  for  1.56385? 
The  next  less  secant  is  1.55036,  the  arc  for  which  is  49°  50'* The  next  greater  secant  is  1.58333,  the  difference  between  which  and  the  next  less is  1.58333  —  1.55036  =  3297. 
Difference  between  the  less  tab.  sine  and  the  one  given  is  1.566S5  — 1.55036  =  164) 
Then  321)7  ;  164  )  :  :  60  :  30,  which,  added  to  49°  50'  =  49°  50'  30",  degrees. 

When  the  Co-secant  is  given, 
Proceed  as  by  Rule,  p.  311,  for  Cosines,  substituting  Co-secants  for  Cosines. 
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Table  of  ZN^atnral  Tangents  and.  Cotangents. 
Prop- 
parts to  ]". 

10' 

TANGENTS. 

20'     I  30' 

40' 50' 

.485 

.485 

.486 

.487 

.488 

.489 

.491 

.493 

.496 

.498 

.501 | 10 i 

.505  11 j 

.509  12 

.513113 

.517  14 

.522  15 

.527 

.533 

.539118 

.546  19 

.553  20 

.560  I  21 

.568  22 

.576  23 

.585  24 

.595  25 

.605  26 

.616  27 

.628  28 
:64  29 
; 653! 30 
.667131 
.682  32 
.697  33 
.714  34 
.731  35 
.75  36 
.77  37 
.792  38 
.814  39 
.838  40 
.864 
.892 
.921 
.953 
.99 

1.02 
1.06 
1.1 
1.15 
1.2 

■ i  .00291 . 00582 . 00873 .01164 .01454 1  .01i4o .02036 . 02327 .02619 .0291 .03201 
. 03492 .03783 

1  .04075 
.04366 .04658 .04949 

J  .05532 
.05824 .06116 . 06408 .067 

.07285 
'  .07577 .0787 .08163 .08456 

1   . 09042 .09335 .09629 . 09923 .10216 
.1051 .10805 . 11099 .11394 .11688 .11983 
. 12278 .12574 . 12869 .13165 .13461 .13758 
.14054 .14351 . 14648 .14945 . 15243 .1554 
.15838 I  .16137 .16435 .16734 .17033 . 17333 
.17633 .17933 .18233 . 18534 .18835 .19136 

j  .19438 1  .1974 .20042 . 20345 .20648 .20952 
!  .21256 1  .2156 

.21864 .2217 .22475 .22781 
.23087 1  .23393 .237 .24008 .24316 .24624 
.24933 .25242 .25552 .25862 .26172 .26483 
.26795 1  .27107 .27419 .27732 .28046 .2836 
.28675 1  .2899 .29305 .29621 .29938 .30255 
•30o73  .30891 .3121 .3153 .3185 .32171 
.32492 .32814 .33136 .33459 .33783 .34108 
.34433 .34758 .35085 .35412 .3574 .36068 
.36397 .36727 .37057 . 37388 .3772 .38053 
.38386 .3872 .39055 .39391 .39727 .40065 
.40403 .40741 .41081 

• .41421 
.41763 .42105 

.42448 .42791 .43136 .43481 .43828 .44175 

.44523 .44872 .45222 .45573 .45924 .46277 

.46631 .46985 .47341 .47698 .48055 .48414 

.48773 .49134 .49495 .49858 .50222 .50587 

.50953 .5132 .51687 . 52057 .52427 .52798 

.53171 .53545 .53914 . 54296 .54673 .55051 

.55431 .55812 .56194 .56577 .56962 .57348 

.57735 .58123 .58513 .58904 .59297 .59691 

.60086 .60483 . 60881 .6128 .61681 .62083 

.62487 .62892 . 63299 .63707 .64117 .64528 

.64941 .65355 .65771 .66189 .66608 . 67028 

.67451 .67875 .68301 .68728 .69157 .69588 

.70021 .70455 .70891 .71329 .71769 .72211 

.72654 .731 . 73547 .73996 . 74447 .749 

.75355 .75812 .76272 .76733 .77196 .77661 

.78129 .78598 .7907 .79544 .8002 .80498 

.80978 .81461 .81946 .82434 .82923 .83415 

.8391 .84407 .84906 .85408 .85912 .86419 

.86929 .87441 .87955 .88472 .88992 .89515 

.9004 .90568 .91099 .91633 .9217 .92709 

.92552 .93797 .94345 .94896 .95451 .96008 

.96569 .97133 .977 .9827 .98843 .9942 1. 1.00583 1.0117 1.01761 1.02355 1.02952 
1.03553 1.04158 1.04766 1.05378 1 . 05994 1.06613 
1.07237! 1.07864 1.08496 1.09131 1.0977 1.10414 
1.110611 1.11713 1.12369 1.13029 1.13694 1.14363 
1.15037! 1 .15715 1.16398 1.17085 1.17777 1 . 18474 
1.191751 1.19882 1.20593 1.2131 1.22031 1.22758 

CO' 
50' 

40'  |  30' 
COTANGENTS. 

20' 

Prop, 

parts to  1'. 

10' 

|Deg. 

29. 29. 29. 

29. 
29. 
29. 
29. 

30  ? 

30. 

30 : 30. 
30. 31. 
31. 
31. 

31. 32. 32. 
32. 
33. 

33. 34. 
34. 
34. 
35. 
36. 
36. 
37. 

39. 40. 
41. 
42. 
43. 44. 
45. 46. 
47. 

49. 50. 52. 53. 
55. 
57. 
59. 

61. 
63. 66. 
69. 72. 



316  NATURAL  TANGENTS  AND  COTANGENTS. 

Table- {Continued). 

Prop.  1 bio 
parts to  1". a; 

0' 

1.25 51 1.2349 
1.31 52 1.27994 
1.37 53 1.32704 
1.44 54 1.37638 
1.51 55 1.42815 
1.59 

56 
1.48256 

1.68 57 1.53986 
1.78 58 1.60033 
1.88 59 1.66428 
2. 

60 
1.73205 

2.' 13 
01 

1.80405 
2.27 G2 1.88073 
2.44 63 1.96261 
2.62 64 2.0503 
2.82 65 2.14451 
3.05 66 2.24604 
3.31 67 2.35585 
3.61 08 2.47509 
3.95 69 2.60509 
4.35 70 2.74748 
4,82 

71 
2.90421 

5.36 
72 

3.07768 
6.01 73 3.27085 
6.79 74 3.48741 
7.73 75 3.73205 
8.9 76 4.01078 

10.35 7/ 4.33148 
12.2 78 4.70463 
14.6 79 5.14455 
17.8 m 5.67128 
22.19 81 6.31375 
ci8.46 82 7.11537 
37.83 83 8.14435 
52.8 84 9.5144 
78.8 85 11.4301 

120.1 86 14.3007 
87 H8 19.0811 

28.6363 89 
57.29 

CO' 

40'  30'  20' 
COTANGENTS. 

The  preceding  Table  contains  the  Natural  Tangents  and  Co-tangents 
for  every  ten  minutes  of  the  quadrant,  to  the  radius  of  1. 

The  degrees  in  the  column  on  the  left  side  and  the  minutes  at  the 
head  of  the  page  are  for  Tangents,  and  contrariwise  for  Cotangents. 

If  the  degrees  are  ken  in  the  column  on  the  left  side,  the  minutes 
and  tangents  must  be  aken  from  the  head  of  the  page;  and  if  they 
are  taken  from  the  co.  <mn  on  the  right  side,  the  minutes  and  cotan- 

gents must  be  taken  from  the  foot. 
Illustration. — .  1974  is  the  tangent  for  11°  10',  and  the  cotangmt  for  78°  50'. 



NATURAL  TANGENTS  AND  COTANGENTS. 

To  Compute  the  Tangent  ox-  Cotangent  fox-  Minutes 
not  given  at  the  Head  or  Foot  of  the  Columns. 

Ascertain  from  the  Table  the  Tangent  or  Cotangent  of  the  angle  for  de- 
grees, and  the  next  less  number  of  minutes  given  in  the  line  opposite  to 

the  degrees.  Take  the  correction  or  number  for  one  minute  from  the 
right-hand  column  of  Proportional  Parts,  and  opposite  to  the  degrees given;  multiply  it  by  the  number  of  minutes,  and  add  the  product  to 
the  result  for  degrees  and  minutes  before  obtained,  if  the  Tangent  is  re- quired, and  subtract  it  if  the  Cotangent  is  required. 

Example.  — What  is  the  tangent  of  10°  15'? 
Tangent  of  10°  10',  per  Table  =  .17033. 

The  correction  for  1'  over  103  la  30,  which,  multiplied  by  5  (15  —  10)  =  150,  and .1*933  4-  15J  =  .1SDS3,  the  tangent. 
Ex.  2.— What  is  the  cotangent  of  79°  45'? 

Cotangent  of  79°  40'  per  Table  =  .1S233. 
The  correction  for  1'  over  40'  is  30,  which,  multiplied  by  5  (15—10)=  150,  and .16233  — 150  =:  .1S0S3,  the  cotangent. 

Xo  Compute  the  Tangents  or  Cotangents  for  Sec- onds. 

Ascertain  from  the  Table  the  Tangent  or  Cotangent  of  the  angle  for  de- grees and  minutes.  Take  the  correction  or  number  for  one  second  from 
the  left-hand  column  of  Proportional  Parts,  and  multiply  it  by  the  num- ber of  seconds ;  add  the  product  to  the  result  for  degrees  and  minutes before  obtained,  if  the  Tangent  is  required,  and  subtract  it  if  the  Cotan- gent is  required. 
Example.— What  is  the  tangent  of  51°  40'  49"? 
Tangent  of  54°  40',  per  Table  —  1.41061. 
The  correction  for  1"  over  54°  i*  1.44,  which,  multiplied  by  40"  =  53,  and  1.410G1 -f-9S  ==  1.41119,  the  tangent. 

To  Compute  the  Tangent  or  Cotangent  of  any  An- gle  in  Degrees,  Minutes,  and  Seconds. 
_  Divide  the  Sine  of  the  angle  by  the  Cosine  for  the  Tangent,  and  the  Co- sine by  the  Sine  for  the  Cotangent. 
Example. —What  fa  the  tangent  of  25°  18'? 

The  sine  of  this  angle  =  .42730;  the  cosi;;e  of  this  ang:e  =  .9040S. 

Then  ioblUs  =  A12~' the  tan&ent- 

To  Compute  the  Number  ofDegrees,  Minutes,  and Seconds  of  a  given  "Tangent  or  Cotangent. 
When  the  Tangent  is  given, 

Proceed  as  by  Rule,  page  311,  for  Sines,  substituting  Tangents  for  Sines. Example.— What  is  the  tangent  for  1.41119? 
The  next  less  tangjnt  U  1.41001.  the  arc  for  which  is  51°  40' 

^^vs^iioj^A1^8^ the  dijf'erence  betwem  wMch  and  tke  **** 
\I\\vf=lTCe  letWem  the  less  tabular  tanZent  and  the  one  given  is  1.11061  _ 
whwm. :  f;8° (5Sx10  for  taDgent  of  100 : :  60 : 40j  wWch' added  to  540  40' £ When  the  Cotangent  is  given 

cSSSP  aS  ',y  R"le'  page  m>  for  Cosines,' snbftKuting  Cotangents  for 
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MECHANICS. 

Mechanics  is  the  science  which  treats  of  and  investigates  the  ef- 
fects of  forces,  the  motion  and  resistance  of  material  bodies,  and  of 

equilibrium  :  it  is  divided  into  two  parts— Statics  and  Dynamics. 
Statics  treats  of  the  equilibrium  of  forces  or  bodies  at  rest.  Dy- 

namics of  the  forces  that  produce  motion,  or  bodies  in  motion. 
These  bodies  are  further  divided  into  the  Mechanics  of  solid,  fluid, 

and  aeriform  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  Caloric,  Inertia, 
Muscular,  Magnetism,  Cohesion, 
Elasticity  and  Contractility,      Percussion,  Adhesion. 

STATICS. 

Composition,  and  ̂ Resolution  of  Forces. 
When  two  forces  act  upon  a  body  in  the  same  or  in  an  opposite  direc- 

tion, the  effect  is  the  same  as  if  only  one  force  acted  upon  it,  being  the 
sum  or  difference  of  the  forces. 

Hence,  when  a  body  is  drawn  or  projected  in  directions  Immediately;  op- 
posite by  two  or  more  unequal  forces,  it  is  affected  as  if  it  were  drawn  or 

projected  by  a  single  force  equal  to  the  difference  between  the  two  or more  forces,  and  acting  in  the  direction  of  the  greater  force. 
This  single  force,  derived  from  the  combined  action  of  two  or  more 

forces,  is  their  Resultant. 
The  process  bv  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  the  com- bined 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  Decomposi- tion or  Resolution  of  Forces. 

Two  or  more  forces  which  are  equivalent  to  a  single  force  are  termed 
Components. 

When  tivo  forces  act  on  the  same  point  their  intensities  are  represented  by 
the  sides  of  a  parallelogram,  and  their  combined  effect  icill  be  equivalent  to 
that  of  a  single  force  acting  on  the  point  in  the  direction  of  the  diagonal  of 
the  parallelogram,  the  intensity  of  which  is  proportional  to  the  diagonal. 

Illustration.—  Attach  three  cords  to  a  fixed  point,  c,  Fig.  1 ;  let  c  a  and  c  b  pass 
over  fixed  roller?,  and  suspend  the  weights  A  and  B  therefrom. 

(  !•)  0  ^       The  point  c  will  be  drawn  by  the  forces  A  and  B  in  the  direc- tions a  c  and  b  c.  Now,  in  order  to  ascertain  which  single  force, 
P,  would  produce  the  same  effect  upon  it,  set  off  the  distances  c 
m  and  c  n  on  the  cords  in  the  same  proportion  of  length  as  the 
weights  of  A  nnd  B;  that  is,  so  that  c  m :  c  n  :  :  A  :  B ;  then 
draw  the  parallelogram  c  mo  n  and  the  diagonal  o  c,  and  it  will 
represent  a  single  force,  P,  acting  in  its  direction,  and  having 
the  same  ratio  to  the  weights  A  or  B  as  it  has  to  the  sides  c  m  or 
c  n  of  the  parallelogram.  Consequently,  it  will  produce  the  same 
effect  on  the  point  c  as  the  combined  actions  of  A  and  B. 
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The  parallelogram,  which  is  constructed  from  the  lateral  forces,  and the  diagonal  of  which  is  the  mean  force,  is  termed the  Parallelogram  of  Forces. 
iLLrsTRATioN.-Assume  a  weight,  W,  Fig.  2,  to  be suspended  from  a ;  then,  if  any  distance,  a  o,  is  set  cff m  numerical  value  upon  the  vertical  line,  aW  and  the parallelogram,  oralis  completed,  a  5  and  ar  meas- ured iipun  the  scale  a  o,  will  represent  the  strain  upon 

weight  W  m       SamC  proportion  that  a  0  bears  t0  the 
it  follows  !"anner'  When  three  or  more  forces  are  combined  upon  one  point, 

If  several  forces  act  upon  the  same  point,  and  their  intensities  taken  in  or- 
lZTJ\TeSeTd?-J  tk'e  ™**spfa}p<dygon,  except  one,  a  single  force  pro- vortwned  to  and  acting  in  the  direction  of  that  one  side  icill  he  their  resultant. 

Equilibrium  of  Forces. 
Two  bodies  which  act  directly  against  each  other  in  the  same  line  are in  equilibrium  when  their  quantities  of  motion  are  equal;  that  is  when he  product  of  the  mass  of  one,  into  the  velocity  with  which  it  moves  or tends  to  move  is  equal  to  the  product  of  the  mass  of  the  other,  into  its  act- ual or  virtual*  velocity. 
When  the  velocities  with  which  bodies  are  moved  are  the  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 ihe  relative  magnitudes  and  directions  of  any  two  forces  may  be  rep- 

resented by  two  right  lines,  which  shall  bear  to  "each  other  the  "relations of  he  forces,  and  which  shall  be  inclined  to  each  other  in  an  angle  equal to  that  made  by  the  direction  of  the  forces.  4 Illustration.  — Assume  a  body,  W,  to  weigh  150  lbs.,  and resting  upon  a  smooth  surfi.eo,  to  he  drawn  by  two  forces,  a and  b,  Fig.  3  =  24  and  30  lbs.,  which  make  with  each  other Jin  angle;  aW  b  —  105°,  in  which  direction  and  with  what acceleration  will  motion  occur? 
Cos.  a  W  b  =  105°,  and  cos.  180c  —  105°  =z  cos.  75°,  the  mean 

force. 
j/gQ2  -L.  942  —  2x30x24  cos.  75°  =  V^UO  -f-  570  —  1440 

V147G  —  (1440x.i5SS2)  —  y/U02.3  z 
—  7.12.6  fect. 

=  33.21  lbs. 

The  acceleration  is 
cod.  75 

W  ~  150 
The  Angle  of  Repose  is  the  greatest  inclination  of  a  plane  to  the  hori- 

zon at  which  a  bod}-  will  remain  in  equilibrio  upon  it. Hence  the  greatest  angle  of  obliquity  of  pressure  between  two  planes consistent  with  stability,  is  the  angle  the  tangent  of  which  is  equal  to  the co-efficient  of  the  friction  of  the  two  planes. 
An^los  °*r  Equilibrium  at  wliicli  various  Siabstan.- ees  will  Repose,  a.s  determined,  by  a  Clinometer. 

Angle  measured  from  a  Horizontal  Plane. Depre 
Lime-dust  falling  from  a  spout  40 Wheat  flour 
Malt  flour 
Saw-dust 
Dry  sand 
Sand  less  dr 
Wheat  corn 

*  Virtual  velocity to  le  disturbed. 

Decrees. 
Malt  corn  fall'g  from  a  spout  37 
Common  mold  "  "  37 
Peas  "       "  35 
Coarse  gravel  heaps  35  to  38 
Common  gravel  35  to  36 
Large  flints  40  to  45 
Flints,  half  size  35 

e  velocity  which  a  body  in  equilibrium  would  acquire  were  the  equilibrium 

44 
40 44 

40 39.  G 37 
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Table  of  Coefficients  of  Friction  and  Angles  of 
Repose. 

The  Coefficient  of  Friction  is  the  Tangent  of  the  Angle  of  Repose  measured 
from  a  Horizontal  Plane. 

Dry  masonry  and  brick-work  Timber  on  stone  
Iron  on  stone  
Wood  on  wood  
Wood  on  stone  
Metals  on  metals  
Masonry  on  dry  clay  
Masonry  on  moist  clay  
Earth  on  earth   
Earth  on  dry  sand,  clay,  and  earth 
Earth  on  earth,  damp  clay  
Earth  on  earth,  wet  clay  
Earth  on  earth,  shingle,  or  gravel 
Dry  earth  Fine  sand  

Coefficient. Angle. 
Angle  of  Fric- tion, or  Expo- 

nent oi  Statu  1 1 - 
ty  of  Material. 

6  to  .7 ol  to  oo 1    i\7  in  1  d'X .4 

22° 

9  K a  .  o 
.3  to  .7 lb   oU  to  oo O  .oo  10  1.4.J 
.  £i     LO     .  O 

11°  20'  to  26°  30' 
5  to  2 

.2  to  .6 
11°  20  to  31° 5  to  1.67 

.15  to  .25 
8°  30  to  14° 6.67  to  4 51 

27° 

1.96 
.33 

18°  15' 

.25  to  1. 
]4°  to  45° 

4tol 
.38  to  .75 

21°  to  37° 
2. 63  to  1.33 

1. 

45° 

1. 

.31 

17° 

3.23 
.81  to  1.11 

39°  to  48° 
1.23  to  .9 

.81 

39° 

1.24 

.6  " 

31° 

1.67 

Revetment  "Walls. 
When  a  wall  sustains  the  pressure  of  earth,  sand,  or  any  loose  material,  it  is  called a  revetment  wall. 
The  thrust  of  earth,  etc.,  upon  a  wall  is  caused  by  a  certain  portion,  in  the  Khapa 

of  a  wedge,  tending  to  break  away  from  the  general  mass.  The  pressure  thus  caused 
is  similar  to  that  of  water,  but  the  weight  of  the  material  must  be  reduced  by  a  par- 

ticular ratio  dependent  upon  the  angle  of  natural  slope,  which  varies  from  45°  to  C0° (measured  from  the  vertical)  in  earth  of  mean  quality. 
The  angle  which  the  line  of  rupture  makes  with  the  vertical  is  one  half  of  the  an- 

gle which  the  line  of  natural  slope,  or  angle  of  repose,  makes  with  the  same  vertical 
line.  When  the  earth  is  level  at  the  top,  the  pressure  of  the  earth  may  be  ascer- 

tained by  considering  it  as  a  fluid,  the  weight  of  a  cubic  foot  of  which  is  equal  to 
the  weight  of  a  cubic  foot  of  the  earth,  multiplied  by  the  square  of  the  tangent  of 
half  the  angle  included  between  the  natural  slope  and  the  vertical. 

Therefore  the  squares  of  the  tangents  of  .5  of  -.5°  and  .5  of  00°  =  22°  30',  And.  8333 =z.1T1G,  which  are  the  multipliers  to  be  used  in  ordinary  cases  to  reduce  a  cubic  foot 
of  the  material  to  a  cubic  foot  of  equivalent  fluid,  will  have  the  same  effect  as  the 
earth  by  its  pressure  upon  the  wall. 

Pressure  of  Earth  against  Revetment  "Walls. 
(4  )     Q  a      B      Let  A  B  C  D,  Fig.  4,  be  the  vertical  section  of  a  revet- ment wall,  behind  which  is  a  bank  of  earth,  A  D/  e ;  let 

D  G  represent  the  angle  of  repose,  the  line  of  rupture,  or 
natural  slope  which  the  earth  would  assume  but  for  the resistance  of  the  wall. 

In  sandy  or  loose  earth  the  angle  G  D  H  is  generally 
30°  ;  in  firmer  earth  it  is  3G° ;  and  in  some  instances  it  is 
45°. If  the  upper  surface  of  the  earth  and  the  wall  which  sup- 

H  I)     C  ports  it  are  both  in  one  horizontal  plane,  then  the  result- 
ant, I  n,  of  the  pressure  of  the  bank,  behind  a  vertical  wall, is  at  a  distance  D  n  of  %  A  D- 

TGciuilibriuin  of  !Piers. 

For  a  Diagram,  Formula,  and  Illustration,  see  Gregory  s  Mathematics, 
p.  220,  221. 
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Th.iclcn.ess  of"  "Walls,  "botli  Faces  "Vertical, 
Wall  of  Bricks. — Weight  of  a  cubic  foot,  109  lbs.  avoirdupois,  bank  of 

vegetable  earth  behind  it,  A  B  =  .16  A  D. 
Wall  of  uncut  Stone. — 135  lbs.  per  cubic  foot,  bank  as  before,  A  B  = .15  A  D. 
Wall  of  Bricks. — Bank  of  clay,  well  rammed,  A  B  =  .17  A  D? 
Wall  of  cut  Freestone. — 170  lbs.  per  cubic  foot,  bank  of  vegetable  earth 

AB  =  .13  AD;  if  the  bank  is  of  clay,  AB^.HAD. 
Wall  of  Bricks. — Bank  of  sand,  A  B  =  .33  A  D. 
Wall  of  uncut  Stone. — Bank  of  sand,  A  B  =  .3  A  D. 
Wall  of  cut  Freestone.— Bank  of  sand,  A  B  =  .26  A  D. 
Wall  of  Bricks. — Bank  of  earth  and  gravel  ==  .19  A  D. 
Wall  of  uncut  Freestone. — Bank  of  earth  and  gravel  =  .17  A  D. 
Wall  if  cut  Freestone. — Bank  of  earth  and  gravel  =  .16  A  D. 
Wall  of  cut  Stone. — Bank  of  common  earth  =  .13  A  D. 
Wall  of  cut  Stone. — Bank  of  sand  =  .26  A  D. 
The  Friction  in  vegetable  earths  is  .5  ;  the  pressure  :  in  sand  .4. 
When  vegetable  earths  are  cut  in  turfs  and  well  laid  in  courses,  the thrust  is  reduced  .66. 
Note.— When  the  bank  is  liable  to  be  saturated  with  water,  the  thickness  of  the wall  should  be  doubled. 

The  Line  of  Rupture  behind  a  wall  supporting  a  bank  of  vegetable  earth 
is  at  a  distance,  A  G,  from  the  interior  face,  A  I)  t=  .618  the  height  of  it. 
When  the  bank  is  of  sand,  A  G  —  .677  h  ;  when  of  earth  and  small  grav- 
el -  .640  h  ;  and  when  of  earth  and  large  gravel  ==  .618  h. 
The  prism,  the  vertical  section  of  which  is  A  D  G,  has  a  tendency  to 

descend  along  the  inclined  plane,  G  D,  by  its  gravity;  but  it  is  retained 
in  its  place  by  the  resistance  of  the  wall,  and  by  its  cohesion  to  and  fric- 

tion upon  the  face,  G  D.  Each  of  these  forces' may  be  resolved  into  one which  will  be  perpendicular  to  G  D,  and  into  another  which  will  be  par- 
allel to  G  D.  The  lines  c  i,  i  I  represent  the  components  of  the  force  of 

gravity,  which  is  represented  by  the  vertical  line  c  /,  drawn  from  the  cen- 
tre of  gravity,  it?,  of  the  prism.  The  lines  n  r,  Ir  represent  the  compo- 

nents of  the  forces  of  cohesion  and  friction,  which  is  represented  by  the 
horizontal  line  n  I.  The  force  that  gives  the  prism  a  tendenev  to  descend 
is  i  /,  and  the  force  opposed  to  this  is  r  /,  together  with  the  effects  of  co- hesion and  friction. 

Thus  i  I  —  r  I  -f  cohesion  -f  friction.  Consequently  the  solution  of  prob- 
lems of  this  nature  must  be  in  a  great  measure  experimental. 

ft  has  been  found,  however,  and  confirmed  experimentally,  that  the  an- 
gle formed  with  the  vertical,  by  the  prism  of  earth  that  exerts  the  great- 
est horizontal  stress  against  a  wall,  is  half  the  angle  which  the  angle  of  re- 

pose  or  natural  slope  of  the  earth  makes  with  the' vertical. The  condition  of  equilibrium,  therefore,  of  a  vertical  Revetment  or  Re- 
taining Wall  exposed  to  the  thrust  of  a  bank  of  earth  is,  .5  A  D  X  D  C2  X 

8  =  .166  A  D3  x  S  x  tan.2  .5  A  D  G, 
S  and  s  representing  the  specific  gravities  or  weights  of  the  wall  and  earth. 
Then  the  above  equation  becomes  .lGGx  A  D3XsX  tan.  2  A-H5f  =  AP  x  D  C2XS. 

Or,  A  D   /  —  x  breadth,  or  D  C. 
Illustration.— A  revetment  wall,  Fig.  4,  having  a  specific  gravity  of  2000,  is  40 l  et  in  height,  find  it  sustains  earth  of  a  specific  gravity  of  142S,  having  a  natural dope  of  52-  i4' ;  what  should  he  the  thickness  of  the  wall  to  have  equilibrium? Tangents  .52°  24'  -4-  2  =  .242. 

.n   /.242X1428     jn    7345.576  An 
4  V  1^000-  =  V~6000-  =  40  ̂ 5T6  =  40X.24  =  9.6  feet 
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When  the  Wall  has  the  Section  of  a  Prismoid,  or  an. Exterior  Slope  or 
Batter,  as  B  E — Eig.  5. 

3  (DC-f  CE)2S  —  AD2XSX  tan.2  • :  batter,  or  C  E. 

Illustration.— A  trapezoidal  embankment,  Fig.  5,  has  a  depth  of  12 
feet,  and  a  bottom  width  of  4  feet ;  what  should  be  the  width  of  the  crown, 
the  weight  of  the  material  being  100  lbs.  per  cubic  foot,  and  the  angle  of 

^  repose  of  the  bank  45°  ? D     C  E  Tangents  45°     2  =  .1714. 
3 X  42 x  100  — 122 X 62.5X •  m4\  / 

100  /  ~V 4  —  2.G8  =  1.32  feet,  the  top  -width. 

710.SS  _ 

100 -y/7.2  =r  2.68 feet.  Consequently, 

When  the  Wall  has  the  Section  of  a  Prismoid,  or  an  Interior  Slope. 
XI:  ,  ADG     s  AD AD    /  —  + tan.2  X  ~  ■ V  3  n2  2         b  n 

the  slope,  or  the  -  of  the  height, n 

Note  When  the  co-efficient  of  friction  is  known,  use  it  for  tan.2 — - — . 

-i 

Illustration.— The  height  of  a  wall  is  20  feet,  the  slope  of  the  base  is 

:  breadth,  or  DC,ji  representing  the  base  of 

of  the ILLUSTRATIONS. —  1  I  Hi  IimglU  Ui  il  Willi  la  i-v  xccu,  mo  oiuyu  ^  ««««  »~  20 
height,  the  specific  gravities  of  the  bank  and  Avail  are  14  and  2G,  and  the  coefficient of  the  material  is  .1(30  ;  what  must  be  the  thickness  of  the  wall  at  the  crown? 

00  /  1  4-  1GGX- —  —  ̂ 20  a/.000S33  +  .0S93S5  -1  =  20X-3004  — 1  =  5.008 
•%/.3X;202  ^26  20 

feet ;  and  the  thickness  at  bottom  will  be  5.00S  -f  —  of  20 5.008  -f  1  ==  QMS  feet. 

Surcharged.  iRevetrrierits. 
(G.)  When  the  earth  stands  above  the  wall,  ABC,  Fig.  6, 
f  with  its  natural  slope  A/,  AB  C  is  termed  a  Surcharged 

ej^pp^  Revetment,  C  g  being  the  line  of  rupture,  and  therefore 
A/>  C  is  the  part  of  the  earth  that  presses  upon  the  wall, 
which  part  must  be  taken  into  the  calculation,  with  the 
exception  of  the  portion' A  Be,  which  rests  upon  the  wall ; that  is,  the  calculation  must  be  for  the  part  C  efg,  which 
must  be  reduced  to  its  equivalent  quantity  of  fluid  by 
multiplying  the  weight  of  a  cubic  foot  of  it  by  the  square 
of  the  tangent  of  the  angle  e  C  g  =■  the  angle  of  the  line 
of  rupture,  or  half  the  angle  which  the  natural  slope  makes 

with  the  vertical,  and  then  proceed  as  in  the  previous  cases. 

EiTi"baii.kiXLeiits  and.  "Walls. 

To  Compute  the  Conditions  of  Equilibrium  of*  Em"barO£- meiits  or  Walls  sustaining  "Water. 
When  both  Faces  are  Vertical — Fig.  7. 

e     Assume  the  Perpendicular  embankment  or  wall,  A  B 
C  D,  to  sustain  the  pressure  of  the  water,  BCef. 

y^g?       Let  k  i  be  a  vertical  line  passing  through  o,  the  centre 
of  gravity  of  the  wall,  c  the  centre  of  pressure  of  the  wa- 

¥7^M    ter,  the  distance  C  c  being  =  %  B  0.    Draw  c  I  perpen- 
f  dicular  to  A  D ;  then,  since  the  section  A  C  of  the  wall 

r    '    is  rectangular,  the  centre  of  gravity,  o,  is  in  the  centre 
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of  the  wall,  and  therefore  D  i  =  %  D  C.  Now  ID  i  is  to  be  considered M  a  bent  lever,  the  fulcrum  of  which  is  D,  the  weight  of  the  wall  acting in  the  direction  of  the  centre  of  gravity,  o,  on  the  arm  D  /,  and  the  press- 
ure of  the  water  on  the  arm  D  i,  or  a  "force  equal  to  that  pressure  thrust- ing in  the  direction  I  r. 

Put  P  =  pressure  of  the  water,  and  W  the  weight  of  the  wall. 
Then  PXDA  =  PX^.  WX^.  or  P^3DC'W 3  2  '  213  (J 

Note.— When  this  equation  holds,  the  wall  or  embankment  will  just  be  on  the point  of  overturning;  but  in  order  that  the  wall  may  have  complete  stability  this equation  should  give  a  larger  value  to  P  than  its  actual  amount.  ' 
The  following  formulae  are  for  embankments  of  one  foot  in  length  •  for if  they  have  stability  for  that  length,  they  will  be  stable  for  any  other length. 
Let  a  represent  depth  of  water  and  embankment,  which  are  here  supposed to  be  equal,  b  breadth  of  the  embankment,  S  iceigld  of  water,  and  s  that  of  the 

wall  per  cubic  foot.  J 

a2 

Then  P  =  yXlxS,  also  IV  =  axbxlxs,  each  value  being  for  1  foot 
in  length,  which  being  substituted  in  the  above  equation,  there  will  result 

a2        Sbxabs         o  ̂   /3  s  /S 
2S=      2a     '  ova2S  =  Sb2s;  b^/ -  =  «,  and  a%/£  =  b ; 

which  gives  the  breadth  of  an  embankment  or  retaining  wall  that  will just  sustain  the  pressure  of  the  water;  the  wall  must  therefore  be  made broader  than  shown  by  this  equation,  to  give  it  due  stability. 
ILLUSTEATION.-The  height  of  a  wall,  B  C,  equal  to  the  depth  of  the  water,  in  12 f.et,  and  the  respective  weights  of  the  water  and  the  wall  are  G2.5  lbs  and  120  lb« 

iTv  to^tlTn  lhpTired  thefb/ea;lth  °/  the  *°  ̂at  it  may  have  complete  stabill ny  to  sustain  the  pressure  of  fresh  water. 

*  =  a  y/fi  ~  12  y/&m  =  12X'416G  = 
£6.5j^h  that  will  just  austain  the  pressure  of  the  water;  therefore  1  foot  should 
wtdfhoftt  SS/.   glVG    16  *     C°mplete  'Stability  5  heUCe  5  +  1  =  6'  the  re(luired 

U»  ,  required  the  height  of  the  wall  to  resist  the  pressure  of  fresh  water  at  the  top -      ;    /35      •    /3X150  / 
«  rz  =  V  "62^-  =  3x2-GS3  = 

thl^t^^^iW  fe  t]]ic}n('™  of  a  rectangular  embankment  or  retaining  wall, the  height  being  12  feet,  and  the  weight  of  a  cubic  foot  of  its  material  133.33  Ins.,  so that  it  may  have  just  sufficient  stability  to  retain  its  equilibrium  against  sea-water. 

12  J isOlxa  -  n  Jm  '** 12      - 12xA  =  48^- 
When  the  Section  is  a  Triangle — Fig.  8. 

B_g     Assume  the  Triangular  embankment  or  wall,  BCD  to sustain  the  pressure  of  the  water,  BCe/. 
Draw  Dn  bisecting  B  C  in  n;  from  the  centre  of  press- 

ure, c,  draw  cl,  perpendicular  to  B  C,  cutting  D  n  in  o, 
'<ry  y      .  :-f :     n.",|(-n  Is  \\]r'  centre  of  gravity  of  the  triangular  section 
[.<■■-'    :  r\    'wWill;  also,  draw  oil)  I  respectively  perpendicular 
D      Tr  ""r  I  iNow  1 D  *  is  t0  bc  considered  as  a  bent  lev- mM.  .  j  *T* tho  f.u\crui?  of  which  is  D,  the  pressure  of  the  water acting  at  I,  and  die  weight  of  the  wall  in  the  direction  of  the  centre  of gravity,  o,  on  D  i. 

a  Cr"  l)  Ci=1  h'  and  fche  weights  per  cubic  foot  of  the  water  and wall,  0  and  s,  as  in  the  preceding  cases. 
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Then  c  0  =  o  i  —  I  T)  —  X  «,  and  consequently  T>i=  %DC  =  %b; 
the  weight  of  1  foot  in  length  of  the  wall  =  %abs,  and  the  pressure  at 

c  of  the  same  length  of  water  =  ̂ o8S;  hence  .666&x.5-a&*  =  .o33  a 

X  .5  a2  S ;  whence  a\J ̂  ==     and  &VlT  = 
Note.— The  embankment,  BCD,  has  equal  resistance  at  any  portion  of  its  height 

for  the  corresponding  depth  of  water. 
2  —An  embankment  or  retaining  wall  with  a  triangular  section  as  above  has  great- 
er resistance  than  one  with  a  rectangular  section  for  equal  heights,  and  like  volumes 

and  qualities  of  materials,  in  the  proportion  of  8  to  3. 
Iliustration  —There  is  a  triangular  embankment  of  brick-work,  weighing  117 

lbs.  per  cubic  foot ;  its  depth  is  14  feet;  required  its  width  at  the  base  to  resist  the 
pressure  of  fresh  water  standing  at  the  surface. 

D  C  =  V  =  ajl  =  yjl^  =  14X.5U  =  l.MSfeet. 
Hence  the  breadth  of  the  base  of  the  embankment  must  be  at  least  8  feet  to  insure perfect  stability. 

When  the  Stirface  of  the  Water  is  below  the  Top  of  the  Wall. 

Put  d  —  depth  of  the  water;  then  c  =  .5d2  S,  and  W  —  .habs,  as  be- 

fore;  therefore.666&X.5a&s  =  .333dX.5d2S;  whence  =  b. 

Ii  ixsTKATTON  —A  triangular  embankment  is  12  feet  in  depth  ;  the  weight  of  the 
material  is  130  lbs.  per  cubic  foot ;  required  its  width  at  the  base  to  resist  the  press- ure of  fresh  water  10.5  feet  deep. 

When  the  Wall  has  the  Section  of  a  Prismoid,  or  an  Exterior  Slope  or 
Batter,  as  A  D — Fig.  9. 

Assume  the  Prismoidal  embankment,  AB  C  D,  to 
sustain  the  pressure  of  the  water,  B  C  ef. 

Draw  A  E  perpendicular  to  D  C ;  put  B  C,  as  before 
—  a,  the  top  breadth  A  B  =  E  C  =  6,  and  the  bottom 
width,  D  E,  of  the  sloping  part,  A  E  D  =  c. 

Then  the  weights  of  the  portions  A  C  and  A  E  D  re- 
spectively for  one  foot  in  length  are  abs  and  .5  acs% 

these  weights  acting  at  the  points  n  and  i  respectively. 
Now  D  n  =  D  i  + .5  E  C  =  c  +  .5  b,  and  D  i  =  .666  D  E  =  .666  c ;  hence 

the  sum  of  the  moments  of  the  embankment  is  a  b  s  (c  +  .5  b)  +  .5  a  c  s  X 
qqq  c  _  5  (£2  i  2  b  c  +  .666  c2)  a  s,  which  must  be  equal  to  the  pressure 
of  the  water.  .-.  .5  (b2  +  2  b  c  +  .666 c2)as  =  .333 a  x  .5  a2  S,  or  (6  2  + 
2b  c+  MQc2)  s  =  .333a2  S. 

Hence,  when  the  depth,  a,  and  the  bottom  width,  b  +  c,  are  given, 

/3(  +  c)25-a2^ 
Tllustb  vtion. — A  trapezoidal  embankment  has  a  depth  of  12  feet,  and  a  bottom 

width  of  G  feet ;  required  the  top  width,  to  resist  the  pressure  of  an  equal  dep.h  ot 
fresh  water,  the  weight  of  the  material  being  100  lbs.  per  cubic  foot. 

Consequently,  6  —  4.24  =  1.76  feet,  the  top  width. 
Note.— It  frequently  occurs  that  the  face  of  an  embankment  has  also  a  slope  or 

batter;  in  this  case  the  section  of  the  emb.nkment  is  to  be  divided  mto  two  tnan 
gles  and  a  parallelogram,  and  the  moments  of  the  several  parts  added  together,  as  iu the  last  problem. 
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MECHANICAL  POWERS. 

Power  is  a  compound  of  weight,  or  force  and  velocity:  it  can  not be  increased  by  mechanical  means. 
The  Powers  are  three  in  number— -viz.,  Lever,  Inclined  Plane,  and Pulley.  

5 
,  .N.0Tf.— The  Wheel  and  Axle  is  a  continuous  or  revolving  lever,  the  Wedge  a  dou- ble inclined  plane,  and  the  Screw  a  revolving  inclined  plane. 

LEVER. 

Leyers  are  straight,  bent,  curved,  single,  or  compound. 
To  Compute  the  Length  of  a  Lever,  the  Weight and.  Power  being  given. 
Rule  —Divide  the  weight  by  the  power,  and  the  quotient  is  the  differ- ence of  leverage  or  the  distance  from  the  fulcrum  at  which  the  power supports  the  weight.  * W 

°r'  p-AW  representing  the  weight,  P  the  power,  and  p  the  distance  of  the  power from  the  fulcrum. 
J^^S^tJ^u1  ,of  1000  lbs-  h  t0  be  raised  by  a  power  or  force  of  SO  lbs.:  re- quired the  length  of  the  longest  arm  of  the  lever,  the  shortest  being  1  foot 1000  n 

^  =  20  feet. 
To  Compute  the  Weight  that  can  he  raised  by  a T^erLSth,  the  Power,  and  the  Position ot  its  -b  ulcrum  being  given. 
Rule.— Multiply  the  power  by  its  distance  from  the  fulcrum,  and  di- vide the  product  by  the  distance  of  the  weight  from  the  fulcrum 

Or,£**  =  W. w 
Example. -What  weight  can  be  raised  by  a  power  of  375  lbs.  suspended  from  the 

ISng  2afeet7  ^  °f  the  weiSllt  fl  om  the -  752X^  —  15G0  lbs. 

1  wS?MPUt!  Position   of  the   Fulcrum,  the height  and  Power  and  the  Length  of  the  Lever oeing  given. 
When  the  Fulcrum  is  between  the  Weight  and  the  Power. 

v^th^Z^U  ̂   Weigh.t1  hy  ̂   P°wer'  add  1  t0  th^  quotient,  and  fc, vide  the  length  by  the  sum  thus  obtained. 

Or,  L  ~  ̂—  -\-lj  —  l,l  representing  length  of  lever  between  the  weight  and fulcrum 

p^^^^r^^fej^^  ^^^^  »^  - 
355"=8.2,  and  8.2  +  1  =  9.2.    Then  84  (7x12) -r-  9.2  =  9.13  inches,. 
When  the  Weight  is  between  the  Fulcrum  and  the  Power. 

power  R—Divide  the  len^th  fcy  the  quotient  of  the  weight,  divided  by  the 
Or,L-^  =  Z. Ee 
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To  Compute  the  Length  of  Arm  of  the  Lever  to 
which  tlie  Weight  is  attached,  the  Weight,  Pow- 
er,  and  Length  of  Arm  of  the  Lever  to  which  the Power  is  applied  being  given. 

Rule.— Multiply  the  power  by  the  length  of  the  arm  to  which  it  is  ap- plied, and  divide  the  product  by  the  weight. 
r>      FXd  M Or,  —  =  d'. 

Iotampte— A  weight  of  1G00  lbs.  suspended  from  the  fulcrum  of  a  lever  is  sup- 
ported by  a  power  of  80  lbs.  applied  at  the  other  end  of  the  arm,  20  feet  m  length  ; what  is  the  length  of  the  arm  ? S-^  =  l.fooL 

16U0  J Note.— These  rules  apply  equally  when  the  fulcrum  (or  support)  of 
the  lever  is  between  the  weight  and  the  power;*  when  the  fulcrum  is  at  one 

extremity  of  the  lever,  and  the  power,  or  the  weight,  at  the  other  ;t  and 
when  the  arms  of  the  lever  are  equally  or  unequally  bent  or  curved. 

To  Compute  the  Power  required  to  Raise  a  given 

Weight,  the  Length  of  the  Lever  and  the  Posi- tion of  the  Fulcrum  being  given. 

rUIjK  —Multiply  the  weight  to  be  raised  by  its  distance  from  the  ful- 
crum, and  divide  the  product  1  y  the  distance  of  the  power  from  the  ful- 

crum. 0i>  Wxw__p 

1      V  ~~ 
Example.  The  length  of  a  lever  is  10  feet,  the  weight  to  be  raised  is  3000  lbs., 

and' its  distance  from  the  fulcrum  is  2  feet ;  what  is  the  power  required? 3000X2__6000  =  T50  ̂  
10—2  S 

To  Compute  the  Length  of  Arm  of  the  Lever  to 
which  the  Power  is  applied,  the  Weight,  Power, 
and  Distance  of  the  Fulcrum  being  given. 

KULE.— Multiply  the  weight  by  its  distance  from  the  fulcrum,  and  di- vide the  product  by  the  power. 
Or,  — =p. 

Example  —A  weight  of  400  lbs.  suspended  15  inches  from  the  fulcrum  U  sup 
ported  by  a  power  of  5 J  lbs.  applied  at  the  other ;  what  is  the  length  of  the  arm  ? 400 X 1 5  __  .j go  inches. 

50 

N0TE. —When  the  arms  of  a  lever  are  bent  or  curved,  the  distances 
taken  from  perpendiculars,  drawn  from  the  lines  of  direction  of  the 
weight  and  power,  must  be  measured  on  a  line  running  horizontally through  the  fulcrum. 

The  General  Rule,  therefore,  for  ascertaining  the  relation  of  Powki: 
to  Weight  in  a  lever,  whether  it  be  straight  or  curved,  is,# 

The  power  multiplied  by  its  distance  from  the  fulcrum  is  equal  to  the 
weight  multiplied  by  its  distance  from  the  fulcrum. 

Or,  P  :  W  :  :  w  :  p,  or  YXp  =WXw ;  and 

v  W  1/  W 

*  The  pressure  upon  fukrum  is  equal  to  the  sum  of  the  weight  and  the  power, 
f  The  pressure  upon  fulcrum  is  equal  to  the  difference  of  the  weight  and  the  |>or( 
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If  several  weights  or  powers  act  upon  one  or  both  ends  of  a  lever  the condition  of  equilibrium  is 
?Xp  +  P'Xp'  +  P"X  p**i  etc.,  =  Wxw  -f  ̂ Y'Xw',  etc. 

In  a  system  of  levers,  either  of  similar,  compound,  or  mixed  kinds,  the condition  is  J>XpXp>XP>' 
wXw'Xw" lLLusTHATiox.-LGt  P  =  1  lb. ,  p  and  p'  each  10  feet,  p"  1  foot ;  and  if  w  and  it/ be  each  1  foot,  and  w'1  1  inch,  then 1X120X120X12  172S00 

1-JX12X1  —    144   =1200;  that  is,  1  lb  will  support  1200  lbs.  with  levers  of 
the  lengths  above  given.  # 

X, :»te    The  weights  of  the  levers  in  the  above  formula  are  not  considered  the centre  of  gravity  being  assumed  to  be  over  the  fulcrum*?.  1 
WHEEL  AND  AXLE. 

A  Wheel  and  Axle  is  a  revolving  lever. 
The  power,  multiplied  by  the  radius  of  the  wheel,  is  equal  to  the weight,  multiplied  by  the  radius  of  the  axle. 

0r'  ̂ SSV^^^xr' R  and  r  rmine  tkerad*> -  v  ™> ■ 
As  the  radius  of  the  wjieel  is  to  the  radius  of  the  axle,  so  is  the  ef- fect to  the  power. 

Or,  R  :  r  :  :  W  :  P. 
When  a  series  of  wheels  and  axles  act  upon  each  other,  cither  by 

belts  or  teeth-,  the  weight  or  velocity  will  be  to  the  power  or  unity  as the  product  of  the  radii,  or  circumferences  of  the  wheels,  to  the  prod- uct of  the  radii,  or  circumferences  of  the  axles. 
iaS^ES^"  th«radii  °f.a  series  °f  wheels  are  9,  6,  9,  10,  and  12,  and  their  pin- ons  have  each  a  radius  of  0  inches,  and  the  power  applied  is  10  lbs  ,  what  weight  will 11  1'll"e-  10X9X0X9X10X12  „ CXGXGXGX0 

Or,  if  the  1st  wheel  make  10  revolutions,  the  last  will  make  75  in  the  same  time. 
To  Compute  the  Power  of  a  Coxnbination  of  Wheels and  an  Axle  or  Axles,  as  in  Cranes,  etc.,  etc. 
Rulk— Divide  the  product  of  the  driven  teeth  by  the  product  of  the (  rivers,  and  the  quotient  is  their  relative  velocity,  which,  multiplied  by the  length  of  the  winch  and  the  power  applied  to  it  in  lbs.,  and  divided by  the  radius  of  the  barrel,  will  give  the  weight  that  can  be  raised. L  v  w  p 

°r'  "~  =  W,  w  representing  length  of  winch,  r  radius  of  barrel. 
Or,Wr  =uicP,p      «  power. 

n    Wr  * vw    ~   ,V  "        velocity,  and  W  weight. 

JESTED  ]ir'er-0f-  1Sllbfl'.i8  aPPlied  t0  the  w^ch  of  a  crane,  the  length  of  it 
S.dWter'.       Pmi0n         1S    ' thG  arivin8f-wheel  72  teeth>  «**  the  barrel  0 72 

-  =  12,  and  12XSx  18  =  1728,  which,  -f-  3,  the  radius  of  the  barrel  =  570  lbs. 
Vn^2'7Ai'-f^^toofn°;4  tons  is  t0  be  raised  360  feet  in  15  minutes,  by  a  power  tho velocity  of  winch  u  220  feet  per  minute;  what  irf  the  power  required? 

360     15  —  24:  feet  per  minute.    Hence  24x04  =  1 0.2542  tons. 
220 
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COMPOUND  AXLE,  OR  CHINESE  WINDLASS. 
The  axle  or  drum  of  the  windlass  consists  of  two  parts,  the  diameter  of 

one  being  less  than  that  of  the  other. 
The  operation  is  thus  :  At  a  revolution  of  the  axle  or  drum,  a  portion  of 

the  sustaining  rope  or  chain  equal  to  the  circumference  of  the  larger  axle, 
is  wound  up,  and  at  the  same  time  a  portion  equal  to  the  circumference  of the  lesser  axle  is  unwound.  The  effect,  therefore,  is  to  wind  up  or  shorten 
the  rope  or  chain,  by  which  a  weight  or  stress  is  borne,  by  a  length  equal 
to  the  difference  between  the  circumferences  of  the  two  axles.  Conse- 

quently, half  that  portion  of  the  rope  or  chain  will  be  shortened  by  half 
the  difference  between  the  circumferences. 

To  Compute  trie  Elements  of  a  Wlieel  and.  Com- 
pound. Axle,  or  Chinese  Windlass—Fig.  1. 

Rule.— Multiply  the  power  by  radius  of  the  wheel,  arm,  or  bar  to  which 
"  it  is  applied,  and  divide  the  product  by  half  the  differ- (1.)  r       ence  of  the  radii  of  the  axle,  and  the  quotient  is  the 
weight  that  can  be  sustained. PXR  w 

Or,  —   —  W. 

PXR  =  WX  Yz  (r  —  rQ,  R  representing  radius  of  wheel,  etc., 
and  r  and  r'  radii  of  axle  at  its  greatest  and  least  diameter. 
Example.— What  weight  can  he  raised  by  a  capstan,  the  ra- 

dius of  its  bar,  a,  being  5  feet,  the  power  applied  50  lbs.,  and 
the  radii,  r  r',  of  the  axle  or  drum  6  and  5  inches? 
50X5X12  __3000  __  C00()  lbg^  _  prQduct  0y  pQwer  md  length ^(6  —  5)  .5 of  bar  in  inches     %  difference  of  radii  of  axle. 

WHEEL  AND  PINION  COMBINATIONS,  OR  COMPLEX  WHEEL- 
WORK. 

The  power,  multiplied  bv  the  product  of  the  radii  or  circumferences,  or number  of  teeth  of  the  wheels,  is  equal  to  the  weight,  multiplied  by  the 
product  of  the  radii  or  circumferences,  or  number  of  leaves  of  the  pinions. 

Or,  PXRXR'XR",  etc.=WXrXr'Xr",  etc. 
Note.— The  cogs  on  the  face  of  the  wheel  are  termed  teeth,  and  those  on  the  sur- face of  the  axle  are  termed  leaves ;  the  axle  itself  in  this  case  is  termed  a  pinion. 

RACK  AND  PINION. 

To  Compute  trie  Power  of  a  Rack  and.  Pinion. 

Rule.  Multiply  the  weight  to  be  sustained  by  the  quotient  of  the  ra- 
dius of  the  pinion,  divided  by  the  radius  of  the  crank,  and  the  product  is the  power  required.  r 

Or,  WX-=P. a 

When  the  Pinion  on  the  Crank  Axle  communicates  with  a  Wheel  and 
Pinion. 

Rule.-— Multiply  the  weight  to  be  sustained  by  the  quotient  of  the  prod- 
uct of  radii  of  the  pinions,  divided  by  the  radii  of  the  crank  and  the  wheel, 

and  the  product  is  the  power  required. 

,  rXr' 
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Example.— The  radii  of  th?  pinions  of  a  jack-screw  are  each  1  inch  :  of  the  crank and  wheel  10  and  5  inches;  what  power  will  sustain  a  weight  of  750  lbs  ? 

INCLINED  PLANE. 

To  Comp\ite  tlie  Length  of  the  Base,  Height,  or 
Length.,  when  any  Two  of  them  are  given.' 

When  the  Line  of  Direction  of  the  Power  or  Traction  is  Parallel  to  the Face  of  the  Plane. 
Proceed  as  in  Mensuration  or  Trigonometry  to  determine  the  side 

of  a  right-angled  triangle,  any  two  of  the  three  being  given. 
To  Compute  the  Power  necessary  to  Support  a Weight  on  an  Inclined  Plane,  the  Height  and Length  being  given. 
RuLK.-Multiply  the  weight  by  the  height  of  the  plane,  and  divide  the product  by  the  length. 

0r'  —j—  —  p>  h  and  1  representing-  the  height  and  length  of  the  plane 
1 D~y  t0  support  1000    on  *  incli-d  **» 1000x4 

-  z=G0G.Gl  lbs. 

To  Compute  the  Weight  that  may  be  Sustained  by a  given  Power  on  an  Inclined  Plane,  the  Height and  Length  of  the  Plane  being  given. 

pro^^^  he^hf  P°WCr  b>'       length  °f  the  Plane'  and  divide  the 

1  ul'if  nn  i' -V^f  U  Jf?  Weight  that  can  be  sustaincd  on  an  inclined  plana  5  feet high  and  7  feet  in  length  by  a  power  of  700  lbs.  ? 700x7 —3 — =080  lbs. 

Note.  -In  estimating  the  power  required  to  overcome  the  resistance  of  a  body,  be- lZtt71^°T  ̂ PP^d  jipon  an  inclined  plane,  and  contrariwise,  if  the  body  is 
SmT£?&    ?C  lf  Jhe  b0d^in  fche  Portion  of  the  power  of  the  plane  (i.  e\ as  Us  length  to  its  height),  must  be  added  to  the  resistance  if  being  drawn  i  or supported,  or  to  the  moment  if  descending.  P 
To  Compute  the  Height  or  Length  of  an  Inclined Plane,  the  Weight  and  Power  and  one  of  the  re- Quired  Elements  being  given. 

When  the  Height  is  required. 

wc^ht  :'_Multiply  tbe  power  by  the  length' and  divide  the  Product  1  y thc 
When  the  Length  is  required.  ' 

thfpowerTMUltiply        Wdght  by  thC  hGight'  and  dividc  the  Product  ̂  
Or   PXZ      7,        i  W*h 

E  E* 
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Xo  Compute  the  Pressure  on  an  Inclined  Plane. 

Rule.— Multipty  the  weight  by  the  length  of  the  base  of  the  plane,  and 
divide  the  product  by  the  length  of  the  face. 

—  pressure,  b  representing  length  of  base  of  plane. 
Example.— The  weight  on  an  inclined  plane  is  100  lbs.,  the  base  of  the  plane  is  4 

feet,  and  the  length  of  it  5  ;  required  the  pressure  on  the  plane. 
5 

When  two  Bodies  on  two  Inclined  Planes  sustain  each  other,  as  by  the 
Connection  of  a  Cord  over  a  Pulley,  their  Weights  are  directly  as  the 
Lengths  of  the  Planes. 
Illustration  If  a  weight  of  50  lbs.  upon  an  inclined  plane,  of  10  feet  rise  in  100, 

be  sustained  by  a  weight  on  another  plane  of  10  feet  rise  in  90  of  an  inclination, 
what  is  the  weight  of  the  latter? 

Therefore  100  :  90 : :  50  :  45,  the  weight  that  on  the  shortest  plane  would  sustain 
that  on  the  largest 

When  a  Body  is  Supported  by  two  Planes,  as  Fig.  1. 
(1.)  The  pressure  upon  them  will  be  reciprocally  as  the 

sines  of  the  inclinations  of  the  planes. 
Thus  the  weight  is  as  sin.  ABD. 

The  pressure  on  A  B  as  sin.  D  B  I. 
The  pressure  on  B  D  as  sin.  A  B  H. 

Assume  the  angle  A  B  D  to  be  90°,  and  D  B  I,  00;  then  the 
angle  A  B  H  will  be  30°  ;  and  as  the  sines  of  90°,  60°,  and  30° are  respectively  .1,  .866,  and  .5.  if  the  weight  =  100  lbs.,  then  the  pressures  on  AB 

and  D  B  will  be  S6.6  and  50  lbs.,  the  centre  of  gravity  of  the  weight  being  in  its centre. 

When  the  Line  of  Direction  of  the  Power  is  parallel  to  the  Base  of  the 
Plane. 

The  power  is  to  the  weight  as  the  height  of  the  plane  to  the  length  of  its base. 
Or,  P  :  W  : :  h  :  b,  b  representing  the  length  of  its  base. 

When  the  Line  of  Direction  of  the  Power  is  neither  parallel  to  the  Face 
of  the  Plane  nor  to  its  Base,  but  in  some  other  Direction,  as  P',  Fig.  2. 
The  power  is  to  the  weight  as  the  sine  of  the  angle  of  the  plane's  eleva- 

tion, to  the  cosine  of  the  angle  which  the  line  of  the  power  or  traction  de- scribes with  the  face  of  the  plane. 
Thus,  P'  :  W  :  :  sin  A  :  cos.  P'  c  o. Sin.  A  :  cos.  P'  c  o  : :  P' :  W. Cos.  P'co:  sin.  A  :  :  W  :  P/, 

.  P'     Illustration. — A  weight  of  500  lbs.  is  required  to  be sustained  on  a  plane,  the  angle  of  elevation  of  which, 
c  AB,  is  10°  ;  the  line  of  direction  of  the  power  or  trac- 

tion, F'  e  c,  is  50°  ;  what  is  the  sustaining  power  re- 
quired ? Cos.  P'  e  c  (5°)  =  .9962  :  sin.  A  (10°)  =  .1737 :  :  500 : 

87.18  lbs. 

Or,  draw  a  line,  Bs,  perpendicular  to  the  direction  of  the  power's  action from'the  end  of  the  base  line  (at  the  back  of  the  plane),  and  the  intersec- 
tion of  this  line  on  the  length,  A  c,  will  determine  the  length  and  height, 

n  r,  of  the  plane. 
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Illustration.—  Of  the  last  Example. 

^  By  Trigonometry  (page  29G)?  A  B,  assumed  to  be  1,  A  r  and  n  r  are  =  .9S5  and 
"     *       600X.171     _  n DCe  .965  =  66-S  lbS  =  the  product  °f the  weiSht  =  the  >Mght  of  the  plane -r-  the  length  of  it 

is  l°Jl'~When  °f  direCti0Q  °f  th£  i3  parallel  t0  the  the  power 
WEDGE. 

A  Wedge  is  a  double  inclined  plane. 
To  Compute  the  Power. 

1.  When  two  Bodies  or  two  Parts  of  a  Body  are  Forced  or  Sustained  in a  Direction  parallel  to  the  Back  of  the  Wedge. 
^uE^?lXX}tn)}y  ?2  Weig,ht  0r  resistance  to  be  sustained  by  half  the 

thl  wedge  W    gG'        divMe  the  Pr°duct  b^  the "Wh ™ .    Wxd-r-2  „ 
— =P,  d  representing  the  depth  of  the  back,  and  I  the  length. I 

iJS^u  ̂ The^h  °.f  l}]e  back  of  a  double-faced  wedge  is  C  inches,  and  the 
^MlfMe^Sft?  ^  5  ̂  iS  thG  P°~Sary  to  sustain  o? 

150x0 -=-2  450 
— io — -lo^-45^5- 

2.  IF/ie/i  orce  Body  only  is  to  be  Forced  or  Sustained. 
^•?uULiE,~7Mlilt;p,y  th,e  wei£ht  or  resistance  to  be  sustained  by  the  depth of  the  back  of  the  wedge,  and  divide  the  product  by  the  length  of  its  base. 
wSS^klnSn^  ^P15^.40  *he  back  of  a  wedSe  6  i^hes  deep,  will  raise  a weight  of  15,000  lbs.,  the  wedge  being  100  inches  long  on  its  base  ? 15000x0  90000 

-Too— =-m-=mibs- 
To  Compute  the  Elements  of  a  Wedge. 

LWx|-2  =  /  2.^=,  t^iitp. 
1.  ̂   =  d^2.  2.  £*W  ,  WXJ_P W  W  'l    — 1- 

Xo:e.— As  the  power  of  the  wedge  in  practice  depends  upon  the  split  or  rift  in  the rood  to  he  cleft,  or  in  the  rise  of  the  body  to  be  raised,  the  above  rales  as  regards the  length  of  the  wedge  are  only  theoretical  when  a  rift  or  rise  exists. 
SCREW. 

A  Screw  is  a  revolving  inclined  plane. 
To  Compute  tlie  Length  and.  Height  of  the  Plane of*  a  Sorew. 

As  the  screw  is  an  inclined  plane  wound  around  a  cylinder,  the  length Of  the  plane  is  ascertained  by  adding  the  square  of  the  circumference  of toe  screw  to  the  square  of  the  distance  between  the  threads,  and  taking We  square  root  of  the  sum;  and  the  height  or  pitch  of  the  screw  is  the distance  between  its  consecutive  threads. 
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To  Compute  tlie  Power. 
Rule.—  Multiply  the  weight  or  resistance,  to  be  sustained  by  the  pitch 

of  the  threads,  and  divide  the  product  by  the  length  of  the  plane, 
Or,  — ~  —P,p  representing  the  pitch. 

Example. —What  is  the  power  requisite  to  raise  a  weight  of  S000  lbs.  by  a  screw 
of  12  inches  circumference  and  1  inch  pitch  ? 

122 -f  12  =  145,  and  V*45  =  1*2.0415?.    Then  -  66436  lbs- 

To  Compute  tlie  Weight. 
Rule.— Proceed  as  above,  substituting  the  power  for  the  weight,  and 

transposing  the  length  of  the  plane  and  the  pitch  of  the  threads. 

Or,  ?*-l=W. P 

When  the  Diameters  or  Circumferences  of  the  Screw  or  of  the  Point  at 
which  the  Power  is  applied  are  gicen. 

rULe.— Ascertain  the  length  of  the  plane  from  the  diameter  or  circum- 
ference given,  and  proceed  as  before. 

Note.  When  a  lever  is  used  to  transmit  the  power,  the  circumference  described 
by  the  power  is  not  that  due  to  the  radius  of  the  lever  alone,  but  it  is  the  path  de- scribed in  one  revolution,  i.  e.,  the  hypothenuse  of  the  triangle  (length  of  the  plane), 
of  which  the  circumference  of  the  screw  or  lever  is  the  base  and  the  pitch  of  the 
threads  the  height  of  it.  Hence  the  diameter  of  a  screw  is  not  a  necessary  element 
in  determining  the  weight  it  will  support,  when  the  point  at  which  the  power  is  ap- plied is  given. 

WXP  PX^ 
The  preceding  formulae  then  become         =  P.  — ^-  =  W,  d  representing  the 

distance  described  by  the  power. 
Example.— If  a  lever  of  30  inches  in  length  was  added  to  the  circumference  of  the 

screw  in  the  preceding  example. 
3  S19 

Then  12     3.1416  =  3.819  =  diameter  of  screw;         -f30  =  31.90C5  =  swm  of 

radius  of  screw  and  length  of  lever ;  and  31.9095  x  2  x  3.141G  =  200.493S  =  «fte  cir- cumference described  by  the  end  of  the  lever  =  the  base  of  the  triangle. 
Hence  200.493S2  -f- 12  =  200.5  =  length  of  plane  described  by  the  power. 

tl     8000X1      ona(,  „ 
Consequently,    ^  ̂   =  39.90  lbs. 
When  a  Screw  and  Lever  is  combined  with  a  Wheel  and  Axle,  etc. 

Rule. — Multiply  the  power  by  the  product  of  the  circumference  de- scribed by  it  and  the  radius  of  the  wheel,  and  divide  this  product  by  the 
product  of  the  pitch  of  the  screw  and  the  radius  of  the  axle  of  the  wheel. 

Or  iPXcXl>'  — W,  c  representing  the  circumference  described  by  the  power,  R  and  r 
pXr the  radii  of  the  wheel'  and  its  axle. 

Note.— As  the  screw  applied  to  the  wheel  is  an  endless  one,  i.  e.,  it  revolves  with- 
out advancing,  the  circumference  due  to  the  radius  of  the  lever  or  crank  is  the  dis- tance described  by  the  power. 

Example.  What  is  the  power  of  a  screw  having  a  pitch  of  %ths  of  an  inch,  driv- 
en by  a  lever  30  inches  in  length,  with  a  force  of  50  lbs.  applied  at  its  extremity? 

30X 2 X 3.1 410  =  188. 5  =  circumference  described  by  lever  — base  of  triangle; 
—  .875  =  height  of  triangle. 

Then  "/1S8.52 -f- .8T52  =  188.5  =  length  of  plane  described  by  power. B0X188.5=  ^ 
.8T5 
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Note.— Jf  there  is  more  than  one  thread  to  a  screw  the  pitch  must  be  increased  as many  times  as  there  are  threads. 
Ex.  2.— What  weight  can  he  raised  with  a  power  of  10  lbs.  applied  to  a  crank  32 inches  long,  turning  an  endless  sciew  of  %y>  inches  diameter  and  1  inch  pitch,  ap- 

plied to  a  wheel  of  20  inches  diameter,  upon  an  axle  of  5  inches  ?  ' 
32x2x3.1410^201  inches —  circumference  o/G4  inches. 

10x201X(2O^-2)     10x2012     OA  n 
 1X(5_j_2) —  —  — 2J5 —  =  =  Product  of  power  and  product  of  circumfer- ence described  by  it  and  the  radius  of  the  wheel  —  product  of  pitch  of  screw  and radius  of  axle. 

When  a  Series  of  Wheels  and  Axles  are  in  Connection  with  each  other. 
The  weight  is  to  the  power  as  the  continued  product  of  the  radii  of  the wheels  is  to  the  continued  product  of  the  radii  of  the  axles. W  :P::R)i:  rn. 

Or,  r  n  :  Rn  : :  P  :  W,  n  representing  the  number  of  wheels  or  axles. 
Example.— If  a  power  of  150  lbs.  is  applied  to  a  crank  of  20  inches  radius,  turning an  endless  screw  with  a  pitch  of  half  an  inch,  geared  to  a  wheel,  the  pinion  of  which 13  geared  to  another  wheal,  and  the  pinion  of  the  second  wheel  is  geared  to  a  third wheel,  to  the  axle  or  barrel  of  which  is  suspended  a  weight ;  it  is  required  to  know what  weight  can  be  sustained  in  that  position,  the  diameter  of  the  wheels  bein«-  IS and  the  pinions  and  the  axle  2  inches.  to  ' 

150X20X2X3.1416  ^oe>n 
 =  6i6S0  —power  applied  to  face  of  first  wheel. 

The  diameters  of  wheels  and  pinions  being  2S  and  2,  their  radii  are  9  and  1 Hence  1x1X1:9x9x9:  376S0  :  :  2740S720  lbs. 
Differential  Screw. 

When  a  hollow  screw  revolves  upon  one  of  less  diameter  and  pitch  Cas designed  by  Mr.  Hunter),  the  effect  is  the  same  as  that  of  a  single  screw 111  which  the  distance  between  the  threads  is  equal  to  the  difference  of  the' distances  between  the  threads  of  the  two  screws. 
Therefore  the  power,  to  the  effect  or  weight  sustained,  is  as  the  differ- ence between  the  distances  of  the  threads  of  the  two  screws  :  to  the  cir- cumference described  by  the  power. 

th^Jf^t^'iT^  lhe  eJ*iraal  screw  has  20  Wnwtffr  and  the  internal  one  21 
threads  m^an  inch  pitch,  and  the  power  applied  describes  a  line  of  35  inches,  the  rc- 
«JB  h  ̂  -  co  -  =       or  .0023S.    Hence  ̂   =  1470G. 

PULLEY. 

Pulleys  arc  designated*  as  Fixed  and  Movable,  according  as  the cord  is  passed  over  a  fixed  or  a  movable  pulley.  A  movable  pulley  is when  the  cord  passes  through  a  second  pulley  or  block  in  suspension; a  single  movable  pulley  is  termed  a  runner;  and  a  combination  of  pul- leys is  termed  a  sijstem  of  pulleys. 

T  ̂xP°1Tlp,lto  llie  ̂ ower  required  to  Raise  a  given Weight,  the  Number  of  Parts  of  the  Cord  sup- porting the  Lower  Block  being  given. 
When  only  one  Cord  or  Rope  is  used. 

r.n^U«,K'~DJvidnth?  Weight  t0  be  raised  l)y  the  number  of  parts  of  the cord  supporting  the  lower  or  movable  block. W_ 

r'  n  ~P*    °h  »XP  =  W,  n  representing  the  number  of  parts  of  the  cord  sus- taining the  lovjer  block. 
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Example.— What  power  is  required  to  raise  600  lbs.  when  the  lower  block  con- 
tains six  sheaves  and  the  end  of  the  cord  is  fastened  to  the  upper  block,  and  what 

power  when  fastened  to  the  lower  block  ? 
1.  — — ^  —  50  lbs  —  weight  -v-  number  of  parts  of  rope  sustaining  lower  block t>X2 
2.  — —  —  4G.15  lbs.  —  weight  -4-  number  of  parts  of  rope  sustaining  lower  block. 

To  Compute  the  AVeight  a  given  Power  will  Raise, 
the  Number  of  Farts  of  the  Cord,  supporting  the 
Lower  IBloek  being  given. 

Hulk. — Multiply  the  power  by  the  number  of  parts  of  the  cord  support- 
ing the  lower  block. 

Oi\  Vxn  —  W. 

To  Compute  the  Number  of  Cords  necessary  to 
Sustain  the  Lower  Block,  the  Weight  and  Pow- 

er "being  given. 
Rule.  Divide  the  weight  by  the  power,  and  the  quotient  is  the  number 

of  parts  of  cord  required. 

Or,^  =  n. 
When  more  than  one  Cord  or  Rope  is  used. 
In  a  Spanish  Burton,  Fig.  1,  where  the  ends 

of  one  cord,  a  P,  are  fastened  to  the  support 
and  the  power,  and  the  ends  of  the  other,  co, 
to  the  lower  and  upper  blocks,  the  weight  is  to 
the  power  as  4  to  1. 

In  another,  Fig.  2,  where  there  are  two  cords, 
a  and  o,  two  movable  pulleys,  and  one  fixed 
pulley,  with  the^ends  of  one  rope  fastened  to 
the  support  and  upper  movable  pulley,  and  the 
ends  of  the  other  fastened  to  the  lower  block 
and  the  power,  the  weight  is  to  the  power  as  5 
to  1. 

In  a  System  of  Pulleys,  Figs.  3  and  4,  with  any  Number  of  Cords,  o  o, 
the  Ends  being  fastened  to  the  Support. 
W  W 
—  =  P;  2»xP  =  W;  -=r  =  2«,  n  representing  the  number 2n-  1 
of  distinct  cords. 

Example.— What  weight  will  a  power  of  1 
lb.  sustain  in  a  system  of  four  movable  pul- 

leys and  four  cords  ? 
1X2X2X2X^  =  10  lbs. 

When  fixed  Pulleys,  e  e,  are  used  in  the 
place  of  Hooks,  to  Attach  the  Ends  of 
the  Rope  to  the  Support — Fig.  4. W  0 

—  =:P:  3nxP  =  W;  —  =  Cn. 3»  r 
Example.— What  weight  will  a  power  of  5  lbs.  sustain  with  four 

movable  and  four  fixed  pulleys,  and  four  cords  ? 
5X3X3X3X3  =  405  lbs. 
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When  the  Ends  of  the  Cord  or  the  fixed  Pidleys  are  fastened  to  the  Weight, 
as  by  an  Inversion  of  the  last  Figures,  putting  the  Supports  for  the 
Weights,  and  contrariwise — Figs.  3  and  4. 

Fig.  3. 

Fig.  4. 
(2»  —  1) W 

=  P;  (2n—  1)XP: 
W 

=  W;  _  =  (2«-l). 

.  — p;  (3n  — 1)XP  =  W 
W :(2»  — 1). 

(5) 

G*"  —  1) 
Example. — What  weight  will  a  power  of  1  lb.  sustain  in  a  system  of  two  movable pulleys  and  two  cords  ? 

1x2x2  —  1  =  3  lbs. 
Ex.  2 — What  weight  will  a  power  of  1  lb.  sustain  with  a  system  of  two  movable 

and  two  fixed  pullers  and  two  cords. 
1x3x3  —  1  =  8  lbs. 

And  in  the  two  examples  preceding  the  last, 
1X2X2X2X2  =  10—  1=15  lbs.;  5x3x3x3x3  =  405  —  1  =  434  lbs. 

When  the  Cords  by  which  the  Pulleys  are  sustained  are  not  in  a  Vertical 
Direction — Fig.  5. 

e  o,  Fig.  5,  is  the  vertical  line  through  which  the  weight hears,  and  from  o  draw  o  r,  o  s  parallel  to  D  e  and  A  e. 
The  forces  acting  at  e  are  represented  by  the  lines  e  s,  e  r, 

and  e  o;  and  a3  the  tension  of  every  part  of  the  cord  is  the 
same,  and  equal  to  the  power  P,  the  sides  o  s  and  o  r  of  the 
parallelogram  must  be  equal,  and  therefore  the  diagonal  eo 
divides  the  angle  ros  into  two  equal  portions.  Hence  the 
weight  will  always  fall  into  the  position  in  which  the  two  parts 
of  the  cord  A  e  and  c  D  will  be  equally  inclined  to  the  vertical 
1  ne,  and  it  will  bear  to  the  power  the  same  ratio  as  e  o  to  e  s. 

Therefore  W  :  P  :  :  2  cos.  %  e  :  1,  c  representing  the  angle A  e  I). 
Or  2  P  x  co?.  y,  e—  VV.  That  is,  twice  the  power,  multiplied  by  the  cosine  of halt  the  angle  of  the  cord,  at  the  point  of  suspension  of  the  weight,  is  equal  to  the weight. 
Ex  a  m  r  l  e.  What  weight  will  be  sustained  by  a  power  of  5  lbs.,  with  an  oblique movable  pulley,  Tig.  5,  having  an  angle  A  e  D  of  30°  ? 

5x2x. 06533  =  9.6593  lbs.  =  twice  the  power  X  cos.  15°. 

When  the  Direction  of  the  Cord  is  Irregular,  the  Weight  not  resting  in  the Centre  of  it. 

W  X  P  =  sin.  (a  4-  b)  X  sin. P  X  sin.  (a  4-  b)     TTr    W  X  sin.  a  .  =  W:  z 
Bin.  a  sin.  (a  -f-  b) P,  a  and  b  rep- 

resenting the  greater  and  lesser  angles  of  the  cord  at  e 

CRANES. 

When  the  Post  is  Supported  at  both  the  Top  and  Foot. 
The  usual  form  of  a  Crane  is  that  of  a  right-angled  triangle,  the three  sides  being  the  post  or  upright,  the  jib  or  arm,  and  the  stay  or strut,  which  is  the  hypothenuse  of  the  triangle. 
When  the  jib  and  the  post  are  equal  in  length,  and  the  stay  is  the  diac- 

22  JtA  TuJ*'  V'IS  f°ym  l?  theoretically  the  strongest,  as  the  whole 
H.n  f  ff  W?lg  .i!S  !?Tne  hy  the  sta-y'  Ending  ̂   compress  it  in  the  direc- lon  of  its  length;  the  stress  upon  it,  compared  to  the  weight  supported, being  as  the  diagonal  to  the  side  of  the  square,  or  as  1.4142  to  1  Conse- quently, if  the  weight  borne  by  the  crane  is  1000  lb?.,  the  thrust  or  com* m  upon  the  stay  will  be  1414.2  lbs.,  or  as  a  e  to  e  W  Fig  1 
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The  weight  W  is  sustained  by  the  rope  or 
chain,  and  the  tension  is  equal  upon  both  parts 
of  it ;  that  is,  on  the  two  sides  of  the  square, 
i  a  and  e  W.  Consequently  the  jib,  i  a,  has  no 

stress  upon  it,  and  serves  'merely  to  retain  the stay,  a  e. 
If  the  foot  of  the  stay  be  set  at  n,  the  thrust 

m  W  upon  it,  as  compared  with  the  weight,  will  be 
as  aw  to  a  id;  and  if  the  chain  or  rope  from  ito 
a  is  removed,  and  the  weight  is  suspended  from 

JW  a,  the  tension  on  the  jib  will  be  as  i  flto«W. 
If  the  foot  of  the  stay  is  raised  to  o  the  thrust,  as  compared  with  the 

weight,  will  be  as  the  line  a  o  is  to  a  W,  and  the  tension  on  the  jib  will  be as  the  line  ar.  \  . 

Bv  dividing  the  line  representing  the  weight  into  equal  parts,  to  repre- 
sent pounds  or  tons,  and  using  it  as  a  scale,  the  stress  upon  any  other  part 

may  be  measured  upon  the  parallelogram. 

When  the  Post  is  Supported  at  the  Foot  only. 

If  the  post  is  wholly  unsupported  at  top,  and  its  foot  is  secured  up  to 
the  line  o  W,  then  the  Weight  W,  acting  with  the  leverage,  e  W  will  tend 
to  rupture  the  post  at  e,  with  the  same  intensity  or  effect  as  if  twice  that 
weight  was  laid  upon  the  middle  of  a  beam  equal  to  twice  the  length  of 
?  the  point  e  being  at  the  middle  of  the  beam,  which  is  assumed  to  be 

supported  at  both  ends,  the  dimensions  of  the  beam  being  alike  to  those 
of  the  post,  and  the  depth  being  that  of  the  line  of  rupture  of  the  post. 

Or,  the  force  exerted  to  rupture  the  post  will  be  represented  by  the 
weight  or  stress,  W,  multiplied  by  4  times  the  length  of  the  lever  e  W 
divided  by  the  depth  or  thickness  of  the  post  in  the  line  of  the  stress 
squared,  and  multiplied  by  the  breadth  of  it  and  the  Value  of  the  material of  which  it  is  composed. 

The  post  of  a  crane  is  in  the  condition  of  half  a  beam  supported  at  one 

end,  the  weight  suspended  from  the  other;  consequently  it  must  be  esti- 
mated as  a  beam  of  twice  the  length  supported  at  both  ends,  the  stress  ap- plied in  the  middle. 

To  Compute  tne  Stress  on  tlie  Jil3  or  Tension-rods,  and 
on  tlie  Stay  or  Strut — I^ig- 

On  the  diagram  of  the  crane,  Fig.  2,  mark  off 
on  the  line  of  the  chain,  as  a  W,  a  distance,  a  b, 
representing  the  weight  on  the  chain  ;  from  the 
point  b  draw  a  line,  b  c,  parallel  to  the  tension- 
rod  or  jib,  a  e,  as  the  case  may  be,  and  where 
this  intersects  the  stay  or  strut,  draw  a  vertical 
line,  c  o,  extending  to  the  jib  or  tension-rod  and the  distances  from  a  to  the  points  b  c  and  o  c, 
measured  upon  a  scale  of  equal  parts,  will  repre- sent the  proportional  strain. 

Thus,  in  the  figure,  the  weight  being  10  tonr, 
the  stress  on  the  stay  or  strut  compressing,  a  c, 

will  be  31  tons,  and  on  the  jib  or  tension-rods,  a  o,  26  tons.  ̂ 

By  dividing  the  line  representing  the  weight,  as  a  W  or  aw,; ̂   equal 
parts,  to  represent  tons  or  pounds,  and  using  it  as  a  scale  the  stress  upon 
any  other  part  may  be  measured  upon  the  described  parallelogram.  ^ 

Thus,  as  the  length  of  a  W,  compared  to  a  e,  is  as  1  to  1.4142  :  if  a  W  is 
divided  into  10  parts  representing  tons,  a  e  would  measure  14.142  parts  or tons. 
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In  Fig.  3,  the  angle  abe  and  eh  c  being  equal,  the  chain  or  rope  is ,o  v  reDresented  hv  n.hr  mir!  th&  -u-oi^f  i^r  w.  *t.„  A  (3.) 
... 0  _     me  mam  or  rope  is represented  by  abe,  and  the  weight  bv  W ;  the  stress upon  the  stay  b  d,  as  compared  with  the  weight  is  as b  d  to  a  b  or  o  c. 

In  practice,  however,  it  is  not  prudent  to  consider  the chain  as  supporting  the  stay ;  but  it  is  proper  to  disre- gard the  chain  or  rope  as  forming  part  of  the  system and  the  crane  should  be  designed  to  support  the  load independent  of  it.  It  is  also  proper  that  the  angles  on each  side  of  the  diagonal  stay,  in  this  case,  should  not be  equal.  If  the  side  a  b  is  formed  of  tension-rods  of wrought  iron,  the  point  a  should  be  depressed,  so  as  to lengthen  that  side,  and  decrease  the  angle  abe  -  but tie  noint.  a  should  ht>  rn'corl  +K«  r,«.^i^  ,  i  :  •  f  &.  .  *   r  '         uccica>e  uie  angle  abe:  but 
if  it  be  of  timber,  the  point  a  should  be  raised,  and  the  angle  ab  e  increased. 

(5) 
Fig.  4  shows  the  parts  composing 

a  crane,  arranged  in  the  form  of 
an  equilateral  triangle,  in  which 
the  weight  b  tf,the  tension  b  cand 
the  thrust  a  b  are  all  equal  to  each 
other,  the  weight  W being  suspend- ed from  the  point  b. 

■  Fig.  5  shows  a  f>rm  cf  crane  very 
generally  used  ;  the  angles  are  the 
same  as  in  Fig.  3,  and  the  weight  < suspended  from  it,  being  attached 
to  the  point  rf,  is  represented  by  the 
line  b  d.  The  tension,  which  is 

equal  to  the  weight,  is  shown  by  the  length  of  the  line 
b  c,  and  the  thrust  by  the  length  of  the  line  b  ab,  meas- ured by  a  scale  of  equal  parts,  into  which  the  line  b  d. representing  the  weight,  is  supposed  to  be  divided. 
IhSit  llb/uh-Q  toiBAi^ytoB  jib,  then  b  g  will  show  the  tension,  and  b  f  the t  hi  I  B  (rf/berag  taken  parallel  to  b  e),  both  of  them  being  now  greater  than  before the  bnc  bd  representing  the  weight,  and  being  the  same  in  both  cases. 

To  Compute  tlie  Stress  upon  tlie  Stay  of  a  Crane. Rll 
borne 
point  of  bearing  VA 
or  thrust  in  pounds. 

.  »?igJE'rThS  ̂ gth  of  the  stay  of  a  crane  is  28.2S4  feet,  the  height  of  the  post 20454  %*i  fmd  the  weight  to  be  borne  is  22400  lbs.  ;  what  is  the  stress  ? 28. 2S4X  22400  633561.0 

 »o>  cca^y  ui  a,  v^rane. 

Rt-LK.—  Multiply  the  length  of  the  stay  in  feet  by  tlie  weight  to  be >rne  in  pounds ;  divide  the  product  by  the  height  of  the  jib  from  the )int  of  bearing  of  the  stay  in  feet,  and  the  quotient  will  give  the  stress thrust  in  pounds. 

26.457 26.457 ■  =  23947  lbs. 

To  Compute  tlie  Dimensions  of  tlie  IPost  of  a  Crane. 
When  the  Post  is  Suj>ported  at  the  Feet  only. 

.  IiL.LF-— Multiply  the  weight  or  stress  to  be  borne  in  pounds  by  the length  of  the  jib  in  feet  measured  upon  a  horizontal  plane;  divide  the product  by  the  Value  of  the  material  to  be  used,  and  the  product,  divided by  the  breadth  in  inches,  will  give  the  square  of  the  depth,  also  in  inches. Ex  ample. —The  stress  upon  a  crane  is  to  be  22400  lbs.,  and  the  distance  of  it  from tlie  centre  of  the  post  is  20  feet;  what  should  be  the  dimension  of  the  post  if  of American  white  oak  ?  F 
Value  of  American  white  oak  50.    Assumed  breadth  12  inches 22400  x  20     _  8960 

 50  =  89G0,  and  "12"  ~ 746*67'    Then  ̂ 6.67  =  27.32  inches. F  F 
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When  the  Post  is  Supported  at  both  Ends. 
Rule.— Multiply  the  weight  or  stress  to  be  borne  in  pounds  by  twice 

the  length  of  the  lib  in  feet  measured  upon  a  horizontal  plane ;  divide  tlie 
nroducfby  the  Value  of  the  material  to  be  used,  and  the  product,  divided 
by  four  times  the  breadth  in  inches,  will  give  the  square  of  the  depth,  also in  inches. 
Example.— Take  the  same  elements  as  in  the  preceding  case. 
Assumed  breadth  10  inches. 

Then  2ii°°>^  =  17920,  and  55  =  4*,  and  V44S  =  21.1GG  inches. t?m        50  4X10 

To  Compute  tlie  Stress  on  tlie  Jih  or  Tension-rods,  on tlie  Stay  of  a  Crane. 

On  the  diagram  of  the  crane  mark  off  on  the  line  of  the  chain  or  rope  a 
distance  that  represents  the  weight  into  a  scale  of  equal  parts,  and  by  ap- 

plying this  scale  to  the  sides  of  the  parallelogram  representing  the  thrusts, the  measure  of  each  is  obtained  by  inspection. 
Illustration.— The  distance  b  d,  Fig.  5,  is  divided  into  10  parts  representing  tons, 

md  the  length  of  t  ie  sides,  b  c  and  a  b,  representing  the  thrust  and  tension,  have 
respectively  10  and  14  parts;  consequently  the  stress  on  them  is  in  their  proportion in  tons. 

CHAINS  AND  ROPES. 

Chains  for  cranes  should  be  made  of  short  oval  links,  and  should  not exceed  1  inch  in  diameter. 

Table  of  Short-linked.  Crane  Chains  and  Ropes, 
showing  the  Dimensions  and  Weight  of  each, 

and  the^Proof  of  the  Chain  in  Tons. Diam.  of Chains. 
Weight 

per 
Fathom. 

Proof 
Strain. 

Circumf. of 
Rope- 

Weight  1 of  Rope 

pr.  Fath.1 

Diam.  of 
Chains. 

Ins. V /is 

P 
H 

% 

Lbs. 6 
8.5 11. 

14. 
18. 
24. 

Tons. 
.75 

1.5 2.5 
3.5 4.5 
5.25 

Ins. 

2-  X 
3-  X 

4. 
4-  M 
5-  X 

Lbs. 1.5 
2.5 
3.75 
5. 
7. 
8.7 

Ins. % 
I % 
% 
% 

1. 

Weight 

per 

Fathom. 
Proof 
Strain. Circumf. 

of 

Rope. 
Weight of  Rope 

pr.  Fath. Lbs. Tons. Ins. 
Lbs. 28 

6.5 10.5 

32 
7.75 

7'-X 

12. 

36 9.25 

8.X 

15. 

44 
10.75 9. 17.5 

50 12.5 19.5 56 14. 10. 22. 

The  ropes  of  the  sizes  given  are  consiuereu  tu  ue  ui  ̂ uai^.^^  , 
the  chains,  which,  being  short-linked,  are  made  without  studs. 

A  crane  chain  will  stretch  under  a  proof  of  15  tons,  half  an  inch  to  a  fathom. 

CENTRES  OF  GRAVITY. 

The  Centre  of  Gravity  of  a  body,  or  any  system  of  bodies  con- 
nected together,  is  the  point  about  which,  if  suspended,  all  the  parr. will  be  in  equilibrium. 

A  body  or  system  of  bodies,  suspended  at  a  point  out  of  the  centre  of 
gravity,' will  rest  with  its  centre  of  gravity  vertical  under  the  point  of suspension.  ,  .  .  f 

A  body  or  system  of  bodies,  suspended  at  a  point  out  of  the  centre  of 
gravity  and  successively  suspended  at  two  or  more  such  points,  the  vert- 
JSSWiSSS^  these  points  of  suspension  will  intersect  each  other  at

 
the  centre  of  gravity  of  the  body  or  bodies. 
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The  centre  of  gravity  of  a  body  is  not  always  within  the  body  itself. 
If  the  centres  of  gravity  of  two  bodies,  as  B  C,  be  connected  by  a  line the  distances  of  B  and  C  from  the  common  centre  of  gravity,  a,  will  be  as the  weights  of  the  bodies. 
Thu-,  B  :  C  :  :  C  a  :  a  B. 

LINE. 

Circular  Arc—  —  =  distance  from  the  centre,  r  representing  radius,  c  the  chora, and  I  the  length  of  the  arc. 
SURFACES. 

Square,  Rectangle,  Rhombus,  Rhomboid,  Gnomon,  Cube,  Regular  Poly- gons, Circle,  Sphere,  Spheroids  or  Ellipsoids,  Spheroidal  Zones,  Cylinder C  ircular  Ring,  Cylindrical  Ring,  Links,  Helix,  Plain  Spiral,  Spindles,  all Regular  bigures,  and  Middle  Frustra  of  all  Spheroids,  Spindles  etc  The centre  of  gravity  of  the  surfaces  of  these  figures  is  in  their  geometrical centre.  ° 
Triangles.— -On  a  line  drawn  from  any  angle  to  the  middle  of  the  on- posite  side,  at  %  of  the  distance  from  the  angle. 
Ti -apez  iu  m.    Draw  the  two  diagonals,  and  ascertain  the  centres  of  grav- ity of  each  of  the  four  triangles  thus  formed  ;  join  each  opposite  pair  of these  centres,  and  it  is  at  the  intersection  of  the  two  lines. 
„  +  a 
I  rapezoid.—  [jr^j  J  X  -  =  distance  from  Bona  line  joining  the  middle  of  the two  parallel  sides  B  b.  a  representing  the  middle  line. 2  c  r 
Sector  of  a  Circle.— —  =  distance  from  the  centre  of  the  circle. 
Semicircle.—  —  distance  from  the  centre. 
s*t™'semicir^  both  base  and  height  and  at  their  inter- 

Segment  of  a  Circle.-^  =  distance  from  the  centre,  a  representing  area  of segment. 

Hector  of  a  Ctrcular  Rmg.-  *  x^^X  =  stance  from  centre  of arcs,  r  and  r'  representing  the  radii. 

he^hTslSpkere'  Spherical  Se9ment>  and  Spherical  Zone  at  the  centre  of  their 
Circular  ̂ .-Ascertain  the  centres  of  gravity  of  the  trapezoid  and the  segments  comprising  the  zone;  draw  a  line  "(equally  dividing  the fcdne)  perpendicnlar  to  the  chords;  connect  the  two  centres  of  the  sec- ments  by  a  line  cutting  the  perpendicular  to  the  chords ;  then  will  the centre  of  gravity  of  the  figure  be  on  the  perpendicular,  toward  the  lesser chord  at  such  proportionate  distance  of  the  difference  between  the  centres  of 

gravity  of  the  trapezoid  and  line  connecting' the  centres  of  the  segments  as the  area  of  the  two  segments  bears  to  the  area  of  the  trapezoid. 
Prisms  and  Wedge  —  When  the  end  is  a  Parallelogram,  in  their  qeomet- ™«lcertres;  when  the  end  isa  Triangle,  Trapezium,  etc,  it  is  in  the  mid- weofit*  length  at  the  same  distance  from  the  base  as  that  of  the  triangle or  trapezoid,  of  which  it  is  a  section. 
Prismoid.—At  the  same  distance  from  its  base  as  that  of  the  trapezoid  or trapezium,  which  is  a  section  of  it. 
Lune.— On  a  line  connecting  the  centres  of  gravity  of  the  two  arcs  at  a point  proportionate  to  the  respective  areas  of  the  arcs. 
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Cycloid. — %  of  radius  of  generating  circle  =  distance  from  the  centre  of 
the  chord  of  the  curve. 

Cone,  Frustrum  of  a  Cone,  Pyramid,  Frustrum  of  a  Pyramid,  and  Un- 
gula. — At  the  same  distance  from  the  base  as  in  that  of  the  triangle,  par- 

allelogram, or  semicircle,  which  is  a  right  section  of  them. 
Spirals. — Plane,  in  its  geometrical  centre.  Conical,  at  a  distance  from 

the  base,  %  of  the  line  joining  the  vertex  and  centre  of  gravity  of  the  base. 
r2_r'2 

Frustrum  of  a  Circular  Spindle.  ̂   ̂  —     z)  ~  distance  fr0™-  the  centre  of  the 
spindle,  h  representing  the  distance  between  the  two  bases,  D  the  distance  of  the 
centre  of  the  spindle  from  the  centre  of  the  circle,  and  z  the  generating  arc,  ex- 

pressed in  units  of  the  radius. 3 
1    <ei  _j_  12)2,  (3  b2 — 2e2)J_2e5 

Paraboloid  of  Revolution.—  -;  ■   =  distance  from Wp  A 
(e2-f&2)a  — e3 

1,2         -  •       VV  v.    "A  *3  "'.  ' vertex,  a  representing  altitude,  b  radius  of  base,  and  e  —  — . 
2i  a 

Any  Plane  Figure. — Divide  it  into  triangles,  and  ascertain  the  centre 
of  gravity  of  each  ;  connect  two  centres  together,  and  ascertain  their  com- 

mon centre ;  then  connect  this  common  centre  and  the  centre  of  a  third, 
and  ascertain  the  common  centre,  and  so  on,  connecting  the  last-ascer- 

tained common  centre  to  another  centre  till  the  whole  are  included,  and 
the  last  common  centre  will  give  the  centre  required. 

Parabola. — 2-5  of  the  height  ==  distance  from  the  base. 
Semi-spheroid  or  Ellipsoid  and  its  Segment,  and  Segment  of  a  Circular 

Spindle. — See  HaswelVs  Mensuration,  pages  281-283. 

SOLIDS. 

Cube,  Parallelopipedon,  Hexahedron,  Octahedron,  Dodecahedron,  Icosa- 
hedron,  Cylinder,  Sphere,  Spherical  Zone,  Spheroids  or  Ellipsoids,  Cylin- 

drical Ring,  Links,  Spindles,  all  Regular  Bodies,  and  Middle  Frustra  of  all 
Spheroids  and  Spindles,  etc.  The  centre  of  gravity  of  these  figures  is  in 
their  geometrical  centre. 

Tetrahedron. — Is  the  common  centre  of  the  centres  of  gravity  of  the  triangles 
made  by  a  section  through  the  centre  of  each  side  of  the  figures. 

Cone  and  Pyramid.— }£  of  the  line  joining  the  vertex  and  centre  of  gravity  of  the 
base  =  distance  from  the  base. 

(r  _|_  r  )  2  _L  2  r  2  1 Frustrum  of  a  Cone  or  Pyramid.  — —  x-jh  —  distance  from  centre J  (r  +  r,)  2  —  r  r /  4 
of  lesser  end,  r  and  r/  in  a  pyramid  representing  the  sides. 

(      vs\ 2 Spherical  Segment.—  3.1416  vs  2  ( r  —J  v»  =  distance  from  the  centre,  vs 
representing  the  versed  sine,  and  v  the  volume  of  the  segment. 

/  8  r  —  3  h\  x  ̂  _  (Usance  from  the  vertex,  h  representing  the  height. \12r  —  4  h) 
Hemisphere.— ■%  r  =  distance  from  the  centre. 
Spherical  Sector.— %     —  %  h)  ==  distance  from  the  centre. 

%r  +  Sh  \  !  =3  distance  from  the  vertex. 
8  J 

Frustrum  of  a  Sphere.—  —^-  —  =  distance  from  the  vertex  of  the  frustrum. "  13  r  —  4  h 
h     a2  h  2) 

Frustra  of  Spheroids.— Prolate.  X  2  _  h  2  =  distance  from  centre  of  sphe- 
roid, a  representing  semi-transverse  diameter  in  a  prolate  frustrum,  and  the  scrni 

conjugate  in  an  oblate  frustrum 
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&^£&$2&      dlSt"nCeS  0f'"e  baSe  "ni  j*  incuts  from 
Semi-spkeroids.-Prolate.  %  a—Oblate.  %  a  =  distance  from  the  centre. 
Segment*  of  Spheroids— Prolate.    %  £±£.  _  Oblate     \  ("+d')a  =  dis 

Segment  of  an  Elliptic  Spindle  at  %  of  height  from  the  vertex. 
J:f™v&SC£riltdleand0fa  Para"0bc  **■*•-*■  HasveWs  Men- Segment  of  a  Hyperbohc  Spindle,  at  %  of  the  height  from  the  vertex. Paraboloid  of  Revolution,  at  %  of  the  height  from  the  vertex. 

Hyperboloid  of  Revolution-  *|±|*  X  h  =  distance  from  tke  vertex,  b  represent- ing  the  diameter  of  the  base. 

Frustum  of  Paraboloid  of  Revolution.-*-!^  %  ̂   distance  from  the  ver- tex, r  and  r,  representing  radii  of  base  and  diameter. 
Fnistrum  of  Hyperboloid  of  Revolution  -  H  {d  +  d">  &  a2  —  d>* -\- d*) R  n2  s],r>  _j_  rf'.j  i  /o    —  aistance 

fcreZeCTthee  "{£.  "tTre",  *  ̂n-trans/er'seVxfsX  distance  from thecLve  ,     ve/}ex  of  figure;  d  and  d>  the  distances  from  the  centre  of 
2    ,  th'cmt""f^  l™ser  and  greater  diameter  of  the  frustrum.  J Segment  of  Paraboloid  of  Revolution,  at  %  of  the  height  from  the  vertex. 

Segment  of  Hyperboloid  of  Revolution.- g|g  x  »  =  distance  from  the  vertex. 
Of  an  Irregular  Eody  of  Rotation. 

volume  ° of'eacf  « J"rVomon°hSiu  ■MqUiftant  ̂ "j™ '  «* 

(A  +  4  A,  +  2  A,  +  4  A3  +  A4)  ̂ V,AA„  etc.,  representing  Ike  volume  of  Ike divisions  and  k  the  height  of  the  body  from  the  base; and  (nA  +  lX4A,  +  2X2A,  +  3y^A:i±4A^  h 
from  {^C+4A'  +  2A2  +  4  Aa  + A*  X  i  =  d,stance  "f  "ntre  of  gravity 

^^X=i7KTLTC^i\l  T=^IZ  f  L0,-rve  is  dWdea  int0  4 
Then  ii><J±i>ilXM  +  2x^X!.6  +  3X4x  1  -f*k:l»    2  5 '  71 5 

1  +  4xa.4  +  2xi.6  +  4xi  +  .T5  XT  =  ns=  -995s 
ana  (1  +  4X2.4  +  2X1.C  +  4x1  +  .15)  X  ||  =  5,  S3  cu4iC  inckes,  tke  volume. 

»  Ve^el  '  °r  o£  an^  Number  of  Weights  i» 

the  weights  and  the  motio.  n  •  s™ofP°  I,ro(lucts      the  sum  of 
of  the  Ton  eaPside  win  nr^I,"8  rt?  '''StanCeS  *  which  the  sum 
weights  a^heU-  Lpectiv^isTanePeS?<,UCe       8am°  effeCtS  as  the  *>™al 

«3  ̂J&SJSJJ?*  Md  »  "      M"«  "■  ».  length  of  »  t-^^I^^ 
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Reduce  the  weights  to  units,  and  add  them  together ;  divide  the  sum 
of  the  distances  by  the  sum  of  the  units,  and  the  product  of  the  quotient 
and  the  respective  units  will  give  the  distances  of  the  contrary  weights from  the  common  centre  of  gravity. 
Example.— The  weights  and  the  mean  distances  from  0,  of  the  engine,  boilers, 

water  in  boilers,  water-wheels,  coal,  coal-bunkers,  spars  and  rigging-,  extra  pieces, and  engine  stores  in  a  steam  vessel  are  as  follows ;  where  is  their  common  centre  of 
gravity  ? 

60 
40 
20 

Engine, Boilers, 
Water, 
Water-wheels, 

Forward. 
60  tons  at  26  feet 
40  "  "  26  " 
30    "    "    4.33 " 

105  tons  at  20  feet. 26 
26 

3.5  " 1560 
1040 
130 

130 54730 

Coal,  140  tons  at  4  feet. 
Bunkers,  20  u    u  3  u 
Spars  and  rigging,  30  u  41  4.33" 
Extra  pieces  and  stores,  5   u    u  22.  u 

Aft. 105  tons  at  20  feet 

2730 
130 

140 20 
20 
5 

290 
2900 

4  1 3  ' 3  5  1 22  ' 

2100 
560 

60 

70 110 2900 

=  21/eef,aiid  -^j  =  10  feet. 
130  and  290,  when  reduced,  become  respectively  1.3  and  2.9.   Then  1.3  -f  2.9  =  4.2, 
and 21+10 7.330D. 4.2 

Hence  7.3809x1.3  =  9.5952  feet  —  the  distance  of  2.9  or  290  from  the  common 
centre,  and  7.3809  x  2.9  —  21.4046  feet  —  the  distance  of  1.3  or  130/rom  the  common centre. 

Consequently  0.595? X 290  =  21.4046x130,  and  21.4046  —  21  —  .4046  feet  ==  the 
distance  aft  of$$  of  the  common  centre  of  gravity  of  the  weights  of  the  entire  mass. 

FRICTION. 

Friction  is  termed  sliding  when  surfaces  move  parallel  with  one  an- 
other, as  on  a  slide  or  over  a  pin ;  and  rolling  when  a  body  rotates 

apon  the  surface  of  some  other,  so  that  new  parts  of  both  surfaces  arc 
continually  being  brought  in  contact  with  each  other. 

The  force  necessary  to  abrade  the  fibres  of  a  body  is  termed  the 
measure  of  the  friction ;  this  is  determined  by  ascertaining  what  por- 

tion of  the  weight  of  a  moving  body  must  be  exerted  to  overcome  the 
resistance  arising  from  this  cause:  the  fraction  expressing  the  ratio  is 
termed  the  Coefficient  of  the  Friction. 

To  Compute  tlie  Coefficient  of  trie  IFriction  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  the  body  moves. 

The  weight  that  moves  a  body  is  the  numerator,  and  the  weight  of  the 
body  moved  is  the  denominator  of  a  fraction,  which  represents  the  coeffi- cient required. 
Illustration— If  by  a  pressure  of  320  lt>.\  the  friction  amounts  to  SO  lbs.,  the  co- 

80 efficient  of  friction  in  this  case  would  be  —  =  .25. 

Hence,  if  the  coefficient  of  friction  of  a  wagon  over  a  gravel  road  was  .^5,  and  the 
load  8400  lbs.,  the  power  required  to  draw  it  would  be  8400 X- 25  =  2100  lbs. 
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Experiments  and  Investigations  have  adduced  the  following  observa- tions and  results : 

1.  The i  amount  of  friction  in  surfaces  of  like  material  is  verv  nearly  pro- portioned to  the  pressure  perpendicularly  exerted  on  such  surfaces. 
2.  With  equal  pressure  and  similar  surfaces,  friction  increases  as  the  di- mensions of  the  surfaces  are  increased. 
3.  A  regular  velocity  has  no  considerable  influence  on  friction  •  if  the velocity  is  increased  the  friction  is  greater,  but  this  depends  on  the  sec- ondary or  incidental  causes,  as  the  generation  of  heat  and  the  resistance oi  the  air. 

4.  Similar  substances  excite  a  greater  degree  of  friction  than  dissimi- lar.   If  the  pressures  are  light,  the  hardest  bodies  excite  the  least  friction. 
5.  Friction  is  diminished  by  unguents.  In  the  choice  of  unguents hose  of  a  viscous  nature  are  best  adapted  for  rough  or  porous  surfaces,  as tai  and  tallow  are  suitable  for  the  surfaces  of  woods,  and  oils  best  adapted for  the  surfaces  of  metals.  1 

6.  A  rolling  motion  produces  much  less  friction  than  a  sliding  one. 
7.  The  friction  of  metals  and  woods  varies  with  their  hardness. 
8.  Hard  metals  and  woods  have  less  friction  than  soft. 
9.  That  without  unguents  or  lubrication,  and  within  the  limits  of  33  lbs pressure  per  square  inch,  the  friction  of  hard  metals  upon  each  other  may be  generally  estimated  at  about  one  sixth  the  pressure. 

-like  That  Within  the  limits  of  abrasion  the  friction  of  metals  is  nearly 

11.  That  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. 
12.  With  woods  and  metals,  without  lubrication,  velocity  has  very  lit- tle influence  in  augmenting  the  friction,  except  under  peculiar  circuim stances. 

13.  When  no  unguent  is  interposed,  the  amount  of  the  friction  is  in  ev 
f£fCa*Le'  *  °lly  V^^dent  of  th«  extent  of  the  surfaces  of  contact;  so that,  the  force  with  which  two  surfaces  are  pressed  together  being  the jame,  their  friction  is  the  same,  whatever  mav  be  the  extent  of  their  sur- iaces  of  contact. 

n,^? '  TllCi  friction  of  a  ho(}y  hiding  upon  another  will  be  the  same,  wheth- er the  body  moves  upon  its  face  or  upon  its  edge. 
15.  When  the  fibres  of  materials  cross  each  other,  friction  is  less  than when  they  run  in  the  same  direction. 
16.  Friction  is  greater  between  surfaces  of  the  same  character  than  be- tween those  of  different  characters. 
17.  That  witli  hard  substances,  and  within  the  limits  of  abrasion  fric- 

tion is  as  the  pressure,  without  regard  to  surfaces,  time,  or  velocity. ' 18.  The  influence  of  the  duration  of  contact  (friction  of  rest)  varies  with the  nature  of  the  substances;  thus,  with  hard  bodies  resting  upon  each other,  the  effect  reaches  a  maximum  very  quickly ;  with  soft  bodies,  verv 
and1" w!t;h  m  £  7  "Pon  wood,  the  limit  is  attained  in  a  few  minutes"; and  with  metal  on  wood,  the  greatest  eflect  is  not  attained  for  some  days. 
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Experiments  witb  TJnguents  interposed.— [Morin.] Coef.of  Friction. 
Materials  and  Surfaces  in  Contact. During  After 

Motion.  Quiesc. 
Beech  upon  oak,  fibres  parallel . . . 
Brass  upon  brass  
Brass  upon  cast  iron  
Brass  upon  wrought  iron  
Cast  iron  upon  brass  
Cast  iron  upon  brass  
Cast  iron  upon  cast  iron  
Cast  iron  upon  cast  iron  . .  
Cast  iron  upon  oak,  fibres  parallel 
Cast  iron  upon  oak,     "  ;t 
Cast  iron  upon  oak,     "  u Cast  iron  upon  wrought  iron  
Copper  upon  cast  iron  
Copper  upon  oak,  fibres  parallel. . 
Elm  upon  cast  iron  
Elrn  upou  oak,  fibres  parallel  
Oak  upon  cast  iron  
Oak  upon  elm,  fibres  parallel  
Oak  upon  elm,     u  "   
Oak  upon  oak,     u  u   
Oak  upon  oak,    u  "   Oak  upon  oak,  fibres  perpendicular 
Oak  upon  oak,    u  u Oak  upon  wrought  iron  
Steel  upon  cast  iron  
Steel  upon  cast  iron  
Steel  upon  wrought  iron  
Steel  upon  brass  
Tanned  ox-hide  upon  cast  iron. . . 
Wrought  iron  upon  brass  
Wrought  iron  upon  cast  iron  
Wrought  iron  upon  cast  iron  
Wrought  iron  upon  elm,  fibres  par. 
Wrought  iron  upon  oak,    u  u 
Wrought  iron  upon  oak,    u  u 
Wrought  iron  upon  oak,    u  w Wrought  iron  upon  wrought  iron  . 

.055 

.053 

.0S0 

.081 

.103 .078 

.314 .197 

.189 .21S 

.078 

.103 .072 

.009 

.000 

.07 .OS 

.130 

.073 

.104 

.075 .0S3 

.25 OdS 

.105 .079 

.0:13 .050 

.305 

.103 .103 .000 .07S 

.250 

.214 

.085 

.082 

.100 

.040 .1 .1 

.103 

.1 

.142 

.178 

.44 .101 .254 

.108 

.1 

.049 

.108 

Tallow. 
Olive-oil. Tallow. 
Tallow. 
Tallow. 
Olive-oil. 
Water. Soap. 

Dry  soap. Greased  and  saturated  with  water. Tallow. 
Tallow. 
Tallow  or  olive-oil. Tallow. Tallow. 
Tallow. 
Tallow. 
Dry  soap. 
Tallow. 
Dry  soap. Tallow. 
Tallow. Water. 
Tallow. 
Tallow. 
Olive-oil. 
Tallow. 
Tallow  or  olive-oil. Greased  and  saturated  with  water. Tallow. 
Tallow. 
Olive-oil. Tallow. 
Greased  and  saturated  with  water. 
Dry  soap. 
Tallow. Tallow. 

j  such  a  relation  to  the  pressure  as  to  Sepa* >sed  stratum  of  the  unguent. 
Note  The  extent  of  the  surfaces  bore  £ 

rate  them  from  one  another  by  an  iuterpost 

tlie  above  Table,  snowing  tlie  Relative 
of  tlie  Substances  and  Unguents  to  re- 

Deductions  from 
Values  of  some 
duce  Friction. 

Substances. Relat. 
Va'ue. 

WOOD  UPON  WOOD. 
Beech  upon  oak,  fibres 
parallel  

Oak  upon  elm,  fibr.  par. 
Oak  upon  elm,  u  u 
Oak  upon  elm,    u  u 
Oak  upon  oak,    u  u METALS  UrON  WOOD. 
Cast  iron   upon  elm, 

fibres  parallel  
Cast  iron    upon  oak, 

fibres  parallel  
Cast   iron    upon  oak, 

fibres  parallel  
Cast    iron    upon  oak, 

fibres  parallel  

Tallow. 
Tallow. 
Tallow. 
Tallow. 
Water. 

Olivc-oil. 
Tallow. 
Lard  and 
tallow. 

Wrought  iron  upon  oak, 
fibres  parallel  

METALS  UPON  METALS. 
Brass  upon  brass  
Cast  iron  upon  brass . . . 
Cast  iron  upon  cast  iron 
Cast  iron  upon  cast  iron 
Cast  iron  upon  cast  iron Cast  iron  upon  copper. . 
Steel  upon  brass  
Steel  upon  cast  iron  
Steel  upon  wrought  iron 
Wrought  iron  upon  cast iron  
Wrought    iron  upon 

wrought  iron  •  •  . . 

Relat. Unguents Value. used. 
G  reased 

.21 
and  wet. 

.91 Olive-oil. 

.09 Olive-oil. 
•  .83 

Olive-oil. .04 Water. .27 Soap. 

.S 
Olive-oil. 

1. 

Olive -oil. 

.06 
Olive-oil. .57 
Olive-oil. 

.8 

Olive-oil. 
.75 Olive-oil 
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Relative  Value  of  Unguents  to  reduce  Friction. 
Unguents. 

Dry  soap  . Lard  . 

Wood 
upon Wood. 

Wood 
upon Metals. 

Metals 
upon Metals. Unguents. 

.4 .32 .27  1 
Olive-oil  

.82 .85 .7 Tallow  
.67 SQ  1 Water  Lard  and  plumbago 

Table  of  the  Coefficients  ofF creased  gradually  up  to 

.22 

Wood  j  Metala 
upon  j  upon Metals.j  Metals T  T 
.93  .8 
.24  .18 

Pressure Coefficient. 

per Square Inch. 
Wrought 
Iron  upon Wrought 

Iron. 

Wrought 
Iron  upon Cast 

Iron. 

Steel 
upon Cast 
Iron. 

Brass 
upon Cast 
Iron. 

Lbs. 
32.5 
ISG 
224 
29S 
336 
390 

.14 

.25 

.271 

.297 

.312 

.370 

.174 

.275 

.292 

.32J .333 

.363 

.100 .3 

.333 

.344 .347 

.353 

.157 

.  225 

'.no 

.211 

.215 

.205 

'riction  under  Pressures  in- the  Limit  of  _A  brasion. 
[G.  Rknnib.] 

Pressure 
Coeff cient. 

per 

Square Inch. 

Wrought 
Iron  upon Wrought 

Iron. 

Wrought 
Iron  upon 

Cast 
Iron. 

Steel 

upon 
Cast 
Iron. 

Brass 

upon 
Cast Iron. 

Lbs. 
485 523 
000 
072 
710 820 

.4C3 

.403 
.360 
.3G0 .3G7 
.370 
.404 
... 

.353 .357 

..'59 

.403 

.221 .223 .234 

.233 .234 

.273 

Results  ofExperiments  upon  Oils  to  determine  their  Rel- ative Permanent  Fluidity  as  exposed  in  Lubrication. [Naysmith.] 

Description  of  Oil. 

Gallipoli . Lard  
Linseed . . 

Duration 
of Fluidity. 

Relative Fluidity. 

9 31.6 
5 17.3 
7 27.5 

Description  of  Oil. 

Fperm,  common  . . Sperm,  best  
Kape-seed  

Relative Fluidity. 

100. 80.1 29. 

Coefficients  of  Friction.- -Leather  belts  over  wooden  drums  47  of  the pressure,  and  over  turned  cast-iron  pulleys  .28  oftlie  pressure. 
Comparative  Friction  of  Steam-engines,  the  Side  Lever taken  as  the  Standard  of  Comparison. 
^mrecf-dction  Engine,  with  rollers  to  slides,  has  a  gain  of  .8  per  cent  and with  parallel  motion  a  gain  of  1.3  per  cent.  1  ' 

\  ibratinrj  Engine  has  a  gain  of  1.1  per  cent. 
Direct-action  Engine,  with  slides,  has  a  loss  of  1.8  per  cent. Experiments  upon  different  steam-engines  have  determined  that  the  fric- tion, when  the  pressure  on  the  piston  is  about  12  lbs.  per  square  inch  does not  exceed  l.o  lbs.,  or  about  one  tenth  of  the  power  exerted. 
The  friction  of  a  double  cylinder  (50-inch  diameter)  direct-acting  con- densing propeller  engme  is  1  25  lbs.  per  square  inch  of  piston  Ml% per cent,  of  the  total  power  developed;  the  friction  of  the  oad  is  9  lbs  her square  inch  of  piston  =  7.5  per  cent,  of  the  total  pressure ;  L  1  e  f  - 

\M$oZel  ̂ !»« square  inch  of  piston = 10-8  <**  ™s  *f 
The  friction  of  a  double  cylinder  (70-inch  diameter)  inclined  condens- 
vtUpT  °ng,ne  WUh  US  l0ad  is  15.Per  cent  ̂  the  ESpjS 

^^tf^c^  thG  is  5       %S  -d  to  work 
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Ltesnlts  of  Experiments  xipon  tlie  Friction  of*  ]Vl'acliinery. [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 
square  inches,  with  11  pair  of  spur  and  bevel  wheels ;  7.65  horses  power. 

A  set  of  three-throw  pumps,  6  inches  in  diameter,  delivering  5000  gal- 
lons per  hour  at  an  elevation  of  165  feet ;  4.7  horses  power,  or  about  13  per cent. 

Two  pair  iron  rollers  and  an  elevator,  grinding  and  raising  320  bushels 
malt  per  hour;  8.5  horses  power. 

An  ale-mashing  machine  800  bushels  malt  at  a  time ;  5.68  horses  power. 
Ninety-live  feet  of  Archimedes  screw  15  inches  in  diameter,  and  an  ele- 

vator conveying  320  bushels  malt  per  hour  to  a  height  of  65  feet;  3.13 
horses  power. 

Friction  Clutch. — Driven  by  a  leather  belt  14  inches  in  width  ;  face  of 
clutch  5  inches  deep ;  broke  a  cast-iron  shaft  6.5  inches  in  diameter. 

Wood  13 carinas  Tor  ̂ Propeller  Sliaft. 
[Results  of  Experiments  btj  Mv.  John  Penn.] 

Bearings. 
^rS.iTime  of  Oration 

Babbit's  metal  on  iron  , Box  on  brass  
Box  on  iron  
Brass  on  brass  
Brass  on  iron  
Brass  on  iron  , 
Brass  on  iron  
Cam- wood  on  brass  
Lign um-vita;  on  brass  . , 
Lignum-vitpe  on  iron  . . , Snake-wood  on  brass  .  . 

Lbs. 
1600  8  minutes.  Rolled  out  sidewise. 
4  ISO  5  minutes.  Not  cut. 
448  ;  0  minutes.  No  wear. 
448  30  minutes.  Little  or  no  cutting. 
44S  30  minutes.  Little  or  no  cutting. 675  1  hour.  Abraded. 

448  )  —  Set  fast  immediately. 8007  5  minutes.  No  wear. 
4000  5  minutes.  No  wear. 
1250  30  hours.  No  wear. 
4001)  5  minutes.  No  wear! 

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. 

Friction  unci  ̂ Resistances  (Screw  Steamer). 
f  By  Vice-admiral  C.  R.  Mooksom,  R.N.] 

Moving  friction  of  hull  07 
Moving  friction  of  load  063 
Moving  friction  of  rotation  of  blades  of  screw  09 
Slip  of  screw  171 
Resistance  of  hull  606 

Side  Lever  Steam-engine.— [J.  V.  Merrick.] 
Friction  to  work  the  air-pump   ,585  to  .7 
Friction  of  weight  of  parts  5      u  .5 
Friction  of  cylinder  packing  15    "  .3 
Friction  of  air-pump  packing  046  "  .092 
Friction  of  valves,  parallel  motion,  resistance  to  air,  etc.  .169  "  .178 .1.45  1.85 

Hence  * *^  ~^         =  1.65  lbs.  per  square  inch.    If  the  journals  are kept  constantly  lubricated,  as  with  automaton  lubrications,  the  friction 
of  weight  will  be  reduced  to  .33,  and  the  pressure  will  be  reduced  from 
1.65  —  .33  to  1.32  pounds  per  square  inch  of  piston  to  work  the  en>  ii:e 
without  load.  The  friction  of  the  load,  according  as  the  journals  i:ru  lu- 

bricated, the  ends  keyed  up,  etc.,  will  range  from  2  to  5  per  cent. 
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ion  or  Steam-engines  in  IPonncls  per  Square  Incli  of DPiston — {Condensing-.) 
Diameter  of 
Cylinder. 

Oscillating 

and  ° 
Trunk 

Beam  and Geared. Direct  act- 
ing and Vertical.  1 

Diameter  of 
Cylinder. 

Oscillating and 
Trunk 

Beam  and (beared. Direct-act- ing and Vertical. 
10 15 
20 25 
3) c5  1 

5 
4 
3  5 
3 
3 2.6 

6 
5 
4 
3.G 
3.5 
3 

7  1 
6 
5 
4.5 4 3.5  J 

50 
60 
70 bO 

100 110 

2.5 
2.4 
2.3 
2 1.6 

1.5 

2.7 

2.6 
2.5 2.3 

2.2 ,  2 

3.3 
3 
2.7 

2.6 
2.5 
2.1 

^^y:T^L^m'-^e  llseful  effect  or  modulus  of  a wfth  tw^lh^fja2?°?  W^1C)1  ?*P***a  the  value  of  the  work  compared with  the  power  applied,  which  is  expressed  by  unity. Bucket  wheel   GO 
Vrnh  ..-..'t'.!  !S0 Endless  screw  50 

Inclined  chain  pump  40 Screw  press  
Vertical  chain  pump  fc.  .50 

Application  or  the  preceding  Results. 

1000xl0_ 
100  "  -  10a  t0ns  =  tke  P°wer  'Wired  to  draw  the  vessel  independent  of faction 
m^ObiSS^iSSV  °f  Wrought  iron  on  bast>in  an  axle  bearing, .»n  o.    Katio  ot  ditto  of  cast  iron  upon  cast,  say  ,0(J5. -  the  100  tons  he- 

ex^S^Mffi  by  friCti°n  "  axlGS  aild  be 

-^p  -  ̂/representing  the  coefficient  of  the  friction,  d  the  diameter  of  the  axle in  inches,  and  r  the  number  oj  revolutions  per  minute 

20.000X.07XSX20 —  973.93  lbs. 

IIenc2 Pv 
2^0 

'  Mwo-horscsP°*cr;v  representing  circumference  of  shaft  infect  X  by revolutions  per  minute. 
fiiction g,lides  or  «w 

U)Xv/(5^-*;;)~P'  5  Wantons  the  stroke  of  the  cross-head,  and  I  the  length of  the  connecting  rod  infect. 

On  the  Traction  of  Carriages,  and  the  Instructive  EHectK tliey  produoe  on  Itoa, Is.  -  {,  j,  M<>aiN  3 
The  effects  produced  when  a  carriage  is  moved  over  a  road  are  divided mto  two  parts-the  traction ot  the  carriage,  and  its  act io„ i  upo,  th  ■  w 

in  J      plasters' aml  hard  bbtfies  ■»     «>«  SiE^% 

^  SgSfe't^  «  2-  Aversely  proportional  to  the  dian,- 
&  Is  din,i,,i 'l.ed.1  r0l*er8,    3-  °reatCr  aS  the  brefl<lt»  of  «*•  P*y  «!.  con- 



348 FRICTTOX. 

The  relation  or  ratio  between  the  load  and  the  traction,  upon  a  level 
road,  is  approximately  given  by  the  following  formulae  : 

XJfs  F 
For  Carriages  with  Two  Wheels :  —y-  at  — . 

For  Carriages  -with  Four  Wheels .  2  K^/ftP  =       U  representing  the  constant 

tXt' 

multiplier  in  the  following  table,/  the  coefficient  of  friction,  s  the  mean  radius  of 
the  journals.,  r  the  radius  of  the  wheels,  t  and  V  the  radii  of  the  fore  and  hind  wheels, 
F  the  horizontal  component  of  the  traction,  and  W  the  total  weight  or  pressure  on the  road 

Ta"ble  of  tlie  Results  of  some  Experiments  wliicli  were 
made  at  a  "W allying  Pace. 

Artillery  wagon  

Cart  without  spring-?. 

Cart  with  springs. 
Carriages  with  six  wheel 
Two  connected  carriaj 

with  six  wheels  eacl; 

leels  1 

ges,  > 

(Good  sand  and 
i  dry  
(Hard  gravel 
(    and  dry  
(Ordinary  sand 
(    and  muddy . 
Sand,  rutted and  muddy 

Weight  in 
rounds. 

T  mot  ion 
in 

Pounds. 
Ratio  of 

Traction  to 
Load. 

15417 39$ 1  to  38.6 
10099 251 1  to  40.2 

(15713 

TOG 1  to  51.3 
■<  9S12 

206 1  to  47.7 

(  7563 
151 

1  to  50.2 
B52S 

87 

1  to  40.8 
11017 COO 1  to  36.8 
0015 

306 1  to  21.6 
13230 632 1  to  21 

An  examination  of  the  table  furnishes  the  following  results  among 
others  : 

On  hard  roads  the  traction  is  sensibly  proportionate  to  the  weights  of 
the  carriages,  other  elements  being  equal,  and  within  certain  limits  the 
traction  is  independent  of  the  number  of  wheels. 

Influence  of  the  Diameter  of  Wheels. — The  results  of  experiments  show 
that  on  solid  roads  it  may  be  admitted  as  a  law  that  the  traction  is  in- 
versel}T  proportionate  to  the  diameters  of  the  wheels. 

Influence  of  the  Width  of  Wheels. — Experiments  made  upon  wheels  of 
different  breadths,  having  the  same  diameter,  give  the  following  results  : 

1.  On  soft  grounds,  the  resistance  to  rolling  increases  as  the  width  of  the 
felloe.  2.'  On  hard  ground  and  roads  of  like  firmness,  the  resistance  is  very nearly  independent  of  the  width  of  the  felloe. 

Influence  of  Velocity. 

Vehicles. Roads. Loads. Speed  in Miles 

per  Hour. 
Trac- 
tion. Ratio  of Traction  to 

Load. 

Carriage  on  a  brass  shaft. . . ("Wet  gravel) 
(  and  soft  j Lbs. 2:;oo 3.13 

6.26 

Lbs. 364 
370 

1  to  6.3 
lto  6.2 

16-11).  carriage  and  piece  . . . (Hard  gravel,) 
\  even  and  dry) S270 

2.82 3.4 

8.45 

203 203 267 1  to  40.8 1  to  40.3 1  to  31 

(  Good  sand  . .  "i 7250 
2.77 318 1  to  22.8 

(Good  sand  . .  ) 7400 
5.28 
S.C5 355 406 

1  to  20.8 1  to  IS. 3 

The  results  show  that  on  soft  grounds  traction  has  no  sensible  aug. 
mentation  with  an  increase  of  velocity,  but  that  on  solid  and  uneven-sur- 

faced roads  it  increases  with  an  increase  of  velocity  and  in  a  greater  de- 
gree, as  the  surface  is  uneven  and  the  vehicle  has  less  spring. 
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Experiments  made  with  the  carriage  of  a  siege  train  on  a  solid  travel road  and  on  a  good  sand  road  gave  the  following  deductions:  1.  That  at a  walk  the  traction  on  a  good  sand  road  is  less  than  that  on  a  good  firm gravel  road.  2.  That  at  high  speeds  the  traction  on  a  good  sand  road  in- creases  very  rapidly  with  the  velocity.  Thus  a  vehicle  without  springs on  a  good  sand  road,  gave  a  traction  2.64  times  greater  than  with  a  simil lar  vehicle  on  the  same  road  with  springs. 
Friction  of  Roads.— According  to  Babbage  and  ethers,  the  friction  of roads  is  as  follows  :  A  wagon  with  its  load  weighing  1000  lbs  reauims  i traction,  &  '  4 
In  loose  sand   of  250  lbs.,  or  .25  of  the  load. fresh  earth   "140    "   6r  .125  " 
Common  by-roads   u  106    "or  .1  " 
Hard  drv  meadow   L>    40    »•    0r  04  M 
Dry  high  road   -    25    'l    or  !<)25 
Macadamized  road    «    33    •*    or  033  " 
KaH-roads  6  lbs.  to  3.5   m   or  J  -0035  « 
Lpon  well-paved  roads  the  friction  is   .i-st  part  of  the  load. Lpon  graveled  roads  the  friction  is   JL  « 
Upon  fresh  earth  the  friction  is   « 

IFriction  and  Rigidity  0f  Cordage. 
Experiments  by  Amonton  and  Coulomb,  with  an  apparatus  of  Amon- 

ton's,  furnish  the  following  deductions  : 
1.  That  the  resistance  caused  by  the  stiffness  of  cords  about  the  same or  like  pulleys  varies  directly  as  the  suspended  weight. 
2.  That  the  resistance  caused  by  the  stiffness  of  cords  increases  not  only in  the  direct  proportion  of  the  suspended  weights,  but  also  in  the  direct proportion  of  the  diameter  of  the  cords. 
Consequently,  that  the  resistance  to  motion  over  the  same  or  like  pul~ leys,  arising  from  the  stiffness  of  cords,  is  in  the  direct  compound  propor- tion of  the  suspended  weight  and  the  diameter  of  the  cords. 
3.  That  the  resistance  to  bending  could  be  represented  bv  an  expression consisting  of  two  terms,  the  one  constant  for  each  rope,  and  each  sheave or  drum ;  the  other  proportional  to  the  tension  of  the  end  of  the  rope which  is  being  bent. 
4.  That  the  resistance  to  bending  varied  inversely  as  the  diameter  of  the sheave,  or  drum. 

5.  That  the  complete  resistance  is  represented  by  the  expression  S  +  C  T, 
8  rr  presenting  constant  for  each  rope  and  sheave,  and  which  expresses  the natural  stiffness  oj  the  rope;  T  the  tension  of  the  rope  which  is  being  bent which  is  expressed  byCT;  C  being  a  constant  for  each  rope  and  sheave) and  d  the  diameter  of  the  sheave,  including  the  diameter  of  the  rope. 

C>.  That  the  stiffness  of  tarred  ropes  is  sensibly  greater  than  that  of  white ropes. 
Extending  the  results  obtained  by  Coulomb,  Morin  furnishes  the  fol- lowniQ  formula 

For  White  Ropes  :  ~  (.00215  -j-  .C01TT  n  -f  .0012  W)  =  R. 

For  Tarred  Ropes:  ~  (.01054  +  .0025 n  +  .0014  W)  =  I?,  R  representing  the 
riffOy  m  pounds,  n  the  number  of  yarns,  d  the  diameter  of  the  sheave  in  inches and  the  rope  combined,  and  W  the  weight  in  pounds Gg 
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Illustration.—  What  is  the  value  of  the  stiffness  or  resistance  of  a  dry  white 
rope  having  a  diameter  of  GO  yarns,  which  runs  over  a  sheave  6  inches  in  diameter 
in  the  groove,  with  an  attached  weight  of  1C00  lbs.  ? 
Assume  the  diameter  for  GO  yams  to  be  1.2  ins. 

Then12xG->  (.00215 +  .001T7xG0-f  .0012x1000)  —  100x (.00215  +  .10620  -f  1.2) 
=  100Xl.3*0S35  =  130.S35  lbs 
To  Compute  tlie  Diaxheter  of  a  Hope  from  tlie  INTnnVber 

of  Yarns,  and  contrariwise. 
For  White  Ropes:  y/(M01Z9  n)  —  dwm.  in  ins.  For  Tarred  Ropes:  VC-02SS3  n) 

~  diam  in  ins.  For  White  Ropes:  d2-^  .020739  ==  number  of  yarns  For  Tarred 
Ropes:  d2^-.02SS3=  number  oj  yarns. 
Example  The  number  of  yarns  in  a  white  rope  is  60;  what  is  its  diameter? 

V.020739X60  =  1.116  inches    Or,  =  CO  yarns. 
The  value  of  the  natural  stiffness  of  ropes  increases  as  the  square  of 

the  number  of  threads  nearly,  and  the  value  of  the  stiffness  proportional 
to  the  tension  is  directly  as  the  number  of  threads,  being  a  constant  num- 

ber. 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  considerably  less. 

Wire  ropes,  newly  tarred  or  greased,  have  about  40  per  cent,  less  rigidi- 
ty than  untarred  ropes. 
Friction  of  Axles—  With  axles  the  friction  of  motion  has  alone  been 

experimented  upon.  When  the  weight  upon  the  axle  and  the  radius  of 
its  journal  is  given,  the  mechanical  effect  of  the  friction  may  be  readily  de- termined. 

The  mechanical  effect  absorbed  by,  or  of  friction,  increases  with  tlie 
pressure  or  weight  upon  the  journal  of  the  axle  and  the  number  of  revo- lutions. 

The  friction  of  an  axle  is  greater  the  deeper  it  lies  in  its  bearing. 

Coefficients  of  Axle  Friction.-  [M  Morin  ] 
Condition  of  the  Surfaces  find  Unguents. 

Dry  and a  little Greasy 

Greasy 

and  wet- ted with Water. 

Oil,  Tallow,  or  Lard. 

Very  so!'t 
and' pun- 

In 
 the

 
usu

al 
way

. fled  Car- 
nape 

G tease 
.097 .049 

.194 .161 

.0;5 

.04 .065 
.079 .075 .051 .1S5 .1 

.0'J2 

.io.) .116 

.07 .251 .is5 .075 
J 154 

.09*
 

.075 m .183 .125 

Itell  metal  upon  bell  metal  
Cast  iron  upon  bell  metal  
Cast  iron  upon  bell  metal  
Cast  iron  upon  cast  iron  ,  
Cast  iron  upon  lignum-vita3  
Lignum-vitse  upon  cast  iron  
Lignum- vitse  upon  lignum-vitse  . , Wrought  iron  upon  bell  metal  
Wrought  iron  upon  cast  iron   
Wrought  iron  upon  lignum-vite 

The  friction  of  the  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. 

If  the  journal  of  an  axle  revolves  in  a  nave  or  eye,  the  radius  of  the 
friction  path  is  the  radius  of  the  nave  or  eye. 



fiuctiox.  351 

lh»  i<*™»l  ol  an  axle  lies  in  a  prismatic  bearing,  as  in  a  triangle 
l  -  .V,  *  V'T  1S  Sreater>  as  ̂ ere  is  more  pressure  on,  and  consequent! 
th,?  nf  Z  r  I0"  "\contlxct-  in  a  triangular  bearing  it  is  about  double tnat  01  a  cylindrical  bearing. 
To  Compete  the  ̂ Mechanical  Effect  of  Friction  on  tlie 
p  (  f-yy  r  J ovLrnal  of  an  Axle. 

SO      =  Fl  *  *«         o/rtc  Attmjfcnnef  o/-a  circle  to  its  diame- 
ter i  the  number  of  revolutions,  and  r  the  radius  of  the  journal  in  feet Examtms.  —The sweight  of  a  wheel,  with  its  axle  or  shaft  resting  on  its  iournafe  \m 

%  ;«the  journals  2  inches;  and  the  mum™  o 'revohuti oO;  ̂   hat  is  the  mechanical  effect  of  the  friction,  the  coefficient  of  it  being  .16  ? 3.1416X30X. 16x300x1  ^  12     452  4 
3U  =  -^-=15.0$  lbs. 

By  the  application  of  friction-wheels  (rollers)  the  friction  is  much  re- duced, and  the  mechanical  effect  then  becomes,  when  the  weights  of  the friction-wheels  are  disregarded,  to 
ptfWr  T' 

30      X  a'  cos  a~^~  Fl  T>  r(presmtinS  the  radii  of  the  axles  of  the  friction- 
Zhre,€n' f fth€  TC\tU  °nhe  fricU™-wheels.  and  a  the  angle  of  the  lines  of  dl icction  between  the  axis  oj  the  roller  and  the  axis  of  the  fricuiiZilels 

When  a  single  Friction  wheel  is  used,  -P~f.  x /w  =  F,  and  -  JL.  =  F',  F'  rep^ 
resenting  the  mechanical  effect  r  —  a' 
JSSS^i^inSSS  and,  !S  8,?3  niakin"  5  evolutions  per  minute,  wetetis oOOOO  lbs.  ,  ts  diameter  and  that  of  its  journals  rtre  32  feet  nnd  10  inche<=  The 
journal*  rest  upon  a  friction-wheel,  the  radius  of  which  is  ftdS  ̂ S^iJm 
ti&EPP'l  WhnPr[eHat  th6  ™c™fZncQ  °fthe  ul,rel  »eces,ary  to  overcome  the l\  TZ?r  ■  I  V*  the  mecl,amcal  effect  of  the  friction?  3.  What  is  the  reduc turn  of  friction  by  the  use  of  the  friction-wheel? 
The  coefficient  of  friction  is  assumed  to  be  .075. 32-2x12 
l9t'  ~To~~T~  ~  'iS  4  tim€S>  1  e  ' the  circumference  of  the  wheel=.Z$A  times  that nF4>        ,      ,T        30000  x.  075 

of  the  axle.    Hence  -  53.59  lbs.  =  power  required  at  circumference  to overcome  friction  at  axle 
oH  10  X  3. 141 C 

12       —  ■j  61S       =  distance  passed  by  friction 
1  2  018x5 

Consequently,       g— .  =pitSl  feet  =  distance  passed  by  friction  at  5  revolutions in  one  second,    lleuce  .2151  X'2550  ( 3000  X.  075)  =400.71. 
^  3d.  1  -f-  5  ra^itts  */  friction-axle  ~  by  radius  of  friction-wheel.  Hence 3&4X.2=  T.03  ̂ friction  referred  to  circumference  of  wheel,  and  4°"'71- 98.142 
=  mechanical  effect  by  application  of  friction-wheel  =  a  -eduction  of  four  fifths. fiction  of  Pivots.-Friotion  on  Pivots  is  independent  of  their  velocity and  increases  in  a  greater  degree  than  their  pressures.  3  ' 

8urfateifM      COmCal  Dmm9*  is  ̂eater  tll;m  w'fth  like  elements  on  plane 
WiU^Tr  r^h"  P°Ant  °f  a  Piv?^  as  t0  ifcs  acutene^  affects  the  friction  : 
f  or  Tf  ,  ?S  V  °  ln°St  adv*ptageou8  angle  for  the  figure  ranges Horn  o()   to  45°  ;  with  less  pressure  it  may  be  reduced  to  10°  and  12°. Relative  Value  of  Angles  ofPivots. 
6°  1.     [15°  66  145?   no 
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Relative  Values  of  different  Materials  for  use  as  IPivots. 
Agate  83  I  Granite   1.     |  Tempered  steel ...  .44 
Glass  55  I  Rock  crystal  76  J 

The  friction  of  a  pivot  approximates  so  near  to  that  of  sliding  and  axle 
friction,  that  the  following  coefficients  are  used : 

Coefficients  of  tlie  Friction  of  IMotioii. Co ndition of  the Surfact s  and  Unguen 
ts. 

Substances. 

g< 

o 

'I 

| CO 

Pi  . 
II 

>, 

"S 

> 

•t 

Q 5 H G 

O  " 

(On  wood 
(On  iron. 

.45 .33 
.15 .19 Mean . . . .18 .31 .07 

.09 .09 .20 

•M 

Sole-leather,  smooth,  upon  wood (Raw  ... 
.54 .36 .16 .20 \Diy.... 
.34 

.31 .14 .14 Mean . . . 
.42 

.24 
.06 

.07 .08 .20 .14 
.36 

.25 

.07 .07 .15 .12 

To  Compute  tlie  IVTeclianical  Effect  al)  sorted,  "by  tlie  Fric- tion of  Pivots. 

It  is  necessary  to  have  the  coefficients  of  friction,  and  to  know  the  mean 
space  which  the  base  of  the  point  describes  in  a  revolution. 

When  the  Section  is  that  of  a  Parallelogram,  |^/Wr  =  F,  r  representing  the 
radius  of  the  base  in  feet. 
Example. — A  vertical  shaft,  having  a  pivot  or  journal  at  its  base,  1  inch  in  diame- 

ter, with  its  superiucumbent  wheel,  weighs  360  lbs.,  and  makes  100  revolutions  per 
minute  ;  what  is  the  friction,  and  what  the  loss  of  mechanical  effect? 

The  coefficient  of  friction  is  assumed  to  be  .1 ;  then  .1x360  =  36  lbs.  The  space 
per  revolution  =  4 x3.14166x. 5  of  ̂   =  4.183X. 0416  =  .1746 feet. 

Hence  the  mechanical  effect  per  revolution  =  36X.1746  =  6.2S56  lbs. ;  and,  as  the 
shaft  makes  100  revolutions  per  minute,  -— X6.2S5G  =  10.476  lbs. b0 

When  the  Section  is  that  of  a  Ring  having  Sections  of  a  Parallelogram, 
t  /r3-r'3\  _  F 

a  \r2  _  r>2]  -  ■ Example.— The  elements  the  same  as  in  the  preceding  example,  with  the  excep- 
tion that  the  radii  of  the  ring  are  taken  instead  of  the  radius  of  the  journals.  Thus, 

the  external  and  internal  diameters  of  the  ring  are  1  inch  and  5  inches. 

fx--*  8=3  °fT3  -  &<3 
Hence  the  mechanical  effect  per  revolution  =  36X.2036  ==  7.3206  lbs.,  and  ̂ \f  x S.G296  =  12.216  lbs. 4  Wr 
When  the  Section  is  that  of  a  Triangle,  -  pf-  =  P.  a  — the  half  of  the  an- J  3      sin. a 

gle  of  the  vertex  of  the  triangle. 
Example.— The  elements  the  same  as  in  the  first  example,  with  the  addition  of 

the  angle  a  =  30°. 
^X3.UlGX-A-XJ3.  =  4.1SSXvX.04166  =  .1740. 3  sin.  a    *4  .5 

Hence  the  mechanical  effect  per  revolution  =  36 X. 1746  =  6. 2SG  lbs.,  r.nd  \PC?-X G.  286  =  10.476  lbs. 
Note  -When  the  ends  of  pivots  on  vertical  shafts  are  rouaUod,  the  friction  is  not 

diminished  thereby. 
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_  Rolling  Friction.— Rolling  Friction  increases  with  the  pressure,  and  is inversely  as  the  diameter  of  the  rolling  bod}-. 
For  rolling  upon  compressed  wood,  /=  .019  to  .031. 
When  a  Body  is  moved  upon  Rollers  and  the  Power  applied  at  the  Base  of  the 

Body,  (f+f)  -  —Y,fandf  representing  the  coefficients  of  friction  of  the  two surfaces  upon  which  the  rollers  act. 

When  the  Power  is  applied  at  the  Circumference  of  the  Roller,  /—  =  F. r 

When  the  Power  is  applied  at  the  Axis  of  the  Roller,  f   W  —  F 

FRICTION  OF  MACHINERY  AND  TRAINS  ON  RAILWAYS. 
To  Compute  the  Resistance  to  a  Train,  on  a  Railway. 
Let  P  represent  the  power  requisite  to  draw  a  weight  W,  including  its  friction  on a  plane  with  a  rise  of  h  feet  m  100 ;  It  the  power  requisite  to  draw  W  on  the  plane 

exclusive  of  friction;  and  let  F,  the  friction,  be  —  =  an  n  part  ofW, 

By  the  formulae  f«-  inclined  planes,  R— ~~,  and  P  -  R  4-  F  -  (—  4-  ̂  
loo  \  Vioo^w/* lT         100  nP  /?7i4-100vW Hence  ■  —  W.  and  — L  —  P 

A7t-H100     >V,ana        ioo »  ~J- 
iLi.usTHATiON.-lf  a  train  of  30  tons'  weight  is  drawn  on  a  level  rail-road,  what power  is  necessary  to  overcome  the  resistance  or  friction,  it  being  8  lbs.  per  ton  ? 2240  -r-  S  =  230  =  hence  the  resistance  =   *    of  the  weight. 

W     30X2240     n  *  ° 1  ==  F  =  —  —  —  940   h  «f 

a  fo^ rf5^o«!  °f  *i  raUW7  1  2  feGt  5n  100  feCt  5  Wl,at  P°w  is  ̂ ""^  to  draw a  load  of     tons  up  the  grade,  the  coefficient  of  friction  being    i    or  n  =  2S0  ? 2X280  +  100x50x2240  _  73920000  _ 
10UX2S0  -  "  2S000    ~  2049 

To  Compute  the  Rower,  Speed,  or  Time  of  Running  a Locomotive  or  Train   upon  a  Railway. 

miles  l^f,T!al-  Plref-^.  11  represent  the  horses'  power,  S  the  space  in miles  passed  over  in  the  time  t  in  minutes,  and  W  the  weight  in  tons. 1.2S+WXS  nt  L2SWXS  Ut 

t^1;tSr^!j^,Srd  power  ofa  locomotive  to  draw  a  triiin  of  45 1.28x45x50  2S80 
00  CO -  4S  horses. 

<&>        it*"*™ of  50  horses' poW' d,win? a  t,-ain  °f  ™ 1.28x135x80  13824 
50        —  —^——276.24  minutes. 

Zfef™2  Pl(me-Ut  h  represent  the  rise  or  fall  of  the  plane  in 
?56(g± WX8 t  ___J0g0<XH^__   .  256  (5  ±  14*)  WXS 1000  *  256  (5  ±  14  A)  W       '  1000 11  =  '  ; 1000  fXH     _         1000  «XH~1280  WXS 

mi&±uh)B~~    >  35sTwxs  
•  Tim  constant  represents  a  coefficient  of  friction  of  1-230  of  the  weight  of  the  train 

Go* 
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Illustration.— A  train  of  40  tons  in  weight  ascends  a  road  having  a  rise  of  2  feet 
in  100  at  a  speed  of  15  miles  per  hour;  what  is  the  power  of  the  engine  ? 

256 X  (5  +  14X2)  X 40X15     5068800  a.'a. 
 1000X  60  =-6000-  =  84  48  k°rSeS- Note. — When  the  train  or  load  descends  a  plane,  h  must  he  taken  negatively,  or 

— ,  as  gravity  in  this  case  assists  the  moving  power ;  it  also  appears  that,  when  —  h 
—  5-14  of  a  foot,  no  moving  power  is  required  to  draw  the  train. 

2. — A  train  of  00  tons  descends  a  road  falling  3  inches  in  100  feet  with  a  speed 
of  50  miles  per  hour;  what  is  the  horses1  power  exerted  by  the  engine? 

Here  k  is  negative,  and  3  inches  =  .25  feet. 
256  X  (5  —  14.25)  X  50x60  1152000 

IOuOxOO  6000 :  19.2  horses. 

Friction  of  Locomotives  and.  Railway  Trains. 
Locomotive  moving  friction   15  lbs.  per  ton. 
Trains  u         u    6  "     "  1 

Friction,  developed  in  tlie  Laxancliing  of  "Vessels. 
Experiments  made  by  a  committee  of  the  Franklin  Institute  on  the  fric- 

tion of  launching  vessels  gave,  when  the  pressure  or  weight  was  from  2280 
to  3560  per  square  foot,  a  coefficient  of  -i-  =  .0335. 

STABILITY. 

Stability,  Strength,  and  Stiffness  arc  necessary  to  the  permanence 
of  a  structure,  under  all  the  variations  or  distributions  of  the  load  or 
stress  to  which  it  may  be  subjected. 

Stability  of  a  Fixed  Body  is  the  power  of  remaining  in  equilibrio  with- 
out sensible  deviation  of  position,  notwithstanding  the  load  or  stress  to 

which  it  may  be  submitted  may  have  certain  directions. 
Stability  of  a  Floating  Body. — A  body  floating  in  a  fluid  is  balanced,  or 

at  rest,  when  it  displaces  a  volume  of  the  fluid,  the  weight  of  which  is 
equal  to  the  weight  of  the  floating  bod}-,  and  when  the  centre  of  gravity of  the  floating  body  and  that  of  the  volume,  from  which  the  fluid  is  dis- 

placed, are  in  the  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  does  not  tend  to  deviate 
further,  or  to  recover  its  original  position,  its  equilibrium  is  termed  Indif- 

ferent; when  it  tends  to  deviate  further  from  its  original  position,  its 
equilibrium  is  Unstable ;  and  when  it  tends  to  return  to  its  original  posi- 

tion, its  equilibrium  is  termed  Stable. 
A  bod}r  in  equilibrio  may  be  stable  for  one  direction  of  stress,  and  un- stable for  another. 
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Assume  figure  to  represent  the  cross- section  of  the  hull  of  a  vessel,  G  the centre  of  gravity  of  the  hull,  w  I  the 
water-line,  and  c  the  centre  of  buoy- ancy  of  the  immersed  section  in  the position  of  equilibrium.  Conceive  the -  l  vessel  to  be  heeled  or  inclined  over  so that  ef  becomes  the  water-line,  and  b the  centre  of  buoyancy  of  the  immersed section  ;  produce  b  M  and  the  nnint  HI 

is  the  meta-eentre*  of  the  hull  of  the  vessel.  !  P     %  M 
The  Comparative  Stability  of  different  hulls  or  vessels  is  pronortiomte 

to  the  distance  of  G  M  for  the  same  angles  of  heeling,  or  of Pthe  c  LtTnce G  d  The  oscillations  of  the  hull  of  a  vessel  may  be^revolved  mto  a  ro  f- mg  about  its  longitudinal  axis,  pitching  about  its  transverse  axis  and vertical  pitching  consisting  in  rising  and  sinking  below  and  above  X position  of  equilibrium. 
If  the  transverse  section  of  the  hull  of  a  vessel  is  such  that,  when  the vessel  heels,  he  level  of  the  centre  of  gravity  is  not  altered,  then  her  roll! mg  will  be  about  a  permanent  longitudinal  axis  traversing  her  centre  of grayty,  and  it  will  not  be  accompanied  by  any  verticafoscillations  or 

B^t  f  Stnnth  16  mHn0fie?^  AviU  be  constaut  whil*  she  rolls Jiut  if ,  >vhen  the  vessel  heels,  the  level  of  her  centre  of  gravity  is  altered then  the  axis  about  which  she  rolls  becomes  an  instantaneous  one  and  the moment  of  her  inertia  will  vary  as  she  rolls;  her  rolling  must  Sen ̂nec- essarily be  accompanied  by  vertical  oscillations.  '  ' 
Such  oscillations  tend  to  strain  a  vessel  and  her  spars,  and  it  is  desira- ble, therefore,  that  the  transverse  section  of  her  hull1  should  be  such  that the  centre  of  its  gravity  should  not  alter  as  she  rolls,  a  condit  on  wh ich  is always  secured  if  all  the  water-lines,  as  w  I  and  e  f,  are  tangents  to  a  com mon  sphere  described  about  G;  or,  in  other  imrd£^'i^XVt£^ 

two  centres  of  gravity  of  the  body  and  of  the  displacement.  °C^eentlle 
To  Determine  the  Measure  of  the  Stability  of  the  Hull  of a  Vessel  or  of  a  Floating  33ody. 
The  measure  of  the  stability  of  a  floating  body  depends  essentially  unon 
£  SSfft,?  *  *  the  ̂-L^/of  tL  body  from  tlL7Z 

r.  u- "  "       f~,"~X,~1^\"llv'c'  u  iU>  JS  represented  by 
n,  lmg  c  M  «  the  measure  of  stability  on  g  is  determined by,P  r, I  in.  M  =8;  and  this  is  tlierefore  the  greater,  the  greater  tiie  weight  of 
gravity  of  the  Body,  and  the  greater  the  angle  of  inclination  of  this  or  of 

Kl«  ranges  from  60*  to  <2()"         cireuill8tan<-e*,  w  oi  niobable  occurrence;  in  different  vessels  this  an- 
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Illustration.  —  The  weight  of  a  floating  body  is  6515  lbs.,  the  distance  between 
Us  centre  of  gravity  and  the  meta-centre  is  11-32  feet,  and  the  angle  M  is  20°. Hence  S  —  5515 X 11. 32  X. 34202  =  21352.24  lbs. 

To  Compute  tlie  Elements  of  Sta"bilit y  of  a  Floating  I3od^. 
A/    _         s     _  A,a  A, a As=A,a  ;  —  a  =  s ;  - — —  =  g ;  - — - — —  —  g         ±_  e  sin.  Isi  —  c;  — — —  —r, A  sin.  M  A  sin.  M  A  sin.  M 

and  sin.  Mr  =  c,  A  representing  area  of  immersed  section;  A,  the  section  immersed 
by  the  careening  of  the  body,  as  woe;  s  the  horizontal  distance,  cr,  between  the 
centres  of  buoyancy ;  a  the  horizontal  distance  between  the  centre  of  gravity,  ii,  of 
the  areas  immersed  and  emerged  by  careening;  g  the  distance,  cM,  below  the  cen- 

tre of  buoyancy  of  the  body,  or  of  the  water  displaced  and  the  meta-centre ,  r  the 
distance  between  the  centre  of  gravity  of  the  body  and  the  meta-centre  ;  c  the  hori- 

zontal distance,  Gd,  between  the  centre  of  gravity  of  the  body  and  of  the  line  of  dis- 
placement of  it  when  careened,  all  in  feet ;  and  M  the  angle  of  careening  of  the  body. 

Note.— When  the  centre  of  gravity,  G,  is  below  that  of  the  displacement,  c,  then  e 
U  -4- ;  when  it  is  above  c,  it  is  —  ;  and  when  it  coincides  with  c,  it  is  0;  cr  c  is  — 
when  p  <s;  and  a  body  will  roll  over  when  e  sin.  M  =  or>s. 
The  other  elements  of  the  body  above  given,  deduced  by  the  formula?,  etc.,  arc, 

A  =  8G,  Aj  —  21.5,  a  =  14.8,  s  — 3.7,  r=  11.32,  g=  10.82,  Cj±=3<ST,  e  =  +.5,  b  = 21.5,  and  V—  5515,  b  representing  the  breadth  in  feet,  and  V  the  weight  or  displace- ment of  the  body  in  lbs. 

Of  the  Hull  of  a  Vessel—  (10  7  t*  v^  ±  P)P'  sin-  M'r=Sj  d  cos.  %M=z  d\  d representing  depth  of  centre  of  gravity  of  displacement  underwater  in  equilibrium, 
and  d'  the  depth  when  out  of  equilibrium,  all  inject. 

10.7  to  13  A  =  « '  STM  ̂  T  r)  =  ±C:  P  (T  +  7*E™  =  S ;  °nd  P(S  ± c  sin.  M)  —  S. 
Illustration — The  displacement  of  a  vessel  is  10  000  000  lbs. ;  nrea  of  immersed 

section  800  square  feet ;  vertical  distance  from  centre  of  gravity  of  hull  up  to  the 
centre  of  buoyancy  or  displacement,  1.0  feet ;  and  horizontal  distance  between  the 
centres  of  gravity  of  the  areas  immersed  and  emerged,  when  careened  to  an  angle 
of  9°  10' =  33.4  feet,  the  immersed  area  being  50  square  feet. 

Hence  ,  =  ̂x33.4  =  2.0875/ta ;  g  =  2^  =  13.1  feet ;  r=  |j|  -  Kfeet ; 5>x33  4    /SOy0,**  4   \ 
c  =  ——~  j-  1.1) x.  1593  =  2.39  feet;  S  =  10  000  000  -f 1.9 X.  1593  )  — but)  \    800  / 
C3  901  700  lbs.;  or  S  =  10  000  000  (2.0ST5  +  1.9X-1593)  =  23  901  700  lbs. 

2.— The  length  of  a  hull  is  300,  and  breadth  of  beam  5D  feet. 

IIence  3  =  (n^m)  + 1M0 000  000  x  -1K3X23  905 390  »»•  i  *  =  mm 
=  13.1  fee,;  and  e=  4-  -  imi)  =  WM J      '  .1593  \  10  000  000  /  J 
To  Comp\ite  tlie  ICleinerits  of  tlie  Power,  etc.,  reqaiirecl  to 

Careen  a  Hocly  ov  "Vessel. 
W/r=Pc,  and  "VV  I  =s  S,  W  representing  the  weight  or  power  exerted,  and  I  the  dis- tance  at  which  the  weight  or  effort  acts  to  careen  the  body  taken  from  the  centre  of 
gravity  of  the  displacement,  perpendicular  to  the  careening  force  in  feet. 

Sin.  M  (h  —  n  sin.  M)  -j-  n  sec.  M  —  s  —  I,  and  . 
b  3  3  J  V 

10.7  to  13  A  V  64 .  125  L  A  ' h  representing  the  vertical  height  from  centre  of  gravity  of  displacement  to  centre 
of  the  weight  or  effort  to  careen  the  body  when  it  is  in  equilibrium,  n  the  horizontal 
distance  from  the  centre  of  the  vessel  to  the  centre  of  the  weight  or  effort,  L  the 
length  of  the  vessel,  and  m  the  meta-centre,  all  in  feet. 

•  The  unit  for  the  section  of  a  parallelogram  is  10.7  ;  of  a  semicircle,  1?  ;  and  of  a  triangle,  1 2. 8- 
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ri.LrsTKATioN-.-A  weight  is  placed  upon  the  deck  of  a  vessel  at  a  mean  distance of  3.81  feet  from  the  centre  line  of  the  hull ;  the  height  at  which  it  is  placed  is  10  82 feet,  and  the  other  elements  as  in  the  first  case  given. 
(1°-S2  ~  3-S7x-^2>  +  3-STX1.06418  -  3.7 

To  Compute  tlie  ̂ Measure  of  tlie  careening  IPower  of*  a Sailing  Vessel. 

F/silL  u%  cos.  5  =  P,  F  representing  area  of  sails,  i  square  feet  J  force  ofivind  in lbs.  per  square  foot,  w  angle  oj  the  wind  to  the  sails,  and  s  angle  of  sails  to  the plane  of  the  vessel.  °  J 

To  Compute  tlie  Measure  of* tlie  Sailing  Power  of*  a  Vessel. F/sin.  u\  sin.  s—P. 
To  Compute  tlie  Alteration  of  tire  Trim,  of  a  Vessel w  a 

—  =  dista?ice  in  feet,  w  representing  the  weight  or  weights  in  tons  moved  through 
a  mean  distance,  a ;  and  1[  =  VX~D  representing  displacement  in  tons,  I  m  dis. 
tance  of  longitudinal  meta-centre  above  the  centre  of  gravity,  and  \V  I  the  length oj  the  vessel  at  her  load  water-line.  °" 
nJ^oon  7°r~If,  Vt(\amer  has  a  disPlacement  of  8625  tons,  a  length  of  water- line  of  oSO  fee  and  the  height  of  her  longitudinal  meta-centre  is  475  feet;  what 
t  nc    fUsf  attfratlon  ot  her  trim  m  &uns  of  6  tons'  ™%ht  were  moved  aft  a  dis- 

8G25xsTo-107sl- 
G  X  G  V  248 

ThCU    10781    =  -S3fcet  =  9-9(5  inches. 
Kesvilts  of  Experiments  upon  tlie  Stability:  ofRectangu- 

*ri  <  °°  ̂ Wood  ̂   uniform  Length  and  TJeptli,  mat Of  different  I3readths.-[W.  Bland.] 
(Length  15,  Depth  2,  and  Depression  1  inch.) 

Width. Weight. 

In*. Oz. 3. 24 
4.5 35 6. 45 7.5 55 

Katios  of  Stability. 
As  Observed. 

With  like 
Weights. By  Squares  of the  Widths. By  Cubes  of the  Width. 1. 

3.5 
7. 

11. 

1. 
2.4 
3.7 4.8 

1. 

2.25 
4. 

G.25 

1. 
3.375 

8. 

15.C25 

ucuws  a,  appears  tnat  rectangular  and  homogeneous  bodies  of  a  uni 
whbh  Th'  deP;h;.twei«''t.  and  immersion  in**  fluid,  but  of  different ne  -l  '  T  stabll,ty  f°r  »^°™  depressions  at  their  sides  (heeS nearly  as  the  squares  of  their  width ;  and  that,  when  the  weights are  dS 

Further  experiments  deduced  the  following  results  : 
,n7l'  ;I!^tore-Cta"-SUlaraa",d  hom»Keneou.s  bodies  of  a  uniform  width  depth and  immersion  .n  a  fluid,  but  of  different  lengths,  have  stability  foi  uni' form  depressions  at  their  sides  nearly  as  thetr  weioht,  and witliou refer- ence to  heir  lengths,  and  that,  when  the  weights  are  direct  as  the  r lengths,  their  .tab.l.ty  under  like  circumstances^  nearly  direct"  as  S 

thdrd^ih'hnt^lL^  a.  "nilrVvi<Ith>  ]enSth>  an  Emersion  of  half 
t   '  '  '  ;«  „V  i    ■       1  deptllSJ  h-aVe  stobilitJ'  for  uniform  depressions 
<  d SLti «  X %ZT!  'J-aSl'^dep-ths-'  and  that-  whe"  the  eights arc  airectlj  as  the  depths,  their  stability  is  inversely  as  their  depths. 
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Results  of  Experiments  upon  tlie  Stability-  and  Speed  of Models  having  Amidship  Sections  of  different  Forms 
but  of  uniform  Length,  Width,  and  AVeights.— (W.  Bland.) 

(Immersion  different,  depending  upon  form  of  Section.) 
Form  of  Immersed  Section. 

Half-depth  triangle  ;  the  other  half  rectangle 
Rectangle  
Kight-angled  triangle*  Semicircle  

Sse  pnge  Gil  for  further  results. 

Stability. 
Speed 12. 

4. 

14. 
T. 3. 9. 

2. 

MODELS. 

The  classes  of  forces  to  which  Models  are  subjected  are, 
1.  To  draw  them  asunder  by  tensile  strain.    2.  To  break  them  by  trans- 

verse  strain.    3.  To  crush  them  b}^  compression. 
The  stress  upon  the  side  of  a  model  is  to  the  corresponding  side  of  a structure  as  the  cube  of  its  corresponding  magnitude.  Thus  if  the  struc- 

ture is  six  times  greater  than  the  model,  the  stress  upon  it  is'as  G3  to  1  = 216  to  1.  But  the  resistance  of  rupture  increases  onlv  as  the  squares  of 
the  corresponding  magnitudes,  or  as  62  to  1  =  36  to  1. •  A  structure,  there- fore, will  bear  as  much  less  resistance  than  its  model  as  its  side  is  greater. 
To  Compute  the  Dimensions  of  the  Beam,  etc.,  which  a 

Structure  can  "bear. 
Rulk. — Divide  the  greatest  weight  which  the  beam,  etc.,  in  the  model 

can  bear  by  the  greatest  weight  which  it  actually  sustains,  and  the*  quo- 
tient, multiplied  by  the  length  of  the  beam,  etc.",  in  the  model,  will  give the  length  of  the  beam,  etc.,  in  the  structure. 

Example.— A  beam  in  a  model  is  7  inches  in  length,  and  sustains  a  weight  of  4 
pounds,  hut  it  is  capable  of  bearing  a. weight  of  26  lbs. ;  what  is  the  greatest  length that  the  corresponding  beam  can  be  made  in  the  structure? 

26  -f-  4  —  6.5,  and  6.5x7  =  45.5  inches. 
%  The  resistance  in  a  model  to  crushing  increases  directly  as  its  dimen- 

sions; but  as  strain  increases  as  the  cubes  of  the  dimensions,  a  model  is 
stronger  than  the  structure,  inversely  as  the  squares  of  their  comparative 
magnitude. 

Hence  the  greatest  magnitude  of  a  structure  is  ascertained  by  taking 
the-  square  root  of  the  quotient,  as  obtained  by  the  preceding  rule",  instead of  the  quotient  itself. 
Example.— If  the  greatest  weight  which  a  column  in  a  model  can  sustain  is  £6 

lbs.,  and  it  actually  bears  4  lbs.  ;  then,  if  the  height  of  the  column  is  IS  inches, what  will  be  the  height  of  it  in  the  structure? 26  \ 

g  J  —  V6-5  —  2-55,  and  2.55x  IS  —  45.9  ins.,  height  of  the  column  in  the  structure. 
If,  when  the  length  or  height  and  the  breadth  are  retained,  and  it  is  re- 

quired to  give  to  the  beam,  etc.,  such  a  thickness  or  depth  that  it  will  not 
break  in  consequence  of  its  increased  dimensions, 

TllGD  —  v7^-5  ~  2  55i  which,  X  the  square  of  the  relative  size  of  the  modi  1 
—  the  thickness  required. 

If  it  were  required  to  compute  the  resistance  of  a  bridge  from  an  exper- 
iment made  with*a  model, 

?i2\V  —  —  (n  —  1)  w  =  the  load  the  bridge  will  bear  in  its  centre. 

Draught  of  water  or  immersion  double  that  of  the  rectangle. 
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Suppose  /  the  length  of  the  platform  of  the  model  between  the  centres 
of  its  repose  upon  the  piers  to  be  12  feet,  its  weight  w  SO  lbs.,  and  the weight  \\  it  will  just  sustain  at  its  centre  350  lbs. 

Let  the  comparative  magnitudes,  n,  of  the  model  and  the  bridge  be 
■20  and  the  actual  length  of  the  bridge  240  feet;  what  is  the  weight  the bridge  will  sustain  ?  to 

202 X  350  -  -^x  (20  - 1 )  x CO  =  1-^0000  -  3S00 X  30     2G0C0  lbs, 

HYDRAULICS. 

Descending  Fluids  are  actuated  by  the  same  laws  as  Falling  Lndles. 
A  Fluid  will  fall  through  1  foot  in  \£  of  a  second,  4  feet  m  1  (  of  a  sec- ond, and  through  9  feet  in  %  of  a  second,  and  so  on. 
The  Velocity  of  a  fluid,  flowing  through  an  aperture  in  the  side  of  a  ves- sel, reservoir,  or  bulkhead,  is  the  same  that  a  heavy  body  would  acquire by  falling  freely  from  a  height  equal  to  that  between  the  surface  of  the fluid  and  the  middle  of  the  aperture. 
The  Velocity  of  a  fluid  flowing  out  of  an  aperture  is  as  the  square  root of  the  height  of  the  head  of  the  fluid.  The  Theoretical  velocity,  therefore in  feet  per  second  is  as  the  square  root  of  the  product  of  the  space  fallen through  in  feet  and  64.333;  consequently,  for  1  foot  it  is  VM.SoS  =  8  02 

I  etl'  V%*an  velocit3*i  however,  of  a  number  of  experiments  gives  5.4 ieer,  or  .  o<o. 
In  short  ajutages  accurately  rounded,  and  having  the  form  of  the  con- tracted vein,  or  vena  contractu,  the  coefficient  of  discharge  =  .974  that  of the  theoretical. 

vrvhv1Stil^i,k'  t0  \  ]]'dtUVil  U$?Kor  Cl,rve  «mHir  to  the  earth's  con- vexit3  ;  the  apparent  level,  or  level  taken  by  any  instrument  for  that purpose,  ,s  only  a  tangent  to  the  earth's  circumference;  BfSS- mg  for  canals,  etc.,  the  difference  caused  by  the  earth's  curvature  In  list  be deducted  from  the  apparent  level  to  obtain  the  true  level. 
Deductions  from  Experiments  cm  the  Disctorse  ofFlnid, iVom  Reser  voirs. 
1.  That  the  quantities  of  a  fluid  discharged  in  equal  times  bv  the  same apertures  from  the  same  head  are  nearly  fs  the  areas  of  the  aplrturea 

apertliei  unde^^^^  *  ̂   in  equal  times  by  the  same 
wS^i^i^i  5e^\are  nelarl3'  as  the  8q««»  roots  of  the  cor- ->po n  hng  heights  of  the  fluid  above  the  surface  of  the  apertures. 
f  if       ̂   W"^8  of  *  nuid  discharged  during  the  same  time  bv  dif- 

of  "rhr of  tip  a  'i10  are3S  t0f  the  a^BP»  11,1(1  of  the  square  roots oi  rnc  heights  of  the  fluid  above  the  centre  of  the  apertures. 4.  I  hat,  on  account  of  the  friction,  small-lipped  or  thin  orifices  discharge 

of'u."fluW,U°„nmTnCe  ̂ ^"^'""Wnentotion  which  the  contraction 
la^.WdiSK  pr9P0rtl0n  M  the  heigbt  of 'l  fluid  illcre«f  • 

tJ'diilfetereafdteh  "J",1?","1  tIl™gh  8  c.ylin«l,-icnl  horizontal  tube, 
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8.  That  if  a  cylindrical  horizontal  tube  is  of  greater  length  than  the  di- 
ameter, the  discharge  of  a  fluid  is  much  increased,  and  may  be  increased 

with  advantage,  up  to  a  length  of  tube  of  four  times  the  diameter  of  the 
aperture. 

9.  That  the  discharge  of  a  fluid  by  a  vertical  pipe  is  augmented,  on  the principle  of  the  gravitation  of  falling  bodies;  consequent^,  the  greater the  length  of  a  pipe,  the  greater  the  discharge  of  the  fluid. 
10.  That  the  discharge  of  a  fluid  by  an  inclined  pipe  is  greater  than  bv a  horizontal  pipe  of  the  same  dimensions. 
11.  That  the  discharge  of  a  fluid  is  inversely  as  the  square  root  of  its density. 
12.  That  the  velocity  of  a  fluid  line  passing  from  a  reservoir  at  any point  is  equal  to  the  ordinate  of  a  parabola,  of  which  twice  the  action  of 

gravity  (2g)  is  the  parameter,  the  distance  of  this  point  below  the  surface 
of  the  reservoir  being  the  abscissa.* 

13.  The  volume  of  water  discharged  through  an  aperture  from  a  pris- matic vessel  which  empties  itself  is  only  half  of  what  it  would  have  been 
during  the  time  of  emptying  if  the  flow  had  taken  place  constantly  un- der the  same  head  and  corresponding  velocity  as  at  the  commencement 
of  the  discharge;  consequently,  the  time  in  wVich  such  a  vessel  empties itself  is  double  the  time  in  which  all  its  fluid  would  have  run  out  if  the head  had  remained  uniform. 
#  14.  The  mean  velocity  of  a  fluid  flowing  from  a  rectangular  slit  in  the 

side  of  a  reservoir  is  two  thirds  of  that  due  to  the  velocity  at  the  sill  or 
lowest  point,  or  it  is  that  due  to  a  point  four  ninths  of  the  whole  height from  the  surface  of  the  reservoir. 

15.  The  velocity  of  efflux  increases  as  the  square  root  of  the  pressure  on the  surface  of  a  fluid. 
16.  In  efflux  under  water,  the  difference  of  levels  between  the  surfaces 

must  be  taken  as  the  head  of  the  flowing  water. 
17.  To  attain  the  greatest  mechanical  effect,  or  vis  viva,  of  water  flowing 

through  an  opening,  it  should  flow  through  a  circular  aperture  in  a  thin 
plate  in  preference  to  a  prismatic  tube. 

18.  The  discharge  of  fluids  through  apertures  slightly  under  water  is 
nearly  equal  to  the  discharge  in  air. 

It  is  ascertained  in  practice  that  water  issuing  from  a  circular  aperture 
in  a  thin  plate  contracts  its  section  at  a  distance  of  half  its  diameter  from 
the  aperture  to  very  nearly  .8,  the  diameter  of  the  aperture,  so  as  to  re- 

duce its  area  from  i  to  about  ,617. f  The  velocit}-  at  this  point  is  also  as- 
certained to  be  about  .974  times  the  theoretical  velocit}-  due  to  a  body 

falling  from  a  height  equal  to  the  head  of  water.  The  mean  velocity  in 
the  aperture  is  therefore  .974,  which,  x  .617  =  .6,  the  theoretical  discharge  ; 
and  in  this  case  .6  becomes  the  coefficient  of  discharge,  which,  if  expressed 
generally  by  C,  will  give  for  the  discharge  itself 
a\/2g  hXC  —  D,  D  representing  the  discharge  per  second,  and  a  the  area  of  the aperture. 

For  Square  Apertures  it  is  .615,  and  for  Rectangular  .621. 

To  Compute  tlie  Difference  "between  Trne  and.  Apparent Level. 

When  the  f  Feet>  ]  multiply  the  f  -0000002871  and  the  product  is  the 
distance  \  Yards,  [  square  6f  the  ■{  .000002583  [  dlfterence  W  inches *W«         "  '     A\0*n„n«  \Z  I  when  refraction  is  not 

I  Chains,  J  aistance  ̂      [  .00125       J  taken  into  account. 
*  See  D'Aubuisson,  p.  66 t  Bayer,  .61;  Bossut,  .666;  Venturi,  .637;  Eytehvein,  .64;  Michelotti,  .64  The  observed  dis- charges of  water  coincide  nearer  to  the  unit  of  Bayer  than  that  of  others. 
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Jfe'^t b"om°U8iderable'        thC  refVaCti°n  mUSt  be  di- 
t^AV^'7Wh&t  ,is  the  difference  between  the  true  and  apparent  level  at  a  di* fence  or  13  chains,  when  the  refraction  is  taken  into  account  /P         Ie'eI  at  a  dls" 

1SX.0S33=-.1.5,  IS -1.5=  10.5,  and  16.5*X .00125  =  .3403  inch. 
Deduction,  from  Experiments  on  tlie  Discharge  of  Water Horizontal  Conduit  or  Conducting  JPipes.-[M.  Bossur.j 

i^^feS^^'  °f       PipC'       lGSS  18  the  P^Portional  dis- 

tljdl^hSge.^1'      l6ngth  °f  COnduit  Pipe' the  greater  the  diminution  of 
lpLhh%di?Cl^6S  made1?11  equal  times  by  horizontal  pipes  of  different lengths,  but  of  the  same  diameter,  and  under  the  same  altitude  of  fin i are  to  one  another  in  the  inverse  ratio  of  the  square  roots  of "  their  lengths' 
aUiH^  °r^fr.t0  have  a  P.ercePtiWe  and  continuous  discharge  of  fluid  the 
bl  th  U  nSoa.ref  rvi,ir»  ab0ve  the  Plane  of  the  conduit  pipe,  must  not be  less  than  .082  inches  for  every  100  feet  of  the  length  of  the  pipe 5.  In  the  construction  of  hydraulic  machines,  it  is  not  enough  that  el bows  and  contractions  be  avoided,  but  also  any  intermed  Ue  e  We 
Table:  *M  are  ̂ Wtionate,  as  in  W^f^ig 

Relative  Velocity  of  tlie  Discharge  Of  like  Quantities  of Fluid  under  lxlce  Heads  in  I^ipes  having  a  different Number  of  Enlarged  Farts,  cuneient Number  of Parts. Relative Velocity. 1  Number  of Parts. 
Relative Velocity. Number  of !  Parts. 

Relative Velocity. 

o 1. 
1  i 

.741 3 .569 

i  Number  of Parts. Relative Velocity. 

.451 
Friction. 

The  friction  of  a  fluid  gliding  over  a  solid  surface  exerts  a  resistance  to its  motion  which  is  proportional  to  the  surfaces  of  contact  and  to  the  densi- ty of  the  fluid  and  approximately  to  the  square  of  the  velocity  of  its  mo- tion;  that  is  the  resistance  is  approximately  proportional  to  the  weight 

^d^^^J^ of  which  is  the  Sl^ce  of  a" 
(J  W  s  Tg  =  Fl  C  presenting  the  coefficient  6f  friction,  VV  the  weight  of  a  unit  of volume  of  the  fluid  in  pounds,  and  s  the  surface  of  contact  in  square  feet 
I  7t\^\n^  V'T^f  th/?u$h  PiP??  or  in  natural  channels  is  liable  to be  materially  affected  by  friction.  Liquids  flow  smoothly  and  with  least retardation  when  the  course  is  perfectly  smooth  and  straight. 
Thus  if  equal  quantities  of  water  were  to  be  discharged  through  pipes of  equal  diameters  and  lengths,  but  of  the  following  forms  : 

and  the  time  that  the  quantity  discharged  through the  first  is  represented  by  1 ;  the  time  that  will  be  Re- quired to  discharge  an  equal 
quantity   through   the    second   K  (2-> 
will  be  1.11;  and  the  time  for  
the  same  quantity  through  the  _. 
third,  1.55;  and  the  Velocities  V^~~ of  motion  that  would  result  un- 

der like  heads  would  be  as  1  for  the  first,  .72  for  the second,  and  .64  for  the  third. 
AVhen  a  fluid  issues  out  of  a  circular  aperture  in  a II  H 
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thin  plate  in  the  bottom  or  side  of  a  reservoir,  the  issuing  stream  tends  to 
converge  to  a  point  at  the  distance  of  about  half  its  diameter  outside  the 
aperture,  and  this  contraction  of  the  stream  reduces  the  area  of  its  sec- 

tion from  1  to  .644. 
When  a  fluid  issues  through  a  short  tube,  the  vein  is  less  contracted 

than  in  the  preceding  case,  in  the  proportion  of  16  to  13;  and  if  it  issues 
through  an  aperture  which  is  alike  to  the  frustrum  of  a  cone,  the  base  of 
which  is  the  aperture,  the  height  of  the  frustrum  half  the  diameter  of  the 
aperture,  and  the  area  of  the  small  end  to  the  area  of  the  large  end  as  10 
to  16,  there  will  be  no  contraction  of  the  vein.  Hence  this  form  of  aper- 

ture will  give  the  greatest  attainable  discharge  of  a  fluid. 
The  volume  of  a  fluid  that  will  flow  out  of  a  Vertical  Rectangular  Open- 

ing or  Slit,  that  reaches  as  high  as  the  surface  of  the  fluid,  is  .666  of  that 
which  would  flow  out  of  the  same  aperture  if  it  were  horizontal  at  the 
depth  of  the  base. 

Discharges  from  Compound  or  Divided.  Reservoirs. 
The  velocity  in  each  may  be  considered  as  generated  by  the  difference 

of  the  heights  in  the  two  contiguous  reservoirs ;  consequently,  the  square 
root  of  the  difference  will  represent  the  velocities,  which,  if  there  are  sev- 

eral apertures,  must  be  inversely  as  their  respective  areas. 
Note  When  water  flows  into  a  vacuum,  32.16C  feet  must  be  added  to  the  height 

of  it ;  and  when  into  a  rarefied  space  only,  the  height  due  to  the  difference  of  the 
external  and  internal  pressure  only  must  be  added. 

VELOCITY  OF  WATER  OR  OF  FLUIDS. 
Coefficients  of  Discharge. 

The  Coefficient  of  Discharge  or  Efflux  is  the  product  of  the  coefficients  of 
Contraction  and  Velocity. 

The  quantit}'  of  water  or  a  fluid  discharged  in  a  given  time  from  an 
aperture  of  a  given  area  depends  on  the  head,  form  of  the  aperture,  and 
nature  of  the  approaches.  Two  cases  present  themselves  in  practice  :  first, 
apertures  in  thin  plates  in  the  sides  or  bottom  of  a  vessel  or  reservoir ;  and, 
second,  apertures  at  the  ends  of  short  or  long  tubes.  If  v  represent  the 
velocity  per  second  acquired  by  falling  from  a  height  h,  and  g  the  veloci- 

ty acquired  at  the  end  of  a  second,  then 

V  Ygli  =  v. 
The  value  of  g  varies  slightly  with  the  latitude  and  altitude  of  the  place 
of  observation,  but  may  be  assumed  for  most  practical  purposes  equal  to 
32.166  feet;  then,  for  measures  in  feet, 

v  —  64.333  h,  and  h  =^        h  representing  the  height  measured  to  the  centre  of  the 
opening. 

The  head  or  height,  h,  may  be  measured  from  the  surface  of  the  water  to 
the  centre  of  the  aperture  without  practical  error,  for  it  has  been  proved 
by  Mr.  John  Neville  that  for  circular  apertures,  having  their  centre  at 
the  depth  of  their  radius  below  the  surface,  and  therefore  the  circumfer- 

ence touching  the  surface,  the  error  can  not  exceed  four  per  cent,  in  ex- 
cess of  the  true  theoretical  discharge,  and  that  for  depths  exceeding  three 

times  the  diameter  the  error  is  practically  immaterial.  For  rectangular 
apertures  it  is  also  shown  that,  when  their  upper  side  is  at  the  surface  of 
the  water,  as  in  notches,  the  extreme  error  can  not  exceed  4.17  per  cent, 
in  excess ;  and  when  the  upper  is  three  times  the  depth  of  the  aperture 
below  the  surface,  the  excess  is  inappreciable.    For  notches,  weirs,  slits, 
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etc.,  however,  it  is  usual  to  take  the  full  depth  for  the  head  when  th*  ah™ equation  must  be  multiplied  by  two  third^  to  ascertain  thl TSischaLe  ̂  Experiments  sho.v,  1.  That  the  coefficient  for  similar  apertures  in  thin 

J^l^r^^l^  is  at  *>  side  0^  Mom  of  a  ves- 

oft-Je'decrease  2563  ̂        dimensio»s  *  the  aperture  and  the  head 

°ri  \/2  ̂  (*    ?    ¥^4)  =  v»  S  repre^mg  the  density  of  the  fluid. 

the  steam  ̂ rapeS£el^  the  pressures  of  the  atmosphere  and 

Or,  V'jSjrXij-fr  A)  =  l>. 

be^^KTu^'^Wd&r,'?  ",e  Tdcnscr  0f  »  ̂—engine  to ItaJ,  and  a  column  °f  2C-4CT 

Then  tfH^HS^VimSmi^tnfiM^ feet 

The  velocity  through  a  cylindrical  aperture  in  a  thin  plate Ihrough  a  tube  from  two  to  three  diameters  in  iLgtf,  p^Vtiug  ̂  
Iln  ongl,  a  tabs  Of  the  same  lVnKtll/projVc'ting'in'ward Through  a  corneal  tube  of  the  form  of  the  contracted  vein ! \  [  \  \ .' \ 



364 HYDRAULICS. 

COEFFICIENTS    FOR   THE    DISCHARGE    OR  EFFLUX  OF   WATER  FOR 
VARIOUS    OPENINGS    AND  APERTURES. 

Rectangvilar  "Weir. 
Height  measured  from  the  Surface  of  the  Water  to  the  Sill. 

Coefficients  for  tlie  Discharge  over  "Weirs. 
[From  the  Experiments  of  James  B  Fkancis,  Lowell,  Mass  ,  1852.] 

Mean  Head. .     Length  of  Opening j  Mean  Discharge  per  Second,  i  Mean  Coefficient. 
.62  to  1.55  feet. |          10  feet. I       32.9  cubic  feet.        I  .623 

Mean,  .603;  Small  olblong  openings  as  they  approach  the  surface,  .705  (Poncelet 
and  Lesbros) ;  Large  square  apertures  as  they  approach  the  surface,  .572  ;  Opening, 
10  feet  in  length  and  1  inch  in  depth,  .591;  9  inches  deep,  .781  ;  mean,  .723  (Black- 

\_D  educed  from  the  Experiments  o/Mr.  Black  well.] 
Heads  in  inches,  measured  from  still  water  in  the  reservoir,  1  to  14.    Thin  plates, 

3  feet  long,  .617;  10  feet  long,  .007.    Planks  2  inches  thick,  square,  3  feet  long,  .571 ; 
6  feet  long,  .563;  10  feet  long,  .547  ;  10  feet  long,  wing-boards,  making  an  angle  of 
00°,  .714. 

The  principal  causes  for  the  variation  in  the  coefficients  derived  from 
most  experiments  giving  the  discharge  of  water  over  weirs  arises  from, 

1.  The  depth  being  taken  from  only  one  part  of  the  surface,  for  it  has 
been  proved  that  the  heads  on,  at,  and  above  a  weir  should  be  taken  in  or- der to  determine  the  true  discharge. 

2.  The  unequal  widths  of  the  crest,  which,  increasing  the  friction,  re- 
duce the  coefficients,  particularly  for  smaller  depths,  very  considerably. 

3.  The  nature  of  the  approaches,  including  the  ratio  of  the  water-way  in 
the  channel  above,  to  the  water-way  on  the  weir. 
When  a  weir  extends  from  side  to  side  of  a  channel,  the  contraction  is 

less  than  when  it  forms  a  notch,  or  Poncelet  weir,  and  the  coefficient  some- 
times rises  as  high  as  .667.  When  tlie  weir  or  notch  extends  only  one 

fourth,  or  a  less  portion  of  the  width,  the  coefficient  has  been  found  to varv  from  .584  to  .6. 
When  the  overfall  is  a  thin  plate,  it  discharges  a  greater  proportionate 

quantity,  when  the  stream  is  only  1  inch  deep,  than  with  greater  depths, the  vein  contracting  with  the  increased  head. 
When  the  length  of  the  weir  is  10  feet,  the  coefficient  is  greatest  with  a 

depth  of  5  inches  ;  and  when  wing-boards  are  added  at  an  angle  of  about 
64°,  the  coefficient  is  greater  than  even  when  the  head  is  less. 
When  the  heads  remain  the  same,  the  coefficients  decrease,  at  first  more, 

and  then  less  rapidly  than  the  breadths  of  the  weirs. 

Rectangular  INTotclies,  or  Vertical  Apertures  or  Slits. 

Height  measured  from  the  Surface  of  the  Head  of  the  Water  to  the  Sill.  -> 
Opening,  8  inches  by  5  inches,  mean  .606  (Poncelet  and  Lesbros). 
The  coefficient  increases  as  the  depth  decreases,  or  as  the  ratio  of  tlie 

length  of  the  notch  to  its  depth  increases. 
Opening,  18.4  inches  by  1.8  and  6.75  inches,  .648  to  .63  (Du  Buat). 
When  the  sides  and  under  edge  of  a  notch  increase  in  thickness,  so  as 

to  be  converted  into  a  short  or  small  channel,  open  at  the  top  the  coeffi- 
cients reduce  very  considerablv,  and  to  an  extent  bevond  Avhat  the  in- 

creased resistance  from  friction,  particularly  for  small  depths,  indicates. 
Poncelet  and  Lesbros  found,  for  apertures  8x8  inches,  that  the  addition 
of  a  horizontal  shoot  21  inches  long  reduced  the  coefficient  from  .604  to 
601  with  a  head  of  about  4  feet ;  but  for  a  head  of  4}{  inches  the  cocm- 
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cient  fell  from  .572  to  483.  For  notches  8  inches  wide,  with  the  addition of  a  horizontal  shoot  9  feet  10  inches  long,  the  coefficient  fell  from  .582  to 4,9  for  a  head  of  8  inches,  and  from  .622  to  .34  for  a  head  of  1  inch. Lastei  also  iound  for  a  notch  8  inches  wide,  with  the  addition  of  a  shoot 8  inches  long,  inclined  4°  18  \  the  coefficient  for  heads  from  2  to  45  inches to  be  .o'li  nearly.  ' 
Triangular  JN"otch. 

Professor  Thomson  deduced  that  for  discharges  from  2  to  10  cubic  feet 
Eotch  wasYi;  a  thin  Pkte        coefficient  for  a  right-angled  triangular 

Rectangular  Openings  or  Sluices,  or  Horizontal  Slits. 
Height  measured  from  the  Surface  of  the  Water  to  the  Centre  of  Pressure of  the  Opening. 

Opening,  1  inch  by  J  inch.    Head,  7  to  23  feet,  .621)       .  ,  . 
3    -    »  3    «         "  1  7  «.  23   "    .614j- Michelotti. 
I  u  "A        ;j:<  5  u  .637-smeaton. -    .,  .     i    .     '    2  12  feet  .617— Bossut. Lqui  ateral  triangle,  1  square  inch,  base  down,  .593)  ̂   . 

1     "       "    base  up,       .585 {  Renme- Ponceiet  and  Lesbros  deduced  that  the  coefficient  of  discharge  increases with  small  and  very  oblong  apertures  as  they  approach  the  surface  and decreases  with  large  and  square  apertures  under  like  circumstances 
hPadoffi^Ph11^  ranHC  '  ini  SqUare  aPertures  of  »  by  8  inches,  under  a 

held  %i^£^^xir^> 8  inches  hy  A  inches?  under  a 
In  applying  an  open  channel  or  canal  to  the  exit  of  an  opening  in  a  res- 

Pw-I£'  Vmlcelet  ?nd  Lesbros  obtained  the  following  coefficients  i Without  channel,  mean,  .623  ;  with  channel,  mean,  .628.    With  a  chan- nel, at  a  decimation  of  .01,  or  34',  the  coefficients  were  sensiblv  the  snmp 
o  SMI '  he 'V,  'rzo"tal  5  a"-d  Whe"  V'6  Ration  was  increased  o  ! or  o  44  ,  the  coefficients  were  increased.  ' 

In  a  Thin  Plate  =  .616  (Bossut)  ;  .61  (Michelotti). Slmce-boanl,  or  Omvergent  Sides.-  When  one  side  is  inclined  to  the horizon,  the  coefficients  for  angles  of  45°  and  63°  30'  are  as  .467  and  447? Circular  Openings  or  Sluices. 
Height  measured  from  the  Surface  of  the  Head  of  the  Water  to  the  Centre of  the  Opening. 

C  Head  of  6  inches  ;  diameter  of  opening  1   inch  —  640 
Aperture.     Head  of  10  feet;  diameter  of  opening,      .5    "    =  .C09 I  Head  of  10  feet;  diameter  of  opening     6      "    —  601 

lieSSd^rt^f*' and  diameter  of  opening  of  3  i"che's  =  -615  (p°«^- In  a  Thin  Plate  =  006  (Bossut)  ;  .631  (Venturi) ;  .64  (Eytelwein) 

iSS^^fe^  -633'         redUCti0"  °f  ̂   '0-974; 
inf\^  3  in,!:hes  ;n  diameter,  and  heads  from  6  to  23  feet,  .614  •  and  3  to  6 inches  m  diameter,  with  like  heads,  .62  (Michelotti).      '       '  b Cylindrical  Ajutages,  or  Additional  Tubes,  give  a  greater  discharge  than apertures  ,n  a  thin  side,  the  head  and  area  of  the  op™i„g  heinftKame 
5?ltoS*5r*  that       fl°Wing  Water  ̂ould'entireVmiShe  mouth The  mean  coefficient,  as  deduced  hy  Castel,  Bossut,  and  Evtelwein,  is  82 

II  H*  "  ' 
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(1.) 

(2.) 

Sliort  Tribes  and  Moutli-pieces. 
If  an  aperture  be  placed  in  the  side  of  a  vessel  of  from  V/^  to  2^  diam- 

eters in  thickness,  it  is  converted  thereby  into  a  short  tube, 
and  the  coefficient,  instead  of  being  reduced  by  the  in- 

creased friction,  is  in- creased from  the  mean 
value  up  to  about  .815, 
when  the  bore  is  cylin- 

drical, as  in  Fig.  1 ;  and 
when   the    junction  is 
rounded,  as  in  Fig.  2,  to 
the  form  of  the  contracted  vein,  the  coefficient  increases 
to  .974. 

In  the  conically  di- 
vergent tube,  Fig.  4,  the 

coefficient  of  discharge  is  greater  than 
for  the  same  tube  placed  convergent,  the 
fluid  filling  in  both  cases,  and  the  smaller 
diameters,  or  those  at  the  same  distance  from  the  centres,  o  o,  being  used 
in  the  calculations.  A  tube,  the  angle  of  convergence,  o,  of  which  is  5° 
nearly,  with  a  head  of  from  1  to  10  feet,  the  axial  length  of  which  is 
inches,  small  diameter  1  inch,  and  large  diameter  1.3  inch,  gives,  when 
placed  as  at  Fig.  3,  .921  for  the  coefficient;  but  when  placed  as  at  Fig.  4, 
the  coefficient  increases  up  to  .948.  The  coefficient  of  velocity  is,  howev- 

er, larger  for  Fig.  3  than  for  Fig.  4,  and  the  discharging  jet  has  greater 
amplitude  in  falling.  If  a  prismatic  tube  project  beyond  the  sides  into  a 
vessel,  the  coefficient  will  be  reduced  to  .715  nearly. 

Cylindrical  Prolongations  or  Ajutages. 

(4.) 

Length  of  pro- longation in Diameters  of 
Aperture 

Coefficient  of Discharge 
Length  of  pro- longation in Diameters  of 

Aperture. 

Coefficiennt  of Discharge. 
Length  of  pro- longation in Diameters  of 

Aperture 

Coefficient  of Discharge. 

1  and  under 
2  to  3 .G2 

.83 
4  to  12 

25  4i  30 

.77 

.68 

37  to  48 
49  "  GO 

.63 

.6 The  coefficients  for  prismatic  tubes  increase  as  the  depths  decrease,  the 
same  as  for  simple  apertures.    Bossut's  experiments  gave  a  mean  of  .807, 

Conically  Convergent  and  Divergent  Txi"bes. 
The  form  of  tube  which  gives  the  greatest  discharge  is  that  of  a  trun- 

cated cone,  the  lesser  base  being  fitted  to  the  reservoir  (Fig.  4).  Venturi 
concluded  from  his  experiments  that  the  tube  of  the  greatest  discharge 
has  a  length  9  times  the  diameter  of  the  lesser  opening  (base),  and  a  di- 

verging angle  of  5°  6  — the  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  the  theoretic  discharge. 
D'Aubuisson  and  Castel's  experiments  give,  for  conically  convergent 

tubes,  Fig.  3,  the  following  coefficients  (Mr.  Neville) : 
Converging 
Angle  at  0. 

1° 
5° 

Coefficient  of Coefficient  of Converging Coefficient  of Coefficient  of Velocity Discharge. Angle  at  0. 
Velocity. Discharge. 

.85S .S58 

16° 

.970 
.937 

.910 .920 

30° 

.970 
.895 .933 .931 

50° 

.9S5 .844 Compound  ]\lovith-pieces  and  Ajvitages. 
The  following  Table  gives  the  coefficients  of  discharge  for  the  different 

figures  here  given,  and  it  will  be  found  of  great  value,  as  the  coefficients 
are  calculated  for  the  large  as  well  as  small  diameters. 
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(5.) 

The  necessity  for  taking into  consideration  the  form  of 
the  junction  of  a  pipe  with  a reservoir  will  be  understood 
from  the  following  results  : 

Table  of  Coefficients  for  IVf  oiAtfi-pieces  aiad.  Short  Tubes. [Calculated  and  reduced  by  Mr.  Neville,  from  Ventuki's  Experiment*.-] 
Description  of  Aperture,  Moutb  piece,  or  Short  Tube. 

1.  An  aperture  IX  ins.  diameter  in  a  thin  plate 
2.  Cylindrical  tube  IX  in?,  diameter,  and  4>"  ins  lone,  Efe'i 3.  Cylindrical  tube,  fig.  2,  having  the  junction  rounded  to the  form  of  the  contracted  vein 
4.  Short  conical  convergent  mouth-piece,  Fig'  3 5.  The  like  tube  divergent,  with  the  smaller  diameter  at  the junction  with  the  reservoir  ;  length  3X  ins.,  lesser  diam- eter 1  in.,  and  greater  diameter  1.3  ins 
6.  The  tube,  Fig.  5, when  a  b—  IX  ins.,  o  r=  1.21  inv.,uv  = 1.21  in.,ando«  =  2  ins.,  the  cylindrical  portion  being shown  by  dotted  lines 
7.  The  same  tube  when  o  u  —  11  ins.  ......... The  same  tube  when  o  u  —  23  ins. . . . 
8.  The  tube  ab,or,  s  f,  u  v,  Fig.  5,  in  which  a  b  =  st~  si =  IX  ms.  from  a  to  s  1%  ins.,  and  ss  =  3  ins 
0.  The  tube,  Fig.  6,  a  b  =  IX  ins  10.  The  same  tube,  having  the  spaces  aso  and Vrtb  between the  mouth-piece  and  st,  and  the  cylindrical  tube  astb open  to  the  influx  of  the  fluid  

11.  The  double  conical  tube,  ao  STrb,  Fig.  7,  when "ab~'si —  ̂Vi  his.,  or  —  1.21  ins.,  a  o  —  .92  in.,  and  o  s  =4.1  ins. 12.  The  like  tube  when,  as  in  Fig.  8,aor6  =  osTr,  and  ao8 — 1.84  ins  
13.  The  like  tube  when  8T~  1.4G  ins.',' and  o'b  =  2.17  ins 
14.  The  like  tube  when  s  t  =  3  ins.,  and  o  6  =  9X  ins.  . .  "  " IK  The  like  tube  when  oa=:6%  ins.,  and  st  enlarged  to 1.92  ins  
16.  The  like  tube  when  bt  =  2%  ins.','and"o  s  =  12.X  ins 17.  A  tube,  Fig.  9,  when  os  =rt  =  3  ins.,  orz=  st  —  1.21 ins.,  and  the  tube  o  STr  the  same  as  described  in  No.  11 viz.,  st  =  IX  ins.,  and  s  s  =  4.1  ins  
18.  Thetube,  Fig.  9  when  st  is  enlarged  to  1.97  ins.,  and Vs to  i  ms.,  the  other  dimensions  remaining  as  in  No.  8 1..  When  the  junction  of  osrt  with  sst?,  Fig.  5,  is  im- proved, the  other  parts  remaining  as  described  in  No.  8. 

Cylindrical  Tubes  or  IPipes. 
The  mean  of  various  experiments  with  tubes  of  .5  to  3  inches  in  diam- 

d  lrhar^Tf  .'^head  ,°f  T1  °f  fr°m  3  t0  2?  feet'  ̂ ives  a  coefficient  of discharge  of  813:  and  as  the  mean  for  circular  apertures  in  a  thin  plate is  .63,     follows  that,  under  otherwise  similar  circumstances  and  rela- 
tion"'  T63  =  1>29  times  as  much  fluid  flows  through  a  cylindrical  tube  as 
through  a  like  aperture  in  a  thin  plate. 

Coefficients for  the 
Diameter a  b. 

Coefficients for  the Diameter 
or. 

.622 

.823 
.974 .823 

.611 .607 .956 
.934 

.561 
.948 

.6 .567 

.5J1 

.923 

.873 .817 

.S23 .804 
1.266 1.237 

.785 
1.209 

.928 1.428 

.823 

.823 

.911 
1.2C6 
1.2C6 
1.4 

1.02 1.215 1.569 1.S55 

.8C5 
1.377 

.945 
1.451 

.85 1.309 
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These  coefficients  increase  as  the  diameter  of  the  aperture  or  tube  is  de- 
creased, and  but  slightly  with  an  increase  of  the  velocity  of  efflux  or 

height  of  the  head  of  fluid. 
Thus,  with  tubes  .65  of  an  inch  in  diameter,  and  with  a  head  of  from  0 

inches  to  10  feet,  the  coefficient  is  from  .946  to  .957. 
Coefficients  of  Discharge  from  Short  Cylindrical  Tvibes 

with  Square  Junctions. 
Relation  of  the  Length  of the  Tube  to  the  Diameter. Coefficient  of  Dis- charge. 

Relation  of  the  Length  of the  Tube  to  the  Diameter. Coefficient  of  Dis- charge. 

0  to  IX  diameters .617 30  diameters 
.65 

2  u .814 

50  " .59 10  " .75 

100  " .48 DISCHARGE  FROM  RECTANGULAR  WEIRS  AND  NOTCHES,  AND  VERTICAL 
APERTURES  OR  SLITS. 

A  Notch  is  an  opening,  either  vertical  or  oblique,  in  the  side  of  a  vessel, 
reservoir,  etc.,  alike  to  a  narrow  and  deep  weir. 

Vertical  Apertures  or  Slits  are  narrow  notches,  running  to  or  near  to  the 
bottom  of  the  vessel  or  reservoir. 

Note. — The  mean  velocity  of  a  fluid  issuing  through  a  rectangular  opening  in  the 
side  of  a  vessel  is  %  of  that  due  to  the  velocity  at  the  sill  or  lower  edge  of  the  open- 

ing, or  it  is  that  due  to  a  point  j  of  the  whole  height  from  the  surface  of  the  fluid. 
To  Compute  tlie  Volume  of  Fluid  which  will  Flow  out 

of  any  of  tlie  above  Openings. 
Height  measured  from  the  Surface  of  the  Head  of  the  Water  to  the  Sill  of the  Opening. 

Rule. — Multiply  the  square  root  of  the  product  of  G4.333  and  the  height 
or  whole  depth  of  the  fluid  in  feet  by  the  area  in  feet,  and  by  the  coeffi- 

cient for  the  opening,  and  %  of  this  product  will  give  the  discharge  in  cu- 
bic feet  per  second.   V 

Or,  ̂ hhVZffhC  =  V,  and   =  t,  t  representing  the  time  in  seconds. 3  ibhVlghQ 
Example.— The  sill  of  a  weir  is  1  foot  below  the  surface  of  the  water,  and  its  length is  10  feet ;  what  volume  of  water  will  it  discharge  in  one  second  ? 

C  =  .623,  and  V64.33X  1X10x1=80.2,  and  |  80.2x.623=  33.318  cubic  feet. 
Note.— The  mean*  coefficient  of  discharge  of  weirs,  the  breadth  of  which  is  no 

more  than  the  third  part  of  the  breadth  of  the  stream,  is  g  of  6  =  .4;  and  for  weirs 
which  extend  the  whole  width  of  the  stream  it  is  J  .6GG  =,  .444. 

Rectangular  Sluices  and.  Horizontal  Slits. 
Height  measured  from  the  Surface  of  the  Head  of  the  Water  to  the  upper 

Side  and  to  the  Sill  of  the  Opening. 
Rule. — Multiply  the  square  root  of  64  333  and  the  breadth  of  the  open- 

ing in  feet  by  the  coefficient  for  the  opening,  and  by  the  difference  of  the 
products  of  the  heights  of  the  water  and  their  square  roots,  and  %  of  the 
whole  product  will  give  the  discharge  in  cubic  feet  per  second. 

Or,  §  by/2~g(h'^/h'  —  hy/h)G  =  Y,  h  and  h'  representing  the  heights  of  the  aperture and  sill  in  feet. 
Example.— The  sill  of  a  rectangular  sluice,  6  feet  in  width  by  5  feet  in  height,  is  9 

feet  below  the  surface  of  the  water ;  what  is  the  discharge  in  cubic  feet  per  second  ? 
C  =  .625,  %V  2^=  5.348,  and  K'  =9-5  =  4;  5.348x6  (9^9  -4^4)  X. 625  = 

32. 08SXl9X.625  =  381.04  cubic  feet.   
*  This  includes  the  element  of  %  in  the  formula. 
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DISCHARGE  FROM  CIRCULAR   SLUICES,  ETC. 
Height  measured  from  the  Surface  of  the  Head  of  the  Water  to  the  Centre of  the  Opening. 
Rule.- Multiply  the  square  root  of  the  product  of  64.333  and  the  depth of  the  centre  of  the  opening  from  the  surface  of  the  water  bv  the  area  of the  opening  m  square  feet,  and  this  product  by  the  coefficient  for  the 
second^  product  will  give  the  discharge  in  cubic  feet  per 

°r'  Yjj„r'af,T^}  afePresentinS  the         m  square  feet,  and  h  the  height  of  the surface  of  the  fluid  from  the  centre  of  the  opening  in  feet 
»,pW  ?,PLE— ,The  diameter  of  a  circular  sluice  is  1  foot,  and  its  centre  is  1.5  feat below  the  surface  of  the  water:  what  is  the  discharge  in  cubic  feet  per  second? 
Area  of  1  foot  =  H?^  =  .7S54;  C  =  .04  ;  ̂04.333X1.5  X.7S54  x  .04  =  9.823  X 

•7854X. 64— 4.938  cubic  feet. 
When  the  Circumference  reaches  the  Surface  of  the  Water. 
V2  g  r,  .9004  a  C  =  V,  r  representing  the  radius  of  the  circle. 

Semicircular  Sluices. 

When  the  Diameter  is  either  Upward  or  Downward. 
V2  gh  a  C  =  V,  h  representing  the  depth  of  the  centre  of  gravity  of  the  figure  from the  surface.  J      J  s  J,wn 

Semicircular  AVeirs  or  Notches. 
When  the  Diameter  is  Uppermost  and  Horizontal 

V*gr  .6103  aC=V. 
When  the  Diameter  as  above  is  at  the  Depth  z,  below  the  Surface. Vt~g~z  1.188  aC  =  V. 

When  the  Circumference  is  Uppermost  and  Horizontal. 
V  2$  r  .7324  aC  =  V,  r  representing  radius  of  semicircle. 

Example. -In  what  time  will  SOO  cubic  feet  of  water  be  discharged  through  a  cir- 
theater  °entre  °f  is  8  feet  below  the  sulfuce  of C  =  G3. 

800  SOO  SOO 

V^?AXU)25X.63  ~22.68X.025X.63==  55^  223^S=     «*hJM  «« DISCHARGE  FROM  TRAPEZOIDAL  WEIRS  OR  NOTCHES. 
Height  measured  from  the  Surface  of  the  Head  of  the  Water  to  the  Sill  of the  Opening. 

^  When  either  the  Greater  or  Lesser  Breadth  is  uppermost. 
15  h  V '2  g  h  (2  b  4-3  b')  C  =  V,b  and  b'  representing  the  upper  and  lower  breadths, 

Trapezoidal  Sluices  or  Slits.* 
When  the  Greater  Breadth  is  uppermost. 

\V*g  (b'h'x  —  b  |t|  -{- 1  (b  —  b')  h^Z^ )  C  =  V>  h  and  h'  representing  the  depth from  the  surface  to  the  upper  and  lower  edges  of  the  opening. 
*  For  Triangular  Sluices,  etc.,  see  Weisbnch,  vol  i  ,  p  359,  360. 
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When  the  Lesser  Breadth  is  uppermost. 

Illustration — The  sill  of  a  trapezoidal  sluice  5  feet  in  height,  the  lesser  breadth being  uppermost,  is  9  feet  below  the  surface  of  the  water,  and  the  breadths  of  it  are 5.5  and  6.5  feet ;  what  is  the  discharge  in  cubic  feet  per  second? 

C  =  .C2,--/2i  =  5.348,  h'  =  9  -5  =  4;  5.34S  ̂ 6.5  x  V93-5.5  X  v^3-?  (6.5- 

—  21.1)  X.  62  —  366.06  cubic  feet. 
Triangular  Weirs  and.  jNTotelies. 

Height  measured  from  the  Surface  of  the  Head  of  the  Water  to  the  Vertex and  Base  of  the  Opening. 

When  the  Vertex  is  uppermost,  igVV g  b'Vh3  <J  =  V. 
When  the  Base  is  uppermost,       V*gb V h*  <J  —  V. 
When  the  Notch  is  a  Parallelogram,  the  longest  Diagonal  being  Vertical, 

V^S  Jshih'i  —  2d%)  C  =  V,  &  and  d  representing  the  depth  from  the  surface  to  the 
lower  and  centre  points  of  the  opening.    When  the  Figure  is  a  Square,  b  =  2d. 

When  the  Notch  is  a  Right  Angle. 
1.  When  the  Base  is  at  the  Surface  of  the  Water,  ̂   b  hV2  g  hO  —  Y. 
2.  When  the  Vertex  is  at  the  Surface  of  the  Water,  §  b  hV2gh  C  =  V. 

The  foregoing  formulae*  furnish  an  expression  for  the  discharge  from any  rectilineal  aperture  whatever,  as  it  can  be  divided  into  triangles,  the 
discharge  from  each  of  which  can  be  determined;  as  any  triangular  aper- 

ture can  be  divided  into  two  others  by  a  line  through  oiie  of  the  angles. 
Note.— For  the  greater  number  of  apertures  at  any  depth  below  the  surface  of  the 

water,  the  product  of  the  area,  and  the  velocity  due  to  the  depth  of  the  centre,  or 
centre  of  gravity  when  it  is  practicable  to  obtain  it,  will  give  the  discharge  with sufficient  accuracy. 

DISCHARGE  FROM  WEDGE-  AND  PYRAMIDAL-SHAPED  VESSELS. 
Horizontal  Triangular  Prism — A  Side  uppermost.   Paraboloid  of  Revolution  4  V 

<  —  t. 
Cay/2gh 

Note. — In  this  efflux  the  time  is  %  greater  than  if  the  initial  velocity  remained uniform. 
6  V 

Quadrangular  Pyramid— Base  uppermost.  =t °   C  ay/2  g  h 

Note.— As  in  this  efflux  the  initial  velocity  of  it  decreases  gradually  to  0,  the  time 
of  efflux  is  J  greater  than  if  the  initial  velocity  remained  uniform. 
Example.— In  what  time  will  a  pond  of  water,  the  surface  of  which  has  an  area 

of  765000  square  feet,  be  discharged  through  a  conduit  15  feet  below  its  surface,  15 inches  in  diameter,  and  50  feet  in  length  ? 

C  =  .6.    V  — 765°°2°Xl5—  5737500  =  volume  of  pond,  a  =  1.2272. 4  )  5737500  22950000  OOJiKrt 
3X.63^7^X~3T0644-  HOT  =  83M5°  «cc  =  92  »-  54         10  sec> 

*  For  other  formulae,  see  Neville's  Treatise,  p  51-58- 
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SPHERICAL  AND  PEIS3I0IDAL-SHAPED  VESSELS. 

P         15(W^  =  ̂   ̂   *'  ~  Base  uppermost: UprWr 

iSQaM  =  T  bang  €QUal  k  Sph€riCal  S€gment  -  Base  WPermost:  ? 
— =====  U  Prismoid-Tnlateral  or  Multilateral  Pyramid-Bases  uppermost: 

(3  G  +  S  ft  +  V  GCtf  i5^jL  =  *,  G  and  Gr'  reprg  the  oase  and  lower  surface. 

tal  discharge,  1  inch  in  diameter  by  3  inches  id len^n  Mt  isTf^Mn ̂     '  l0"^ feet  m  breadth  ;  what  is  the  time  required  for  t^Z^^to  fubsSe  ̂ e^  * C  ==  .S15,  a  = .  00545,  G  =  15,  G1  =  S. 

(3xl5  +  8XS  +  4v/i53<8)— --^^  159S1SV  4      i-Ji"  , _  15x.S15x.00545xS.02 ~~         bX"Jm= 1144- '  seconas, the  time  of  emptying  the  whole  vessel.  * 
Then  4-2.5=  1.5  ;  hence  G  =  4.375x2.375  =  10  39 

^r^siT^t'^r^.^* ttc  $  ̂  m  2.5 
DISCHARGE  FROM  IRREGULAR-SHAPED  VESSELS,  AS  A  POND,  LAKE  ETC To  Compute  the  Time  and  Volume  discharged 

Divide  the  whole  mass  of  water  into  four  or  six  strata  of  equal  depths. Then, /or  4  Strata,  — x  M    ,  £At     2A2     4A3      A4  \ 
etc.,  repretentmg  the  depths  of  the  strata  at  A   A  • 
/««;  A„  A„  etc.,  tern/ the  areas  of  tfe  first  tecond  o? cm?™ncmS  at  the  sur- j_Al  me  jirsi,  second,  etc.,  transverse  sections  of 
the  pond,  etc.;  and  -jj-'xA  +  e  A,  x  2  A2  +  4A3  +  A4  =  V. 

circle,  13  tocheewHe,  9  l^Ci^l^i^ti^^f  %H  8,Uice  beinS  a  ̂ mi- 

Bfczt  "     I  ::  »  :: *  =     "     265000     H  u «  =  area  of  18  -  2  =  .8836  square  feet ;  C  =  .537 

ThCD  lax'tSttMyaig  ><  &%1><~4  2  X  410000     4  X  3.5000 265000\  _      6  6  X  1  4-472         4-30l    t    4.123    +T33jf*  + 
3.742  J  -  45^048  X  1194429  =  ««>B8  sec.  =  43      35  mm.,  38  wc 

isfnstead  om.'  PUt  *  A*  iDStead  of  A"  aD<l  *A5  and  A6  additional,  and  divide  by 

DiSC,mr°e  ^  the£™  of 
me  vessel  of  Efflux  are  not  known 



372 HYDRAULICS. 

Then  QatYfg  {^h\^)  =  V,  for  1  depth ;  CatV^g  p+4^*'^M 
—  V  /or  2  depths ;  and  C  a  t  y  2  g  I  - —  I  —  \  /or 
4  depths. 

Note. — At  the  end  of  half  the  time  of  discharge,  the  head  of  water  will  be  }i  of 
the  whole  height  from  the  surface  to  the  delivery. 

When  discharged  through  Weirs  or  Notches. 

-  C  h  t  trii  5"  (V^3  +  4  \A3i  4-  V h32)  —  V,  o  representing  the  breadth  in  feet. 
Example. — A  prismatic  reservoir  9  feet  in  depth  is  discharged  through  a  notch 

2.222  feet  wide,  the  surface  subsiding  6.75  feet  in  035  seconds  ;  what  is  the  volume 
discharged  ? 

C  =  .C;  ̂   =  9  —  6.75^:2.25/6^. 
?  .6x2.222x935x8.02  (tfW  -f  4^27253  -j_  ̂03)  —2221. 6 X  (27  + 13.5+0)  =  222 U 
X40.5  =t  89974.8  cubic  feet. 

When  there  is  art  Influx  and  Efflux. 
If  a  reservoir  or  vessel  during  an  efflux  from  it  has  an  influx  into  it, 

the  determination  of  the  time  in  which  the  surface  of  the  water  rises  or 
falls  a  certain  height  becomes  so  complicated  that  an  approximate  de- 

termination is  here  alone  essayed. 
A  state  of  permanency  or  constant  height  occurs  whenever  the  head  of  the  water 

1   /  I  \s is  increased  or  decreased  by  \  rrA  I  representing  the  influx  in  cubic  feet  per 
second. 

The  time  in  which  the  variable  head  of  water  (x)  increases' by  the  volume  V  is Ai  V 
given  by  the  following  formula :    ;  and  the  time  in  which  it  sinks  the I  —  C  a  V  2  g  x 

Ax  A* height,  k,  by  ■  :==  
CaV  2gx  —  I 

The  time  of  efflux,  in  which  the  subsiding  surface  falls  from  A  to  Ax,  etc.,  and  the 
head  of  water  from  h  to      when  k  is  represented  by  =  y/  k,  is  In CaVVg  12CaV2g 
/A  4AX  2A2  4A3  A4  \_ 
Wh  —  V* ■    Vhi  —  V* ■   Vh2  —  V* ■    V*h-  V*    V*t  —  vw  ~  ' 
Example. — In  what  time  will  the  surface  of  the  water  in  a  pond,  as  in  a  previous 

example,  fall  6  feet  if  there  is  an  influx  into  it  of  3.0444  cubic  feet  per  second  ? 
V*  =  .8,  C  =  .537. 

 20  —  14   /   600000        4  X  495000     2  X  410000     4  X  325000 
12  X  .537  X  .8836  X  8.02  X  \4.472  —  .8      4.301  —  . 8  +  4.123  —  .8     3.937  —  .8  ~*~ 
q  !!o°0Q  Q)  =  tAftz  X  W80201  =  194498  sec.  =  54  h  ,  1  miti ,  8  sec. 3.742  —  .8/  45.6648 

Prismatic  Vessels. — If  the  vessel  has  a  uniform  transverse  section,  A. 

Then  ■■  2A  (y/h  —  ̂ /hx  -fVAX  hyp.  log.*  (^~^Ji\\  —  t  —  the  time  in 
CaV2g\  Whi  —  Vk/i which  the  head  of  the  water  flows  from  h  to  hL. 

Example. — A  reservoir  has  a  surface  of  500000  square  feet,  a  depth  of  20  feet ;  it 
is  fed  by  a  stream  affording  a  supply  of  3.0444  cubic  feet  per  second,  and  the  outlet 
has  an  area  of  .8S36  square  feet ;  in  what  time  will  it  subside  6  feet? 

as  before  =  .8,  C  =  .537. 

*  For  hyperbolic  logarithm  substitute  the  ordinary  by  multiplying  by  2  303. 
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^XW-VU  +  SXU*^  x,2oa)  =  ~x4.4T2_,7,2 

+  -SXl0g-  (3.II2  I.'sjX2'808  =  26^S4.5X (.73  -f  .SX.09C21X2.3Q3)  =  262784.5X (.73  +  .17726;  =  238414  sec.  =  66  A.,  13  mm  ,  34  sec. 
To  Compute  the  Fall  in  a  given  Time. 

TJiis  is  determining  the  head  hx  at  the  end  of  that  time  and  it  should  h~ 
subtracted  from  the  head  h  at  the  commencement  of  the' ch  rt  Pu 
lne°ctXondlnS  eqUatl°n  ̂   ValUeS  °f     untl1  one  SfoSo  nS 

feet,  and  a  discharge  of  40  cubic  feet  per  second  '  *  8Upply  °f  83'6  cubic 
V^  =  -S4. 

tJ^l  these  numerical  values  into  the  equation,  and  assuming  different  values 
feetthe/all  7  S^eS  the  equation  is  1  Gonsequentiy,  10.5  -  4  =  6  5 For  a  Weir  or  Notch. 

' = !?  h-  *  SgS£$ff+ ^  « = ^)] ; .       /         I         \2  1    v    1  J 
vftfjysy3 ;  arc  (taDg' = y)l  ̂e  arc  ̂ e  =  y. 

According  as  k  is  <  ft,  and  the  influx  of  water,  I>  §  C  I  VlgT*,  there  is  a  rise or  fall  of  the  fluid  surface,  the  condition  of  permanency  occurring  when  ?il=zk. Example.— In  what  time  will  the  water  in  a  rectangular  tank,  12  feet  in  length  bv 6  feet  m  breadth,  rise  from  the  sill  of  a  notch,  6  inches  broad,  to  2  feet  above  when 5  cubic  feet  of  water  flow  into  the  tank  per  second  ?  V  nen 
*1=2,  h  =  0,  A  =  12X6  =  72,1  =  5,  6  =  .5,  C  =  .6. 

^(|.6X.55XS.02)f-^1172-2-1338- Then  72  X  2-1338  fhrp  log  »  +  ̂   X  2.1338  +jjg38, 

vii^T^))  -  10  2423  ><  »™  '<*  S  ~  3'4641  ><  ™  (tang,  jjgj —  10. 2423  X  [7. 961  —  (3.461X  arc,  the  tangent  of  which  =  .56497,  or  29°  28' =  29  466 
63e297DSch  °f  WWCh  =  "5U3)  =  1-T81]  =  10  2423  -'T-9G1  -  1-7S1  =  10.2423X6.18  = 

DISCHARGE  OF  WATER  UNDER  VARIABLE  PRESSURES. 
To  Compute  the  Time,  tlie  Rise  and  Fall,  and  the  Volume 
a   of  Water  discharged  under  Variable  Pressures. 
-V'tgx  =  v!  x  representing  the  variable  head,  A  area  of  transverse  horizontal  sec- tion of  vessel,  and  v  theoretical  velocity  of  efflux. 
Discharge  from  Reservoirs  or  Vessels  not  receiving  any  supply  of  Water. For  prismatic  vessels  the  general  law  applies,  that  twice  as  much  would  be  lis- 

WfJ^KEr if  the  ve3sels  were  kept  fui1  during  the  time  "A 
To  Compute  the  Time.     2Av^_  4Uj=< 

CaV2g  D 
H^AMrLETA  ̂ angular  cistern  has  a  transverse  horizontal  section  of  14  feet  a depth  of  water  of  4  feet,  and  a  circular  opening  in  its  bottom  of  2  inches  in  diW I  I 
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ter;  in  what  time  will  it  discharge  its  volume  of  water,  the  depth  being  maintained 
at  4  feet,  and  in  what  time  when  the  supply  to  it  is  cut  off  and  the  cistern  allowed  to 
be  emptied  of  its  contents  ? 

h  =  4 feet,  a  —  22X.7S54  -4-  144  =  .0218,  C  =  .6. 
VZghXaXC  =  16.04X.0218X.6  —  .2098  cubic  feet  per  second. 

2x  14X  4 Hence  — -        -r-  2  =  2GG.9  seconds,  the  depth  being  maintained. 
Under  a  diminishing  head  of  water  the  coefficient  of  efflux  is  increased  :  hence,  in 

the  following  case,  it  is  taken  at  a  mean  of  .G13,  and  the  volume  discharged  be- comes .2143. 
2x14x4 

Then  — — ■ —  =  522.6  seconds,  the  vessel  being  emptied. 
.2143  '  °  r 

To  Compute  tlie  Time  and  Fall. 

The  depression  or  subsiding  of  the  surface  of  the  water  in  a  vessel,  cor- 
responding to  a  given  time  of  efflux,  is  h  —  h'  —  s,  h  representing  the  lesser depth. 

2A                                            /  CaV2ff\ 
'      /h-  (\'h  -  y/h')  =  t.     Inversely,    y/h  TT^Y  =  h'' 

Example. — In  what  time  will  the  water  in  the  cistern,  as  given  in  the  preceding 
example,  subside  1.0  feet? 

A  =  14,  C  =  .0,  a  =  .0218,  V%g  =  8.02,  h  —  4,h'—4  — 1.6  =  2.4. 9  v  1 4.  28 

,ix.»-r18x8.»,x^-^2-4)-.wJx(2-i'r>5)=
mt^ 

To  Compute  tlie  Volume. 
Ay  —  V,y  representing  the  extent  of  the  fall,  and  V  the  volume  of  water  dis- 

charged, as  h  —  h'. 
Discharge  from  Vessels  when  the  Reservoir  of  Stippfy  is  maintained  at  a 

uniform  Height. 2AVA 

To  Compute  tlxe  Time.   — -  —  *- 
CaV2g 

Example.— In  what  time  will  the  level  of  the  water  in  a  receiving  vessel  having 
a  section  of  14  square  feet  attain  the  height  of  that  in  the  supply,  through  a  pipe  2 
inches  in  diameter,  placed  4  feet  below  the  level  of  the  supply? 

C-613         2X14XV4      _  56  _ C--G1°'     ."G13X.0218X8.02-C1072-5^3  S€° 
When  the  Vessel  of  Supply  has  no  Influx,  and  is  not  indefinitely  great 

compared  with  the  Receiving  Vessel. 

 2  A  A  y/h   _  _  ̂   ̂,  representing  section  0f  receiving  vessel,  t  the  time  in C  a  (A  +  AO  V%g 
which  the  two  surfaces  of  water  attain  the  same  level ;  and  the  time  within  which 

2  A  A'  (Vh  —  Vh  ) the  level  falls  from  h  to  h'  is  zjzz—  t. 
Ca(A  +  A')V%g 

Discharge  from  a  Notch*  in  the  Side  of  a  Vessel  when  it  has  no  Influx. 

3  A 
UbxVtg X  (~  — }  —t,b  representing  the  breadth  of  the  notch  in  feet. 

\y/h'  y/A/ 
*  When  the  notch  extends  to  the  bottom  of  the  reservoir,  etc.,  the  time  for  the  water  to  run  out 

is  indefinite,  as  A'  =  0. 
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DISCHARGE  FROM  VESSELS  IN  MOTION. 

When  the  Vessel  moves  uniformly  up  or  down.  V%~gh  —  V  g  representing  the accelerating  force.  ' 
H7/en  it  Ascends  with  a  retarded  Motion.  {g  —  v)  h—Y  v  representing  the power  applied.  uf .  *  a 
When  it  Descends  with  the  same  Retardation.    \'i  (g  -f-  p)  h  '=£  Y. Example.— A  vessel  containing  water  weighing  350  lbs.  is  drawn  by  a  running weight  of  4o0  lbs.  over  a  roller ;  what  is  its  accelerating  force,  and  what  the  velocity of  its  discharge  ?  '  J 

450  —  350         100  ,  
V  =  450  +T5Tf  g  =  8J)  =  1-S ;  llence  V  2X  {i  +  S)  S  h  =  velocity  of  discharge. 
If  the  head  of  water  is  4  feet,  then  'V/-X§x3l\1Cx4  =  17.01  feet.  I 
When  the  Vessel  revolves.  Vvgh+o*  =  Y,  o  representing  the  velocity  of  rota- tion of  the  aperture  in  feet  per  second. 

FLOW  OF  AVATER  IN  RIVERS  AND  CANALS. 
Running  Water.— Water  flows  either  in  a  natural  or  artificial  bed.  In  the  first case  it  forms  Streams,  Brooks,  and  Kivers  ;  in  the  second,  Drains,  Cuts,  and  Canals. The  Bed  of  a  flowing  water-course  is  formed  of  a  bottom  and  the  two  banks  or shores. 
The  Transverse  Section  is  a  vertical  plane  at  right  angles  to  the  course  of  the flowing  water;  the  Perimeter  is  the  length  of  this  section  in  its  bed. 

;  The  Longitudinal  Section  or  Profile  Is  a  vertical  plane  in  the  course  of  the  flow- ing water. 
The  Slope  or  Declivity  is  the  mean  angle  of  inclination  of  the  surface  of  the  water to  the  horizon. 
The  Fall  is  the  vertical  distance  of  the  two  extreme  points  of  a  defined  length  of t lie  flowing  course,  measured  upon  a  horizontal  plane,  and  this  fall  serves  to  assign the  angle  for  the  defined  length  of  "the  course.  b 

locTty6  Lin€  °fCurrent  is  the  point  wnen  the  flying  water  attains  its  maximum  ve- 
The  Mid-channel  is  the  deepest  point  of  the  bed.  The  Velocity  is  greatest  at  the surface  and  m  the  middle  of  the  current;  and  the  surface  of  flowing  water  is  highest in  the  current,  and  lowest  at  the  hanks  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,  the  prod- uct of  the  area  of  the  section,  and  the  mean  velocity  through  the  whole  extent  oftfw stream,  is  a  constant  number  llence,  in  the  permanent  motion  of  water,  the  mean velocities  in  two  transverse  sections  are  to  each  other  inversely  as  the  areas  of  these sections. 

To  Compute  the  Mean  Depth  of  Flowing  "Water. 
■  «~7§et  3? the  breadth  °f  the  stream,  etc.,  into  any  convenient  num. ber  of  divisions  ;  ascertain  the  mean  depths  of  these  divisions;  then  di- vide their  sum  by  the  number  of  divisions,  and  the  quotient  is  the  mean depth. 

To  Compute  the  IVCean  Area  of  Flowing  Water. 
Role  ]._ Multiply  the  breadth  or  breadths  of  the  stream,  etc.,  by  the mean  depth  or  depths,  and  the  product  is  the  area. 
2.— Divide  the  volume  flowing  in  cubic  feet  per  second  by  the  mean velocity  in  feet  per  second,  and  the  quotient  is  the  area  in  square  feet. 

To  Compute  the  Volume  of  Flowing  Water. 
•  StTLE.— Multiply  the  area  of  the  stream,  etc.,  by  the  mean  velocity  of its  How  in  feet,  and  the  product  is  the  volume  in  cubic  feet. 
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To  Compute  tlie  Mean  Velocity  of  Flowing  Water. 
Rule.— Divide  the  velocity  of  the  flow  in  feet  per  second  by  the  area of  the  stream,  etc.,  and  the  quotient  will  give  the  velocity  in  feet. 
From  the  experiments  of  Ximenes,  Du  Buat,  and  others,  it  is  deduced  that  the coefficient  of  the  mean  velocity  of  a  flowing  stream  is  from  .81  to  .83  of  the  maxi- mum velocity  or  of  that  of  the  line  of  the  current,  and,  contrariwise,  the  maximum velocity  is  1.24  to  1.19  times  that  of  the  mean. 
The  mean  velocity  at  half  deptli  of  a  stream  has  been  ascertained  to  be  as  915  to 1,  and  at  the  bottom  of  it  as  .83  to  1,  compared  with  the  velocity  at  the  surface. Thus,  let  vl:  w2,  V3,  etc.,  be  the  surface  velocities  of  a  whole  transverse  profile  of 

not  a  very -variable  depth:  the  corresponding  velocities  at  a  mean  depth  are  .915  v .915  «!,  .915  v2,  etc. ;  hence  the  mean  velocity  in  the  whole  profile 
n  =  v>  71 7ePresenlmg  the  number  of  velocities  put  in  the  formula. 

Again,  the  velocity  diminishes  from  the  line  of  current  toward  the  banks,  and,  to obtain  the  mean  superficial  velocity,  ' 
Vl  +  Vj  4-  t'3   =  .915  v;  hence, 
n  1 

To  Compute  tlie  Mean  Velocity  in  tlie  whole  Profile  of  a Itiver,  etc., 

.915X.915X«  =  .837  C  =  .83  to  .84  per  cent,  of  the  7naximum  velocity,  or  of  that of  the  line  of  current.  J  J 
Illustration.— In  the  line  of  current  of  a  brook,  the  velocity  of  the  flow  of  the water  is  4  feet  per  second,  and  the  depth  6  feet;  what  is  tlie  mean  velocity  of  the flow,  and  what  is  its  velocity  at  the  bottom  of  the  line  ? 
Assume  C  =  .32.    Then  4X.S2  =3.28 feet ;  4 x. 83  =  3.32 feet. 
The  upper  surface  of  flowing  water  is  not  exactly  horizontal,  as  the  water  at  its surface  flows  with  different  velocities  with  respect  to  each  other,  and  consequently exert  on  each  other  different  pressures. 
If  v  and  vL  are  the  velocities  at  the  line  of  current  and  bank  of  a  stream,  the  dif- 

ference of  the  two  levels  is  v2~v^  _  jt 

Illustration. — If  #—  5  feet,  and  v1  .2v ;  then  —  _i2L  —.0738  feet 
J  '  2g       —  (54.333  •Vio°Jttl'- A  velocity  of  7  to  S  ins.  per  second  is  necessary  to  prevent  the  deposit  of  slime  and 

the  growth  of  grass,  and  15  ins.  is  necessary  to  prevent  the  deposit  of  sand. 
The  ?naximum  velocity  of  water  in  a  canal  should  depend  on  the  character  of  the bed  of  the  channel. 
Thus,  the  Mean  Velocity  should  not  exceed, Second. 

Over  a  slimy  bed. . .  8  ins. 
Over  common  clay. .  6  u Over  river  sand  1  ft. 

Seeond. 
Over  small  gravel  1  ft. 
Over  large  shingle ...  3  w Over  broken  stones  . .  4  u 

Second. 
Over  stones   G  ft. 
Over  rocks  10  " 

To  Compute  tlie  "Velocity  of  tlie  Flowor  Discharge  of 
"Water  in  Canals,  Streams,  IPipes,  etc. 

1.  When  the  Volume  discharged  per  Minute  is  given  in  Cubic  Feet,  and 
the  Area  of  the  Canal,  etc.,  in  Square  Feet. 

Rule. — Divide  the  volume  by  the  area,  and  the  quotient,  divided  by  GO, will  give  the  velocity  in  feet  per  second. 

2.  When  the  Volume  is  given  in  Cubic  Feet,  and  the  Area  in  Square  Inches. 
Rule. — Divide  the  volume  by  the  area  ;  multiply  the  quotient  by  144, and  divide  the  product  by  60. 

3.  When  the  Volume  is  given  in  Cubic  Inches,  and  the  Area  in  Sq.  Inches. 
Rule.— Divide  the  volume  by  the  area,  and  again  by  12  and  by  GO. 
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Examine  —The  flow  of  water  through  a  drain  of  20  ins.  area  is  25  cubic  feet  Der 
minute  ;  what  is  the  velocity  of  the  flow?  *  *  o  tuoic  ieet  pel 25 

2^X144  -f-  60  =  3  feet. 

To  Compute  tlie  Flow  or  Volume  of  tlie  Discharge. 
t  When  the  Area  is  given  in  Square  Fett. 

Buli:.— Multiply  the  area  of  the  flow  by  its  velocity  in  feet  per  second and  the  product,  multiplied  by  GO,  will  give  the  volume  in  cubic  fee?  ' 
2.  When  the  Area  is  given  in  Square  Inches. 

ih^S^lS the  area  hy  its  velocity' and  again  G0> ™d  **** 
To  Compxite  the  Height  of  the  Head  of  Flowing  Water. 

1.  When  the  Volume  and  the  A  rea  of  the  Flow  are  given  in  Ftet. 
Kile.— Divide  the  volume  in  feet  per  second  bv  the  area   and  the square  of  the  quotient,  divided  by  04.333,  will  give  the  height  in  fee  J. 

2.  When  the  Area  is  given  in  Square  Inches. 
Ri'LK.— Divide  the  volume  by  the  area;  multiply  the  quotient  bv  1-44 and  the  square  of  the  product,  divided  by'o4.333,Vill  g$  Z^&£ £ 

rp^nTaV;~^-e  velocitiels  and  discharges  here  deduced  are  theoretical,  the  actual results  depending  upon  the  ccefficient  of  efflux  used.  The  meafeSSbMtv  hnw*™ a.  before  given,  page  359,  may  be  taken  at  V2ff  .673  =  (U  ffeTtu^tSk^' 

Illustrations  of  tlie  preceding  Rules. 
thP^n08/";^  V.lre,m  If  8et  off  int0  three  divisions-viz.,  3  1 , 5  4,  and  4  3  feet  • 

ter  ̂ ^VM'^^Xr"  8eC°Dd !  What  13  the  TOtame  of  «»  ** 
Hence  3.1x2.5x2.9  +  5.4x4.5x3.7  +  4.3x3x3.2  =  153.CC5  cubic  feet ;  and  3.1  x 

2.5+5.4X4.5+  4.3X3  =  44.f  5  „./„,,  area  of  the  sectwns ;  *nl  IS^Jflo/i 
44.15        '  ' CANAL  LOCKS. 

ceJ^b^t^£^f^T  lGJel  °Ire3ervoir  t0  anothe^  trough  an  aperture and effective  head  on  eachpoint  of  the  aperture? 

ferenc,  ̂ Zt^^^o  ̂ ^^^^  "  —  ̂   *  ̂  ̂  
Hence  C  aV>>gk"  =  X  per  second,  h"  representing  the  difference  of  the  levels. 

To  Compute  tlie  Time  of  billing  and  Discharging  a  Single liook:. 

When  the  Aperture  or  Sluice  in  the  Upper  Gate  is  entirely  under  Water and  above  the  Lower  Level. A  h 

CaV*g~k  =  time  °f  Mmg  UP  t0  Cmtre  °S  slmce>  h  representing  the  height  of  the. 

li*  J 
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2  Ah 

the  water  in  the  lock  or  river,  all  in  feet;  and   =  time  of  filling  the  re~ GayjLgh 
maining  space,  where  a  gradual  diminution  of  the  head  of  water  occurs, 

{h'  +  Zh)  A       .       .....  ,77 Consequently,   ! —  =  time  of  filling  a  single  lock. CaV^gh 

When  the  A perture  or  Sluice  in  the  Lower  Gate  is  entirely  under  Water, :  the  Lower  Level. 

2  A-y/fe  -j-Jfc  _  t-me  Qj  empiying  or  discharging  it,  a'  representing  area  of  sluice,  h 
height  of  upper  surface  of  canal  from  centre  of  sluice,  and  h'  height  of  centre  of sluice  from  lower  surface. 
Example. — The  mean  dimensions  of  a  lock  are  200  feet  in  length  by  24  in  breadth ; 

the  height  of  the  centre  of  the  aperture  of  the  sluice  from  the  upper  and  lower  sur- faces is  5  feet;  the  breadth  of  both  upper  and  lower  sluices  is  2.5  feet;  the  height 
of  the  upper  is  4  feet,  and  of  the  lower — entirely  under  water— 5  feet ;  required  the 
times  of  filling  and  discharging. 
h  —  5,  /V  =  5,  A  =  200X24  =  4800,  C  =  .615.  a  =  4x2.5=10,  a'  =  5X2.5=12.5. 

 4800x5      .  —  24000  —  217.C2  seconds  =  time  of  filling  the  lock  up  to  the 
.6i5xl0xV2(/A  llO.JSb *  ,     ,  .  ,       2X4800X5  48000      AnK  no  f centre  of  the  sluice;  and  ■  =  ■     n. ,  =  435.23  seconds  =  time  of 

.615x10X^2^/1  H0.286 filling  the  remaining  space,  or  the  lock  above  the  centre  of  sluice,  and  217. 62 -{-435. 23 =  652.82  seconds,  the  whole  time. 
(5  +  2x5)x4S00       72000  atf  .  . 

Or,  1    '  =————=  G52.85  seconds  =  time  of  filling. 
M5xl0xV'*gh  H0.286 

2X4S00A/5  +  5      30358.08  o„  ,       4.       ,,.  ' —  r — ^-=r=  =492.39  seconds  =  time  of  discharging. 
.615x12.5X^2^  61'654 

When  the  Aperture  or  Sluice  in  the  Upper  Gate  is  entirely  under  Water, 
and  below  the  Lower  Level, 

 — —  =  time  of  filling  the  lock. CaV2g 

When  the  Aperture  or  Sluice  in  the  Lower  Gate  is  in  part  above  the  Surface 
of  the  Lower  Level  and  in  part  below  it. 2A(fe  +  frO  

CbVZg  [dV ft  +  A'-^  +  dVH1!')  —  time  °f  discharging,  d  and  d'  represent- 
ing the  distances  of  the  part  of  the  aperture  above  and  below  the  surface  of  the  lower 

water,  b  the  breadth  of  the  aperture,  and  h  and  h'  as  before. 
Example.— Assume  the  sluice  in  the  preceding  example  to  be  1  foot  above  the 

lower  level  of  the  water,  or  that  of  the  lower  canal ;  what  is  the  time  of  the  dis- charge of  the  lock  ?  d  =  1,  dl  =  4. 
2x4800(5  +  5)  96000  96000 

.615X2.5X8.02  »X  VS^5=^4WST5  »»*<W™ —  494.9  seconds  =  time  of  discharging. 
Doixble  XjocIv. 

A  double  lock  is  not  a  duplication  of  a  single  lock  in  its  operation,  for  in  the  lower 
chamber  the  supply  of  water  is  from  the  upper  one,  having  no  influx,  instead  of  a 
uniform  supply  flowing  directly  from  the  surface  level  of  the  canal  or  feeder. 

The  operation,  therefore,  of  a  double  lock  is  complex,  the  addition  to  the  formula 
for  a  single  lock  being  that  of  the  discharging  of  the  water  in  the  upper  lock  to  fill 
the  lower,  the  head  of  water  gradually  decreasing  in  the  chamber,  which  is  closed 
from  the  upper  reach  during  the  discharge  into  the  lower. 
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To  Compute  tlie  Time  of  Filling  tlie  Lower  Lock. 
When  the  Sluice  in  the  Middle  Gate  is  icholly  below  the  Level  of  the  Lower Lock. 

2  A  Ay  ft 

CaV2j(A  +  Jr>  =  t>  rePresentlnS  area<  °f  the  lower  or  receiving  lock,  and  h  the initial  height  or  difference  of  the  levels  of  the  surfaces  of  the  water. 
Example  A  double  lock  has  the  following  dimensions -viz.,  area  of  upper ehamber  2300  square  leet,  and  of  lower  2200  square  feet ;  height  of  surface  of  water m  upper  chamber  from  surface  of  water  in  lower  chamber  13  feet,  and  area  of  sluice 13. o  square  feet ;  what  is  the  time  of  filling  the  lower  chamber,  or  that  in  which  the level  of  the  water  is  the  same  in  both  chambers  ? 

C=  55  2X2300X2200XT/13 
.55X13.5XS. 02  (2300  -f  2200)  ~~  S6C' Note.— This  is  also  the  time  of  emptying  of  the  upper  lock  or  chamber. 

When  the  Sluice  in  the  Middle  Gate  is  wholly  above  the  Level  of  the  Lower Loch. 
2  A  Ay  A' 

Cfll/2-  (A  +  A0  =  Ume  °ffillmZ  UP  t0  centre  of  sluice,  h'  representing  the  distance 
from  the  lower  level  to  the  centre  of  the  sluice;  and  g^AV^  —  time  of  fill ■  Ca\/2flr(A+A0 ing  the  remaining  space. 

OVERFALL  WEIRS. 

Weirs  are  designated  as  Perfect  when  their  sill  is  above  the  surface  of the  natural  or  down  stream,  and  as  Imperfect  or  Submerged  when  their sill  is  below  that  surface. 

To  Compute  tlie  Volume  of  Water  discharged  over  a 

>  ^       3  "Weir. ^QhVZgUh^m--  *»]  =  V,  h  representing  head  or  depth  of  water  over  sill,  b 
breadth  qf  the  weir,  and  k  height  due  to  the  velocity  of  the  water  as  it  flows  to  the weir  =  — . 2<7 

This  formula,  however,  is  not  directly  applicable  to  the  determination  of  the  dis- i  hjirge,  because  fr,  or  the  height  due  to  the  velocity,  is  dependent  upon  V,  or  the volume.  W  hen,  therefore,  k  can  not  be  determined  by  observation,  it  will  answer  to 
put  -  O  bVTgh  V. 

To  Compute  tlie  Deptli  of  tlie  Flow  over  a  Sill  or  Saddle tliat  will  Discharge  a  given  Volume  of  Water. 
_ -    ka  •*  —  k  =  h. \2UbVVg 

When  the  back-water  is  raised  considerably,  say  2  feet,  the  velocity  of  the  water approaching  the  weir  (k)  may  be  neglected. 
Then  a  -f-  h  —  (  -  —  \£  —  x,  a  representing  the  original  depth  of  the  stream x2  C  bv  2 gt 

or  of  the  back-water  below  the  weir,  h  the  depth  of  water  over  the  siil,  h'  the  height to  which  the  surface  of  the  natural  stream  has  been  raised  by  the  dam,  and  x  the height  of  the  dam. 
Hence  h'  -f  a  =  h  -f  x,  and  a-\-h'  —  =  x. 
Illustration.—  A  stream  30  feet  wide  and  3  feet  deep  discharges  310  cubic  feet of  water  per  second.  It  is  required  to  raise  it  at  this  point  4.5  feet  by  the  aid  of  a dam  ;  what  should  be  the  height  of  it  ? 
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Note.— As  the  height  of  water  to  be  raised  is  considerable,  the  simple  formula may  be  used. 
a  =  3,  h'  —  4.5,  V  =as 310,  b  =  30,  C  =  .75,  V2g  =  S.02. 

If  it  were  required  to  raise  the  water  1.5  feet,  the  dam  would  not  be  re- 
quired to  be  raised  above  the  level  of  the  natural  stream,  and  hence  the 

weir  would  be  submerged. 
Applying  then  the  following  formula  in  this  case,  which  is  that  of  a 

submerged  weir, 

»-*'+  v         JlW  +  W-kl_h 

Putting  J  B  m  =  (j^-^  =  .0155  =  .0165x8.873  =  .<i8IT^ Assuming  C  in  tin?  case  =  .8. 

TheQ  310  2  (1.532)1  -  (.0817)~%_  2  2  1.980— .0233 
.8X30X^04.333  (1.5  +  .0S17     3  V]-5S2  ~  '         3  1.257 =  1.2S3  — 1.041  i=  .242  feet. 

Hence,  as  a  -f-  A'  =  A  +  a?,  h  —  h'-\-  a  —  x,  and  /*  =  1.5  +  .242  =  1.742,  x  —  3  + 1.5-1.742  —  2.758/^. 
SLUICE  WEIRS  OR  SLUICES. 

The  discharge  of  water  by  Sluices  occurs  under  three  forms— viz., 
Unimpeded,  Impeded,  or  Partly  Impeded. 

To  Compute  tlie  Discharge  when  Unimpeded. 
representing  the  depth  of  the  opening". 

To  Compute  the  Discharge  when  Impeded. 
C4l>V2r/A  =  V,  h  representing  the  difference  of  level  between  the  supply  and  the back-water. 

To  Compute  the  Discharge  when  it  is  partly  Impeded. 

cr  representing  the  depth  or  height  of  the  back- 
ivater  above  the  upper  edge  of  the  sluice. 

Illustration.— The  dimensions  of  a  sluice  are  IS  feet  in  breadth  by  .5  feet  in depth;  the  height  of  the  back-water  is  .7  feet,  and  the  difference  between  the  levels 
of  the  supply  and  back-water  is  2  feet;  what  is  the  discharge  per  second  ? 

.GxlSxS  02  (.7  +  .5^  ==  SG.C2X1  606  =  139.11  cubic  feet. 
FLOW  OF  WATER  IN  BEDS. 

The  flow  of  water  in  beds  is  either  Uniform  or  Variable.  It  is  uniform 
when  the  mean  velocity  at  all  transverse  sections  is  the  same,  and  conse- 

quently when  the  areas  of  the  sections  are  equal ;  it  is  variable  when  the 
mean  velocities,  and  therefore  the  areas  of  the  sections,  varv. 

To  Compute  the  Fall  of  the  Flow. 
t,lp     v2  ■ 
~A  X 2#      '     representing  the  coefficient  of  friction,  I  the  length  of  the  flow,  p 

the  perimeter  of  the  sides  and  bottom  of  the  river,  and  h  the  faU  mfect. 
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To  Compvxte  tlie  Velocity  of*  tlie  Flow. 

/A~h 

2gh  =  v,0T  92.35  yJ——VtA  representing  area  of  vertical  section. 
Table  of  the  Coefficients  of  Friction  of*  tlie  Flow  ofWatet in  Beds,  as  in  Rivers,  Canals,  Streams,  etc. 

IN  FEET  PER  SECOND. 
Velocity 

.3 

.4 

.5 .6 

Coefficient,  [|  Velocity. 
.COS 15 
.00797 
.00785 
.00778 

.S 

.9 1. 

Coefficient. 
.00773 
.00769 
.00766 
.00763 

Velocity 
Coefficient. 

Velocity 
Coefficient. 

1.5 .00759 5 .00745 
2 .00752 8 .00744 2.5 

.00751 10 .00743 
3 .00749 12 .00742 

By  experiments  of  Du  Buat  and  others,  reduced  by  Eytehvein,  F=  007565  for  a velocity  of  1.5  feet,  and  v  =  92.35  for  measures  in  feet. 
Illustration  l.-A  canal  2600  feet  in  length  has  breadths  of  3  and  7  feet  a depth  ot  o  feet,  with  a  flow  of  40  cubic  feet  per  second ;  what  is  its  fall  ? 

Hence  .  007565*  x 
2600x10.2  2.662 

X- 

-1.467/eef 
15      "  2g 

o^~"^nan/i  5S0°  {ee£  in- length  has  breadths  of  4  and  12  feet,  a  depth  of  5  feet and  a  fall  of  3  feet ;  what  is  the  velocity  and  volume  of  the  flow?  ' 

Hence  92.35 3.24  feet,  and  40x3.24: 15  I— 
V  16. 

40x3 
=  129.6  cubic  feet. 

•  SX5S00  ~ 
Forms  of  Transverse  Sections. 

tl JflnJeSf  tai\ce  °-r  fricti011  which  the  bed  of  a  strea,11>  etc.,  opposes  to the  flow  of  water,  in  consequence  of  its  adhesion  or  viscosity,  increases 
Zuhlt  SUrfaC!  °f  5°^aCt  between  the  bed  and  the  and  therefore 
IcHr  i lXJler\meter  °-  the+rat,Gr  f  rofile'  or  of  that  Portion  of  the  transverse section  which  comprises  the  bed. 
The  friction  of  tlie  flow  of  water  in  a  bed  is  inversely  as  the  area  of  it. 

Mi?™l^friCti0n  °f  a  flowi.n^  stream  ma^  be  tbe  least  practicable  of  at- 
tfot Tvl^'A  tr.ansverfe1  sect,0ln.  omitting  any  part  of  its  surface  in  con- tact  with  the  air,  must  have  that  form  in  which  the  perimeter  for  a  given aiea  is  a  minimum,  or  the  area  for  a  given  perimeter  a  maximum. 
fSL*11  reffular  figures,  that  which  has  the  greatest  number  of  sides  has 
npnir  if1?6  area  the  leaf  Perimeter  5  hence,  for  inclosed  conduits,  the 
coefficient  o?rtrrrPr0file  a^roacbes  V>  a  regular  figure,  the  less  the urttl  i  •  friction;  consequently,  the  circle  has  the  profile  which presents  the  minimum  of  friction. 

canals  x«lt£Zetcal        rectangular  actions  are  those  generally  given  to 

JaS^ffi      a  Decagon-  3- Half  a  Hexae°n- or  a  Trap- 

sZbZmZl  ixoeed' 45o.rth  0r        ***  "0t  Wallcd  U"' the  ̂   otits 
*  See  Note  on  Table  of  Coefficients,  above. 
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To  Compute  tlie  Form  or  Profile  corresponding  to  a  given 
Slope,  as  ab  e. 
sin.  Z_a       .      ,  A 

2~-^-  =  a,  and  —  —  d,  cotang.  <a  =  b,d  repre- 
senting the  depth,  and  b  the  breadth  at  the  bottom, 

b  Example. — What  dimensions  must  be  given  to  the transverse  section  of  a  canal  when  its  banks  are  to  have 
a  slope  of  40°,  and  which  is  to  convey  a  volume  of  75  cubic  feet  of  water  with  a mean  velocity  of  3  feet  ? 

•  :>«>.    I     r.      i    ».'.  75  ueoti A  .=  —  =  25  square  feet. o 

I  25  sin.  40°        /25X. 6427s)        /16.069S     A  „nn  ,      ,  , 
V  *=ZZTW  =  V  2^0004^  Vt2B4-  =  3  G09^ 

3  Cuy_  3'G09  X  c0tan8-^4°Oz=c-fj27  —  3.609X1.1917  =  2.62Gfeet  breadth  at  bottom. 
The  slope  a  e,  or  cut  of  ihe  bank  =  3.609X  cotang.  40°  ==  4.301.    Hence  4.301x2 2  d 

-j-2.G26  =  11.228  feet,  the  breadth  at  the  top,  and  b4-—  -—perimeter  of  the sin.<£_a 

wafer  profile ;  then  2.G26  -f  =  13.855        and  £  =  ==  .5542,  the  ra- 

25 

determining  the  friction. 

Table  of  tlie  3?rofiles  which,  correspond,  to  different  An- 
gles of  Slope. 

Quotient 
of V 

Angle  of Slope. 
Relative Dimensions  of  Transume  Profile 
Slope. Depth. 

d 
Lower  Breadth. 

b 
Slope, 

n Upper  Breadth. b  +2n 

90° 
0. .707VA 1.414  V  A 

0. 1.414VA 

G0° 
.577 .7G  VA .439VA 1.755V  A 

45° 
1. .71  VA .613  V  A .74  VA 2.092VA 

40° 
1.192 .7£2v/A .525v/A .SG  VA 2.24GVA 

3G°  52' 1.333 .707VA .C43VA 2. 537V  A 

C5° 
1.402 .439VA .995v/A 

2  43  VA 

30° 
1.732 .G64t/  A .35G^/A 1.15  VA 2.65GVA 

2G°  34' 
2. .030-/ A .3  VA 1.272VA 2.S44VA 

Semicircle .7CVA 

1.50GV'A 

2.828 

VA 

2.632 

VA 

2.704 

VA 

2.771 

VA 

2.818 

VA 

2.87 

VA 

3.012 

VA 

3.144 

VA 

2.507 

VA 

The  Angle  of  Slope  =  angle  a  be.    Relative  Slope  ==  length  of  a  e  to  be. 
n  —  length  of  slope  cut  off  the  banks. 

From  this  Table  it  appsars  that  the  quotient      is  least  for  the  semicircle,  and 
greatest  for  the  trapezium  of  2G°  34'. 
Illustration.— What  dimensions  must  be  given  to  a  profile  having  an  area  of  4') 

square  feet,  and  a  slope  of  its  banks  of  35°  ? 
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By  the  preceding  Table,  .691^/40  =  4A0Sfeet  depth;  .439^40  =  2.11$ feet,  lower 
breadth;  .995^40  —  6.292  feet,  slope;  2.43V40  =  15.367  feet,  upper  breadth:  and 2.37 
-  ,  —  =  .4533,  the  ratio  determining  the  friction. A/ 40 
To  Compute  tlie  Transverse  Section  when  tlie  Volume 

and.  Fall  are  given. 
feiL  (m  I  V2\f  (ml  V2\  § 

\ — h — /   ~     an   \     '>Uh  )   =     m  rePresentinS  the  unit  in  thc  prid- ing Table. 
Example — A  trench  for  a  length  of  3650  feet,  with  a  fall  of  1  foot,  is  to  discharge 

12  cubic  feet  of  water  per  second  ;  what  dimensions  are  to  be  given  to  the  transverse 
profile,  it  being  of  a  semi-hexagonal  figure  ? 

/2  63°x36r0y  1(>2\§  19 

.0263  ̂     "     1  )°  =  t.665  square  feet ;  v  =  ~  =  1.539  feet. 

Hence  F,  per  Table  =  .00758,  and  (.00753  ̂ f^^xT)^  =  T'67  $qudre  fccL Therefore  the  depth  =  .76-/A  =  2.104  feet,  the  lower  breadth  —  .S77v/A  ==  2.42S 
feet,  and  the  upper  brtadth  =  2x2. 42S  =  4..S56feet. 

^Variable  IVlotion. 
The  variable  motion  of  water  in  beds  of  rivers  or  streams  may  be  re- duced to  the  rules  of  uniform  motion  when  the  resistance  of  friction  for 

an  observed  length  of  the  river  can  be  taken  as  constant. 
To  Compute  tlie  Volume  of  Water  flowing  throxigli  a River. 

V*  ff  h 
/  .       ,  ~  —V,  A  and  A2  representing  the  areas  of  the 
/_J  1  ■  F    iy    /  1  ,  i  \ 

Va2,    A2+  a,  +  aIaV a*) upper  and  lower  transverse  sections  of  the  flow. 
Example. — A  stream  having  a  mean  perimeter  of  water  profile  of  40  feet  for  a length  of  GOO  feet  has  a  fall  of  9.6  inches  ;  the  area  of  its  upper  section  is  70  feet,  and of  its  lower  60  square  feet ;  what  is  the  volume  of  its  discharge  ? 

0  +  60x| 

92.35  \j   ̂1  — 
the  coefficient  for  which,  see  following  Table  =  .00744. 

7.174 

/  1  1  ,  nnr^  30°X40  /  I  ,  .  1  ̂  ~  VJmM^  =  ̂   cubic  fe,eti  th* V70-2-6-01  +  -00144 353  7 

mean  velocity  of  which  =  T0'+(.0  b=  5.52  feet,  the  exact  coefficient  for  which  is  .00745. 2 

Friction  in^IMpes  and  Sewers. 
The  Resistance  of  Friction  in  the  flow  of  water  through  pipes,  etc.,  of  a uniform  diameter  is  independent  of  the  pressure,  and  increases  directly  as the  length,  very  nearly  as  the  square  of  the  velocity  of  the  flow,  and  in- versely as  the  diameter  of  the  pipe. 
With  wooden  pipes  the  friction  is  1.75  times  greater  than  in  metallic. lne  time  occupied  in  the  flowing  of  an  equal  quantity  of  water  through 1  ipes  or  Sowers  of  equal  lengths,  and  with  equal  heads,  is  proportionally as  follows  :  In  a  Right  Line  as  90,  in  a  True  Curve  as  100,  and  in  a  Right Angle  as  140.  '  fe 
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When  Pipes  branch  off  from  Mains,  or  when  they  are  deflected  at  right 
angles,  the  radius  of  the  curvature  should  be  proportionate  to  their  diam- 

eter. Thus, - — "   7 
Ins. 

Ins. Ins. Ins. 
Ins. 

2  to  3 3  to  4 6 8 10 
18 20 30 42 

60 
Discharge  of  "Water  in.  IPipes  or  Sewers  for  any  Length and.  Head,  and  for  Diameters  from  1  Inch  to  lO  Feet. 

[Beardmork.] 
IN  CUBIC  FEET  PER  MINUTE. 

1 
V6 
1% 
IX 

2 2# 

3 
4 
5 
6 
T 
9 

10 11 
1. 
1.1 
1.2 1.3 
1.4 
1.5 
1.6 

Tabular  No. 
4.T1 
8.48 

13.02 19.15 
26.69 
46. 6T 
73.5 

108.14 
151.02 
194.84 
263.87 
416.54 
612.32 
854.99 

1147.6 1493.5 
1S94.9 2356. 
2876.7 
3463.3 
4115.9 
4836.9 
5628.5 
6493.1 

Diameter. Ft.  Ins. Tabular  No. 

1.7 1.8 
1.9 1.1 
1.11 
2. 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 2.8 
29 2.10 2.11 
3. 3.1 
3.2 3.3 
3.4 3.5 
3.6 

7433. 8449. 9544. 
10722. 119S3. 
13328. 
14758. 
16278. 
178S9. 19592. 
21390. 
23282. 
25270. 
27358. 
29547. 
31834. 
34228. 
36725. 
39329. 
42040. 
44863. 
47794. 
50835. 
53995. 

Diameter. Ft.  Ins. 3.7 

3.8 
3.9 
3.1 
3.11 
4. 

4.1 4.2 
4.3 
4.6 4.9 

5. 
5.3 
5.6 
5.9 
6. 
6.6 

7. 
7.6 

9.6 
10. 

Tabular  No. 

57265. 
60048. 64156. 
67782. 
71526. 
75392. 
79380. 
83492. 
87730. 101207. 

115854. 131703. 
14S791. 
167139. 
186786. 207754. 253781. 
305437. 362935. 
426481. 
496275. 
572508. 
655369. 
745038. 

Note. — This  Table  is  applicable  to  Sewers  and  Drains  by  taking  the same  proportion  of  the  tabular  numbers  that  the  cross-section  of  the  wa- 
ter in  the  sewer  or  drain  bears  to  the  area  of  the  whole  area  of  the  sewer 

or  drain. 
The  formula  upon  which  this  Table  is  constructed  is, 

2356X — —  =  V,  d  representing  diameter,  and  h  height  of  fall  of  the  water  in  feet. 

V  h APPLICATION  OF  THE  TABLE. 
To  Compute  the  Volume  of  Fluid  discharged,  the  Length 

of  the  3?ipe  or  Sewer,  the  Height  or  IT  all,  and  the  Diam- 
eter being  given. 

Rule. — Divide  the  tabular  number,  opposite  to  the  diameter  of  the  tube, 
by  the  square  root  of  the  rate  of  inclination,  and  the  quotient  will  give  the 
volume  required. 
Example.— A  pipe  has  a  diameter  of  9  inches,  and  a  length  of  4750  feet ;  what  is its  discharge  per  second  under  a  head  of  17.5  feet? 

4750 
VL6 =  V211A  — 16.47,  and  tabular  number  for  9  ins.  =  1147.61. 

1144.61 
Then  ̂   '     —  69.67  cubic  feet  per  minute. 
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To  GoMimte  the   Diameter,  tlie   Length,  Fall,  and  Dis- charge  being  given. 

nation '•'7TkiUlfthTI-Vthe(!iSeharge  b-Vhe  scl"are  r°°tof  the  ratio  ofineli- 

tttittERSsar*" Bumber  in  the  Tauie> and  °pp- Example.— Take  the  elements  of  the  preceding  case. 
X  ̂   —  =z  114T.G1,  and  opposite  to  this  is  9  inches. 

To  Compute  tlxe  Head,  the  Length,  the  DiscWge  and 
the  Diameter  being  given.        Claar-e>  a^cl Rulk  — Divide  the  tabular  number  for  the  diameter  by  the  disrfiar™ square  the  quotient,  and  divide  the  length  of  the  pipe  by  t  the 

Example.    Take  the  elements  of  the  preceding  cases 1147.61 
-jj^  =»  16.47  ;  16.472  =  271 .4 ;  4750  +  271.4  =  17.5 

To  Compute  the  whole  Head  necessary  to  furnish  the requisite  Discharge. 
See  Formula  and  Illustration,  page  386. 

To  Compute  the  Velocity,  the  Volume  and  the  Diameter alone  being  given. 

^^^^M^t^t^ 
and  the Example.— Take  the  elements  of  the  preceding  case 60.67 

.752X.7S54^C°-2-G0^- When  the  Volume  is  net  given  * 
,  :riU»Ln:VrMrltiply  *he  *quaJ?  .root  of  the  product  of  the  height  of  the pipe  by  the  diameter  in  feet,  divided  by  the  length  in  feet  by  50  and  the product  will  give  the  velocity  in  feet  per  second.  '   3      '  ° 
Example — Take  the  elements  of  the  preceding  case. 17.5X.75 

4750 X50  . 
-2.63/eef. 

To  Compute  the  Volume  of  Water  discharged  from  a 
:Pipe.f 

39 V  in  cubic  feet  per  second. 

V  90  0 =  39.27XA/.091  =  1.242  cubic  feet. 

WlZZ™^^11**  Diameter  of  the  ̂ ipe,  the  Volume  of  the *  low,  the  Head,  and  the  Length  of  the  Pipe  being  given. 

Illustration.    Take  the  elements  of  the  preceding  case. 1.242  V  a    9000  5/  
XI  (JO.; 1  /bo*. 

.1 8.1 o 
B.S? 

*  Beardmore. 
Kk 

t  riR£aT 
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To  Compute  the  Inclination  of  a  3?ipe,  tlie  Volume  of  the 
Flow,  the  Diameter  and.  Length  of  the  IPipe  oeing  given. 

/  v  y  L— ft 

V39.27/  d*~~l' 
Illusteation. — Take  the  elements  of  the  preceding  case. 

XT  =  .001x1  =  .001  =  ratio  of  height  to  length. 

FRICTION  OF  WATER  IN  PIPES. -[Weisbach] 
To  Compute  the  Head  necessary  to  overcome  the  Fric- 

tion of  the  3?ipe. 

|  .0144-1- : — j —  )  X— Xzr-:  ==  h' ',  h'  representing  the  head  to  overcome  the  friction  of \  -\Jv  J    d  5.4 the  flow  in  the  pipe  in  feet,  I  the  length  of  pipe  in  feet,  d  internal  diameter  of 
pipe  in  inches,  and  v  velocity  of  the  water  in  feet  per  second. 

Illusteation. — The  length  of  a  conduit-pipe  is  1000  feet,  its  diameter  3  inches, 
and  the  required  velocity  of  its  discharge  4  feet  per  second;  what  is  the  required 
head  of  water  to  overcome  the  friction  of  the  flow  in  the  pipe  ? 

/  .01746\    1000  16 
^  0144  +  — —  J  X  —  X  g4  = .  023 13  X  333. 333  X  2.  C  63  =  22  845  feet. 

The  head  here  deduced  is  the  height  necessary  to  overcome  the  friction 
of  the  water  in  the  pipe  alone. 

The  whole  or  entire  head  or  fall  includes,  in  addition  to  the  above,  the 
height  between  the  surface  of  the  supply  and  the  centre  of  the  opening  of 
the  pipe  at  its  upper  end.  Consequently,  it  is  the  whole  height  or  vertical 
distance  between  the  supply  and  the  centre  of  the  outlet. 
To  Compute  the  whole  Head,  or  the  Height  from  the  Sur- 

face of  the  Supply  to  the  Centre  of  the  Discharge. 

1.5  is  taken  as  a  mean,  and  is  the  coefficient  of  friction  for  the  interior  orifice,  or 
that  of  the  upper  portion  of  the  pipe. 

Illusteation. — Take  the  elements  of  the  preceding  case. 

Note.— In  the  preceding  formula  I  was  taken  in  feet,  as  the  multiplier  of  12  for 
inches  was  canceled  by  taking  5.4  for  2#,  but  in  the  above  formula  it  is  necessary to  restore  this  multiplier. 

For  facilitating  the  calculation,  the  following  Table  of  the  coefficient  of resistance  is  introduced : 

Coefficients  of  IFriction  of  "Water  in  iPipes  at  different "Velocities. 

(A  Reduction  of  the  following  Formula.) 
Ft.  Ins. c. Ft  Ins. C. 

Ft.  Ins. 
c. 

Ft.  Ins. c. 
4 .0443 3.4 .0239 6.4 .0213 11. 

.0196 8 .0356 3.8 .0234 6.8 .0211 
11.6 

.0195 1. .0317 

'4. 

.0231 
7. 

.0209 12. .0194 1.4 .0204 4.4 .0227 7.4 

.020S 12.6 .0193 1.8 .0278 4.8 .0224 7.8 .0206 13. 
.0191 

2. 
.0260 5. .0221 

8. 

.0205 
13.6 

.019 
2.4 .0257 5.4 .0219 

8.6 
.0204 14. 

.0189 2.8 .025 5.8 .0217 

9. 

.0202 
15. 

.0188 
3. .0244 

6. .0215 10. 
.0199 16. .0187 

Illusteation.— The  coefficient  due  to  a  velocity  of  4  feet  per  second  is  .0231. 
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Thus,  by  the  Formula  ̂ .0144  +  '        j  =  .0231 ;  and  by  the  preceding  Table  a  vo- locity  of  4  feet  per  second  =  .0231  lor  its  coefficient. 

Hence  for  ̂.0144-}-'        j  read,  when  practicable  to  do  so,  C,  a  coefficient. 
Table  showing  tlie  Velocity  of  Water  flowing  from  ]Pipes 
and.  Sewers,  as  computed  hy  the  Formula3  of  Beard- more  and  Weisbach. 

I    (BsAKDMORE  ) 
Diam- eter of  ; 
Pipe. Length. 

Discharge 

Minute.  l^O^jXd—v. 

1 
1 
1 
1 
2 
2 
3 
4 
4 
6 
6 
6 

12 
12 
12 
12 
24 
24 
24 
24 
36 
86 
36 
36 

Feet. 
1 
9 
9 

25 25 
25 
25.6 
4 

36 4 
8 

50 
1 
9 
9 64 
3 
9 
9 

70 6 
6 
9 

TO 

Feet. 
100 100 

isuo 
225 225 

5250 
1000 
144 
300 
144 144 

1000 
1000 441 
9000 
1600 
300 900 

9000 
13720 

600 
15000 2025 
43750 

Cubic  Feet. 
.471 

1.41 
.333 

1.57 
8.89 1.84 

11,78 25.17 
52.25 
69.42 9S.24 
93.2 
'74.5 

336.5 
74.5 471.2 

1332.8 
1332.8 421.5 

95.2 
3672.5 
734.5 

244S.3 
1409. 

Feet  per  Second 1.44 
4.33 
1.02 4.81 
6.81 1.41 4. 
4.8 

10. 
5.9 8.33 
7.91 
1.58 
7.15 1.5S 10. 
7.07 
7.07 2.24 
5.05 8.G6 
1.73 5.76 
3.46 

(Wkisbach.) 

—  v. 

Velocity 

Feet  per  Second. Feet. c .0294 1.32 1.43 
C  x# 

.0227 4.49 4.31 
c  = 

.0317 .92 1 .02 

c  = 

.0224 5.09 4.79 

c  = 
.0211 

7.32 

6. '79 

C  =3 
.0294 1.32 1.4 

c .0231 
4.19 4. 

c .0224 
4.8 

4.8 
c .0199  10.92 9.99 

<:  == 
.0217 5.76 5.89 

c  = 

.0204 8.35 8.33 

c  = 

.0205 8.65 7.91 

c  = 

.0294 
1.44 

1.59 

C  - 

.0209 
7. £5 7.14 

c  = 

.  020!) 1.75 1.59 

C  =a 

.0199 11.11 9.99 

c  = 

.0209 6.44 
7.07 

c  = 

.0209 7.28 
7.97 

c  = 

.026 2.21 2.24 

c  = 

.0221 
5.43 

5.05 

c  — 

.0204 8.32 8.66 

c  = 

.0356 
1.47 1.73 

c  = 

.0217 5.99 5.77 

c  = 

.0239 3.57 
3.46 

(Beardmore),  /  r=  representing  length  of  pipe,  and  d  its  diameter  in  feet. (Weisbach),  /  —  representing  length  of  pipe,  and  d  its  diameter  in  inches. Note.— For  values  of  C  and  the  constant  of  1.5,  see  page  386. 
The  preceding  cases  are  selected  w  ith  a  view  to  give  the  range  of  or- dinary operations,  and  to  show  the  application  of  the  Formula)  to  high and  low  heads,  large  and  small  diameters,  and  extremes  of  length. 

To  Compute  the  Distance  a  Jet  of  Water  will  he  project- 
ed from  a  "Vessel  through  an  Opening  in  its  Side. A  mmwa      B  C  is  equal  to  twice  the  square  root  of  A  0X0  B. 

If  s  is  4  times  as  deep  below  A  as  a  is,  s  will  discharge twice  the  quantity  of  water  that  will  flow  from  a  in  the 
same  time,  as  2  is  the  ̂   of  As  and  1  is  the  V  of  A  a. 

Note.  _  The  water  will  spout  the  farthest  when  0  is equidistant  from  A  and  B;  and  if  the  vessel  is  raised 
above  a  plane,  B  must  be  taken  upon  the  plane. 

'  Tlie  quantities  of  water  passing  through  equal  aper- tures in  the  same  time  are  as  the  square  roots  of  their  depths  from  the  surface. 
kr  li:.  —Multiply  the  square  root  of  the  product  of  the  distance  of  the opening  from  the  surface  of  the  water,  and  its  height  from  the  plane  upon whichthe  water  flows,  in  feet  by  2,  and  the  product  will  give  the  dis- tance in  feet. 
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Example.— A  vessel  20  feet  deep  is  raised  5  feet  above  a  plane  ;  how  far  will  a  jet reach  that  is  5  feet  from  the  bottom  of  the  vessel  ? 
20  -  5X5  +  5  =  150,  and  y/150x2  as  24.495 feet. 

The  velocity  of  a  jet  of  water  flowing  from  a  cylindrical  tube  is  determ- 
ined to  be  .82  of  that  due  to  the  height  of  the  reservoir.    Hence  the  vol- 
ume of  the  discharge  through  a  cylindrical  opening  ==  .82  aV'lgh. 

Jets  d-'Eau.. 
That  a  jet  may  ascend  to  the  greatest  practicable  height,  the  communi- 

cation with  the  supply  should  be  perfectly  free. 
Short  tubes  shaped  alike  to  the  contracted  fluid  vein,  and  conically  con- vergent pipes,  are  those  which  give  the  greatest  velocities  of  efflux.  Hence 

to  attain  the  greatest  effect,  as  in  fire-engines,  long  and  slightly  conically convergent  tubes  or  pipes  should  be  applied. 
In  order  to  diminish  the  resistance  of  the  descending  water,  a  jet  must be  directed  with  a  slight  inclination  from  the  vertical. 
The  effect  of  the  combined  causes  which  diminish  the  height  of  a  jet from  that  due  to  the  elevation  of  its  supplv  can  onlv  be  determined  bv 

experiments.    Great  jets  rise  higher  than  small  ones. " 
With  cylindrical  tubes,  the  velocity  being  reduced  in  the  ratio  of  1  to 

.82,  and  as  the  heights  of  the  jets  are  as  the  squares  of  these  coefficients 
or  ratios,  or  as  1  to  .67,  the  height  of  a  jet  through  a  cylindrical  tube  is  % that  of  the  head  of  the  water  from  which  it  flows. 

With  conical  tubes,  the  velocity  being  from  .55  to  .95,  the  heights  of  the 
jets  are  as  the  squares  of  the  coefficients  1  and  .9  (a  mean),  or  as  1  to  .81, 
which  is  equal  to  ̂   that  of  the  head  of  the  water  from  which  it  flows. 
Hence  the  relative  values  of  Cylindrical  and  Conical  tubes  are  as  .67to  .81. 

To  Compnte  tlie  Vertical  Heiglit  of*  a  Stream  projected, 
from  tlie  IPipe  of  a  Fire-engine  or  X^vimp. 

Note.— In  Fire-engine?,  the  difference  between  the  actual  discharge  and  that  as 
computed  by  the  capacity  and  stroke  of  the  cylinder,  as  ascertained  by  Mr.  Larned, 1  53,  is  IS  per  cent. 

Rule. — Ascertain  the  velocity  of  the  stream  by  computing  the  quanti- 
ty of  water  running  or  forced  through  the  opening  in  a  second;  then,  by 

Rule  in  Gravitation,  page  397,  ascertain  the  height  to  which  the  stream 
would  be  elevated  if  wholly  unobstructed,  which  multiply  b}'  a  coefficient for  the  particular  case. 
Example.— If  a  fire-engine  actually  discharges  14  cubic  feet  of  water  through  a 

pipe  %  inch  in  diameter  in  one  minute,  how  high  will  the  water  be  projected,  the 
pipe  being  directed  vertically? 
14x1728  -f-  .4417  area  of  pipe,  -b  12  inches  in  a  foot,  -4-  60  seconds  —  76.07  fret  ve- locity ;  and  as  the  velocity  of  a  stream  of  water  from  a  vessel  is  but  K  that  due  to 3 
its  head,  then  7C.07x^  — 114.1  feet. 
Then,  by  Rule,  page  397,  114.1  -.-  S.02  —  14.22,  and  14.222  — 202,21  feet. 
According  to  the  elements  furnished  by  observation,  the  mean  coeffi- 

cient in  this  case  would  be  .5;  hence  202.21  X  5  =  101.15/e^. 
In  great  heights  and  with  small  apertures,  the  coefficient  should  be  re- 

duced. In  consequence  of  the  varying  elements  and  conditions  of  opera- 
tion of  fire-engines,  it  is  difficult  to  assign  a  coefficient  for  them. 

A  steam  fire-engine  of  the  Portland  Company,  discharging  a  stream  1% 
in.  in  diameter,  through  100  feet  2}4  in-  hose,  gave  a  theoretical  head, 
computed  from  the  actual  discharge,  of  225  feet,  and  the  stream  vertically 
projected  was  200  feet ;  hence  the  coefficient  in  this  case  was  .88. 
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Table 
Velocity of  Cur- rent in 
Feet  per Second. 

9 
10 

of  the  Proportional  Rise  of  Water  in  Rivers,  occa- 
sioned oy  the  Erection  of  IPiers,  etc. 

Amount  of  Obstruction  compared  with  Area  of  Section  of  the  River. 
.2 

Feet. 
.0157 
.0277 
.0477 
.076 
.1165 
.1553 
.2073 
.2673 
.3353 
.4119 

Feet. .0377 
.0665 
.1144 
.1S22 
.2793 
.3736 
.4983 
.6423 
.8054 
.9377 

.4 

Feet. 
.0698 
.1231 
.211S 
.3372 
.516S 
.6912 
.9221 

1.1  S3 
1.49 1.S27 

Feet. 
.1192 .2102 
.3613 .5759 
.8782 

1.181 
1.575 2.03 
2.557 
3.122 

Feet. 
.2012 .3543 
.6107 .9719 

1.49 
1.993 2.65S 
3.426 
4.296 5.268 

Feet. 
.3521 .6208 

1.069 
1.701 2.607 3.487 
4.651 
5.995 
7.517 
9.219 

Feet. 
.678 

1.196 
2.  OSS 3.276 
5.02 
6.715 S.95S 

11.54 
14. 48 
17.75 

Feet. 
1.609 2.838 
4.SS5 
7.775 11.92 

15.94 21.26 27.4 

34.36 42.14 

Feet. 
■6.03:> 

11.71 20.15 

32.07 49.15 65.75 
S7.71 113. 141.7 

173.8 

Table  ofthe  Velocities  of  Flow  necessary  to  clear  Circular Drains  or  Sewers. 
Diam. Ins. 

Velocity 
per  Min. Gradial. Diam. 

Ins. 

Velocity 

per  Min. 4 240 1  in  36 12 190 6 220 1  in  65 15 180 
7 220 1  in  76 

18 ISO 
8 220 lin  87 

21 
180 

10 210 1  in  119 24 180 

Gradial. Diam. 
Ins. 

Velocity 

per  Min. 

Gradial. 

1  in  175 30 ISO 1  in  490 1  in  244 36 ISO 
1  in  5S8 

1  in  294 
42 180 

1  in  6S6 1  in  343 43 ISO 1  in  7S4 
1  in  392 54 ISO 1  in  882 

Friction  of  Water  upon  a  Plane  Surface. 
By  the  experiments  of  Beaufoy,  it  was  ascertained  that  the  friction  in- creased very  nearly  as  the  square  of  the  velocity,  and  that  a  surface  of  50 square  feet,  at  a  velocity  of  6  feet  per  second,  presented  a  resistance  of  G  lbs. 

Hence  —  =  8.33  square  feet  =  1  lb.  resistance  at  a  velocity  of  6  feet ;  and, 

consequently,  ̂   =  .12  lbs.  resistance  per  sq.  foot  at  the  same  velocity. 
For  a  velocity  of  10  feet,  G2 :  102  :  :  .12 :  .333  lbs. 

To  Compute  the  Horses'  Power  necessary  to  Raise  "Wa- ter to  any  given  Elevatioz*. 

Rule.,— Multiply  the  weight  of  the  column  of  the  water  by  its  velocity in  feet  per  minute,  and  divide  the  product  by  3S000. 

^l^^TffTih  '?  fTiredu°  raise  .100°  gallons  of  fres]l  water  Per  *&"te  to  an elevation  of  140  fee t  through  a  cast-iron  pipe  560  feet  in  length ;  what  is  the  re- quired diameter  of  the  pipe,  and  what  the  power  ? 
1000  galls,  fresh  water  =  1000x231  (page  23)  =  231000  cubic  inches,  and  231000 ^ 

133.68  cubic  feet  per  minute. 

Then,  hy  Formula,  page  385,  133.08x^55?  =  2G7. 30  ;  and  opposite  to  the  near- est tab.  number,  page  384,  is  5  +  mch  fc=  diam.  of  pipe. 
Hence  133.68  x  62.5x140-^33.000  =  35.44  horses'  power. 

Volume  of  Water  per  Acre  of  Area. 
A  depth  of  1  inch  =  3630  cubic  feet. 

Kk* 
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MISCELLANEOUS  ILLUSTRATIONS. 

1.  The  head  required  to  discharge  252  cubic  inches  of  water  per  second 
through  an  opening  of  6  square  inches  is  determined  by 

1  /  I  \2  /252  — 12\2 
k  =  :Tg  \ra)  '  °r  -°15545  =-015545X.5S332  =  .5289/^. .G  is  here  taken  as  the  coefficient  of  efflux. 

2.  If  the  external  height  of  fresh  water,  at  00°  above  the  injection  opening  in  the condenser  of  a  steam-engine,  is  3  feet,  and  the  indicated  vacuum  at  23  inches,  the velocity  of  the  water  flowing  into  the  condenser  is  determined  thus  : 
v  =  V2g(k  +  h'),  h'  representing  the  height  of  a  column  of  water  equivalent  to  the pressure  of  the  atmosphere  within  the  condenser 

A  column  of  2.03593  inches  of  mercury  =  1  lb.  pressure  per  square  inch:  1  inch  of mercury  =  .490774  lbs. 
Assuming  the  mean  pressure  of  the  atmosphere  =  14.723  lbs.  per  square  inch,  the height  of  a  column  of  fresh  water  equivalent  thereto  =  33.95  feet. 
Then,  if  1  inch  -  .490774  lbs.,  23  inches  =  11.2S7S  lbs. :  and  if  14.723  lbs  =  o3  95 feet;  11.2878  lbs.  =26.013  feet. 
Hence  v=  -/ 2  g  (3  -f-  26.013)  =  43.203  feet,  less  the  retardation  due  to  the  coeffi- cient of  efflux. 
3.  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? 
5G0X9X2.25     11340     J  ̂  

320X7.5    =  2400  ̂ 4-425^ 

AEROSTATICS. 

One  cubic  foot  of  Atmospheric  Air  at  the  surface  of  the  earth,  when 
the  barometer  is  at  30  inches,  and  at  a  temperature  of  34°,  weighs 
527.04  grains  =  .07529144  lbs.  avoirdupois,  being  829.43  times  lighter than  water. 

Specific  gravity  compared  with  water r  at  62.4491  =  .00120567. 
The  mean  weight  of  a  column  of  air  a  foot  square,  and  of  an  alti- 

tude equal  to  the  height  of  the  atmosphere,  is  equal  to  2120.14  lbs. 
avoirdupois,  being  equal  to  the  support  of  33.95  feet  of  water. 

13.817  cubic  feet  of  air  weigh  a  pound  avoirdupois. 
It  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. 
The  rate  of  expansion  of  Air,  and  all  other  Elastic  Fluids  for  all 

temperatures,  is  uniform.  From  32°  to  212°  they  expand  from  1000 
to  1376,  equal  to  ̂   =  .002088  for  each  degree  of  their  bulk  for  every 
degree  of  heat.  From  212°  to  680°  they  expand  from  1376  to  2322 =  .002  for  cacli  degree  of  heat. 
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The  Standard  pound  is  computed  with  a  mercurial  barometer  at  30 
inches;  hence,  as  a  cubic  inch  of  mercury  at  60°  weighs  .490774  lbs. the  pressure  of  the  atmosphere  at  a  temperature  of  60°  =  14.72322 lbs.  per  square  inch. 

The  Elasticity  of  air  is  inversely  as  the  space  it  occupies,  and  di- rectly as  its  density. 
When  the  altitude  of  the  air  is  taken  in  arithmetical  proportion,  its Rarity  will  be  in  geometric  proportion.  Thus,  at  7  miles  above  the surface  of  the  earth,  the  air  is  4  times  rarer  or  lighter  than  at  the 

earth's  surface  ;  at  14  miles,  16  times ;  at  21  miles,  64  times,  and  so  on. At  the  temperature  of  32°,  the  mean  velocity  of  sound  is  1092.5  feet per  second.  It  is  increased  or  diminished  half  a  foot  for  each  degree of  temperature  above  or  below  32°. 
The  velocity  of  sound  in  water  is  estimated  at  4900  feet  per  second. 
The  motions  of  air  and  all  gases,  by  the  force  of  gravity,  are  precise- ly alike  to  those  of  fluids. 
The  head  or  altitude  of  the  atmosphere  at  the  ordinary  density  is equal  to  a  column  of  mercury  30  inches  in  height,  divided  by  the  spe- cific gravity  of  air  compared  with  mercury. 
Hence  30  ins.  ~  2.5  feet,  which,  divided  by  .00008878,  the  specific gravity  of  air  compared  with  mercury  =  28160  feet  —  53.3  miles. 
The  theoretical  velocity,  therefore,  with  which  air  will  flow  into  a 

vacuum,  if  wholly  unobstructed,  is  Y2g~h  —  1347.4  feet  per  second.  In operation,  however,  it  is  1347.4  X  .707  =  952.61  feet. 
The  coefficients  for  the  efflux  of  air  through  openings  are  as  follows  1 
Circular  aperture  in  a  thin  plate  65  to  7 
Cylindrical  ajutage   '  92 Conical  ajut:ige  .  \  \  \  .93 
To  Compute  the  Velocity  of  Sound  through.  Js^iv. 

100'?. f>V '\ +  . mum  (t  —  32)  =  v  in  feet  per  second,  t  representing  temperature  of air  in  degrees.  or  j 
Example.—  The  fla3h  of  a  cannon  from  a  vessel  was  observed  13  seconds  before  the 

rcS»5?Waa       d  '       temperature  of  the  air  was  G0°  ;  whut  was  the  distance  to  the 
1032  5X13 Vl  +  .002083  (60°  -  32)  =  14C23  feet,  or  2.77  miles. 

Height  of  the  Barometer  at  different  Levels  above  the Surface  of  the  Earth. 
Feet. Indies 

Feet.  • Inches. 1  Miles. Inches. 

|  Miles. 

Inches 

~iboo~ 2000 
3000 

28.91 
27.86 
26.85 

~4000~ 5000 lnfile 

~25T8f 

24.93 24.67 

2 
3 

1  4 

20.29 
16.68 13.72 

1  5 

10 

1  15 

11.28 
4.24 
1.6 

IMeasrirement  of  Heights  by  a  Barometer. 
Approximate  Rule.— For  a  mean  temperature  of  55°,  x  required difference  in  height  in  feet,  h  the  height  of  the  mercury  at  the  lower  station, and  h  the  height  of  the  mercury  at  the  upper  station. 

55000X  ~  x.    Add  ̂   of  this  result  for  each  degree  which  the  mean  temper- 
llloVbb^      at  thC  tW°  8tations  exceeds       and  deduct  as  much  for  each  degree 
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To  Compute  what  Degree  of  Rarefaction  may  fee  effected, 
in  a  "Vessel. 

Let  the  quantit}'  of  air  in  the  vessel,  tube,  and  pump  be  represented  bv 1,  and  the  proportion  of  the  capacity  of  the  pump  to  the  vessel  and  tube 
by  .33  ;  consequently,  it  contains  j£  of  the  air  in  the  united  apparatus. 
Upon  the  first  stroke  of  the  piston  this  fourth  will  be  expelled,  and  % 

of  the  original  quantity  will  remain  ;  %  of  this  will  be  expelled  upon  the 
second  stroke,  which  is  equal  to  %.  of  the  original  quantity ;  and,  conse- 

quently, there  remains  in.  the  apparatus  of  the  original  quantity.  Pro- 
ceeding in  this  manner,  the  following  Table  is  deduced: 

No  of  Strokes. Air  expelled  at  each  Stroke. Air  remaining  in  the  Vessel. 
1 K  =  % %  =  % 
2 3  3 

9  _  3  x  3 
16  _  4  x  4 16  ~  4  x  4 

3 9  _  3X3 27       3x  3  x3 
64  ~  4  x  4  x  4 

64  ~~  4x4x4 

And  so  on,  continually  multiplying  the  air  expelled  at  the  preceding stroke  by  3,  and  dividing  it  by  4 ;  and  the  air  remaining  after  each  stroke 
is  ascertained  by  multiplying  the  air  remaining  after  the  preceding  stroke by  3,  and  dividing  it  bv  4. 

Distances  at  which  different  Sounds  are  Audible. 

A  full  human  voice  speaking  in  the  open  air,  calm   460  .087 In  an  observable  breeze,  a  powerful  human  voice  with 
the  wind  can  be  heard   15840  3 Report  of  a  musket  .............  16000  3 . 02 
P/um   10560  2 Music,  strong  brass  band   15840  3 

Cannonading,  
very  

h
e
a
v
y
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ,\\  575000  90 

In  the  Arctic,  conversation  has  "been  maintained  over  water  a  distance of  6696  feet. 

"Velocity-  and  Force  of  Wind. Miles 

per Hour. 
Feet 

per 
Minute. 

Pressure on  a  Sq. 
Ft  in  Lbs. 

Description  of  the Wind. 
Miles 

per 

Hour. 
Feet 

per 

Minute. 
Pressure 

on  a  Square Footin  Lbs. 
Description  of  the Wind. 

1 
2 
3 
4 
5 
6 
S 

10 
15 
20 

88 
176 
264 
352 440 
528 
704 
880 

1320 
1760 

.005 .02  V 

.045/ 

.08 .18  \ 

.32  j 

.5 1.125 2. 

Barely  observable. 
Just  perceptible. 
Light  breeze. 
Gentle,  pleasant wind. 
Fresh  breeze. 
Brisk  blow. 
Stiff  breeze. 

25 30 
35 
40 
45 
50 
60 80 

100 

2200 2640 
3080 3520 
3960 
4400 
5280 7040 8800 

3.125 
4.5  \ 
6. .125/ 8. 

10.125 12.5 18. 

*32. 

50. 

Very  brisk. 
High  wind. 
Very  high  wind. Gale. 
Storm. 
Great  storm. Hurricane. 
Tornado. 

To  Compute  the  Capacity  and  Diameter  of  a  Balloon,  see Tage  16S. 
For  Expansion  of  Air,  see  Practical  Mechanics'  Journal,  vol.  viii.,  1st  series, pages  231-252. 
For  Treatise  on  Aerometry,  of  D'Auhuisson  de  Voissons,  see  Journal  of  Franklin Institute,  pages  124, 1S6,  234,  313,  vol.  39. 
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Table  for  foretelling  tlie  Weather  tlircmgli  the  Lunations 
of  tlie  IVLooil.— [Dr.  Hkkschell  and  Adam  Clarke  ] 

This  Table  and  the  accompanying  remarks  are  the  result  of  mam- years' actual  observation,  and  will,  by  inspection,  show  the  observer  what  kind of  weather  will  most  probably  follow  the  entrance  of  the  moon  into  any of  its  Quarters.  J 
If  the  New  Moon,  the  First  Quar- 

ter, the  FulF  Mood,  or  tlie  Las-t  hi  Summer.  Tn  Winfor Quarter  enters 
Between  midnight  and  2 A.M. 
Between  2  and  4  A.M. 
Between  4  and  6  A.  M. 
Between  6  and  S  A.M. 
Between  S  and  10  A.M. 
Between  10  and  12  A.M. 
At  12  o'clock  M.  and  21 P.M.  j Between  2  and  4  P.M. 
Betw  een  4  and  G  P.M. 
Between  6  and  S  P.  M. 

Fair. 
Cold,  Avith  frequ't  showers Rain. 
Wind  and  rain. 
Changeable. 
Frequent  showers. 
Very  rainy. 
Changeable. Fair. 
Fair,  if  wind  N.W. ;  rainy, if  S.  or  S.E. 
Ditto. 
Fair. 

(Hard  frost,  unless  the  wind 
\    is  S.  or  E. Snowy  and  stormy. 
Kain. Stormy. 

(Cold  rain,  if  the  wind  be 
(    W. ;  snow  if  E. Cold,  and  high  wind. 
Snow  or  rain. 
Fair  and  mild. 
Fair. 

(  Fair  and  frosty,  if  the  wind is  N.  or  W. 
(  Pvain  or  snow,  if  S.  or  S.  E. Ditto. Fair  and  frosty. Between  8  and  10  P.M. 

Between  10  and  midnight. 
Observations.— 1,  The  nearer  the  time  of  the  moon's  change,  first  quar- ter, full  and  last  quarter  are  to  midnight,  the  fairer  will  be  the  weather during  the  seven  following  days.  The  range  for  this  is  from  10  at  night till  I  next  morning.  & 
2.  The  nearer  to  mid-day,  or  noon,  the  phases  of  the  moon  happen,  the more  foul  or  wet  weather  may  be  expected  during  the  following  seven 

t^rafternoonangC  calculation  is  from  10  in  the  forenoon  till  2  in 
These  observations  refer  principally  to  the  summer,  though  they  affect spring  and  autumn  nearly  in  the  same  ratio.  * 
3.  The  moon's  change,  first  quarter,  full,  and  last  quarter,  entering  dur- ing six  of  the  afternoon  hours,  i.  e.,  from  4  to  10,  may  be  followed  by  fair weather;  but  this  is  mostly  dependent  on  the  wind,  as  noted  in  the  Table. 4    Though  the  weather,  from  a  variety  of  irregular  causes,  is  more  un- cer ta.„  hi  the  latter  part  of  autumn,  the  whole  of  winter,  and  the  bej£ 

thlfe ̂ eS^fso!'  ̂   a  g6neral  rUlG' tllC  ab0Ve  ol^vations  will  apply  to 
Classification,  of  Clouds. 

1    Cirrus  — Uke  to  a  feather.    2.  Cirro-cumulus  —  Small  round clouds,    d^trro-stratus-- The  concave  or  undulated  stratus.    4  Cu- mulus— When  m  conical,  round  clusters.    5.  Cumulo- stratus —The two  latter  mixed.    G.  Nimbus — A  cumulus  spreading  out  in  arms  and precipitating  ram  beneath  it.    7.  Stratus — A  level  sheet. Note. —The  Cirrus  is  the  most  elevated. 
Classification  of  T^ightning. 

1.  Striped  or  Z^y— Developed  with  great  rapidity.    2  Sheet— Covering  a  large  surface.    3.  (J lobular— Vthen  the  electric  fluid  ap- pears condensed,  and  it  is  developed  at  a  comparatively  lower  veloci- ty    4.  /hosphonc-M  hen  the  flash  appears  to  rest  upon  the  edges 
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DYNAMICS. 

Dynamics  is  the  investigation  of  the  laws  of  Motion  of  Solid  Bod- 
ies, or  of  Matter,  Force,  Velocity,  Space,  and  Time. 

The  Mass  of  a  body  is  the  quantity  of  matter  of  which  it  is  corn- 

Force  is  divided  into  Motive,  Accelerative,  or  Retardative. 
Motive  Force,  or  the  Momentum  of  a  body,  is  the  product  of  its  mass 

and  its  velocity,  and  is  its  quantity  of  motion.  This  force  can,  there- 
fore, be  ascertained  and  compared  in  any  number  of  bodies  when  these 

two  quantities  are  known.* 
Accelerative  or  Retardative  Force  is  that  which  respects  the  velocity 

of  the  motion  only,  accelerating  or  retarding  it ;  and  it  is  denoted  by 
the  quotient  of  the  motive  force,  divided  by  the  mass  or  weight  of  the 
body.  Thus,  if  a  body  of  5  lbs.  is  impelled  by  a  force  of  40  lbs.,  the 
accelerating  force  is  8  lbs.  ;  but  if  a  force  of  40  lbs.  act  upon  a  body 
of  10  lbs.,  the  accelerating  force  is  then  only  4  lbs.,  or  half  the  former, 
and  will  produce  only  half  the  velocity. 

With  equal  masses,  the  velocities  are  proportional  to  their  forces. 
With  equal  forces,  the  velocities  are  inversely  as  the  masses. 
With  equal  velocities,  the  forces  are  proportional  to  the  masses. 
Motion. — The  succession  of  positions  which  a  body  in  its  motion 

progressively  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  occur.  When  the 
spaces  described  in  equal  times  increase  continuously  with  the  time,  a 
variable  motion  is  termed  accelerated,  and  when  the  spaces  decrease, 
retarded ;  and  when  equal  spaces  are  described  within  certain  inter- 

vals only,  the  motion  is  termed  Periodic,  and  the  intervals  periods. 
Uniform  motion  is  illustrated  in  the  progressive  motion  of  the  hands 
of  a  watch  ;  Variable  motion  in  the  progressive  velocity  of  falling  and 
upwardly  projected  bodies ;  and  Periodic  motion  by  the  oscillation  of 
a  pendulum  or  the  strokes  of  a  piston  of  a  steam-engine. 

Let  body,  force,  velocity,  space,  and  time  be  represented  by  b  f  v  s  t, 
gravity  by  g,  and  momentum  or  quantity  of  motion  by  m ;  this  being  the 
effect  produced  by  a  body  in  motion. 

If  two  or  more  bodies,  etc.,  are  compared,  two  or  more  corresponding 
letters,  as  B,  b,  b ',  V,  v,  v ',  etc.,  are  employed. 

Uniform  Motion. — The  space  described  by  a  body  moving  uniform- 
ly is  represented  by  the  product  of  the  velocity  into  the  time. 
With  momenta,  m  varies  as  b  v. 
Illustkation.—  TVo  bodies,  one  of  20,  the  other  of  10  lbs.,  are  impelled  by  the 

same  momentum,  say  CO.  They  move  uniformly,  the  first  for  8  seconds,  the  second 
for  6 ;  what  are  the  spaces  described  by  both  ? 

«=.  =  v,  = 
Then  TV  =  3x8  =  24  =  S,  and  tvz=GxO  =  oG=zs,  the  spaces  respectively. 
*  It  is  compared,  because  it  is  not  referable  to  any  standard,  as  a  ton,  pound,  etc.  Thus,  suppose a  cannon-ball  weighing  15  lbs  ,  projected  with  a  velocity  of  1500  feet  per  second,  strike  a  resisting body,  ita  momentum,  according  to  the  above  rule,  would  be  15  X  1500  =  22500  ;  not  pounds,  for  weight is  a  pressure  with  which  it  can  not  be  compared. 
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Un[form  Variable  Motion. — The  space  described  by  a  body  having  uni- 
form variable  motion  is  represented  by  the  sum  or  difference  of  the  veloci- 

ty, and  the  product  of  the  acceleration  and  the  time,  according  as  the  mo- tion is  accelerated  or  retarded. 
Illustration. — 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  -f  5X3  —  40  feet. 
2. — A  locomotive  having  an  initial  velocity  of  80  feet  per  second  is  so  retarded 

that  in  each  second  it  loses  4  feet ;  what  is  its  velocity  after  6  seconds  ? 
30  —  4X0  =  6  feet. 

Motion  Uniformly  Accelerated. 
In  this  motion,  the  velocity  acquired  at  the  end  of  any  time  whatever  is  equal  to 

the  product  of  the  accelerating  force  into  the  time,  and  the  space  described  is  equal 
to  the  product  of  half  the  accelerating  force  into  the  square  of  the  time,  or  half  the 
product  of  the  velocity  and  the  time  of  acquiring  the  velocity. 

The  spaces  described  in  successive  seconds  of  time  are  as  the  odd  numbers,  1,  3,  5 
7,  9,  etc. 

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  accelerated 
by  any  constant  force,  F : 

s  =  Xtv^%gFt>  =  -^-.  t=tl  =  JL= 

v=  7  =  gYt  =  ̂ -2gfs.  F=  -=-—=- — . t  gt     gC~  2gs 
When  gravity  acts  alone,  as  when  a  body  falls  in  a  vertical  line,  F  is omitted.  Thus, 

*g  9     v     V  g 
v  =  gt  —  —  =  ̂ 2gs  g=-= —  —  — . 

If,  instead  of  a  heavy  body  falling  freelv,  it  be  projected  verticallv  up- ward or  downward  with  a  given  velocity,  v,  then  s  =  tv=p  %g  t2 ;  an  ex- 
pression in  which  —  must  be  taken  when  the  projection  is  "upward,  and -f  when  it  is  downward. 

Illustration — If  a  body  in  10  seconds  has  acquired  a  velocity  by  uniformly  ac- celerated motion  of  26  feet,  what  is  the  accelerating  force,  and  what  the  space  de- scribed, in  that  time? 2  6 

2G  -=-10  =  2. 6  =  accelerating  force ;  —  xl02—  m  feet  =  the  space  described 
2.  A  body  moving  with  an  acceleration  of  15.625  feet  describes  in  1.5  seconds  a 15.625X  (1.5)2 

space  =  =  17.5T8  feet. 
3.  A  body  propelled  with  an  initial  velocity  =  0  feet,  and  with  an  acceleration  =  5 

feet, describes  in  7  seconds  a  spacer 3x7  +5x^=  143.5 feet 
4.  A  body  which  in  180  seconds  changes  its  velocity  from  2.5  to  7.5  feet,  traverses 

in  this  time  a  distance  of  -^t-Il?x180  =  900 feet 
5.  A  body  which  rolls  up  an  inclined  plane  with  an  initial  velocity  of  40  feet,  by 

which  it  suffers  a  retardation  of  8  feet  per  second,  abends  only  $2  =  5  seconds,  and 
402  S 
-y-^  =*  mfeet  in  height,  then  rolls  back,  and  returns,  after  10  seconds,  with  a  ve- 

locity of  40  feet,  to  its  initial  point :  and  after  12  seconds  arrives  at  a  distance  of  40 
X 12  --  4xl"i2     ZGfeet  below  the  point,  assuming  the  plane  to  be  extended  backward 
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Gravity  is  an  attraction  common  to  all  material  substances,  and 
they  are  effected  by  it  in  exact  proportion  to  their  mass. 

This  attraction  is  termed  terrestrial  gravity,  and  the  force  with  which 
any  body  is  drawn  toward  the  centre  of  the  earth  is  termed  the  weight 
of  that  body. 

The  force  of  gravity  differs  a  little  at  different  latitudes  :  the  law  of  the 
variation,  however,  is  not  accurately  ascertained  ;  but  the  following  theo- 

rems represent  it  very  nearly : 
(g(l  —  .002S3T  cos.  2  hit.),        "}  g  representing  the  force  of  gravity  at  lati- g^=  •<  g-(l-f-.002S37),  at  the  poles,      >    tude  45°,  and  gs  the  force  at  the  other 
(g  {\  —  .00'283T),  at  the  equator, )  places 

In  bodies  descending  freely  by  their  own  weight,  their  velocities  are  as 
the  times  of  their  descent,  and  the  spaces  passed  through  as  the  square  of the  times. 

The  Times,  then,  being  1,  2,  3.  4,  etc..  the  Velocities  will  be  1,  2,  3,  4,  etc. 
The  Spaces  passed  through  will  be  as  the  square  of  the  velocities  acquired 
at  the  end  of  those  times,  as  1,4,  9,  16,  etc. ;  and  the  spaces  for  each  time 
as  I,  3,  5,  7,  9,  etc. 

A  body  falling  freely  will  descend  through  1G.0833  feet  in  the  first  sec- 
ond of  time,  and  will  then  have  acquired  a  velocity  w  hich  will  carry  it 

through  32.166  feet  in  the  next  second. 
The  velocity  acquired  at  any  period  is  equal  to  twice  the  mean  velocity 

during  that  period. 
The  motion  of  a  falling  body  being  uniformly  accelerated  by  gravity, 

the  motion  of  a  body  projected  Vertically  upward  is  uniformly  retarded  in the  same  manner. 
A  body  projected  perpendicularly  upward  with  a  velocity  equal  to 

that  which  it  would  have  acquired  by  falling  from  any  height,  will  as- 
cend to  the  same  height  before  it  loses  its  velocity. 

Table  exhibiting  tlie  [Relation  of  Time,  Space,  and  Ve- 
locities. 

Seconds  from 
the  begin- ning of  the Descent. 

Velocity  acquired at  the  End  of  that Time. Squares  of the  Time Space  fallen through  in  that Time. Spaces  for this  Time 
Space  fallen through  in  the last  Second  of 

the  Fall. 
1 32.166 1 16.083 1 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. 11 176.91 
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  the  same  manner  the  Table  may  be  continued  to  any  extent. 
Note. — In  considering  the  action  of  gravitation  on  bodies  not  far  distant  from  the 

surface  of  the  earth,  it  is  assumed,  without  sensible  error,  that  the  directions  in  which 
it  acts  are  parallel,  oi> perpendicular  to  the  horizontal  plane. 

A  distance  of  one  mile  only  produces  a  deviation  from  parallelism  less  than  one 
minute,  or  the  60th  part  of  a  degree. 
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To  Compute  tlie  Time  wliicli  a  Body  will  be  in  falling tlirongli  a  given  Space. 
Rule  -Divide  the  space  in  feet  by  16.083,  and  the  square  root  of  the quotient  will  give  the  required  time  in  seconds. 
Example. -How  long  will  a  body  be  in  falling  through  402. OS  feet  of  space? -/402.0S^-16.0S3  -  5  seconds 

To  Compute  the  Time  wliicli  a  Body  will  be  in  falling tlie  Velocity  per  Second  being  given. 
m  Rule. —Divide  the  given  velocity  by  32,160,  and  the  quotient  is  the time. 
Example.— How  long  must  a  body  be  in  falling  to  acquire  a  velocity  of  800  feet per  second  ?  800  -r-  32.1GC  =  24.S7  seconds 
Ex.  2.— Compute  the  time  of  generating  a  velocity  of  193  feet  per  second,  and  the whole  space  descended.  1 

193-^-32.166  =  6  seconds;  62 x  16.0S3  =  579  feet 
To  Compute  tlie  Velocity  a  Body  will  acqnire  by  falling 

from  any  given  TIeiglir.  & 
Rule.— Multiply  the  space  in  feet  by  64.333,  and  the  square  root  of  the product  will  give  the  velocity  acquired  in  feet  per  second. 
Example.— Required  the  velocity  a  body  acquires  in  descending  through  579  feet. V/579xt:4.333  =  193  feet. 

tlm^period00^7  aCquired  at  any  period  is  equal  to  twice  the  mean  velocity  during 

rtrik  "/*~~If  a         flJI  throUgh  281(5  feet  in  12  "ti*»<foi  "'ith  what  velocity  will  it 
23 10  -f- 12  — 193,  mean  velocity,  which  x2  =  3S6  feet  —  velocity. 

To  Compute  the  Velocity  a  Falling  Body  will  acqnire  in any  given  Time. 
Rule.— Multiply  the  time  in  seconds  by  32.166,  and  the  product  will give  the  velocity  m  feet  per  second. 
Example — What  is  the  velocity  acquired  by  a  falling  body  in  0  seconds? 32.166x6  =  192.996  feet. 

To  Compute  tlie  Space  fallen  tlirongb,  the  Velocity  being given. 
Run:. -Divide  the  velocity  by  8.02,  and  the  square  of  the  quotient  will give  the  dist&nce  fallen  through  to  acquire  that  velocity. 

1  f!;;T  !^LE;_Jf1th?  1Telocit>r  ?f  a  cannon-ball  is  579  feet  per  second,  from  what height  must  a  body  fall  to  acquire  the  same  velocity? 
579 -h  8.02  =72.2  and  72.22  —  5212.S4 ye(t 

To  Compute  tlie  Space  tlirongh.  wliicli  a  Body  will  fall  in any  given  Time. 
IjuLE.— Multiply  the  square  of  the  time  in  seconds  by  16.083,  and  it will  give  the  space  in  feet. 
I  \  ample — Required  the  space  fallen  through  in  5  seconds. 

52  —  25,  and  fz5x  16.083  =  402.  OS  feet. 
e  distance  fallen  through  in  feet  is  very  nearly  equal  to  the  square  of  the  time m  fourths  of  a  second. 

Kx  2 — A  bullet  being  dropped  from  the  spire  of  a  church  was  4  seconds  in  reach- ing the  ground  ;  what  was  the  height  of  the  spire? 
4X4  =  16,  and  162  =  556/^. 

By  Rule.  4X4X16.0833  =  257.33 feet. 
Ll 
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Ex.  3. — What  is  the  depth  of  a  well,  a  bullet  being  2  seconds  in  reaching  the  bot- 
tom? 2x4  =  8,  and  82  ==  64  feet. 

By  Rule,  2x2x16.0833  =  64  33  feet. 
By  Inversion  In  what  time  will  a  bullet  fall  through  256  feet? 

V256  =  16,  and  16  -4-  4  =  4  sec. 
Let  s  represent  the  space  described  by  any  falling  body,  t  the  time,  v  the  velocity 

acquired  in  feet  per  second,  and  x  the  space  in  feet  which  the  body  falls  in  the 
second.  2  5 

Then  v  =  2-/16.0S3  s,  or  32.166  f,  or  y ;  x  =  32466  (t  —  %). 
tv  V2  I     S  V  2  5 

,  =  1*068  P,  ory,  or  jjjg?  *=?  ̂ jjp  *  «  T- 
Ascending  bodies  are  retarded  in  the  same  ratio  that  descending  bodies  are  accel- 

erated. Hence  a  body  projected  upward  is  ascending  for  one  half  of  the  time  it  is  in 
motion,  and  descending  the  other  half. 

To  Compute  tlie  Space  moved  th.ro-u.gli  "by  a  Body-  pro- 
jected. Upward  or  Downward  -v^itli  a  given  Velocity. 

If  projected  Upward. 
Kulic. — From  the  product  of  the  given  velocity  and  the  time  in  seconds 

subtract  the  product  of  32.16G,  and  half  the  square  of  the  time,  and  the 
remainder  will  give  the  space  in  feet. 

Or,  *2X16.0S3  —  vxi  =  s 
Example. — If  a  body  be  projected  upward  with  a  velocity  of  CO  feet  per  second, 

through  what  space  will  it  ascend  before  it  begins  to  return? 
30-^-32. 166  =  .9326  =  the  time  to  acquire  this  velocity. 

Then  30X.9326  =  2T.98  =  product  of  velocity  of  projection  and  the  time. 
93262 32.166X  — --  =  13.9S=  product  of  32.166,  and  half  the  square  of  the  time 

Hence  27.98  —  13.93  =  14 feet. 
Ex.  2 — If  a  body  be  projected  upward  with  a  velocity  of  96.5  feet  per  second,  it  is 

required  to  ascertain  the  point  of  the  body  at  the  end  of  10  seconds. 
96.5-^-32.166  =  3  seconds,  the  time  to  acquire  this  velocity,  and  32X 16. 0S3  =  144.75, the  height  the  body  reached  with  its  initial  velocity. 

Then  10  —  3  =  7  seconds  left  for  the  body  to  fall  in. 
Hence,  by  Rule  (page  397),  72Xl6.0S3  =  78S.07,  and  788.07  -  144.75  =  643.32  feet 

=  the  distance  below  the  point  of  projection. 
Or,  102x16.083  =  1603.3  feet,  the  space  fallen  through  under  the  effect  of  gravity, and  96.5x10  =  965  feet,  the  space  if  gravity  did  not  act.  Hence  1608.3  —  9G5  = 643.3  feet. 
Ex.  3. — If  a  shot  discharged  from  a  gun  return  to  the  earth  in  }2  seconds,  how high  did  it  ascend? 
The  shot  is  half  the  time  in  ascending. 

62x16.083  =  579  feet  =  product  of  the  square  of  the  time  and  16.083. 
If  projected  Downward. 

Rule. — Proceed  as  before,  and  the  sum  of  the  products  will  give  the space  in  feet. 
Or,  f2X16.0S3-}-7;x*  =  s. 

Example.— If  a  body  be  projected  downward  with  a  velocity  of  96.5  feet  per  sec- 
ond, through  what  space  must  it  descend  to  acquire  a  velocity  of  193  feet  per  second? 

96. 5-4-  32.166  =  3  seconds,  the  time  to  acquire  this  velocity. 
193  -4-32.166  =  6  seconds,  the  time  to  acquire  this  velocity. 

Hence  6  —  3  =  3  seconds,  the  time  of  the  body  falling. 
Then  96.5x3  =  289.5  =  product  of  velocity  of  projection  and  the  time. 

32 

32.166X  ̂   — 144.75  —  product  of  32.166,  and  half  the  square  of  the  time. 
Therefore  289.5  — 144.75  =  144. 15  feet. 
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Promiscuous  Examples. 
1.  A  ball  is  1  minute  in  falling,  how  far  will  it  fall  in  the  last  second? 

Space  fallen  through  =  square  of  the  time,  and  1  minute  —  60  seconds. 
602xl6.0S3  =  57S9S  feet  for  60  seconds, 
592X16.0S3^  559S4   k>    "  59  " 

1914  %  u 
2.  Compute  the  time  of  generating  a  velocity  of  193  feet  per  second,  and  the  whole 

space  descended. 
193^- 32.166  =  6  seconds;  62xl6.0S3  =  5T9  feet. 

3.  If  a  ball  fall  through  2316  feet  in  12  seconds,  with  what  velocity  will  it  strike  ? 
2316  -4- 12  — 193  X  2  —  SSGfeet. 

ZVIotion  and.  Gravitation  of  Bodies  on.  Inclined  IPlanes. 

The  space  which  a  body  describes  upon  an  inclined  plane,  when  descend- 
ing the  plane  by  the  force  of  gravity,  is  to  the  space  it  would  freely  fall  in 

the  same  time  as  the  height  of  the  plane  is  to  its  length;  and  the  spaces 
being  the  same,  the  times  will  be  inversely  in  this  proportion. 

If  a  body  descend  in  a  curve,  it  suffers  no  loss  of  velocity. 
If  two  bodies  begin  to  descend  from  rest,  and  from  the  same  point,  the 

one  upon  an  inclined  plane,  and  the  other  falling  freel}-,  their  velocities at  all  equal  heights  below  the  surface  will  be  equal. 
Example.— What  distance  will  a  body  roll  down  an  inclined  plane  300  feet  long 

and  25  feet  high  in  one  second  by  the  force  of  gravity  alone  ? 
As  GOO  :  25  :  :  16.0S3  :  1.34025/e^. 

Hence,  if  the  proportion  of  the  height  to  the  length  of  the  above  plane  is  reduced 
from  25  to  GOO  to  25  to  600,  the  time  required  for  the  body  to  fall  1.34025  feet  would be  determined  as  follows : 

As  25  :  000  :  :  1.31025  :  32.166  —  16.0S3X2  —  twice  the  time  required  for  one  half 
the  proportion  of  height  to  length. 

Or,  as  —  :  —  :  :  1.34025  :  G2.16G,  as  above. 25  25 
tfoTES. — The  times  of  descending  different  planes  of  the  same  height 

are  to  one  another  as  the  lengths  of  the  planes. 
A  body  acquires  the  same  velocity  in  descending  any  inclined  plane  as 

by  falling  freely  through  a  distance  equal  to  the  height  of  the  plane. 
When  bodies  move  down  inclined  planes,  the  accelerating  force  is  expressed  by 

j;  the  quotient  of  the  height  -4-  the  length  of  the  plane ;  or,  what  is  equivalent  there- 
to, the  sine  of  the  inclination  of  the  plane,  i  e  sin.  i. 

The  Formulae  to  determine  the  several  elements  are : 
1  v*  1 1.  sz=z-gt2  sin.  i 2  2#sin.  i    2  4.  v=zV^i 2s 

2.  v  —  gt  sin.z=  W (2gs  sm.i)—  — -;        ■  1        .     .  \2 t  5.  s  —  V  t  q:  -  g  I2  sin.  i  =  — — ■  ; 2°  2^  sin.  i ,/    2  s    \      2  s 
t-V( — : — )  =  — ; v  \g  sin.  if  v 

.-represent in  g  the  space  fallen  through  infect,  v  the  velocity  in  feet  per  second,  t  the time  in  seconds,  g  32.166  feet,  and  V  the  velocity  in  feet  per  second  of  the  body 
when  projected. 

Illustration. — An  inclined  plane  having  a  height  of  one  half  its  length,  the 
"pace  fallen  through  in  any  time  would  be  one  half  of  that  which  it  would  fall  freely. 

All  of  the  preceding  elements  are  required,  the  time  assumed  to  be  5  seconds,  and 
the  velocity  with  which  a  body  is  projected  upward  being  96.5  feet,  and  downward 16.083  feet. 

The  velocity  which  a  body  rolling  down  such  a  plane  would  acquire  in  5  seconds ia  SO. 41 6  feet. 
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GRAVITATION". 

32.1G6  80  4162  1 
1.  ,=_x*x.5=201..04=^^ 
2.  v  =  32.1GJx5x. 5  =  80.416  =  V(2x32.1C6x201.04x.5)=80.41C  =  ̂i^!i  = 
80.416.  5 

3.  f. 

y'(f 

2x201.04  2X201.04 
166X.5 

4.  v  =  16.CS3 -f-  32.lG6x5x.5zz:  96.409  =  velocity  acquired  at  the  end  of  5  seconds when  projected  downward  with  a  velocity  of  16.0S3  feet  per  second. 
k  n/>  k  32  166  / 5.  s  =  96.5x5  — X52X.5  =  £S1.4625/^  =  the  space  through  which  the 

body  will  be  projected  upward  in  5  seconds 
96  52 

'  32. 166 X 2 X  5  =  -€t  ~  the  SpaC€  throuSh  which  the  body  will  be  project- ed upward  before  its  motion  is  lost. 
What  time  will  it  take  for  a  ball  to  roll  38  feet  down  an  inclined  plane 

the  angle  t  =  12°  20',  and  what  velocity  will  it  attain  at  38  feet  from  the starting-point  ? 

Fi^W M.T^^~mS?C^S»  v  =  0t^n.  2  =  32.166X3.03X.2136 =  22.SS  feet  per  second. 
Retarded  Motion  .—Bodies  projected  vertically  will  obtain  inversely  the same  velocity  as  when  descending,  as  the  same  force  acts  upon  them,  and causes  retarded  motion  when  thev  ascend,  and  accelerated  when  they  de- scend. 
The  Formulas  to  determine  the  several  elements  are : 

32.166  £2 

"V     V  32. 166  ~~  4.01* 2.166^2     V/'  V2 

2       —  ~2~— '64.0S3  ; V  representing  any  time  less  than  t,  and  h  height  in  feet  to  which  the  bodii  will ascend. 
Illustration.— An  ascending  hall  starts  with  a  velocity  of  135  feet  per  second  • with  what  velocity  will  it  strike  an  object  60  feet  above? 

_   135  /"1352  2x60" /-32J66~  V  3^^~32~166  =  '41  seconds>  uniU  lt  ̂rikes. 
Then  v  =  135—  32.166 X. 41  =  131.89  feet  per  second. 
If  a  cannon-ball  is  projected  at  an  angle  to  the  horizon,  there  are  two  forces  act- ing on  the  ball  at  the  same  time— viz.,  the  force  of  gunpowder,  which  propels  the ball  uniformly  in  a  right  line,  and  the  force  of  gravity,  which  causes  the  ball  to  grav- itate at  an  accelerated  motion  ;  these  two  motions  (uniform  and  accelerated)  cau.-c the  ball  to  move  in  a  curved  line  (Parabola). 

V  representing  velocity  of  the  ball,  W  weight  of  the  ball  in  pounds,  s  the  greatest height  of  ball  over  horizontal  line,  t  the  time  of  flight,  p  pounds  of  powder  in  the charge,  b  the  horizontal  range,  and  x  angle  with  the  horizon. 
Illustration' — A  cannon  loaded  to  give  a  ball  a  velocity  of  900  feet  per  second, the  angle  i=z45°  ;  what  is  the  horizontal  range,  and  what  the  time  t  ! 

.     9002  x  sin.  45°  X  cos.  45°     9002 x. 5 
 32066  =  ̂ .W^1250'09^- 

Note.— As  the  distance  b  will  be  greatest  when  the  angle  i  =  45°,  the  product  of sine  and  cosine  is  greatest  for  that  angle.    Sin.  45°  X  cos.  45  —  .5. 
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To  Compiite  tlie  Velocity*  of  a  falling  Stream  of  Water 
per  Second  at  tlxe  End.  of*  an y  given  Time,  tne  perpen- 

dicular Distance  "being  given. 
Example. — What  is  the  distance  a  stream  of  water  will  descend  on  an  inclined 

plane  10  feet  high,  and  100  feet  long  at  the  base,  in  5  seconds? 
52X  16.033  =  402.06  feet  =  the  space  a  body  will  freely  fall  in  this  time. 

Then,  as  100  :  10  :  :  402.08  :  40.21  feet  =  the  proportionate  velocity  on  a  plane  of 
these  dimensions  to  the  velocity  when  falling  freely. 

Let  s  represent  the  space  described  by  any  falling  body,  t  the  time,  and  r 
the  velocity  acquired  in  feet. 

tv        t'2  is  v         2  s   
Then  .  =  1C.0S  *  or  _,  or  — ;  t  =^553  or  — ,  or  - ;  v  =  2  ̂16.08  4  « 

9  s 

32.1$  t,  or  — . t 
Or,  v  =  32.2,  t  -  3.02  ̂ s,  s=  16.1,  *2  -=  .0155  r2,  and  t  =  .031  v  =  .24Q^s. 

ANIMAL  STRENGTH. 

MEN. 
The  mean  effect  of  the  power  of  a  man,  unaided  by  a  machine,  working 

to  the  best  practicable  advantage,  is  the  raising  of  70  lbs.  1  foot  high  in  a 
second,  for  10  hours  in  a  day. 
Two  men,  working  at  a  windlass  at  right  angles  to  each  other,  can  raise 

70  lbs.  more  easily  than  one  man  can  30  lbs. 
The  result  of  observation  upon  animal  power  furnishes  the  following  as  the  maxi- mum daily  effect  : 
1.  When  the  effect?  produced  varied  from  %  to  .2  of  that  which  could  be  produced 

without  velocity  during  a  brief  interval. 
2.  When  the  velocity  varied  from  ̂   to  %  for  a  man,  and  from  .08  to  .060  for  a  horse, 

of  the  velocity  which  they  were  capable  for  a  brief  interval,  and  not  producing  any effort. 
3.  When  the  duration  of  the  daily  work  varied  from  %  to  %  for  a  brief  interval, 

during  which  the  work  could  be  constantly  sustained  without  prejudice  to  the  health 
of  the  man  or  the  animals;  the  time  not  extending  beyond  18  hours  per  day,  how- 

ever limited  may  be  the  daily  task,  so  long  as  it  represents  a  constant  attendance  in the  shop. 
By  Mr.  Field's  experiments  in  1838,  the  maximum  power  of  a  strong  man,  exerted for  2^  minutes  —  1S000  lbs.  raised  one  foot  in  a  minute. 
A  man  of  ordinary  strength  exerts  a  force  of  30  lbs.  for  10  hours  in  a  day,  with  a velocity  of  2%  feet  in  a  second  =  4500  lbs.  raised  one  foot  in  a  minute  =  .2  of  the work  of  a  horse. 
A  man  can  travel,  without  a  load,  on  level  ground,  during  8%  hours  a  day,  at  the 

rate  of  3.7  miles  an  hour,  or  31^  miles  a  day.  He  can  carry  111  lbs.  11  miles  in  a 
day.  Daily  allowance  of  water  for  a  man,  1  gallon  for  all  purposes;  and  he  requires 
from  220  to  240  cubic  feet  of  air  per  hour. 

A  porter  going  short  distances,  and  returning  unloaded,  can  cany  135  lbs.  7  miles 
a  day.    He  can  transport,  in  a  wheelbarrow,  150  lbs.  10  miles  in  a  day. 

The  muscles  of  the  human  jaw  exert  a  force  of  534  lbs. 
Mr.  Buchanan  ascertained  that,  in  working  a  pump,  turning  a  winch,  in  ringing a  bell,  and  in  rowing  a  boat,  the  effective  power  of  a  man  is  as  the  numbers  10;), 167,  227,  and  248. 
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  jnan  weighing  154  lbs.  and  walking  31  % 
mile3  in  a  day ;  he  can  also  produce  an  effect  upon  a  tread-wheel  of  30  lbs.,  with  u 
velocity  of  l.Z  feet  in  a  second,  for  S  hours  in  a  day,  and  can  draw  or  push  on  .i horizontal  plane  30  lbs.  with  a  velocity  of  2  feet  in  a  second,  for  8  hours  in  a  da  v. 
He  can  raise  by  a  single  pulley  38  lbs.,  with  a  velocity  of  .8  of  a  foot  per  second,  f»r 
S  hours  in  a  day,  and  he  can  pass  over  12^  times  the  space  horizontally  that  he  can vertically. 

Ll* 
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A  foot-soldier  travels  in  1  minute,  in  common  time,         90  R*epa  ~  TO  yards u  "       in  quick-time,  110    "    ~  86  " )  "         "       in  double  quick-time,  140    »    =  no  « He  occupies  in  the  ranks  a  front  of  20  inches,  and  a  depth  of  13,  without  a  kn-m. sack :  the  interval  between  the  ranks  is  13  inches.  runout  a  knap- Average  weight  of  men,  150  lbs.  each. 
Five  men  can  stand  in  a  space  of  1  square  yard. 

Table  of  tlie  Effective  Power  of  Men  for  a  Sliort  Period. Manner  of  Application 

Bench-vice  or  chisel  , . . Brace-bit  
Drawing-kritfe  or  auger  , Hand-plane  Hand-saw  

I  Force 
Lbs. 
72 
1G 100 
50 3G 

Manner  of  Application. 

Screw-driver,  one-hand  . 
Small  ̂ crew-driver  
Thumb  and  fingers  . Thumb-vice  
Windlass  or  pincers  

Force. 
Lbs. 

84 
14 14 45 

GO 
HORSES. 

A  Horse  can  travel  400  yards,  at  a  walk,  in  4^  minutes  :  at  a  trot  in  2 minutes ;  and  at  a  gallop,  in  1  minute.    He  occupies  in  the  ranks  a  front of  40  inches  and  a  depth  of  10  feet ;  in  a  stall,  from  Sy2  to Y£ feet  fron? and  at  a  picket,  3  feet  by  9  ;  and  his  average  weight  =  1000  lbs  ' 

majfe^  ^UipmentS  <225  lbs').  can  travel  25 

inciidedUght:h°rSe       draW  1600  lbS'  23  milGS  a  d<*  wei*'ht  of  carriage 

in^min?  ̂   t^Jf^**  ™Y  ̂   "»*     ̂   ̂   M  1  *°t 

the b^^KS.1"^  °f3feet  ̂   *  ™*  of 
h^!l01'TV°"'eV  iu  machmeiT  is  estimated  at  33000  lbs.,  raised  1  foot  in  I  mtotit*- 

?&»mfW:*£2°* but c "°ure a day' one 
6  exp.e^  w  of  conveying  goods  at  3  miles  per  hour  per  horse  teams  beta*  1  iL 

The  strength  of  a  horse  is  equivalent  to  that  of  5  men. 
The  daily  allowance  of  water  for  a  horse  should  be  4  gallons. 

Table  of  tlie  Amount  of  Labor  a  Horse  of  average  Strength is  capable  of  performing,  at  different  Velocities,  on  Ca- nals, Rail-roads,  and  Turnpikes. 
Force  of  Traction  estimated  at  S3.3  lbs. 

Veloci- 
ty per Hour. 

Dura- tion of 
Work. 

|Useful  Effect  for  One  Day.  drawn 1  Mile. 1 
iVeloci- 
ty  per Hour. On  a  Ca> 

nal. On  a  Rail- road. On  a  Turn- 

pike. 
Miles. 
3 
4 
5 

Hours. 
11.5 8. 
4.5 2.9 

Tons. 520 
243 
102 
52 

Tons. 
115 

92 
T2 
5T 

Tons. 
u 
12 
9 
7.2 

Miles. 
6 
7 
8 10 

Dura tion  of 
Useful  Effect  for  One  Dav,  drawn 1  MUe. Work 
On  a  Ca- On a  Rail- nal. road. 

Hours. Tims Tons. 
30 4S 

t5 

19 41 1.125 12.8 

CG 

.75 

6.G  | 
2S.S pike. 

Tone. 

G 
5.1 

4.5 
3.G 

r-""r""<^     ™  fciiuiiuku  uy  uorses  is  greater,  but  they  are  injured  bv  it J  ?°™e.m  *  ™     c,an  Producc  an  effect  of  ™6  lbs.,  at  a  velocity  of  3  feet  in  a  «ec- 

i^i^^tVi^7  of  2  feet  in  a  second  n-u  miles  per  hou,)' *™ 
A  Morse  requires  a  space  7  feet  by  2y2  for  transportation  in  a  vessel  ■  and  «i  Bppvp hy  26  in?'^ifch™*  »nd2  feet  additional  leng  h  wi  h  one J  Beeves  or  15  Sheep  require  the  food  of  2  Horses. 



AXIMAL  STRENGTH. 
403 

Table  sliowing  tlie  -Amcmiit  of  Labor  produced  "by  Ani- mal Power  xinder  different  Circumstances. 

MANNER  OF  APPLICATION. 

10  Hocks  per  Day 
Man,  throwing  earth  with  a  shovel,  a  height  of 

5  feet   
Man,  wheeling  a  loaded  barrow  up  an  inclined 

plane,  height  one-twelfth  of  length  
Man,  raising  and  pitching  earth  in  a  shovel 

to  a  horizontal  distance  of  13  feet  
Man,  pushing  and  drawing  alternately  in  a 

vertical  direction  
Man,  transporting  weight  upon  a  barrow,  and 

returning  unloaded  
Man,  walking  upon  a  level  
Horse,  drawing  a  4-wheeled  carriage  at  a  walk 
Horse,  with  load  upon  his  back,  at  a  walk  .  . 
Horse,  transporting  a  loaded  wagon,  and  re- 

turning unloaded  at  a  walk   
Horse,  drawing  a  loaded  wagon  at  a  walk. .  . 

8  Hours  per  Day 
Man, ascending  a  slight  elevation,  unloaded  . 
Man,  walking,  and  pushing  or  drawing  in  a 

horizontal  direction  
Man,  turning  a  crank  
Man,  upon  a  tread-mill  
Man,  rowing  
Horse,  upon  a  revolving  platform,  at  a  walk. 
Ox,  upon  a  revolving  platform,  at  a  walk  . .  . 
Mule,  upon  a  revolving  platform,  at  a  walk. . 
Ass,  upon  a  revolving  platform,  at  a  walk  .  . 

7  Hours  per  Day 
Man,  walking  with  a  load  upon  his  back  6  Hours  per  Day. 
Man,  transporting  a  weight  upon  his  back, 

and  returning  unloaded  
Man.  transporting  a  weight  upon  his  back  up 

a  slight  elevation,  and  returning  unloaded . 
Man,  raising  a  weight  by  the  hands  

4%  Hours  per  Day. 
Horse,  upon  a  revolving  platform  at  a  trot. . 
Horse,  drawing  an  unloaded  4-wheeled  car- 

riage at  a  trot  
Horse,  drawing  a  loaded  4-wheeled  carriage at  a  trot   

How  many  men  are  required  upon  a  tread-mill,  20  feet  in  diameter,  in 
order  to  raise  a  weight  of  900  lbs.,  the  crank  being  9  inches  in  length? 

The  weight  of  the  wheel  and  its  load  Is  estimated  at  5000  lbs.,  and  the  friction  at 
.015=  75  lbs.  The  labor  of  a  man  upon  such  a  mill  is  estimated  at  25  lbs.  Length of  crank  =  .75  feet. 

Then  0O0X-T5  -f  5030x.015  =  750  lbs.,  the  resistance  of  the  wheel;  and  (  75 
75  lbs.,  the  power  required  at  the  circumference  of  the  wheel. 

Therefore,  75  -r-  25  —  3  men. 

1 
Power 

Veloei 

ty  per Second 
Weight raised. Foot  per Horses' 

Power for  the 
Period 

given. Lbs 
Feet. 

Lbs. 
No. 

a o A  QA 
4oU 

Q  rj 

O.  / 

1  39 % 
6 

2^ 

810 
14.7 

13 1950 35.5 
132 1 7920 

144 

143 5 42900 7S0 
1 54 o 07700, 

0\J-± 

2G4 

33/ 
0U4UU 

o a 1 Q  1  QOA 33^0 
J  0~±\J 33/ OlOOUU oouu 

14o h 4290 G2 
2G 2 3120 45.2 
18 

2K 

271)0 
39 

140 4200 60.9 
2G 

5/2
 

7800 

113*
 

100 3 18000 
2G0.8 

132 2 15840 229.5 
G6 3 11880 179  9 it  L  .  Z 

32 

2% 

5280 76.5 
88 

13200 167.9 

140 m 14700 160.5 

140 .2 1680 

19 
44 

XA 

1320 
14.4 

GG 

a% 

2G730 218.7 

97 

"X 

43195 353.5 

770 334950 2741 

20^-2" 
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The  draught  of  Man  and  Animals  by  traces  is  as  follows  • 
Man 150  lbs-  i  Horse  600  lbs.  ;  Mule  500  lbs.  ;  Ass.         360  lbs 
rni-nTVrTT  a  b?at^  I*116  in  7  minutes  performs  the  labor  while rowing,  of  6  fully-worked  laborers  at  ordinary  occupations  of  10  hours. 
Tatole  showing  tlie  Effects  of  a  Traction  of  lOO  LTds  at different  Velocities  on  Canals. Velocity 
per  Hour. 

Velocity  per Second. Mass  moved. Useful  Effect. 
Velocity 

pr.  Hour. Miles. Feet. Lbs. Lbs. Miles. 2^ 
3.66 55500 39408 6 3 4.4 38542 27361 7 5.13 28316 20100 8 5.86 21680 15390 9 5 7.33 13875 9850 10 

Velocity  per 
Second. 
Feet. 
8.8 

10.26 
11.73 
13.2 14.66 

Mass moved. 
Lbs. 
9635 

7080 5420 
4282 3468 

Useful 
Effect. 
Lbs. 

6840 5026 

3848 
3040 
2462 

The  load  carried,  added  to  the  weight  of  the  vessel  which  contains  it 
forms  the  total  mass  moved,  and  the  Useful  effect  is  the  load  COntamS  * 
rif?rce  of  traction  on  a  railroad  or  turnpike  is  constant,  but  th*  me- chanical  power  necessary  to  move  the  carriage  increases  as  the  velociTv  • 
on  a  canal  the  force  of  traction  varies  as  the  fquare o  f  the  veloci^       3  ' 

Labor  upon  Embankments.-tELLwooD  Morris.] 
Smgle  Horse  and  Cart.-k  horse  with  a  loaded  dirt-cart,  employed  in excavation  and  embankment,  will  make  100  lineal  feet  of  trip  or  200  feet in  distance  per  minute,  while  moving.    The  time  lost  in  loading  dump 

mg,  awaiting,  etc.  =  4  minutes  per  load.  'oacung,  amnp- 
WUh  a  ̂   in  10  h0-'  »f  *»  Allowing 

Gravelly  Earth,  10  ;  Loam,  12  ;  and  Sandy  Earth,  14  cubic  yards. 
tran^rfPdf1  *  nat^a\  excavati™  ft  more  space  than  when tiansported  to  an  embankment. 

Carts  are  loaded  as  follows:  Descending  Hauling,  g  of  a  eubie  yard  in 

SKUKSSSj  °f  3  C"biC  ™  iB  bant ;  Ascending  Bauling,  J 

cuW^i^^o^iff^  P1°W  WiU  l0°Sen  from  250 10  m 
Jilt  °0Si  °f,  looseninS  earth  to  be  loaded  will  be  from  1  to  8  cents  ncr cubic  yard  when  wages  are  105  cents  per  day.  P The  cost  of  Trimming  and  Bossing  is  about  2  cents  per  cubic  yard 
ex^S'.^  SC0°P  l0ad  m  meaSUre  *  0f  a  cubic        measured  «s 

The  time  lost  in  loading,  nnloading,  and  turning,  per  load,  is  IV  minute 
i^wSffiftSH  ?°        °f  fr0m  Nation!  S£ 

Volumes  of  Excavation  and  Embankment. 

volume  in  a  natural  state,  Z  prc pSn b^^^."*^  °fltS 
Sand  h  Clay  1-  Gravel     '  x 

.ion^f  slo"!  °f  r°Ck  iU  b3nk  6XCeeds  *«tta  excavationin'the  proper- 
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Stone. 
Hauling  Stone. — A  cart  drawn  by  horses  over  an  ordinary  road  will 

travel  1.1  miles  per  hour  of  trip. 
A  four-horse  team  will  haul  from  25  to  36  cubic  feet  of  limestone  at  each 

load. 
The  time  expended  in  loading,  unloading,  etc.,  including  delays,  aver- 

ages 35  minutes  per  trip.  The  cost  of  loading  and  unloading  a  cart,  using 
a  horse-crane  at  the  quarry,  and  unloading  by  hand,  when  labor  is  $1  25 
per  day,  and  a  horse  75  cents,  is  25  cents  per  perch=24.75  cubic  feet. 

The  work  done  by  an  animal  is  greatest  when  the  velocity  with  which 
he  moves  is  %  of  the  greatest  with  which  he  can  move  when  not  im- 

peded, and  the  force  then  exerted  .45  of  the  utmost  force  the  animal  can 
exert  at  a  dead  pull. 

PERFORMANCES  OF  MEN,  HORSES,  ETC. 
The  following  notes  are  designed  to  furnish  an  authentic  summar}'  of 

the  fastest  or  most  successful  recorded  performances  in  each  of  the  feats, 
matches,  or  races,  etc.,  etc.,  given. 
Note.— Parties  desirous  of  maintaining  such  a  record  by  the  contribution  of  results  are  requestod to  address  them  to  the  Author. 

WALKING. 
]\X  a  i  i  . 

1S65,  —  Hill,  Brooklyn,  Long  Island,  N.  Y.,  X  n"le,  backward,  in  7  min. 
1874,  JFm.  Perkins,  London,  Eng.,  %  mile,  in  2  min.  56  sec,  %  in  4  min.  40  sec, 

1  mile,  in  G  min.  23  sec,  2  in  13  min.  20  sec,  and  3  in  20  min.  47  sec;  and  1S75,  8 in  59  min.  5  sec. 
1870,  J.  Stockwelli  London,  Eng.,  4  miles  in  29  min.  6  sec,  5  in  36  min.  42  sec,  and C  in  44  min.  31  sec 
1856,  William  Spooner,  London,  Eng.,  7  miles,  in  52  min. 
1868,  George  Topley,  New  York,  N.  Y.,  1%  miles,  in  56  min.  10  sec;  London, 

Eng.,  9  in  1  hour  12  min.  48  sec  ;  and  New  York,  N.  Y,  42  in  7  hours  3  min  22  sec 
1868,  N.  Young,  Mansfield,  Ohio,  1%  miles,  in  56  min.  5S  sec. 
1865,  J.  Brighton,  Liverpool,  Eng.,  11^  miles,  in  1  hour  31  min. 
1869,  Geo.  Davison,  Hackney  Wick,  Eng.,  7  miles  1  380  yards  in  1  hour,  10  miles 

in  1  hour  17  min.  33  sec,  12  in  1  hour  32  min.  26  sec,  15  in  1  hour  57  min.  41  sec. 
15  and  5S0  yar  !s  in  2  hours,  and  21  in  2  hours  53  min.  34  sec 

1349,  C.  Westhall,  London,  Eng.,  25  miles,  in  3  hours  58  min.  45  sec  •  185S 
turnpike  road,  Newmarket,  Eng.,  21  miles  in  2  hours  59  min.  1  sec 

1875,  A.  Clark,  Fulham,  Eng.,  50  miles,  in  9  hours  24  min.  W%  sec,  including stops. 
1868,  M.  Wesley,  Troy,  N.  Y,  50  miles,  country  road,  in  9  hours  22  min.,  including 

36  min.  in  rests.  to 
1801,  Capt.  —  Barclay,  Eng.,  country  road,  110  miles,  in  training,  in  19  hours,  ex- clusive of  rests,  and  90  in  20  hours  22  min.  4  sec,  including  rests;  1803,  %  mile in  56  sec,  and  Charing  Cross  to  Newmarket,  64  in  10  hours,  including  rests;  1806 

(Irjr  to  Crathynaird  and  back,  28  in  4  hours,  and  100  in  19  hours,  including  1  hour 
30  mm.  in  rests;  1809,  1 000  in  1 000  consecutive  hours,  walking  a  mile  only  at  the commencement  of  each  hour. 

1830,  —  Xewsam,  Philadelphia,  Penn.,  1  000  miles,  in  18  days. 
1818,  Jos.  Eaton,  Stowmarket,  Eng.,  4  032  quarter  miles,  in  4  032  consecutive  quar- 
ter hours;  1846  (70  years  of  age),  Canada,  1  000  miles,  in  1000  consecutive  hours- 

and  1847,  Boston,  1 000  quarter  miles,  in  1 000  consecutive  quarter  hours. 
1842,  —  Ellsworth,  and  1S57,  —  Lambeth,  of  Boston,  Mms^.  :  1SG9,  J.  De  Witt 

Chicago,  111.  ;  and  1874,  —  Richards  [young  woman],  Stapleton,  Eng.,  each  1000 miles,  in  1  000  consecutive  hours. 
1874,  E.  P.  Weston,  New  York,  N.  Y.,  100  miles,  in  20  hours  37  min.  45  sec,  115 in  23  hours  50  min.  37  sec,  and  430  in  6  days. 
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JUMPING,  LEAPING,  ETC. 
iMan. 

1774,  Anthony  Thorpe,  Artillery  Ground,  London,  Eng.,  1  mile,  in  a  sack,  in  11 min.  30  sec. 
1829,  Samuel  Patch,  over  Genesee  Falls,  N.  Y.,  125  feet  perpendicular. 
1S48,  P.  M^Neely,  Petersburg,  Ky.,  10  jumps,  standing,  110  feet  4  ins. 
1S54,  J.  Howard,  Chester,  Eng.,  1  jump,  board  raised  4  inches  in  front,  running start,  two  5  lb.  weights,  29  feet  7  ins. 
1854,  —  Nelson,  New  York,  N.Y.,  10  hops,  running  start,  112  feet. 
1856,  Thos.  King,  San  Francisco,  Cal.,  1  jump,  spring  board,  running  start,  over  9 horses,  31  feet  1%  ins. 
1868,  Geo.  M.  Kelley,  Corinth,  Miss.,  leaped  over  17  horses  standing  side  by  side. 
1869,  J.  P.  Naylor,  Manchester,  Eng.,  6  jumps  backward,  standing,  54  feet  5  ins. 
1869,  J.  Parker,  Leeds,  Eng.,  hopped  on  one  leg  100  yards  in  14  sec. 
1869,  Geo.  Harris,  Staten  Island,  3  jumps,  standing,  38  feet  7  ins. 
1869,  W.  E.  Evans,  Brooklyn,  L.  I.,  standing  leap,  4  feet  11%  ins. 
1870,  Edward  Searles,  Utica,  N.  Y.,  dumb  bells,  standing  jump,  13  feet  5%  ins. C.  H.  Loomis  covered  13  feet  1%  ins.,  but  it  was  declared  foul. 
1870,  P.  Frazer,  New  York,  N.  Y.,  hop,  skip,  and  jump,  40  feet  10  ins. 
1870,  Katie  Murphy  [young  woman],  Dorchester,  Mass.,  1  jump,  standing,  11  feet 2%  ins. 
1870,  D.  Dinnie,  New  York,  N.  Y.,  running  leap,  5  feet  4  ins. 
1873,  T.  Davis,  Dublin,  Ireland,  running  leap,  5  feet  10%  ins. 
1875,  J.  Greaves,  Hazlehurst,  Eng.,  standing  jump,  13  feet  7  ins. 

RUNNING. 
Man. 

18 — ,  Wm.  Bingham,  Toronto,  Can.,  75  yards,  in  7  sec. 
1869,  P.  Perry,  Trenton,  N.  J.,  75  yards,  in  7K  sec. 
1844,  Geo.  Seward,  Manchester,  Eng.,  100  yards,  in  9^  sec;  150  in  14^  sec,  and 200,  running  start,  in  19 %  sec. 
1868,  John  Thomas,  Philadelphia,  Penn.,  100  yards,  in  9%  sec,  and  200  in  20  sec  ; 

1868,  W.  H.  Young,  Paterson,  N.  J.,H  E.  Buermayer  (an  amateur),  and  1S67,  E.  D. Davis,  Chicago,  111.,  100  yards,  in  9%  sec. 
1568,  J.  W.  Cozad,  Long  Island,  N.  Y„,  125  yards,  in  12%  sec 
1851,  Charles  Westhall,  Manchester,  Eng.,  150  yards,  in  lb  sec,  and  200  in  1$%  sec. 1569,  Geo.  Forbes,  Providence,  R.  I.,  150  yards,  in  15  sec 
1863,  Jas.  Nultall,  Manchester,  Eng.,  300  yards,  in  31%  sec;  and  1864,  600  in  1 min.  13  sec. 
1873,  R.  Buttery,  Newcastle,  Eng.,  %  mile,  in  4S^  sec. 
1871,  Frank  Heivitt,  Australia,  %  mile,  in  1  min.  53%  sec 
1S61,  —  White,  Long  Island,  N.Y.,  1  mile,  drawing  a  sulky,  in  6  min.  24%  sec 
1S63,  Wm.  Lang,  Newmarket,  Eng.,  1  mile,  in  4  min.  2  sec,  descending  ground, 

Manchester,  2  in  9  min.  11%  sec  ;  and  1S65, 1  mile,  in  4  min.  Yl%  sec,  a  dead  heat 
with  Richards  ;  8  in  40  min.  57  sec,  9  in  46  min.  15  sec,  10  in  51  min.  26  sec,  11  in 56  min.  52  sec,  and  12  in  1  hour  2  min.  2%  sec. 

1S67,  James  Fleet,  Manchester,  Eng.,  1%  miles,  in  6  min.  50  sec. 
1764,  A  man,  Barnet  Course,  Eng.,  2  miles,  in  a  sack,  in  56  min. 
1710,  Levi  Whitehead,  Branham  Moor,  Eng.,  4  miles,  in  19  win. 
1S63,  J.  White,  Hackney  Wick,  Eng.,  3  miles,  in  14  min.  36  sec,  4  in  19  min.  35 

sec. ;  Manchester,  5  in  24  min.  40  sec. ;  and  Hackney  Wick,  7  in  34  min.  45  sec. 
1852,  William  Howitt,  alias  Jackson,  "American  Deer,"  London,  Eng.,  5  miles, in  24  min.  57  sec  ;  6  in  29  min.  30  sec. ;  10  in  51  min.  34  sec,  walking  in  last  200 

yards,  computed  time,  if  run,  51  min.  20  sec. ;  and  15  in  1  hour  22  min. 
1863,  L.  Bennett,  "  Deerfoot,"  Hackney  Wick,  Eng.,  10  miles,  in  51  min.  29  sec., 11  miles  790  yards,  in  59  min.  44  sec.=ll%  miles  per  hour;  and  Dublin,  Ireland,  12 in  1  hour  5  min.  6  sec. 
1845,  T.  Maxficld,  Slough,  Eng.,  20  miles,  in  1  hour  58  min.  30  sec. 
1S60,  H.  Howard,  Bridge  water,  Eng.,  41  miles,  public  road,  in  5  hours  36  min., inclusive  of  1  hour  IS  min.  in  rests. 
1749,  J.  Manser,  Peterborough  to  Lincoln,  Eng.,  50  miles,  in  7  hours  30  min. 
17—,  A  Courier,  East  Indies,  102  miles,  in  24  hotirs. 
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LIFTING. 
1S25,  Thomas  Gardner,  of  New  Brunswick,  N.  S.,  a  barrel  of  pork,  320  lbs.,  under 

each  arm;  also  transported  across  a  pier  an  anchor,  1 200  lbs. 
1S66,  A.  0.  Butts,  Auburn,  Mass.,  2  737%  lbs.,  in  harness,  and  900  lbs.  by  hands alone. 
1S_,  Wm.  B.  Curtis,  New  York,  X.  Y. ,  3  300  lbs.,  in  harness,  and  1230  lbs.  by hands  alone. 
1574,  R.  A.Pennell,  New  York,  N.  Y,  raised  dumb-bell,  201  lbs.,  by  one  hand. 

THROWING  WEIGHTS. 
1S70,  D.  Dinnie,  New  York,  N.  Y.,  light  stone,  IS  lbs.,  43  feet;  light  hammer,  16 

lbs..  112  feet ;  heavy  stone,  24  lbs.,  M  feet  6  ins. ;  heavy  hammer,  24  lbs.,  83  feet  8 
ins.;  and  a  5G  lb.  weight,  25  feet;  at  Dundee,  Scotland,  light  hammer,  16  lbs.,  128 
feet  11  ins. 

1S70,  Jos.  Stewart, Virginia,  Nev.  Ter.,  a  piece  of  lead,  3  oz.,  100  yards  IS  ins. 

FLY  ROD  CASTING. 
1SG0,  Seth  Green,  Rochester,  N.  Y,  rod  12  feet  6  inches  in  length,  standing  \%  feet 

above  the  water,  wind  calm,  100  feet. 

SWIMMING. 
1S35,  &  Bruck,  ,  15  miles,  in  a  rough  sea,  in  7  hours  30  min. 
1846,  A  Satire,  off  Sandwich  Islands,  7  miles  at  sea,  with  a  live  pig  under  one  arm. 
1569,  T.Morris,  Serpentine,  London,  Eng.,  1000  yards  short,  in  16  min.  43|  see. 
1570,  Chas.  Whyte,  London  Bridge  to  Clock  at  Greenwich  Hospital,  Eng.,  favorable 

current,  first  3  miles,  in  35  min.  2S  sec.,  and  5  miles,  in  1  hour  4  min.  23  sec. 
1S70,  Pauline  Rohn  [young  woman],  Milwaukee,  Wis.,  650  feet,  still  water,  in  2 min.  43  sec. 
1S72,  J.  B.  Johnson,  English  Channel,  7  miles,  in  1  hour  5  min.  ;*  1874,  New  York Bay,  N.Y.,  3  miles  (defined  by  estimate),  smooth  water,  in  1  hour  10  min.  30  sec. 
1874,  H.  Parker,  London,  Eng.,  500  yards,  in  7  min.  27.4  sec. 
1874,  E.  T.  Jones,  ,  Eng.,  1  mile,  still  water,  in  30  min.  3  sec. 
1S75,  Capt.  M.  Webb,  Dover  to  Calais,  23  miles,  crossing  two  full  and  two  half 

tides  —  50  miles,  in  21  hours  45  min. 
1S75,  Agnes  Beckwith  [young  woman],  London  Bridge  to  Greenwich  Hospital,  Eng., 

favorable  current,  5  -f-  miles,  in  1  hour  9  min. 

SKATING. 
18 — ,  Wm.  Clarke,  Madison,  Wis.,  1  mile,  in  1  min.  56  sec. 
1807,  Chas.  Ochford,  Detroit,  Mich.,  for  60  consecutive  hours,  stopping  12  minutes in  each  12  hours. 
1867,  T.  Prentiss,  Quincy  to  Lagrange,  111.,  15  miles,  in  50  min. 
1S68,  John  Conyers,  Lake  Simcoe,  Can.,  8  miles,  in  18  min.  40%  sec. 
1868,  E.  St.  Clair,  Cincinnati,  Ohio,  100  miles,  in  11  hours  46  min.,  and  for  24 hours  without  rest. 
1S68,  Annie  C.  Jagerisky  [young  woman],  30  hours,  with  30  minutes  rest. 
1870,  —  Hills,  Chetney  Wade,  Eng.,  1%  miles,  in  3  min.  6  sec. 
Notk. — The  Hportinq  Magazine,  London,  vol.  ix.,  p.  135,  reports  a  man  in  1767  to  have  skated  a mile  upon  the  Serpentine,  Hyde  Park,  London,  in  57  seconds. 

SNOW  SHOES. 
1871,  J.  F.  Scholes,  Montreal,  Can.,  %  mile,  in  2  min.  39^  sec,  and  1  in  5  min. 39^  sec. 
1871,  J.  D.  Armstrong,  Montreal,  Can.,  %  mile,  in  1  min.  5  sec. 
1869, ./.  James,  Montreal,  Can.,  ̂   mile,  2d  heat,  in  1  min.  15  sec. 
1871,  Kerar-onwe  (Indian),  Montreal,  Can.,  2  miles  in  11  min.  30  sec,  3  in  17  min. 52  sec,  and  4  in  24  min.  4  sec. 

*  In  an  attempt  to  cross  the  British  Channel, in  which  he  failed. 
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RUNNING. 
Horse. 
ONE  MILE. 

1850,  a  Black  Doctor,1 '  Doncaster,  Eng..  2  years,  87  lbs.,  in  1  min.  40  sec. 
1554,  »  Lecomte,"  New  Orleans,  La.,  4  years,  103  lbs. ,  3d  mile  of  a  2d  4-mile  heat, in  1  min.  40  sec. 
1855,  "  Henry  Perritt,"  New  Orleans,  La.,  4  years,  S3  lbs.,  1st  mile  of  2d  heat  of 2  miles,  in  1  min.  42%  sec. 
1S68,  "  Climax,"  Jerome  Park,  N.Y.,  9  years,  14S%  lbs.,  in  1  min.  4S%  sec. 1869,  «  Lobelia,"  Fashion  Course,  L.  I.,  6  years,  143  lbs.,  4  hurdles,  in  1  min. 51%  sec. 
18T0,  u  Judge  Curtis,"  Saratoga,  N.  Y.,  5  years,  114  lbs.,  in  1  min.  43%  sec. 1873,  "Thad.  Stevens,"  Sacramento,  Cal.,  7  years,  115  lbs.,  3d  heat,  in  1  min. 43%  sec. 
1874,  "  Springbok,"  Utica,  N.  Y.,  4  years,  10S  lbs.,  2d  heat,  in  1  min.  42%  sec. 
1874,  "Gray  Planet,"  Saratoga,  N.Y.,  5  years,  110  lbs.,  in  1  min.  42%  sec;  1st quarter  in  25  sec,  2d  in  50  sec,  and  the  third  in  1  min.  1G  sec. 
1875,  u  Searcher,"  now  "  Leander,"  Lexington,  Ky.,  2  years,  1)0  lbs.,  in  1  min.  41% sec. 
1875,  "Kadi,"  Hartford,  Conn.,  0  yeirs,  (catch)  82  lbs.,  2d  heat,  in  1  min.  41%  sec. 

TWO  MILES. 
IS—,  "  Child  of  the  Islands"  (Arabian),  India,  in  3  min.  4S  sec. 
1834,  u  Inheritor,"  Liverpool,  Eng.,  3  years,  87  lbs.,  in  3  min.  25  sec* 
1847,  "Inheritress,"  Liverpool,  Eng.,  aged,  115  lbs.,  in  3  min.  27  sec* 
1850,  u  Hegira,"  New  Orleans,  La.,  4  years,  feather  (71%  lbs.),  in  3  min.  14%  sec 
1S67,  "  Ruthless,"  Saratoga,  N.  Y.,  3  years,  112  lbs.,  in  3  min.  37  sec 
1S67,  "  Blackbird,"  Saratoga,  N.  Y.,  aged,  161  lbs.,  8  hurdles,  in  3  min.  57%  sec. 
186S,  uJonesboro,"  New  Orleans,  La.,  4  years,  132  lbs.,  8  hurdles,  in  3  min.51% sec 
1571,  "Harry  Bassett,"  Saratoga,  N.  Y.,  3  years,  110  lbs.,  in  3  min.  35%  sec. 
1572,  "Aureola,"  Lexington,  Ky.,  4  years,  101  lbs.,  2d  heat,  in  3  min.  35%  sec. 
1874,    Tom  Bowling,"  Lexington,  Ky.,  4  years,  104  lbs.,  in  a  min.  27%  sec 

TIIREE  MILES. 

1854,  11  Virago,"  Warwick,  Eng.,  3  years,  101  lbs.,  in  5  min.  29  sec 
1855,  14  Brown  Dick,"  New  Orleans,  La.,  3  years,  86  lbs.,  2d  heat,  in  5  min.  28  sec. 1555,  "  Rataplan,"  Warwick,  Eng.,  5  years,  127  lbs.,  in  5  min.  27  sec. 
1861,  "  Mollie  Jackson,"  Louisville,  Ky.,  4  yrs.,  101  lbs.,  3d  heat,  in  5  min.  28%  sec. 1865,  "  Fleetwing,"  Saratoga,  N.  Y. ,  5  years,  114  lbs.,  in  5  min.  31%  sec. 1S65,  11  Norfolk,"  Sacramento,  Cal.,  4  years,  100  lbs.,  in  5  min.  27%  sec. 

FOUK  MILES. 

1710,  " Bay  Bolton,"  York,  Eng.,  5  years,  168  lbs.,  in  7  min.  43  sec. 
1752,  "  Skewball,"  Kildare,  Ireland,  11  years,  119  lbs.,  in  7  min.  51  sec. 
1760,  "  Bay  Malton,"  York,  Eng.,  6  years,  119  lbs.,  in  7  min.  43%  sec 
1767,  u  Selim,"  Philadelphia,  Penn.,  8  years,  140  lbs.,  in  8  min .2  sec. 
1769,  u Eclipse,"  Winchester,  Eng.,  5  years,  168  lbs.,  in  8  min. 
1823,  "  Sir  Henry,"  Long  Island,  N.  Y.,  4  years,  108  lbs.,  in  7  min.  37%  sec. 1828,  "  Ariel,"  Newmarket,  Va.,  6  years,  118  lbs.,  4th  heat,  in  8  min.  4  sec 1832,  "  Black  Marin,"  Long  Island,  N.Y.,  6  years,  118  lbs.,  5th  heat,  in  8  min.  47 sec. ,  and  the  5  heats,  in  41  min.  40  sec. 
1S33,  "  Lady  Elizabeth,"  Doncaster,  Eng.,  5  years,  135  lbs.,  in  7  min.  46  sec. 1842,  "  Fashion,"  Long  Island,  N.  Y.,  5  years,  111  lbs.,  in  7  min.  32%  sec. 1855,  u  Lexington,"  New  Orleans,  La.,  5  years,  103%  lbs.,  in  7  min.  23%  sec. ;  and with  a  running  start,  in  7  min.  19%  sec. 
1863,  "  Idlewild,"  Long  Island,  N.  Y.,  6  years,  117  lbs.,  in  7  min.  26%  sec,  and  last 3  miles  in  5  min.  27%  sec. ;  track  heavy. 
1S71,  "Abd-el-Koree,"  Jerome  Park,  N.Y.,  3  years,  95  lbs.,  in  7  min.  33  sec. 1873,  "Thad.  Stevens,"  San  Francisco,  Cal.,  7  years,  115  lbs.,  2d  heat,  in  7  min. 30  sec. 
1874,  "  Fellowcraft,"  Saratoga,  N.Y.,  4  years,  108  lbs.,  in  7  min.  19%  sec. 
*  When  it  is  considered  that  in  England  no  official  record  of  time  is  taken,  the  accuracy  of  the  times here  given  as  the  performances  of  both  Inheritor  and  Inheritress  is  much  doubted. 
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Various  Distances  and  Performances. 
English. 

1701,  Mr.  Sinclair,  on  the  Swift  at  Carlisle,  a  gelding,  1000  miles  in  1000  consecu- tive hours. 
17-21,  "Childers"  (Flying),  Newmarket,  R.  C,  6  years,  12S  lbs.,  3  miles,  6*  fur- 

longs, and  93  yards  (3.8029  miles)  in  6  min.  43*  sec.=3  miles  in  5  min,  IS  sec. 
Note.— It  \3  related  he  ran  4  miles,  1  furlong,  138  yards  (4.204  miles)  in  7  min.  30  sec.=4  7niles  in  7 

min.  8.2  sec.  There  is  a  well-founded  doubt  about  the  accuracy  of  this  performance,  arising  from  its unequaled  time,  the  relation  being  more  of  a  traditionary  character  than  a  record,  and  the  circum- 
stance that  at  that  date  timing  watches  were  not  in  use  ;  added  to  which,  Bay  Malton-'s  time  of  7  min. 43%  sec,  in  1766,  is  recorded  as  7>£  sec.  less  than  was  ever  before  accomplished. 

1745,  Cooper  Thornhill,  between  Stilton  and  London  3  times,  213  miles,  by  14  horses in  12  hours  7  min.,  including  33  min.  S  sec.  in  rests. 
1751,  Samuel  Bendell  (aged  76),  1  horse,  1000  miles  in  1000  consecutive  hours. 
1752,  Sjteddi/i'fs  Mare,  100  miles,  in  12  hours  30  min.,  for  two  consecutive  days. 
1754,  A  Galloway  mare  of  Daniel  Corker's,  Newmarket  Heath,  300  miles,  by  one rider,  67  lbs.,  in  64  hours  20  min. 
1759,  J.  Shafto,  Newmarket  Heath,  50  miles,  by  10  horses,  in  1  hour  49  min.  17 sec. 
1761,  John  Woodcock,  Newmarket  Heath,  100  miles  per  day,  by  one  horse  each 

day,  for  29  consecutive  days,  14  horses ;  one  day  160  miles,  a  horse  breaking  down at  the  60th  mile. 
1786,  "  Quibbler,"  6  years,  Newmarket,  R.  C,  77  lbs.,  23  miles  in  57  min.  10  sec. 1791,  Mr.  Wilde,  Curragh,  Ireland,  127  miles,  by  10  horses,  in  6  hours  21  min. 
1793,  —  Delme,  Jr.,  Colnbrook  to  London,  17  miles,  in  less  than  44  min. 
1801,  Capt.  Sewland,  Longdown  Hill,  100  miles,  by  hack  horses,  in  5  hours  5  min. 

and  140  miles,  in  7  hours  34  min.  ' 
1814,  An  Officer  of  14th  Dragoons,  Blackwater,12  miles,  1  horse,  in  25  min.  11  sec. 
1S23,  u Hampden,"  Newmarket,  R.  C,  4  years,  144  lbs.,  3  miles,  4  furlongs,  187 yards  (3.606  miles),  in  7  min.  4  sec.  =4  miles  in  7  min.  50  sec. 
1831,  Geo.  Osbaldeston,  Newmarket,  156  lbs.,  60  miles,  by  11  horses  in  2  hours  33 

min.,  100  by  16  horses  in  4  hours  19  min.  40  sec,  and  200  bv  28  horses  in  8  hours 
39  min.,  including  1  hour  2  min.  56  sec.  in  rests;  1  horse,  "Tranby,"  16  miles  (4 times  4  miles)  in  33  min.  15  sec. 

1846,  "  Sir  Tatton  Sykes,"  Doncaster,  "  St.  Leger,"  3  years,  122  lbs.,  1  mile.  6  fur- longs, 132  yards  (1.775  miles),  in  3  min.  16  scc.—l%  miles  in  3  min.  13  sec. 
1847,  "The  Widow,"  Newmarket,  "Cambridgeshire,'1  8  years,  98  lbs.,  1  mile, 240  yards  (1.136  miles),  in  1  min.  58  sec.=l  mile  in  1  min.  43.S+^c. 
1854,  "Stockwell,"  Newmarket,  B.  C,  5  years,  140  lb?.,  4  miles,  1  furlong,  138 yards  (4.204  miles)  in  7  min.  52  sec=4  miles  in  7  min.  29  sec. 
1854,  "  West  Australian,"  Ascot  Heath,  4  years,  119  lbs.,  and  "Kingston,"  5  years, 126  lbs.,  2)4  miles  in  4  min.  27  sec.  =2  miles  in  3  min.  33.6  sec. 
1855,  "Mr.  Sykes,"  Newmarket,  "  Cesarewitch,"  5  years,  92  lbs.,  2  miles,  2  fur- long?, and  28  yards  (2.266  miles),  in  3  min.  55  sec— 2  miles  in  3  min.  27-f-sec. 
1867,  "  Saunterer,"  Newmarket,  3  years,  119  lbs.,  1  mile,  2  furlongs,  and  73  yards (1.292  miles)  in  2  min.  10  xec.=zl  mile  in  1  min.  40.6  sec. 
1861,  "  Diophantus,"  Newmarket,  R.  M.,  3  years,  119  lbs.,  1  mile,  17  yards  (1.0097 miles)  in  1  min.  43  sec=l  mile  in  1  min.  42-f-sec. 
1864,  "Blair  Athol,"  Epsom,  "Derby,"  3  years,  122  lbs.,  and  1861,  "  Kettledrum," 3  yefcrs,  119  lbs.,  \%  miles,  in  2  min.  43  sec.—l  mile  in  1  min.  4S.6+sec. 
1866,  "Sultan,"  Goodwood,  4  years,  115  lbs.,  %  mile  in  1  min.  15  sec 

American. 
1846,  J.  F.  Tyler,  Alabama,  14  years,  70  lbs.,  188  miles  (2  miles  in  a  row-boat),  by 13  horses,  country  road,  in  12  hours  30  min. 
1858,./.  Powers,  San  Francisco,  Cal.,  150  miles,  25  horses,  in  6  hours  43  min.  34 sec,  including  rests. 
1868,  N.  H.  Mowry,  San  Francisco,  Cal.,  race  track,  160  lbs.,  300  miles,  by  30  horses (Mexican),  in  14  hours  9  mm.,  including  40  minutes  for  rests;  the  first  200  in  8 hours  2  min.  48  sec,  and  the  fastest  mile  in  2  min.  8  sec. 

*  Wh7ate  &y<?  tne,d!,8t"n(,e  in  furlongs  as  4,  the  Sporting  Magazine  in  yards  as  103  ;  Johnson  the tune  as  48  seconds,  and  the  Sporting  Magazine  as  40. M  M 
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1869,  Nell  Coher,  San  Pedro,  Texas,  61  miles,  in  2  hours  55  min.  15  sec,  including rests. 
1810,  John  Faylor,  Carson  City,  Nevada,  50  miles,  18  horses,  in  1  hour  58  min.  33 

sec. ;  and  Omaha,  Neb.,  56  miles,  in  2  hours  26  min.,  including  rests. 
1872,  Chan  Reticker,  Greenland  Course,  Ky.,  50  miles,  10  horses,  in  2  hours  5  min. 

20  sec,  including  12  min.  4§yz  sec.  in  rests. 
1874,  "  Olitipa,"  Saratoga,  N.  Y.,  2  years,  97  lbs.,  %  mile,  in  47%  sec 
1S70,  "  Enchantress,"  Reading,  Penn.,  aged,  100  lbs.,  %  mile,  3d  heat,  in  51  sec. 
1875,  "  Madge,"  Saratoga,  N.Y*,  4  years,  105  lbs.,  %  mile,  in  1  min.  15%  sec. 
1875, u  Bob  Wooley,"  Lexington,  Ky.,  3  years,  90  lbs.,  1%  miles,  in  1  min.  54 sec. 
1875,  w  Grinstead,"  Saratoga,  N.  Y.,  4  years,  108  lbs.,  1%  miles,  in  2  min.  8%  sec. 
1874,  u  Tom  Bowling,"  Lexington,  Ky.,  4  years,  104  lbs.,  1%  miles,  in  2  min. 34%  sec 
1871,  u  Harry  Bassett,"  Saratoga,  N.  Y.,  3  years,  110  lbs.,  1%  miles,  in  2  min. 58  sec 
1875,  uTen  Broeck,"  Lexington,  Ky.,  3  years,  90  lbs.,  1%  miles,  in  2  min.  49%  sec. 
1875,  UD'  Artagnan,"  Saratoga,  N.Y.,  3  years,  90  lbs.,  1%  miles,  in  3  min.  6%  sec. 
1874,  "  Reform,"  Saratoga,  N. Y.,  3  years,  83  lbs.,  1%  miles,  in  3  min.  5%  sec. 
1875,  "Preakness,"  aged,  and  "Springbok,"  5  years,  Saratoga,  N.Y.,  114  lbs.,  2% miles,  in  3  min.  56%  sec. 
1874,  "Katie  Pease,"  Buffalo,  N.  Y.,  4  years,  105  lbs.,  2%  miles,  in  4  min.  28% sec. 
1866,  "  Kentucky,"  Jerome  Park,  N.  Y.,  5  years,  124  lbs.,  2%  miles  in  5  min.  4  sec. 
1872,  uTom  Bowling,"  Long  Branch,  N.  J.,  2  years,  100  lbs.,  %  mile,  in  1  min. 16%  sec 
1873,  41  Hubbard,"  Saratoga,  N.Y.,  4  years,  10S  lbs.,  2%  miles,  in  4  min.  58%  sec. 
1875,  "Red  Lad,"  Houston,  Texas,  48  miles,  without  rests,  in  5  hours  30  min. 

French. 
1865,  " Gladiateur,"  Doncaster,  "St.  Leger,"  Eng.,  3  years,  122  lbs.,  1  mile,  6 furlongs,  and  132  yards  (1.775  miles),  in  3  min.  20  sec— I  mile  in  1  min.  52.7  sec. 

Arabian. 
1S28,  "  Chapeau  de  Paille,"  India,  ly2  miles,  115  lbs.,  in  2  min.  53  sec.—\  mile  in 

1  min.  55.33  sec;  "Patrician,"  2  miles,  6  furlongs,  and  160  yards  (2.S41  miles), 126  lbs.,  in  5  min.  34  sec— 3  miles  in  5  min.  52.7  sec. 
1S3-,  Capt.  Home,  Madras  to  Bungalore,  India,  200  miles,  in  less  than  10  hours. 
1869,  A  barb,  New  South  Wales,  4  years,  2  miles,  148  lbs.,  in  3  min.  40%  sec,  and 

3  miles,  139  lbs.,  in  5  min.  53  sec. 

TROTTING. 
One  IVIile. 

1796,  A  gelding  of  Mr.  Jex,  Denham  and  Norwich  road,  Eng.,  in  2  min.  49  sec* 
1818,  "  Boston  Blue,"  Boston,  Mass.,  sulky,  in  less  than  3  mm.— the  exact  time  is not  now  attainable. 
1824,  u  Albany  Pony,"  Long  Island,  N.  Y.,  harness,  turnpike,  in  2  min.  40  sec. 
1849,  "Lady  Suffolk,"  Cambridge,  Mass.,  saddle,  7  heats,  in  17  min.  43  sec. 
1860,  "Cora"  (3  years),  Louisville,  Ky.,  harness,  2d  heat,  in  2  min.  37%  sec. 
1867,  "  Ethan  Allen"  and  running  mate,  Long  Island,  N.Y.,  wagon,  in  2  min.  15 sec,  2  min.  16  sec,  and  2  min.  19  sec. ;  3d  quarter  of  3d  heat,  in  31  sec. 
186S,  u  Lady  Thorn,"  Long  Island,  N.Y.,  wagon,  in  2  min.  24  sec. 
1869,  "  Dexter,"t  Prospect  Park,  L.  I.,  road  wngon,  driver  and  wagon  319  lbs,,  in 2  min.  21%  sec.  saddle  in  2  min.  17%  sec;  1867,  wagon,  2d  heat,  in  2  min.  24  sec. ; 

1866,  Buffalo,!  N. Y.,  saddle,  3d  heat,  in  2  min.  18  sec  ;  Long  Island,  N.Y.,  harness, 
5th  heat,  in  2  min.  24%  sec;  and  1S65,  Fashion  Course,  Long  Island,  N.  Y.,  sad- 

dle, 145  lbs.,  in  2  min.  1S.2  sec,  one  quarter  in  34  sec,  and  one  in  32>£  sec.—y  mile in  1  min.  Q>%  sec. 
*  Sporting  Magazine,  London,  vol.  ix.,  p.  46. t  Public  performance,  but  not  recorded. 
%  Track  '27  ft.  8  in.  over  a  milc=  .72  sec,  or  3-5ths  of  a  second  less  when  timed  by  a  watch. 



ANIMAL  STEENGTH. 
408 

1569,  "Blackwood"  (3  years),  Lexington,  Ky.,  harness,  150 lbs.,  in  2  min.  31  sec 
1S72,  "  Jos.  Elliott,"*  Mystic  Park,  Mass.,  harness,  in  2  min.  \5%  sec. 
1872,  k-  Lady  Stout"  (1  year),  Lexington,  Ky.,  harness,  in  3  min.  5%  sec,  and  3 min.  4%  sec. 
1ST2,  *«  Doble"  (2  years),  Lexington,  Ky.,  harness,  in  2  min.  40%  sec. 
18T4,  Goldsmith  Maid,"  Mystic  Park,  Boston,  Mass.,  harness/in  2  min.  14  sec.  ; Rochester,  N.Y.,  in  2  min.  14%  sec. 
1574,  i:  Smuggler,"  stallion,  Buffalo.  N.  Y.,  saddle,  in  2  min.  20%  sec 
1874,  u  Mambrino  Gift,"  stallion,  Rochester,  N.  Y.,  harness,  3  heats,  in  2  min. 21  set*.,  2  min.  20  sec,  and  2  win.  23  sec = total  time  in  7  min.  4  sec 
1-74,  ••  Lulu,"  Rochester,  N.  Y.,  harness,  2d,  3d,  and  4th  heats  in  2  min.  16%  sec, 2  milk  15%  sec,  and  2  mtn,  17  sec.  =total  time  in  6  min.  49  sec 
1574,  "  Jay  Gould,"  stallion,  Baltimore,  Md.,  harness,  in  2  min.  10%  sec 

Two  IVEiles. 
1552,  "Tacony,"  Long  Island,  X.  Y.,  saddle,  in  5  ruin.  2  sec. 
1559,  "Flora  Temple,"  Long  Island,  N.  Y.,  harness,  in  4  min.  50%  sec 
1863,  "  General  Butler,"  Long  Island,  N.  Y.,  wagon,  in  4  min.  56%  sec 
1SG5,  "  Dexter,"  Long  Island,  N.  Y.,  wagon,  2d  heat,  in  4  min.  56%  sec 

Tliree  Miles. 
1S61,  "  Flora  Temple,"  Long  Island,  N.Y.,  wagon,  in  7  min.  47  sec 
1561,  u  Ethan  Allen"  and  running  mate,  Long  Island,  N.Y.,  wagon,  in  7  min.  3% sec,  and  1  mile  in  2  min.  19%  sec. 
1872,  "  Huntress,"  Long  Island,  N.Y.,  harness,  in  7  min.  21%  sec 

Four  UVLiles. 
1S25,  "Top  Gallant,"  Philadelphia,  Fenn.,  saddle,  4th  heat,  in  12  min.  15  sec 1S36,  "Dutchman,"  Long  Island,  N.Y.,  saddle,  in  10  min.  51  sec 
1849,  "  Trustee,"  Long  Island,  N.Y.,  harness,  in  11  min.  6  sec. 
1S69,  "  Longfellow,"  San  Francisco,  Cal.,  wagon,  2d  heat,  in  10  min.  B4%  sec 

Five  IVliles. 
1837,  " Dolly,"  Long  Island,  N.Y.,  wagon;  driver  and  man  310  lbs.,  in  16  min >  sec 
1863,  "Little  Mac,"  Long  Island,  N.  Y.,  wagon,  in  13  min.  43%  sec 1864,  "Fillmore,"  San  Francisco,  Cal.,  harness,  in  13  min.  16  sec  ' 
1868,  "  Morrissey,"  Detroit,  Mich.,  harness,  in  13  min.  11  sec 

Various  Distances  and  Performances. 
JfS1  "  n Tg  ,Vv1ah?ntas;,,^05s l3land'  N-  Y>  *  miJe,  harness,  in  33  sec i^%L  '   Jleetwood  N  Y.,  %  mile,  road-wagon,  driver  and  wagon  305  lbs  , 
1«7? «  £  &1d  18,°V^ng  Itsland'  N'  Y'i  harnes8'  #  mile^ in  1 min.  4  sec* i^l1  5 run?i   Fleetwood,  N-  Y.,  3^  mile,  saddle,  in  1  min.  5#  .sec* 

3  ftSfT'  6  Jackson  "  LonS  I^and,  N.  Y.,  1  mile,  wagon,  250  lbs.,  in  8  min. 

SA^^r" Mountain  Maid,"  Long  Island,  N.  Y.,  1  mile,  wagon,  2058  lbs.,  in  3  min. 

heatJta  5^TP^e^,,,  L°Dg  Islandl  N'Y-'  2  miles'  wagon  and  driver  335  «tf  2d 
*  |!'^een;;  T;ong  W*0^  N.  Y.,  4  miles,  wagon,  255  lbs.,  in  13  min.  56  sec. ^hal6l?0n?;    LonSTslan^  N.Y.,  6  miles,  saddle,  in  18  min.  52  sec 

186S   .S'q7     V™^  Tf  n&  *8land>  N-Y->  10  miles,  harness,  in  28  mm.  8%  sec 1868,     John  Stewart,"  Boston,  Mass.,  half-mile  track,  10  miles,  wagon,  in  28  min 
^f  J^  Ttn9d0  V"  5  mile^  .Wa*0n> in  59  ̂   23  W°  1867,  Boston; ST'uS  S  6  Ckl  20  mil°3'  harness>  in  58  ™M>.  5%  sec,  and  20%  miles  in  59 mill,  ui sec. 

*  Public  performances,  but  not  recorded. 
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1S30,  "Top  Gallant,"  Philadelphia,  Penn.,  12  miles,  harness,  in  38  min. 
1829,  "Tom  Thumb,"  Simbury  Common,  Eng.,  1Q%  miles,  harness,  248  lbs.,  in  56 mm.  45  .sec.,  and  100  miles  in  10  hours  7  win.,  including  37  mm.  in  rests. 
1800,  "Phenomenon,"  Cambridge  and  Huntingdon  road,  Eng.,  12  years,  saddle, feather  (70  lbs.),  17  miles,  in  less  than  53  mm. 
1823,  u  Boston  Blue,'1  ,  Eng.,  18  miles,  harness,  in  1.  hour. 
1869,  "Morning  Star,"  Doncaster,  Eng.,  18  miles,  harness  (sulky  100  lbs.),  in  57 mm.  27  sec. 
1833,  u  Paul  Pry,"  Long  Island,  N.Y.,  IS  miles  36  yards,  saddle,  13S  lbs.,  in  58  mm. 52  sec. 
1848,  "Trustee,"  Long  Island,  N.Y.,  20  miles,  harness;  sulky  and  driver  285  lbs., in  59  mm.  §5%  sec. 
1831,  "Chancellor,"  Philadelphia,  Penn.,  32  miles,  saddle,  90  lb3.,  in  1  hour  58 min.  31  sec. 
1831,  "  Whalebone,"  Philadelphia,  Penn.,  32.3  miles,  harness,  in  1  hour  58  min. 5  sec. 
1S32,  "Rattler,"  Newmarket  road,  Eng.,  34  miles,  saddle,  154  lbs.,  in  2  hours  18 mm.  56  sec. 
1846,  "Ariel,"  Albany,  N.  Y.,  50  miles,  harness,  driver  60  lbs.,  in  3  hours  55  min. 40%  sec. 
1835,  "  Black  Joke,"  Providence,  R.  I.,  50  miles,  saddle,  175  lbs.,  in  3  hours  57 mm. 
1855,  "Spangle,"  Long  Island,  N.Y.,  50  miles,  wagon  and  driver  400  lbs.,  in  3 hours  59  min.  4  sec. 
1S37,  "Mischief,11  Jersey  City,  N.  J.,  to  Philadelphia,  Penn.,  84^  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  mm.  53 sec,  including  15  short  rests. 
1845,  "Fanny  Jenks,"  Albany,  N.  Y.,  101  mile?,  harness,  in  9  hours  42  min.  57 sec,  including  IS  min.  27  sec.  in  rests.    101st  mile  in  4  min.  23  sec. 
1783,  &  Halliday,  Leeds  to  York,  Eng.,  and  return,  110  miles,  saddle,  196-f-  lbs.,  in less  than  IS  hours. 
1873,  M.  Dclcmei/s  mare,  St.  Paul's,  Minn.,  200  miles,  race  track,  harness,  in  44 hours  20  mm.,  including  15  hours  49  mm.  in  rests. 

DOUBLE  TEAMS. 
1867,  "Bruno"  and  "Brunette,"  Long  Island,  N.  Y.,  %  mile,  road-wagon,  in  1 

min.  10%  sec,  and  1  mile,  in  2  min.  25%  sec* 
1854,  "Cinderella"  and  "Tom  Wonder,"  Long  Island,  N.Y.,  1  mile,  wagon,  2d heat  in  2  min.  32  sec. 
1862,  "Lady  Palmer"  and  "Flatbush  Maid,"  Long  Island,  N.  Y.,  1  mile,  road 

wagon,  in  2  min.  26  sec,  2  miles  in  5  min.  1}£  sec. ;  2d  quarter  of  2d  mile,  in  33  sec* 
1870,  "Idol"  and  "Kirk wood,"  Prospect  Park,  L.  I.,l  mile,  wagon, in  2 min.  29  sec 
1S70,  "Kirkwood"  and  "License,"  Prospect  Park,  L.  I.,  1  mile,  wagon,  4th  and 5th  heats,  in  2  min.  2%yz  sec  each. 
1870,  "Jesse  Wales"  and  "Darkness,"  Narragansett  Park,  R.  I.,  1  mile,  wagon, 3d  heat,  in  2  min.  21%  sec. 
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. 

PACING. 
One  Mile. 

1S39,  "Drover,"  Hoboken,  N.  J.,  saddle,  in  2  mm.  30  sec. 
1552,  "  Pet,"  Long  Island,  N.  Y.,  harness,  2d  heat,  in  2  min.  18%  sec. 
1855,  "  Pocahontas,"  Long  Island,  N.  Y.,  wagon  and  driver  265  lbs.,  in  2  min.  11% sec 
1SGS,  "  Billy  Boyce,"  Buffalo,  N.  Y.,  saddle,  3d  heat,  in  2  mm.  14^  sec,  and  1SG7, St.  Louis,  Mo.,  harness,  4th  heat,  in  2  mm.  19  sec. 

Two  IMiles. 
1850,  "James  K.  Polk,"  Philadelphia,  Penn.,  saddle,  2d  heat,  in  4  min.  51%  sec 
1553,  "  Hero,"  Long  Island,  N.  Y.,  harness,  in  4  min.  56%  sec 
1S59,  "  Young  America,"  San  Francisco,  Cal.,  wagon,  2d  heat,  in  4  min.  5S%  sec 

*  Public  performances,  but  not  recorded. 
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Three  HVIiles. 
1S43,  u  Oneida  Chief,"  Hoboken,  N.  J.,  saddle,  in  7  min.  44  sec. 
1S4T,  ''James  K.  Polk,"  Long  Island,  N.  Y.,  harness,  in  7  min.  44  sec. 
1S52,  "  Pet,"'  Long  Island,  NrY^  wagon,  2d  heat,  in  7  min.  5$%  sec. 

Ten  jNXiles. 
1860$  ••Mary  Miller,' '  Maysville,  Cal.,  in  less  than  30  min. 

TANDEM. 

1S67,  "  Kingston"  and  mate,  Providence,  "R.  I.,  1  mile,  in  2  min.  37  sec. 1S39,  Burke's  team,  Bromwich  Road,  Eng.,  45  miles,  in  2  hours  55%  sec. 

STAGE-COACHING.  ETC. 
1750,  Four  horses,  by  the  Duke  of  Queensbcrry,  Newmarket,  Eng.,  19  miles,  in  53 

min.  24  sec.  , 
1789,  Messrs.  Bush  and  Matthews,  of  London,  Eng.,  a  post-chake  and  pair,  from 

London  to  Bath,  108  miles,  in  8  hours  40  min. 
 ,  London  to  Cambridge,  Eng.,  52  miles,  in  3  hours,  including  rests. 
 ,  Leeds  to  London,  Eng.,  201  miles,  in  13  hours  34  min. 
 ,  Dover  to  London,  Eng.,  Express,  72  miles,  in  5  hours  15  sec. 

1830,  London  to  Birmingham,  Eng.,  u  Tally-ho,"  109  miles,  in  7  hours  50  min., including  stop  for  breakfast  of  passengers. 

SLEIGHING. 

1668,  "  Black  Maria,"  Providence,  II.  I.,  to  Boston,  Mass.,  42  miles,  in  3  hours  25 min. 

LEAPING.* Horse. 
1752,  Sir  C.  Turner,  Fell  near  Richmond,  Eng.,  10  miles,  in  3G  mm.,  making  40 

leaps  of  4  feet  4  ins.  in  height. 
1821,  A  horse  of  Mr.  Mane,  at  Loughborough,  Leicestershire,  Eng.,  173  lbs.,  over  a 

hedge  6  feet  in  height,  35feet.i 
15-Jl,  A  hor.se  of  Lieut.  Green,  Third  Dragoon  Guards,  at  Inchinnan,  Eng.,  ridden by  a  heavy  dragoon,  over  a  wall  6  feet  in  height  and  l/oo£  in  width  at  top. 
1S39,  M  Lottery,"  Liverpool,  Eng.,  over  a  wall,  33  feet. 
1847,  "Chandler,"  Warwick,  Eng.,  over  water,  39  feet. 
18 — ,  u  Emblem,"  Birmingham,  Eng.,  36  feet  3  ins. 

 ,  "King  of  the  Valley,"  Leicestershire,  Eng.,  over  Wissendine  "brook,  35  feet. 
NOTE.— The  maximum  stride  of  a  horse  is  estimated  to  be  28  feet  9  ins. ;  "  Eclipse"  has  covered 2j  feet.   The  maximum  stride  of  an  elk  is  31  feet,  and  of  an  elephant  14  feet. 

FLYING. 
VELOCITY  OF  THE  FLIGHT  OF  JUEDS  PER  HOUR. 

Vulture. .  150  miles;  Wild  Goose  and  Swallow. .  90  miles;  Crow  25  miles. 

PIGEON  FLYING. 
13 — ,  Carrier  Pigeon,  950  miles,  in  14  hours— 68  miles  per  hour. 
1S68,  Carrier  Pigeons  (6),  Eng.,  180  miles,  in  3  hours  32  min. 
1870,  farrier  Pigeons,  Pesth  to  Cologne,  Germany,  GOO  miles,  in  8  hours. 
1S75,  Carrier  Pigeon,  Dundee  Lake  to  Paterson,  N.  J.,  3  miles,  in  3  min.  24  sec. 

COURSING  AND  CHASING. 
A_  Greyhound  and  Hare  have  ran  12  milrs  in  30  min. 
1794,  A  Fox,  at  Brende,  Eng.,  ran  50  miles  in  C*%  hours. 
A  Greyhound,  at  Bushy  Park,  Eng.,  leaped  over  a  brook  30  feet  6  ins. 

*  A  Salmon  can  leap  a  dam  14  feet  in  heiprht.— Sporting  Magazine,  London,  vol.  xii.,  p  79 t  Sporting  Magazine,  London,  vol.  ix.,  p.  143. 
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CENTRAL  FORCES. 

lineal  path. 
The  Centrifugal  Force  of  a  body,  moving  with  different  velocities  in  the 

same  circle,  is  proportional  to  the  square  of  the  velocity.  Thus  the  cen- 
trifugal force  of  a  body  making  10  revolutions  in  a  minute  is  4  times  as 

great  as  the  centrifugal  force  of  the  same  body  making  5  revolutions  in  a 
minute.  Hence,  in  equal  circles,  the  forces  are  inversely  as  the  squares of  the  times  of  revolution. 

If  the  times  are  equal,  the  velocities  and  the  forces  are  as  the  radii  of 
the  circle  of  revolution. 

The  squares  of  the  times  are  as  the  cubes  of  the  distances  of  the  centrif- 
ugal force'from  the  axis  of  revolution. 

The  centrifugal  forces  of  two  unequal  bodies,  having  the  same  velocity,  and  at  the 
same  distance  from  the  central  body,  are  to  one  another  as  the  respective  quantities of  matter  in  the  two  bodies. 
The  centrifugal  forces  of  two  bodies,  which  perform  their  revolutions  in  the  same 

time,  the  quantities  of  matter  of  which  are  inversely  as  their  distances  from  the  cen- 
tre, are  equal  to  one  another. 

The  centrifugal  forces  of  two  equal  bodies,  moving  with  equal  velocities  at  differ- 
ent distances  from  the  centre,  are  inversely  as  their  distances  from  the  centre. 

The  centrifugal  forces  of  two  unequal  bodies,  moving  with  equal  velocities  at  dif- 
ferent distances  from  the  centre,  are  to  one  another  as  their  quantities  of  matter, multiplied  by  their  respective  distances  from  the  centre. 

The  centrifugal  forces  of  two  unequal  bodies,  having  unequal  velocities,  and  at 
different  distances  from  their  axes,  are,  in  the  compound  ratio  of  their  quantities  of 
matter,  the  squares  of  their  velocities,  and  their  distances  from  the  centre. 

To  Compute  tlie  Centrifugal  IForce  of  any  Body. 
Rule. — Divide  its  velocity  in  feet  per  second  by  4.01,  also  the  square 

of  the  quotient  by  the  diameter  of  the  circle ;  this  quotient  is  the  centrifu- 
gal force,  assuming  the  weight  of  the  body  as  1.  Then  this  quotient,  mul- 

tiplied by  the  weight  of  the  body,  will  give  the  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  7.4S2  -^10- 5.K),  or  the  times  the  weight  of  the  rim. 

Note — The  diameter  of  a  fly-wheel  should  be  measured  from  the  centres  of  grav- ity of  the  rim. 
When  great  accuracy  is  required,  ascertain  the  centre  of  gyration  of  the 

body,  and  take  twice  the  distance  of  it  from  the  axis  for  the  diameter. 
Rule  2. — Multiply  the  square  of  the  number  of  revolutions  in  a  minute 

by  the  diameter  of  the  circle  of  the  centre  of  gyration  in  feet,  and  divide 
the  product  by  the  constant  number  5217  ;  the^quotient  is  the  centrifugal force  when  the  weight  of  the  body  is  1.  Then,  as  in  the  previous  Rule, 
this  quotient,  multiplied  by  the  weight  of  the  body,  is  the  centrifugal  force 
required. 

Example. — What  is  the  centrifugal  force  of  a  grindstone  weighing  1200  lbs.,  42 inches  in  diameter,  and  turning  with  a  velocity  of  400  revolutions  in  a  minute? 
Centre  of  gyration  ==  rad.  (42  -f-  2)  X.7071  =  14.85  ins.,  which  -f- 12,  and  X  2  —  2.475 4002x2  475 

feet  =  the  diameter  of  the  circle  of  gyration.    Then  — — -xl200  =  910S0  lbs. 5217 
Or,  let  v  represent  velocity  of  body  in  feet  per  second,  w  weight  of  body,  r  radius 

of  circle  of  revolution  in  feet,  and  c  centrifugal  force. 
Then  — — — —  —  c;  — -— - — •  — :  r ;  ■  —  w  ;  and   /  I  —  v. 

rX32.1G0       '  CX32.10G       '  v  >       \j  \  w 
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Example.— If  the  diameter  of  a  grindstone  is  45.254  ins.,  its  weight  1200  lbs.,  and it  revolves  1140  times  in  a  minute,  what  is  its  centrifugal  force? 
Centre  of  gyration  ==22.62TX.T071,  which -=-12.  and  x2  =  2.G66feet. 

2.666x3.1416x1140    ^  lOOsxl^OO  —  =  160//.  velocity  per  second   Then——  7011S7.T2  lbs. ou  l.dooXoz.lbO 
Ex.  2.— If  a  fly-wheel,  12  feet  in  diameter  and  3  tons  in  weight,  revolves  in  8  sec- onds, and  another  of  like  weight  revolves  in  6  seconds,  what  should  be  the  diameter of  the  second  when  their  centrifugal  forces  are  equal  ?  and  what  would  be  the  ratio of  the  weights  of  these  wheels,  their  forces  being  equal? 
Xote — The  centrifugal  forces  of  two  bodies  are  as  the  radii  of  the  circles  of  revo- 

lution directly,  and  as  the  squares  of  the  times  inversely. 
12    x  e  12x62  12x36 Then  3  :  i 
S2  02 

82 

"  —  §.~T>  feet,  x  representing  the  un- 
known element. 

Note.—  The  centrifugal  forces  of  two  bodies,  when  the  weights  are  unequal, directly  as  the  squares  of  the  times. the  times. 
3x^2_3_x64_ 

02    ~~   30  " 
Fly-wheels—Tor  Rules  for  weights  of.  and  Examples,  see  Steam-engine,  pago  416. 

Then  3  :  x  : :  62  :  82,  or  x  —    .     —  - =  5.333  tons. 

CENTRE  OF  GYRATION 

The  Centre  of  Gyration  is  that  point  in  any  revolving  bodv  or  svstem of  bodies  in  which,  if  the  whole  quantity  of  matter  were  collected  the 
angular  velocity  would  be  the  same  ;  that  ig,  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  with  the  axis  of  motion,  and  is  the  same  in  all parts  of  the  same  revolving  system. 
When  a  body  revolves  on  an  axis,  and  a  force  is  impressed  upon  it  suf- ficient to  cause  it  to  revolve  on  another,  it  will  revolve  on  neither  but  on a.  line  in  the  plane  of  the  axes,  dividing  the  angle  which  thev  contain  •  so that  the  sine  of  each  part  will  be  in  the  inverse  ratio  of  the  angular  Ve- locities with  which  the  bodies  would  have  revolved  about  these  axes  sep- arately. 1 
The  weight  of  the  revolving  bodv,  multiplied  into  the  height  due  to  the velocitv  with  which  the  centre  of  gyration  moves  in  its  circle,  is  the  ener- gy of  the  bodv,  or  the  mechanical  power  which  must  be  communicated  to it  to  give  it  that  motion. 

To  Compute  tlie  Elements  of  GJ-yration 

GxWrXtt  ^XrXJx32M6_  GxWxv rX*X32.100       '  'ii77T~  -rCr" 
lJXtX  32.100 

PXrX?X32.160_^T  GxWXu  PXrX<X32.106_ 
GXu  *       PXrX32.166  GXW  ~V> G  representing  the  distance  of  the  centre  of  gyration  from  the  axis  of  rotation,  W the  weight  of  the  body,  P  the  power  acting  upon  the  body,  t  the  time  the  power  acts in  seconds,  y the  velocity  in  feet  per  second  acquired  by  the  revolving  body  in  that time,  andr  the  distance  oj  the  point  of  application  of  the  power  from  the  axis  of  the body,  as  the  length  of  thu  crank,  etc.  J 
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Illustration. — What  is  the  distance  of  the  centre  of  gyration  in  a  fly-wheel,  the 
power  being  224  lbs.,  the  length  of  the  crank  7  feet,  the  time  of  rotation  10  second?, 
the  weight  of  the  wheel  5600  lbs.,  and  the  velocity  of  it  8  feet  per  second? 

224XTX10X02.1G6     504373         „n  ''' 
■  5600^8  =  428U0-  =  11-78/^- 

2. — What  should  be  the  weight  of  a  fly-wheel  making  12  revolutions  per  minute, its  diameter  S  feet,  the  power  applied  at  2  feet  from  its  axis  84  lbs.,  the  time  of  rota- 
tion 6  seconds,  and  the  distance  of  the  centre  of  gyration  of  the  wheel  3.5  feet? 

8X3.1416X12     rnorr~,        .     ,  84X2X6X32.166  100„n7J  —  —  5.0265  feet  —  velocity.    Then  — — — — — — —  =  1829.9  lbs. 00  9  3.5x5.0625 
To  Compute  tlie  Centre  of  Gry ration. 

When  the  Body  is  a  Compound  one. 
Rule. — Multiply  the  weight  of  the  several  particles  or  bodies  by  the 

squares  of  their  distances  in  feet  from  the  centre  of  motion  or  rotation, 
and  divide  the  sum  of  their  products  by  the  weight  of  the  entire  mass ;  the 
square  root  of  the  quotient  will  give  the  distance  of  the  centre  of  gyration 
from  the  centre  of  motion  or  rotation. 
Example.— If  two  weights,  of  3  and  4  lbs.  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  the  distance  of  the  centre  of  gyration  from  the  centre  of  motion  (the  fulcrum)  ? 3-1-16  19 

3xl2  =  3;  4X22  =  16;  j~  =  ̂ -  =  2.71,  and  ̂ 2.71=1.64^. 
That  is,  a  single  weight  of  7  lbs.,  placed  at  1.64  feet  from  the  centre  of  motion,  and 
revolving  in  the  same  time,  would  have  the  same  momentum  as  the  two  weights  in 
their  respective  places. 

When  the  Centre  of  Gravity  is  given. 
Rule.— Multiply  the  distance  of  the  centre  of  oscillation,  from  the  cen- 

tre or  point  of  suspension,  by  the  distance  of  the  centre  of  gravity  from 
the  same  point,  and  the  square  root  of  the  product  will  give  the  distance 
of  the  centre  of  gyration. 
Example.— The  centre  of  oscillation  of  a  body  is  9  feet,  and  that  of  its  gravity  4 

feet  from  the  centre  of  rotation  or  point  of  suspension ;  at  what  distance  from  this 
point  is  the  centre  of  gyration? 

9X4  =  36,  and  V36  =  6  feet. 

To  Compute  the  Centre  of  Gryration  of  a  Water-wheel. 
Rule.— Multiply  severally  twice  the  weight  of  the  rim,  as  composed  of 

buckets,  shrouding,  etc.,  and  twice  that  of  the  arms  and  that  of  the  water 
in  the  buckets  (when  the  wheel  is  in  operation)  by  the  square  of  the  radius 
of  the  wheel  in  feet ;  divide  the  sum  by  twice  the  sum  of  these  several 
weights,  and  the  square  root  of  the  product  will  give  the  distance  in  feet. 
Example.— In  a  wheel  20  feet  in  diameter,  the  weight  of  the  rim  is  3  tons,  the 

M-eight  of  the  arms  2  tons,  and  the  weight  of  the  water  in  the  buckets  1  ton  ;  what  is 
the  distance  of  the  centre  of  gyration  from  the  centre  of  the  wheel  ? 

Kim      =3tonsxl02x2  =  600  3  +  2  +  1x2  =  12. 
Buckets  =  2  tons  X 102  X  2  =  400 
Water   =  1  ton  XlO*  .  .  =100  71W  =  9  57 

lioo  V  12 

The  following  are  the  distances  of  the  centres  of  gyration  from  the  cen- tre of  motion  in  various  revolving  bodies,  as  given  by  Mr.  Farey  : 
In  a  straight,  uniform  Rod  or  Cylinder,  revolving  about  one  end  ;  length 

of  rod  x.5773,  and  revolving  about  its  centre  ;  length  X.2886. 
In  a  Circular  P&me,  revolving  on  its  centre  ;  radius  of  the  circle  X  .7071  ; 

revolving  about  one  of  its  diameters  as  an  axic  ;  radius  X.5. 
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In  a  Wheel  of  uniform  thickness,  or  in  a  Cylinder  revolving  about  its axis;  radius  x.7071. 
In  a  Solid  Sphere,  revolving  about  one  of  its  diameters  as  an  axis :  ra- dius X.63"2o.  ' 
In  a  thin,  hollow  Sphere,  revolving  about  one  of  its  diameters  as  an  axis  • radius  X.816L 

In  a  Sphere,  at  a  distance  from  the  axis  of  revolution  =  V  §  >*2,  I 
representing  the  length  of  the  connection  to  the  centre  of  the  sphere;  and  'ma 
Cylinder  =  \/ 12  -f  i  r2. 
In  a  Cone,  revolving  about  its  axis;  radius  of  base  x.54.47;  revolving 

about  its  vertex  =  V12h2  +  3r2^  20,  h  representing  the  height,  and  r  ra- dius of  the  base;  revolving  about  its  base  =  V^h2  -f  3r2  -4-  20. 
In  a  Circular  Ring,  as  the  Rim  of  a  Fly-wheel,  revolving  about  its  diam- 

eter ==  \/R2  -j-  r2     2,  R  representing  radius  of  periphery  of  ring. 
T      777      i    7       /6W(R2  +  r2)  +  wUr2  +  P) 
In  a  Fly-wheel  =^  «  12(W  +  Jj   >  W  and  w  representing the  weights  of  the  rim  and  of  the  arms  and  hub,  and  I  the  length  of  the  arms from  the  axis  of  the  wheel  , 

In  a  Straight  Lever  ~.  n/Tf V  o(K  —  r) 
Illustration.— In  a  solid  sphere  revolving  about  its  diameter,  the  diameter  bein~ 2  feet,  the  distance  of  the  centre  of  gyration  is  12  x  .6325  =  7. 59  inches. 

J^EZM  Yulmn^i~lf}'  P  present  power,  H  horses*  power,  F  the  force  applied to  rotate  the  body  in  lbs  ,  M  mass  of  the  revolving  body  in  lbs.,  r  radius  upon  which t  acts  mjeet,  d  distance  from  axis  of  motion  to  centre  of  gyration  in  feet  t  time  the Jorce  is  applied  in  seconds,  n  number  of  revolutions  in  time  t,  v  angular  velocity,  or 
number  of  revolutions  per  minute  at  the  end  of  time  t,  and  G  —  82-160  F  7-2 

V 
4prn 

G  '
' 

2.5(5  Wf~ 244 1  P 
x*d* 

-t; 

M: 

2prx 

M  d2 

—  t; 

COG 
2.56  t2Fr 

x2  M  d2 2Ut 

Mxd2 153.5  tFr 

Md2 

x*  M  rf2 
134100 t 

—  11. 

,  l™?»™AT,l0?'-?he  nm  of ra  Ay-wheel  weighing  7000  lbs.  has  radii  of  6.5  and frit  fh  1  Zi  J1  ltst.centre  ?f  gyration,  and  what  force  must  be  applied  to  it  2  feet 
in  S  SLS5?t  ??tlon  t0  glVC  rt  an  anSular  velocity  of  130  revolutions  per  minute m  40  seconds  ?  and  how  many  revolutions  will  it  make  in  40  seconds  ? 

Centre  of  gyration  =  ̂Ci^l±l^l  =  C.14  Then  F  .-  130  X  7000  X  G'142 
34406G36   _  "  .2.50x402x2802x2 -  2802  lbs.,  and  ~_    _    .  A   =  86.97  revolutions. 

153.5x40x2 

12280 T000X6.142 
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It  is  in  a  right  line  passing  through  the  centre  of  gravity  of  the  body, 
and  perpendicular  to  the  axis  of  motion. 
.  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  cen- 
tre, 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. 

The  Centre  of  Percussion  of  a  body,  or  a  system  of  bodies,  revolv- 
ing 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. 

The  Centres  of  Oscillation  and  Percussion  are  in  the  same  point. 
As  in  bodies  at  rest,  the  whole  weight  may  be  considered  as  collected  in 

the  centre  of  gravity;  so  in  bodies  in  vibration,  the  whole  force  may  be 
considered  as  concentrated  in  the  centre  of  oscillation  ;  and  in  bodies  in 
motion,  the  whole  force  may  be  considered  as  concentrated  in  the  centre 
of  percussion. 

If  the^  centre  of  oscillation  is  made  the  point  of  suspension,  the  point  of 
suspension  will  become  the  centre  of  oscillation. 

The  Angle  of  Oscillation  or  Percussion  is  determined  by  the  angle  delin- 
eated by  the  vertical  plane  of  the  bod}-  in  vibration,  in  "the  plane  of  mo- tion of  the  body. 

The  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  the  versed  sine  of  the  arc. 

The  centre  of  percussion  is  also  that  point  of  a  revolving  body  which 
would  strike  any  obstacle  with  the  greatest  effect,  and  from  this  property 
it  has  received  the  name  of  percussion. 

To  Compute  tlie  Centre  of  Oscillation,  or  Percussion  of  a 
Body  of  Uniform  Density-  and.  Figure. 

Rule.— Multiply  the  weight  of  the  body  by  the  distance  of  its  centre 
of  gravity  from  the  point  of  suspension ;  multiply  also  the  weight  of  the 
body  by  the  square  of  its  length,  and  divide  the  product  b}-  3. 

Divide  this  last  quotient  by  the  product  of  the  weight  of  the  body  and 
the  distance  of  its  centre  of  gravhVv,  and  the  quotient  is  the  distance  of 
the  centres  from  the  point  of  suspension. 

Wxl2 Or,  —   WXg  =  distance  from  axis. 
Example. — Where  is  the  centre  of  oscillation  in  a  rod  9  feet  in  length  from  its point  of  suspension,  and  weighing  9  lbs.  ? 
9  9x92 

9X    =  40.5  =  product  of  the  weight  and  its  centre  of  gravity ;  ==  243  =  quo- 
243 

tient  of  product  of  weight  of  body  and  the  square  of  its  length  ~  3  ;  ̂ y-p  =  Gfcet. 

2r*oint  of  Centres  of  Oscillation  and  Percussion  in  Bodies 
of  "Varioxis  Figures. 

When  the  Axis  of  Motion  is  in  the  Vertex  of  the  Figure. 
When  the  Oscillation  or  Motion  is  Facewise. 

1.  In  a  Right  Line,  on  any  figure  of  uniform  shape  and  density  =  .CO  /. 
2.  In  an  Isosceles  Triangle  —  .75  A.  G.  In  a  Circle  —  1.25 r. 
4.  In  a  Parabola  —  .714  h. 
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When  the  Oscillation  or  Motion  is  Sidewise. 
1.  In  a  Right  Line,  or  any  figure  of  uniform  shape  and  density  —  .66  I. 2.  In  a  Circle  —  .75  d. 
o.  In  a  Rectangle,  suspended  at  one  angle  =  .66  of  diagonal 
4.  In  a  Parabola,  if  suspended  by  its  vertex  ==  .714  of  axis  -f  .33  parameter-  if 

suspended  by  the  middle  of  its  base  =  .57  of  axis  +  .5  parameteT.  ' 
5.  In  a  Sector  of  a  Circle  =  ,  c  representing  chord  of  the  arc,  and  r 

tl*c  radius  of  the  base. 

2Xr2 
6.  In  a  Cone  —  -  axis  -f-  —  

o  5  x  axis  ' 
7.  In  a  Sphere  =  +  r  +  c,  c  representing  the  length  of  the  cord  by  which it  is  suspended. 

ToAscertainflie  Centre  of  Oscillation  and  Percussion  ex- perimentally. 
Suspend  the  body  very  freely  by  a  fixed  point,  and  make  it  vibrate  in  small  arcs counting  the  number  of  vibrations  it  makes  in  a  minute,  and  let,  the  number  of  vi- brations made  in  a  minute  be  called  n  ;  then  will  the  distance  of  the  centre  of  oscil- 

lation from  the  point  of  suspension  be  =  140850  inches. 

n2 

For  the  length  of  a  pendulum  vibrating  seconds,  or  60  times  in  a  minute  beine W%  inches,  and  the  lengths  of  the  pendulums  being  reciprocally  as  the  squares  of 
the  number  of  vibrations  made  in  the  same  time,  therefore  ns  :  60= : :  39>u' :  602  x 
_140S50  

712 
~    n2    i  heinS  the  length  of  the  pendulum  which  vibrates  n  times  in  a  minute,  or 
the  distance  of  the  centre  of  oscillation  below  the  axis  of  motion. 

Illustration.  —  Where  is  the  centre  of  percussion  of  a  rod  23  inches  in  length? .66  of  23  =  15.18  inches. 
2.— In  a  sphere  10  inches  in  diameter,  suspended  by  a  cord  20  inches  in  length where  is  the  centre  of  percussion  or  oscillation  ?  1 2X52  50 

+  5  +  20  =  -  +  £5  =  £5.4  inches. 

To  Compute  the  Centres  of  Oscillation  or  Percussion  of  a System  of  Particles  or  Bodies. 
Rule.— Multiply  the  weight  of  each  particle  or  body  by  the  square  of its  distance  from  the  point  of  suspension,  and  divide"  the  sum  of  their products  by  the  sum  of  the  weights,  multiplied  by  the  distance  of  the 

centre  of  gravity  from  the  point  of  suspension,  and"the  quotient  will  give the  centre  required  measured  from  the  point  of  suspension. 
Wxda+W'Xei'a  ■ 

1  ~WXg+ W'Xg7  ~  dlstance  °fcentre- Examplk  —  The  length  of  a  suspended  rod  being  20  feet,  and  the  weight  of  a  foot m  length  of  it  equal  100  oz,,  has  a  ball  attached  at  the  under  end  weighing  100  oz at  what  point  of  the  rod  from  the  point  of  suspension  is  the  centre  of  percussion  ? 20 

100x20  =  2C0Q  =  weight  of  rod;  2000x^-20000 .—  momentum  of  rod,  or  product 
"f  its  weight,  and  distance  of  its  centre  of  gravity ;  ?0Q°x2Q2  _  26C606.66  = 
force  of  rod ;  10C0x202  —  4OC00O  =  force  of  ball. 

Then  gggggglgg  +  400000     ickcs  , 

'   \  lbxl+Tc  ~  CmtrC  0fPercussimh  €tc. ;  I  representing  length  of  rod,  b  weight 
of  afoot  in  length  of  rod,  and  c  weight  suspended  from  end. 
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Ex.  2. — Assume  a  rod  12  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  suspen- 

sion and  percussion  ? 
12x2x^  —  144  =  momentum  of  rod. 
3x6        =18=        u  oflstball. 
3X12       =36=        "        of  "id  ball. 

198  sum  of  moments. 
1692 

24X122     3456     .'^  m  —  =  — —  =  1152  =  force  of  rod. 

3X  62  =  3X  36  =  108=  "  oflstball. 
3X122=3X144=432=   "  of  2d  ball. 

1692  sum  of  forces. 
Then 198 -  8.548  feet. 

FLY-WHEELS. 

A  Fl}r- wheel  should  always  have  high  velocity. 
The  diameter  should  be  from  3  to  4  times  that  of  the  stroke  of  the  driv' 

ing  engine. 
The  weight  of  the  rim  should  be  about  85  to  95  lbs.  per  actual  horse- 

power, the  momentum  of  the  wheel  being  4%  times  that  of  the  piston. 
When  the  Engine  to  which  a  Fly-wheel  is  to  be  attached  is  single-acting. 

it  is  customary  to  make  the  weight  of  the  wheel  5  times  greater  than 
when  it  is  to  be  attached  to  a  double-acting  engine. 

The  weight  of  a  flv-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. 

To  Compute  tlie  "Weiglit  of  tlie  Rim  of  a  IFly-wlieel. 
Rule. — Multiply  the  mean  effective  pressure  upon  the  piston  in  lbs.  by 

its  stroke  in  feet,  and  divide  the  product  by  the  product  of  the  square  of 
the  number  of  revolutions,  the  diameter  of  the  wheel  and  .00023. 

Note. — If  a  light  wheel  is  required,  multiply  by  .0003  ;  and  if  a  heavy  one,  by .00016. 

To  Compute  tlie  Dimensions  of  tlie  lEtim. 

Rulic. — Multiply  the  weight  of  the  wheel  in  lbs.  by  .1,  and  divide  the 
product  by  the  mean  diameter  of  the  rim  in  feet ;  the  quotient  will  give 
the  sectional  area  of  the  rim  in  square  inches  of  cast  iron. 

Example. — A  non-condensing  engine,  having  a  diameter  of  cylinder  of  14  inches, 
and  a  stroke  of  piston  of  4  feet,  working  full  stroke,  at  a  pressure  of  65  lbs  per  mer- 

curial gauge,  and  making  40  revolutions  per  minute,  develops  about  65  horses'  power : what  should  be  the  dimensions  of  its  fly-wheel,  adapted  to  ordinary  work  ? 
Area  of  cylinder,  154  ins.  stroke,  4x3>£  =  14  feet  =  diam.  of  wheel;  mean  press- 

ure =  50  lbs. ;  50X154x4=  30800  =  product  of  pressure  upon  piston  m  lbs.  ;  and 
the  stroke  of  the  piston,  which  ̂   402X 14 X. 00023  =  59TS  lbs.,  weight  of  the  wheel. 
Assume  the  mean  diameter  of  the  wheel  \o%  feet.  Then  5978  X  .1  -4- 13.25  = 45.12  square  ins.  in  the  rim. 
Ex.  2.— If  a  fly-wheel,  16  feet  in  diameter  and  4  tons  in  weight,  is  sufficient  to 

regulate  an  engine  when  it  revolves  in  4  seconds,  what  should  be  the  weight  of  a 
second  fly-wheel,  12  feet  in  diameter,  revolving  in  2  seconds,  so  that  it  may  have 
like  centrifugal  force  ? 
Note  The  centrifugal  forces  of  two  bodies  are  as  the  radii  of  the  circles  of  revo- 

lution directly,  and  as  the  squares  of  the  times  inversely. 
_      4X16     *Xl2     ̂   4X16X22  4x16x4 Then  — — -  =  — — — .    Or,  x  =  — — — — —  =  — — — -  =  1.333  tons. 42         22  1         12X42  12x16 
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IMPACT  OR  COLLISION. 

Impact  is  Direct  or  Oblique.  If  the  impact  of  two  elastic  bodies  is  di- 
rect, their  relative  velocities  will  be  the  same,  both  before  and  after  im- 

pact.   Bodies  are  Elastic  or  Inelastic* 
The  product  of  the  mass  and  velocity  of  a  body  is  the  momentum  of  the body. 
The  principle  upon  which  the  motions  of  bodies  from  percussion  or  col- 

lision are  determined  belongs  both  to  elastic  and  inelastic  bodies ;  thus there  exists  in  bodies  the  same  momentum  or  quantity  of  motion,  esti- mated in  any  one  and  the  same  direction,  both  before  collision  and  after  it. 
Action  and  reaction  are  always  equal  and  contrary.  If  a  body  impinge 

obliquely  upon  a  plane,  the  force  of  the  blow  is  as  the  sine  of  the  angle of  incidence. 
The  effect  of  the  blow  of  an  elastic  body  upon  a  plane  is  double  that  of  an inelastic  one,  the  velocity  and  mass  being  equal  in  each  ;  for  the  force  of the  blow  from  the  inelastic  body  is  as  its  mass  and  velocity,  which  is  only destroyed  by  the  resistance  of  the  plane  ;  but  in  the  elastic  body  that  force is  not  only  destroyed,  being  sustained  by  the  plane,  but  another,  also  equal to  it,  is  sustained  by  the  plane,  in  consequence  of  the  restoring  force,  and by  which  the  body  is  repelled  with  an  equal  velocity ;  hence  the  intensity of  the  blow  is  doubled. 
If  two  perfectly  elastic  bodies  impinge  on  one*  another,  their  relative velocities  will  be  the  same,  both  before  and  after  the  impulse;  that  is, they  will  recede  from  each  other  with  the  same  velocity  with  which  they approached  and  met. 
The  general  laws  regarding  the  Collision  of  Bodies,  assuming  them  to be  inelastic  and  of  equal  volumes,  are  : 
1.  If  two  solid  bodies  are  moving  in  the  same  direction,  the  common velocity,  after  collision,  is  equal  to  the  sum  of  the  products  of  the  masses and  their  velocities,  divided  by  the  sum  of  the  masses. 

<  2.  If  two  bodies  are  moving  in  opposite  directions,  the  common  velocity 
is  equal  to  the  difference  of  the  products  of  the  masses  and  velocities,  di- vided by  the  sum  of  the  masses. 
<  3.  If  one  body  is  at  rest  and  the  other  in  motion,  the  common  velocit}- is  equal  to  the  product  of  the  mass  and  velocity,  divided  by  the  sum  of  the masses. 

When  the  ratio  of  elasticitv  of  a  substance  is  considered,  the  effect  of collision  of  two  bodies,  as  A  and  B,  is  determined  as  follows : 
When  two  Bodies  move  in  the  same  Direction. 

A  X  its  vel.  -  P>x  As  vel.  Xl-4-  (l-t-e)BX  its  vel. 
A  _j_B  —  velocity  of  A  after  impact. 

B  x  its  vel.  —  A  X  B3  vel.  X  e  4-  (1  +  e)  A  X  its  yet        ,    .   *  n 
B~+A  —  velocity  °f  B  after  impact,  e representing  ratio  of  elasticity  of  the  bodies. 

When  two  Bodies  move  in  opposite  Directions. 
A  X  its  vel.  —  B  x  A»s  vel.  X  e  —  (1  +  0  B  -f  its  vel. 

a+~b — "  ~  vci°city  of  A* 
A  X  B  vel.  Xe  —  Bx  its  vel.  +  (l  +  c)Bx  its  vel. 

^  =  velocity  of  B. 
SS^SJutS^  inioJ'ar*  a"d  is  whol,y  ftt  variance  with  these  properties;  as,  for instance,  glass,  winch  13  among  the  hardest  of  bodies,  is  the  most  elastic  of  all Nn 
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.  When  one  Body  moves  and  the  other  is  at  Rest. 
A  X  its  vel.  —  B  X  A's  vel.  X  e  .  .  A  X  its  vel.  (1 4-  e) 
■  7T+B   ~  vel0CltlJ  °f  A-   A  +  B  =  velocitlJ  °/R 

Motion,  over  a,  Fixed  IP  ulley. 

W-f  w  =  F,  in  the  formula  where  F  is  used  ;  so  that  5  =  ̂   ~  ̂   %g  ̂  W  and  w  representing  the  two  iceicjhts  which  are  connected  by  the  cord  that passes  over  the  pulley. 
Or,  if  the  resistance  of  the  friction  and  inertia  of  the  pulley  be  repre- W  —  w 

sented  by  r,  then  s  =  w^  ̂   y%g  t\ 
Illustration — If  by  experiment  it  is  ascertained  that  with  two  weights  of  5  and 3  lbs.  over  a  pulley,  the  heavier  weight  descended  only  50  feet  in  4  seconds  what  is the  measure  of  r  1 

If  r  is  not  considered,  the  heavier  weight  would  fall  X  .5  X  32. ICG  X  42  = 

C4.333/....    Then  w^~"  _  X       =  SO  feet. And,  as  5-f  3-fr:  5  +  3  : :  64.333  :  50 ;  8x14.333 
That  is,    .     .     r  :  5  -f  3  : :  14.333  :  50.  W  hence  r  —  —  —  2.203  lbs. 

To  Compute  tlie  Cornxnon  Velocity  0f  Two  Elastic  Bod- ies after  Impact. 
When  both  Bodies  moved  in  the  same  Direction. 

B  v  -j-  b  V 
B_j_6  =  \  ,  B  and  b  representing  the  weight  of  the  two  bodies  in  lbs.,  v  and  v' 

their  velocities  before  impact  in  feet  per  second,  and  V  the  velocity. 
Illustration — An  elastic  body,  b,  weighing  30  lbs.,  having  a  velocity  of  3  feet,  is struck  by  another  body,  B,  of  50  lbs.,  having  a  velocity  of  7  feet:  their  velocities after  impact  will  be         50XT  +  30  X  3  440 

"50  +  30     —80  =5.5/**. 
When  the  Bodies  moved  in  opposite  Directions,  ̂ v~bv  _  y     Vfhen  the  lesser H-\-b 

Body  was  at  Rest,  —  -  __<  V.    Consequently,  grjp|  X  b  =  velocity  lost  by  B. 

To  Compute  the  "Velocity  of  each.  Body. 

When  both  Bodies  moved  in  the  same  Direction,  ̂   ̂  v b)  Y  _  ve^Qc^  Qj  ̂  
2  B  V —  {\i  —  b)  v  .  2  b 

and  _____  _  velocity  of  b.    Or,  V  —  B       ( V  —  v)  =  velocity  of  B,  and 
■  2B 

v  -j-  ̂ _|_^  (V  —  v)  —  velocity  of  b. 2b  2B 
(V  —  v)—  velocity  lost  by  B ;  and       ̂   (V  —  v)  =  velocity  lost  by  b,  which  two velocities  are  in  the  ratio  of  b  to  B. 

When  the  Bodies  moved  in  opposite  Directions,  — — — _=  velocity  of  B 
B  +  Z*  ^  ̂   1 _  (B  —  fc)n-f  2RV and  — — ■ —  —  velocity  of  b. x>  -j-  u 

J3  ^  og 
W7ie?i  Me  Zrs.ver  7?orii/  iocs  at  Rest,  V  =  velocity  of  B,  and  __:  v. /ocz- li-T-_  B-J-6 
ofb. 



PILE-DRIVING. 
419 

To  Compute  tlie  Velocity  of  Two  Imperfect  or  Inelastic 
"RnrliAe       f'f  tn>   Tin     .  w  >  4 

b 
13  -J-  h 

Bodies  after  Impact. 

When  both  Bodies  moved  in  the  same  Direction,  V  —  m     n  X  — - —  (V  —  v)  ±t 
.  ' -  _        ,     ,  m-\-n  B vcfott**  o/  B ;  and  v  -f  — —  X  ( V  —  t>)  =a  velocity  of  b,  m  and  n  represent 

mg  the  ratio  of  perfect  to  imperfect  elasticity. 

When  the  Bodies  moved  in  opposite  Directions,     ̂      mb)  —  2b  v  _  vejQC^  Qf B-^-b  y  J T>       -  2BV  —  v(b  —  nB) 
and  ^  =  velocity  of  b. 

When  the  lesser  Body  was  at  Rest,  ̂   (^  ~  h  m)  —  velocity  o/B,  and  ve- locity of  b.  13+ & 
If  two  bodies  are  imperfectly  elastic,  the  sum  of  their  moments  will  be the  same,  both  before  and  after  collision,  but  the  velocities  after  will  be 

less  than  in  the  case  of  perfect  elasticity,  in  the  ratio  of  the  imperfection. 

PILE-DRIVING. 

The  effect  of  the  blow  of  a  ram,  or  monkey,  of  a  pile-driver,  is  as the  square  of  its  velocity ;  but  the  impact  is  not  to  be  estimated  di- 
rectly by  this  rule,  as  the  degree  and  extent  of  the  yielding  of  the  pile materially  affects  it.  The  rule,  therefore,  is  of  value  in  application only  as  a  means  of  comparison. 

By  my  experiments  in  1852,  to  determine  the  dynamical  effect  of  a 
falling  body,  it  appeared  that  while  the  effect  was  directly  as  the  ve- 

locity^ was  far  greater  than  that  estimated  by  the  usual  formula 
Vs2<j,  which,  for  a  weight  of  1  lb.  falling  2  feet,  would  be  11.34 
giving  a  momentum  of  11.34  ft.  lbs. ;  whereas,  by  the  effect  shown  by the  record  of  actual  observations,  it  would  be  v  W4.42G  =  50  lbs. 

Piles  are  distinguished  according  to  their  position  and  purpose:  thus (raur/p  Pdes  are  driven  to  define  the  limit  of  the  ground  to  be  inclosed  or as  guides  to  the  permanent  piling. 
Sheet  or  Close  Piles  are  driven  between  the  gauge  piles  to  form  a  con- tinuous inclosure  of  the  work. 
The  weight  which  is  required  of  each  pile  to  sustain  should  be  computed as  if  it  stood  unsupported  by  any  surrounding  earth. 
When  the  length  of  an  oak  pile  does  not  exceed  16  times  its  diameter,  it may  be  loaded  permanently  with  a  weight  of  450  lbs.  per  square  inch  of its  sectional  area. 
A  heavy  ram  and  a  low  fall  is  the  most  effective  condition  of  operation of  a  pile-driver,  provided  the  height  is  such  that  the  force  of  the  blow  will not  be  expended  in  merely  overcoming  the  inertia  of  the  pile,  and  at  the same  time  not  from  such  a  height  as  to  generate  a  velocity  which  will  be expended  in  crushing  the  fibres  of  the  head  of  the  pile. 
The  refusal  of  a  pile  intended  to  support  a  weight  of  13^  tons  can  be safe  v  taken  at  1 0  blows  of  a  ram  of  1350  lbs.,  falling  12  feet,  and  depress- ing the  pile  .8  of  an  inch  at  each  stroke. 
Pneumatic  Pifa -A  hollow  pile  of  cast  iron,  2^  feet  in  diameter,  was depressed  into  the  Goodwin  Sands  33  feet  7  inches  in  5>£  hours. 
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Nasmyth's  Steam  Pile-hammer  has  driven  a  pile  14  inches  square,  and 18  feet  in  length,  15  feet  into  a  coarse  ground,  imbedded  in  a  strong  clay, 
in  17  seconds,  with  20  blows  of  the  hammer,  or  monkey,  making  70  strokes 
per  minute. 

By  the  extended  observations  of  Brevet  Major  John  Sanders,  U.  S. 
Engineers,  he  deduced  the  following  rule  whereby  to  estimate  the  weight 
that  can  be  safely  borne  upon  a  pile :  "  As  many  times  the  weight  of 
the  ram  as  the  distance  which  the  pile  is  sunk  the  last  blow,  is  con- 

tained in  the  distance  which  the  ram  falls  in  making  the  blow,  divided 

by  8,"  which,  when  reduced  to  a  formula,  becomes  (^x^  •  °Q  —  ̂  R  representing  the  weight  of  the  ram  in  lbs.,  h  the  height  of  the  fall,  and 
d  the  distance  the  pile  is  depressed  by  the  blow,  both  in  feet. 

Here,  then,  is  obtained  a  formula  whereby  to  compute  the  limit  of 
operation  of  a  driver,  which  is  essentially  all  that  is  required. 
I  Illustk atton.  — A  ram  weighing  3500  lbs.,  falling  3%  feet,  depressed  a  pile  4.2 

3500  X  (42 -~  4.2)      35000  ,.  ,  4. ins.    Then  — —  —  — 3 —  —  4:Si5  lbs  ,  the  weight  which  the  pile  would S  8 
bear  with  safety. 

By  the  ordinary  formula,  Yv2gW,  15  X  3500  =  52750  lbs.,  the 
computed  force ;  hence,  assuming  the  rule  of  Maj.  Sanders  as  a  guide, 

—  .0814,  which  may  be  taken  as  the  coefficient  whereby  to  rc- 
52750  '  J 
duce  the  momentum  of  a  ram  to  the  weight  a  pile  can  bear  with  safety. 

Dr.  Whewell  deduced : 
1.  A  slight  increase  in  the  hardness  of  a  pile  or  in  the  weight  of  a  ram 

will  considerably  increase  the  distance  a  pile  may  be  driven. 
2.  The  resistance  being  great,  the  lighter  a  pile  the  faster  it  may  be driven. 
3.  The  distance  driven  varies  as  the  cube  of  the  weight  of  the  ram. 
The  weight  of  a  pile  bears  so  small  proportion  to  the  resistance  of  the 

earth  that  it  may  be  neglected,  for  a  pile  25  feet  in  length  and  1  foot 
square  weighs  about  %  a  ton ;  and  if  the  fall  of  a  ram  weighing  1  ton  is 
10  feet,  and  the  distance  driven  by  the  blow  is  2  ins.,  then  the  resistance 
of  the  earth  will  be  to  the  weight  of  the  ram  as  120  ins.  to  2  ins. ;  that  is, 
it  will  be  60  tons,  of  which  %  a  ton  is  the  T|n  part,  and  may  therefore  be 
neglected. 

To  Compute  tlie  Space  thro-ugh  -which  a  P»ile  is  driven. 
R  h 
—  —  5,  C  representing  the  resistance  of  the  earth.  Hence,  by  inversion, 

To  Compute  tlie  Coefficient  of  the  Ptesistance  of  the  Earth. 
tea 
s 

Weisbach  gives  the  following  formula:  The  resistance  of  the  bed  of 
earth  being  constant,  the  mechanical  effect  expended  in  the  penetration R2  ̂  

of  the  pile  will  be  pqr^  -  W.  Taking  the  elements  of  the  preceding 
case,  with  the  addition  of  the  weight  of  the  pile  at  1500  lbs.,  the  result 

would  be  MWXSA   =42875000 wouia  oe  1500  +  350Q  x  ̂2     1T)  1760 
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PENDULUMS. 

Pendulums  are  Simple  or  Compound,  the  former  being  a  material  point, 
or  single  weight  suspended  from  a  rixed  point,  about  which  it  oscillates, 
or  vibrates,  by  a  connection  void  of  weight ;  and  the  latter,  a  like  body  or 
number  of  bodies  suspended  by  a  rod  or  connection.  Any  such  bod}- will 
have  as  many  centres  of  oscillation  as  there  are  given  points  of  suspen- sion to  it,  and  when  any  one  of  these  centres  are  determined  the  others 
are  readily  ascertained.  Thus,  soxsg  ==  a  constant  product,  and  s  r  = 
V  soxsg,  sg  o  and  r  representing  the  points  of  suspension,  gravity,  oscilla- tion, and  gyration. 

Or,  any  body,  as  a  cone,  a  cylinder,  or  of  any  form,  regular  or  irregu- 
lar, so  suspended  as  to  be  capable  of  vibrating,  is  a  compound  pendulum, and  the  distance  of  its  centre  of  oscillation  from  any  assumed  point  of suspension  is  considered  as  the  length  of  an  equivalent  simple  pendulum. 

All  vibrations  of  the  same  pendulum,  whether  great  or  small,  are  per- formed very  nearly  in  the  same  time. 
The  Number  of  Oscillations  of  two  different  pendulums  in  the  same  time 

and  at  the  same  place  are  in  the  inverse  ratio  of  the  square  roots  of  the 
lengths  of  these  pendulums.  The  Length  of  a  Pendulum  vibrating  sec- 

onds is  in  a  constant  ratio  to  the  force  of  gravity. 
The  Times  of  the  Vibration  of  pendulums  are  proportional  to  the  square 

roots  of  their  lengths.  Consequently,  the  lengths  of  pendulums  for  differ- ent vibrations  are  as  follows  : 
Latitude  of  Washington. 

39.0958  ins.  for  one  second.         I      4.344  for  third  of  a  second. 
9. 774   ins.  for  half  a  second.     |      2.4435  for  quarter  of  a  second. 

Lien? ths  of  Pendulums  vibrating  Seconds  at  the  Level 
of*  the  Sea  in  several  Places. 

New  York  ....  39.1017 
London   39.1393 

Paris   39.1284 
Lat.  45°  39.127 

Equator  39.0152 
Washington  .. .  39.0958 
vVl^-  g  —  t,  I  representing  the  length  of  a  pendulum  vibrating  seconds  in 

ihrhf-s,  g  the  measure  of  the  force  of  gravity  (32.155  at  Washington,  and 32.191  at  London),  and  t  the  time  of  one  oscillation. 
Illustration.  —  The  length  of  a  simple  pendulum  vibrating  seconds,  and  the 

measure  of  the  force  of  gravity  at  Washington,  are  39.0158  i?is.,  and  32.155  feet. I  39  0958 
3'141G  V3^55XT2  =  3.1416X  VI -013  =  3.1416X  .31S3  =  1  second. 

To  Compute  tlie  Length  of  a  Simple  Pendulum  for  a 
given  Latitude. 

30.127  —  .09982  co.s.  2  L  =  I,  L  representing  the  latitude. 
Illustration.— Required  the  length  of  a  simple  pendulum  vibrating  seconds  in the  latitude  of  50°  31'. 

L  =  50°  3V  cos.  2  L— 2x50°  31'  =  cos.  ISO0  — 50" 
39.127  -f  .19138X. 09982  (the  two  - ins. 

&l'X2— ;cos.  78°  58'  =  .19138  — 
-  or  negative  —  an  affirmative  or  +)  z±  39.1401 

To  Compute  the  Length  of  a  Simple  Pendulum  Tor  a 
T/0  given  Number  of  Vibrations. Erf1 

-  =  /,  L  representing  the  length  for  the  latitude,  t  the  time  in  seconds,  and  n  the number  of  vibrations. 
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To  Compute  tlie  Length  of  a  Simple  Pendulum,  tlie  Vi- 
brations of  which  will  "be  the  same  in  Number  as  tlie Indies  in  its  Length. 

V  (6<VL')2  =  I  in  inches. 
Example.— What  will  be  the  length  of  a  pendulum  in  New  York,  the  vibrations of  which  will  be  the  same  number  as  the  inches  in  its  length  ? 

^(V39.1013x6l))2  =  7.2112  =  52  inches. 

To  Compute  tlie  Number  of  Vibrations  of  a  Simple  Pen- 
dulum  in  a  given  Time. 

~^JJ~  =  n'  n  rePresent,inS  time  °f  one  vibration  in  seconds. 

To  Compute  the  Time  of  "Vibration  of  a  Simple  Pendu- lum, the  Length  being  given. 
■y/l  -4-  L'X3.141G  —  t  in  seconds. 

Example.— The  length  of  a  pendulum  is  15G.S  inches  ;  what  is  the  time  of  its  vi- bration in  New  York? 

To  Compute  the  Measure  of  G-ravity,  the  Length  of  the 
Pendulum  and.  the  Number  of  its  Vibrations  being  given. 

.82246  ln^  .  . 
 =  g,  g  representing  the  measure  of  gravity  in  feet. 

To  Compute  tlie  Centre  of  Grravity  of  a  Compound  Pen- 
dulum of  Two  Vv^eights  connected  in  a  Right  Line. 

I W  -4-  Vw 
When  the  Weights  are  both  on  one  Side  of  the  Point  of  Suspension.  — — '  = 

W  -j-w 
o  —  distance  of  centre  of  gravity  from  the  point  of  suspension.    When  the  Weights I  ~y\r  Vw 

are  on  opposite  Sides  of  the  Point  of  Suspension,  _|_  w  —0  —  distance  of  cen- 
tre of  gravity  of  the  greater  weight  from  the  point  of  suspension. 

Illustration  A  compound  pendulum,  composed  of  two  weights  alike  to  two 
cannon-balls,  on  the  opposite  sides  of  the  point  of  suspension,  and  connected  by  a  rod 
in  a  right  line  between  them,  has  the  following  elements  : 
Lengths  of  pendulum  from  centre  of  points  of  suspension  25  and  28  inches.  Weights 

of  balls  and  connections  from  points  of  suspension,  for  25  inches  38  lbs.,  and  for  18 inches  12  lbs. 
The  length  of  it  as  a  simple  pendulum  in  latitude  of  New  York,  and  that  number 
r  -u  a  25X38  —  18X12  -  .  .,t of  vibrations  m  one  second,  would  be  ^  ,  — —  =  14.68  inches  =  distance  of 

38  -f- 12 
,      ,  .  • A *  .  ,  Z2W-f  l'*w     252  X  38  +  182X12 

centre  of  gravity  from  point  of  suspension  ;  and  Q  ( w  _j_  w)  =    14  c8  (38  ̂_  12) — =  47.06  inches,  the  length  of  it  as  a  simple  pendulum  ;  that  is,  from  the  point  of 
suspension  to  a  point  extending  below  the  greater  weight. 

/39.095SX1     6.252T      '  ., Hence  .  /  — 7—7^—  ==  -— — -==  .911  vibrations. 
V4T.06    ~~  6.86 2. — If  the  two  weights  were  both  on  the  same  side  of  the  point  of  suspension. 

Lengths  of  pendulum  being  £5  -f- 18  —  43  and  18  ins. 
43X38  I  18x12 

 'vq_^  |2  =  46.25  ins.  — distance  of  centre  of  gravity  from  point  of  suspen* 432X38  4-  1S2xl2 
sion ;  and  -r^z —  —40.08  ins.,  the  length  of  it  as  a  simple  pendulum. 40. 25  X  (38  -J-  12) 
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GOVERNORS. 

The  operation  of  the  Governor  or  Conical  Pendulum  depends  upon  the principles  of  Central  Forces.  1  - 
When  in  a  Ball  Governor  the  Balls  diverge,  the  ring  on  the  vertical shaft  raises,  and  in  proportion  to  the  increase  of  the  velocity  of  the  balls squared,  or  the  square  roots  of  the  distances  of  the  ring  from  the  fixed point  of  the  arms,  corresponding  to  two  velocities,  will  be  as  these  veloci- 

_  Thus  if  a  governor  makes  6  revolutions  in  a  second  when  the  r'ms  is  16 inches  from  the  fixed  point  or  top,  the  distance  of  the  ring  will  be  5.76 inches  when  the  speed  is  increased  to  10  revolutions  in  the  same  time. 
,J0T^  "'i  :;  V1GA  ~'h  W£i?hl  S(luared  =  5-™  the  distance  of  the ring  from  the  top.    Or,  62  :  HP  :  5.76  :  16  ins.  J 
A  governor  performs  in  one  minute  half  as  many  revolutions  as  a  pen. 

thinl' T  lbFate%.the  Jfnsth  of  which  is  the  perpendicular  distance  between 
pension  m0V6         ***  fixed  P°hlt  0r  centre  of  sus- 

To  Compute  the  INuxnlDer  of  Revolutions  of  a  Ball  Gov- 
Hei^hf  ̂   :VIillXlte  t0  mainta"*  the  Balls  at  any  given 

~  _  revolutions,  H  representing  the  vertical  height  between  the  plane  of  the  Balls and  the  points  of  their  suspension  in  inches. 
To  Compute  the  Vertical  Height  between  the  Plane  of 
/18S\2  ailCl  tlieir  FoiTlts3  o£  Suspension. 

-J  -  vertical  height  in  ins.,  r  representing  the  number  of  revolutions  in  a  minute. 

PNEUMATICS. — AERODYNAMICS. 

rmnid^Thp1^  SaSeS  hJ  ̂ ^txon  of  gravity  is  the  same  as  that  for liquids.    The  force  or  effect  of  wind  increases  as  the  square  of  its  velocity. 
Witho»tV««,me-°f  air'And  °f  th°  ̂ ^tuve  of  32°,  is  heated  t  degrees 
-  V  LT-^ng  •  dlft?rent  tension*  the  volume  becomes  (1+.OO2&88  0 -  V    and  if  it  acquires  the  temperature  t\  it  will  then  assume  the  volume 
vrdtoit°v?,8rilw  l?°K  KWfej  ̂ LPasses  int0  a  medium  of  less  density:  its velocity  is  determined  by  the  difference  of  the  densities.  Under  like'con- fctions,  a  conduit  will  discharge  30.55  times  more  air  than  water 
observers  n  SUrfaC6  PfPe»dic^  to  its  direction  has  been opened  as  high  as  57$£  lbs.  per  sq.  foot;  velocity  =  159  feet  per  second. 
To  Compute  the  Volume  of  Air  discharged  through  an Opening. 

°  ̂̂ LToJeffluT^*1  a  repmtinZ  area  °f  evening  in  square  feet,  and  C 

To  Compute  the  "Velocity  of  Air  in  its  Passage  from  a 
1;>47  Greater  to  a  Lesser  Density. 
~j—  a  C  VM(d  +  M)T=Vin  cubic  feet,  d  representing  density  of  the  atmosphere, 

~  1+  ?02088  (V-  ̂o{escrvoirfrom  which  Vfi™*  ̂   inches  of  mercury,  and  T 
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Illustraton.—  What  is  the  volume  of  air  at  a  barometric  pressure  of  29  7  ins which  a  reservoir  will  furnish,  upon  which  a  manometer  indicates  1.2  in*  through a  cylindrical  pipe  3  ins.  in  diameter,  temperature  of  the  air  56°  ? 
C  — .90,  T  =  l +  .2002088(56— 32)  =  1.05,  a  =  .05. 

Then^2^X*05X,93X^ 
To  Compute  tlie  Resistance  of  a  Flane  Surface  to  the  A.ir. 
.0022  av*  —-  P,  a  representing  area  of  plane  in  square  feet,  v  velocity  of  it  in  the  di- rection of  the  wind  in  feet  per  second,  -f-  when  it  moves  opposite,  and  —  when  it moves  with  the  wind. 

Dr.  Button  deduced  that  the  resistance  of  air  varied  as  the  square  of the  velocity  nearly,  and  to  an  inclined  surface  as  the  1.84  power  of  the sine  x  cosine. 
The  figure  of  a  plane  makes  no  appreciable  difference  in  the  resistance, 

hut  the  convex  surface  of  a  hemisphere,  with  a  surface  double  the  base' has  only  half  the  resistance. 
At  high  velocities,  experiments  upon  railwavs  show  that  the  resistance 

becomes  nearly  a  constant  quantity. 
The  resistance  of  the  air  to  a  train  of  cars  in  a  dead  calm  was  found  to be      of  their  weight. 
The  velocity  of  a  train  of  cars  which  give  a  resistance  of  the  of  the 

load  with  a  fair  wind  was  34)^  miles  per  hour,  and  only  27%  with  an  ad- verse wind. 

To  Compute  tlie  Resistance  of  a  Plane  Surface  when 
moving  at  an  A&&gl&  to  the  J^ir. 

?;2  a  sin.2  x 
 —  =  P  in  pounds,  x  representing  the  angle  of  incidence. 

For  other  elements,  etc.,  see  Treatise  on  Aerometry  of  D'Aubuisson  de  Vois^in pages  124,  186,  234,  and  313,  vol.  xxxix.  Journal  of  Franklin  Institute. 

WIND-MILLS. 

The  driving  shaft  of  a  wind-mill  should  be  set  at  an  elevating  angle with  the  horizon  when  set  upon  low  ground,  and  at  a  depressing  amde 
when  set  upon  elevated  ground.  The  range  of  these  angles  is  from  3°°to 35°.  A  velocity  of  wind  of  10  feet  per  second  is  not  generally  sufficient to  drive  a  loaded  wind-mill,  and  if  the  velocity  exceeds  35  feet  per  sec- ond the  force  is  generally  too  great  for  the  ordinary  structure. 
The  angle  of  the  sails  should  be  from  189  to  30°  at  their  least  radius, 

and  from  7°  to  17°  at  their  greatest  radius,  the  mean  angle  being  from 15°  to  17°  to  the  plane  of  motion  of  the  sails.  The  length  of  an  arm  (whip) is  divided  into  7  parts,  the  sails  extending  over  6  parts. 
Deductions  from  Velocities  varying  from  4=  to  9  I^eet  per Second..— [Mr.  Smeaton.] 

1.  The  velocity  of  wind-mill  sails,  so  as  to  produce  a  maximum  effect,  is nearly  as  the  velocity  of  the  wind,  their  shape  and  position  being  the  same. 
2.  The  load  at  the  maximum  is  nearly,  but  somewhat  less  than,  as  the 

square  of  the  velocity  of  the  wind,  the  shape  and  position  of  the  sails  be- ing the  same.  f 
3.  The  effects  of  the  same  sails,  at  a  maximum,  are  nearly,  but  some- what less  than,  as  the  cubes  of  the  velocity  of  the  wind. 
4.  The  load  of  the  same  sails,  at  the  maximum,  is  nearby  as  the  squares, and  their  effect  as  the  cubes  of  their  number  of  turns  in  a  given  time. 
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5.  When  sails  are  loaded  so  as  to  produce  a  maximum  effect  at  a  given 
velocity,  and  the  velocity  of  the  wind  increases,  the  load  continuing  the 
same — 1st,  the  increase  bf  effect,  when  the  increase  of  the  velocity  of  the 
wind  is  small,  will  be  nearly  as  the  squares  of  those  velocities ;  2dly,  when 
the  velocity  of  the  wind  is  double,  the  effects  will  be  nearly  as  10  to  273*} ; 
but,  3dly,  when  the  velocities  compared  are  more  than  double  of  that  when 
the  given  load  produces  a  maximum,  the  effects  increase  nearly  in  the 
simple  ratio  of  the  velocity  of  the  wind. 

6.  In  sails  where  the  figure  and  position  are  similar,  and  the  velocity 
of  the  wind  the  same,  the  number  of  revolutions  in  a  given  time  will  be 
reciprocally  as  the  radius  or  length  of  the  sail. 

7.  The  load,  at  a  maximum,  which  sails  of  a  similar  figure  and  position 
will  overcome  at  a  given  distance  from  the  centre  of  motion,  will  be  as the  cube  of  the  radius. 

8.  The  effects  of  sails  of  similar  figure  and  position  are  as  the  square  of the  radius. 
9.  The  velocity  of  the  extremities  of  Dutch  sails,  as  well  as  of  the  en- 

larged sails,  in  all  their  usual  positions  when  unloaded,  or  even  loaded  to 
a  maximum,  is  considerably  greater  than  that  of  the  wind. 

Results  of  Experiments  on  the  Effect  of  "Wind-mill  Sails. 
When  a  vertical  wind-mill  is  employed  to  grind  corn,  the  mill-stone 

usually  makes  5  revolutions  to  1  of  the  "sail. 1.  When  the  velocity  of  the  wind  is  19  feet  per  second,  the  sails  make from  11  to  12  revolutions  in  a  minute,  and  a  mill  will  grind  from  880  to 990  lbs.  in  an  hour,  or  about  22000  in  24  hours. 
2.  When  the  velocity  of  the  wind  is  30  feet  per  second,  a  mill  will  carry all  sail,  and  make  22  revolutions  in  a  minute,  grinding  1984  lbs.  of  flour in  an  hour,  or  47609  lbs.  in  24  hours. 
The  velocity  of  the  wind  in  a  brisk  gale  is  from  15  to  20  miles  per  hour, exerting  a  pressure  of  1  to  2  lbs.  per  square  foot.  A  high  wind  moves  at the  rate  of  30  to  40  miles  per  hour,  with  a  pressure  of  \%  to  8  lbs.  per square  foot ;  while  in  a  storm  it  may  varv  from  50  to  60  miles  per  hour, and  exert  a  pressure  of  12>£  to  18  lbs.  per  square  foot. 
To  Compute  the  Mechanical  EfFect  and  Elements  of Wind-mills. 

,0004Sn  v*a  u—  P,  n  representing  number  of  arms,  v  velocity  of  wind  per  second,  a area  of  sails  in  square  feet,  and  u  number  of  revolution  of  arms  per  minute. 
1fH7  7         r     ■  1144000 .1041  u  =  angular  velocity  ;   ■ —  —  area  of  sails. 

  vJ  J I  + 
*J  — 2 —  —  T'  —  radius  of  centre  of  percussion  of  arms  in  feet. 

A  wind-mill  with  four  arms  70  feet  in  extreme  diameter,  and  6  feet  wide will  raise  1000  lbs.  218  feet  in  1  minute,  and  if  working  on  an  average  of *  hours  per  day,  it  is  equal  to  34  men.  It  is  estimated  that  25  square  feet of  canvas  will  perform  the  work  of  a  man. 
From  10  to  11  yards  of  sail  will  grind  and  dress  11  bushels  of  wheat 3JGw 

p-^—  —proper  number  of  revolutions,  x  representing  the  mean  angle  of  the  sails 
to  thesplane  of  motion,  and  —  number  of  revolutions  when  x  —  10°. 

Illustration. —The  number  of  arms  of  a  wind-mill  is  4,  the  velocity  of  the  wind 10  feet  per  second,  the  area  of  the  sails  250  square  feet,  and  the  revolutions  of  the arm.-i  0  per  minute. 
Then  .0004$X4X250X1G3X0^3.5S  horses. 
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2.  Taking  the  preceding  elements,  the  inner  radius  being  4  feet,  the 
length  of  the  arms  28,  and.  the  mean  angle  ==  16°  ;  then 

.1047XG  =  .62S2,  angular  velocity;  11440^><t>-58  _  1000j  area  0y  saiis 
/2S2  +  42     nn  ̂   3.16v         3.16x16  50.56 

k  /  5 —  =  20/ee£  radius  ;  =  t  —— — -  =  10.66  revolutions. V       *  r' sin.  a:    17.2x.^<564  4.74 
v  11.5X16 Or»  — htt —  —  0.2  revolutions. 

HYDRODYNAMICS. 

Hydrodynamics  treats  of  the  force  of  the  action  of  Liquids  or  Inelastic 
Fluids,  and  it  embraces  Hydrostatics  and  Hydraulics :  the  former  of  which 
treats  of  the  pressure,  weight,  and  equilibrium  of  liquids  in  a  state  of  rest, 
and  the  latter  of  liquids  in  motion,  as  the  flow  of  water  in  pipes,  the  rais- 

ing of  liquids  by  pumps,  etc. 
Fluids  are  of  two  kinds,  aeriform  and  liquid,  or  elastic  and  inelastic ; 

Fluids  press  equally  in  all  directions,  and  any  pressure  communicated  to 
a  fluid  at  rest  is  equally  transmitted  throughout  the  whole  fluid. 

The  Pressure  of  a  fluid  at  any  depth  is  as  the  depth  or  vertical  height, 
and  the  pressure  upon  the  bottom  of  a  containing  vessel  is  as  the  base 
and  perpendicular  height,  whatever  may  be  the  figure  of  the  vessel.  The 
pressure,  therefore,  of  a  fluid  upon  any  surface,  whether  Vertical,  Oblique, 
or  Horizontal,  is  equal  to  the  weight  of  a  column  of  the  fluid,  the  base  of 
which  is  equal  to  the  surface  pressed,  and  the  height  equal  to  the  distance 
of  the  centre  of  gravity  of  the  surface  pressed,  below  the  surface  of  the 
fluid. 

The  pressure  upon  a  number  of  surfaces  is  ascertained  by  multiplying 
the  sum  of  the  surfaces  into  the  depth  of  their  common  centre  of  gravity, 
below  the  surface  of  the  fluid. 

The  side  of  any  vessel  sustains  a  pressure  equal  to  its  area,  multiplied 
by  half  the  depth  of  the  fluid,  and  the  whole  pressure  upon  the  bottom  and 
against  the  sides  of  a  vessel  is  equal  to  three  times  the  weight  of  the  fluid. 
When  a  body  is  partly  or  wholly  immersed  in  a  fluid,  the  vertical  press- 

ure of  the  fluid  tends  to  raise  the  body  with  a  force  equal  to  the  weight  of 
the  fluid  displaced ;  hence  the  weight  of  any  quantity  of  a  fluid  displaced 
by  a  buoyant  body  equals  the  weight  of  that  body. 

The  bottom  of  a  Conical,  P}Tramidal,  or  Cylindrical  vessel,  or  of  one  the 
section  of  which  is  that  of  an  inverted  frustrum  of  a  Cone  or  Pyramid, 
sustains  a  pressure  equal  to  the  area  of  the  bottom  and  the  depth  of  the fluid. 

The  'Centre  of  Pressure  is  that  point  of  &  surface  against  which  any  fluid presses,  to  which,  if  a  force  equal  to  the  whole  pressure  were  applied,  it 
would  keep  the  surface  at  rest.  Hence  the  distance  of  the  centre  of  press- 

ure of  any  given  surface  from  the  surface  of  the  fluid  is  the  same  as  that 
of  the  Centime  of  Percussion. 

Centres  of  Pressure. 
Of  a  Parallelogram,  When  the  Side,  Base,  Tangent,  or  Vertex  of  the  Figure  is  at 

the  Surface  of  the  Fluid,  is  at  %  of  the  line  (measuring  downward)  that  joins  the centres  of  the  two  horizontal  sides. 
Of  a  Triangular  Plane,  When  the  Base  is  uppermost,  is  at  the  centre  of  a  line, 

raised  vertically  from  the  vertex,  and  joining  it  with  the  centre  of  the  base ;  and 
When  the  Vertex  is  uppermost,  it  is  at  %  of  a  line  let  fall  perpendicularly  from  the 
vertex,  and  joining'  it  with  the  centre  of  the  base. 
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Of  a  Right-angled  Triangle,  When  the  Base  is  uppermost,  is  at  the  intersection  of .  a  hue  extended  irom  the  centre  of  the  base  to  the  extremity  of  the  triangle  by  a  line running  horizontally  from  the  centre  of  the  side  of  the  triangle.  When  the  Vertex or  Extremity  is  uppermost,  it  is  at  the  intersection  of  a  line  extended  from  the  cen- tre ot  the  base  to  the  vertex  by  a  line  running  horizontally  from  %  of  the  side  of  the triangle,  measured  from  the  base. 
Of  a  Trapezoid,  When  either  of  the  parallel  Sides  are  in  the  Surface,  -^tl^_Xn 

—  d,b  and  b'  representing  the  breadth  of  the  figure.  2  &  +  4  6' 
Of  a  Circle,  is  at  %  of  its  radius,  measured  from  the  upper  edge. 
Of  a  Semicircle,  When  the  Diameter  is  in  the  Surface  of  the  Fluid,  lEI=d,d  rep- 

resenting distance  from  surface  of  the  fluid,  and  r  radius  of  circle.  ̂  
When  the  Diameter  is  downward,  15Pr~~ 32r__  j 

12^—16  ~a- When  the  Side,  Base,  or  Tangent  of  the  Figure  is  below  the  Surface  of  the  Fluid. 
Of  a  Rectangle  or  Parallelogram,  ?x^=~  =  d,A  and  h>  representing  the  depths 

of  the  upper  and  under  surfaces  of  the  figure  from  the  surface  of  the  fluid. 
U1'       Zo~  =  mi m  representing  half  the  depth  of  the  figure,  and  o  the  depth of  the  centre  of  gravity  of  the  figure  from  the  surface  of  the  fluid. ?>mo  +  m*      f  (    j     _  ^  m2 1  'do 

tre  of  gravity. 
z  distance  from  upper  side  of  figure.    Or,  ~  —  distance  from  cm- 

o  O 

Of  a  Trapezoid,  When  either  of  the  parallel  Sides  are  Horizontal, 
(b'2  +  4bb'  +  &2)X  n2  _|_  is  (b'  -f  6)2  02 

18(br-fb)^o  ~d'  n  rcV^senting  height  of  figure. 

Oj  a  Triangular  Plane,  When  the  Vertex  is  uppermost,  y;2  ~r~  ̂  °2  =([  distance  let 
ISo  ' fall  perpendicularly  from  the  surface  of  the  fluid  upon  a  line  joining  the  vertex  and centre  oj  gravity  oj  the  figure. 

Or,  ̂L-  =  distance  from  centre  of  gravity  of  the  figure  ;  and  h-\-~  ~  distance 
of  centre  of  gravity  of  the  figure  below  surface  of  fluid,  h  representing  the  depth  of the  vertex  below  the  surface. 

When  the  Rase  is  uppermost,  =d. 18  o 
4  o2  -f-  r2  r2 

Of  a  Circle,  — — —  ==  d    Or,  —  =  distance  below  centre  of  the  circle. 
Of  a  Semicircle,  When  the  Diameter  is  Horizontal,  and  upward  or  downward, n2     IGn2  An 

To~  H~po  '  °~  d'  Yp~dlStaUCe  °f  centre  °f  gravity  from  the  diameter  in  the 
c   *  ,3pn—4n first  case,  and  —  =3  distance  from  the  centre  of  the  circumference  in  the  scc- 

n3      16  n2 
ona  case.    And  —  —      —  =z  distance  of  centre  of  pressure  below  centre  of  gravity. 

PRESSURE. 

To  Compute  the  Pressure  of*  a  :Fluid.  upon  the  Bottom  or its  Containing  Vessel. 

Rule.— Multiply  the  area  of  the  base  by  the  height  of  the  fluid  in  feet, and  the  product  by  the  weight  of  a  cubic  foot  of  the  fluid. 
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To  Compute  tlio  Pressure  of  a  I<Tuid  upon  a  "Vertical,  In- clined, Curved.,  or  any  Surface. 
Rule. — Multiply  the  area  of  the  surface  by  the  height  of  the  centre  of 

gravity  of  the  fluid  in  feet,  and  the  product  by  the  weight  of  a  cubic  foot 
of  the  "fluid. Example. — What  is  the  pressure  upon  a  sloping  side  of  a  pond  of  fresh  water  10 
feet  square,  the  depth  of  the  pond  being  8  feet  ? 

Centre  of  gravity,  8-4-2  =  4  feet  from  the  surface. 
Then  10» X 4  =  400,  which  X62.5  =  25000  lbs. 
Ex.  2. — What  is  the  pressure  upon  the  staves  of  a  cylindrical  reservoir  when  filled 

with  fresh  water,  the  depth  being  G  feet,  and  the  diameter  of  the  base  5  feet? 
5X3.141G  =  15.70S  /eeZ  curved  surface  of  reservoir,  which  must  be  considered  as  a 

plane.  15.70SX 6x6^2=  282.744, which  X62.5  =  17G71.5  lbs. 
Ex.  3. — What  is  the  pressure  of  fresh  water  upon  a  gate  or  embankment  in  the 

form  of  a  trapezoid,  its  breadths  at  top  and  bottom  being  11  and  9  feet,  and  its 
depth  10  feet? 
.333x11  —  9  +  9  =  9.666,  which  4-  2  =4.833  =  the  centre  of  gravity  of  the  fluid. 

iii?  X 10  X  4.  S33  =  4S3. 33,  which  X  62. 5  =  3020S.125  lbs. 2 
Sluice-gates. 

The  stress  upon  a  Sluice-gate  is  determined  by  its  area,  and  the  distance 
of  its  centre  of  gravity  from  the  surface  of  the  fluid. 

Example. — What  is  the  pressure  on  a  sluice-gate  3  feet  square,  its  centre  of  gravi- 
ty being  30  feet  below  the  surface  of  a  pond  of  fresh  water  ? 

3X3X30  =  270,  which  XG2.5=1G875  lbs. 
Flood-gates. 

The  stress  upon  a  Flood-gate  is  identical  with  that  upon  a  Sluice-gate 
or  any  vertical  surface. 
Example. — A  rectangular  flood-gate  in  fresh  water  is  25  feet  in  length  by  12  feet 

deep ;  what  is  the  pressure  upon  it  ? 
25x12x12-^2  =  1800,  which  XG2.5  =  112500  lbs. 

When  water  presses  against  both  sides  of  a  plane  surface,  there  arises 
from  the  resultant  forces,  corresponding  to  the  two  sides,  a  new  resultant, 
which  is  obtained  by  the  subtraction  of  the  former,  as  they  are  opposed  to 
each  other. 

Illu8teation. — The  depth  of  Avater  in  a  canal  is  7  feet ;  in  its  adjoining  lock  it  is 
4  feet,  and  the  breadth  of  the  gates  is  15  feet ;  what  mean  pressure  have  they  to  sus- 

tain, and  what  is  the  depth  of  the  point  of  its  application  below  the  surface? 
1  49        1  16 

7 X 15  =  105,  and  4 X 15  =  GO  sq.feet.    7  — 4  =  3/e^, -X72  =  — ,  and -X42  =  — • 

Hence  (105x^  —  60x2)XG2.5=  154G.875  lbs.,  the  mean  pressure. 
Then  1546. 875-^62.5  =  247.5  =  number  of  cubic  feet  pressing  upon  gates  upon  the 

high  side,  and  247.5  -  j-  15x7  =  2.35  feet  =  depth  of  centre  of  gravity  of  mean  pressure. 
To  Compute  tlie  Pressure  of  a  Column  of  a  Fluid  per 

Square  Inch. 
Rule. — Multiply  the  height  of  the  column  in  feet  by  the  weight  of  a 

cubic  foot  of  the  fluid,  and  divide  the  product  by  144 ;  the  quotient  will 
give  the  weight  or  pressure  per  square  inch  in  pounds. 
Note.— When  the  height  is  given  in  inches,  omit  the  division  by  144. 
Example. — The  height  of  a  column  of  fresh  water  is  23  feet;  what  is  its  pressur 

per  square  inch  ? 
23X62.5  =  1437.5,  which  -f-  144  =  9.983  lbs. 
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PIPES. 

To  Compete  the  required.  Tliicloiess  of  a  IPipe. 
Rile.— Multiply  the  pressure  in  pounds  per  square  inch  by  the  diame- 

ter of  the  pipe  in  inches,  and  divide  the  product  by  twice  the  tensile  re- 
sistance of  a  square  inch  of  the  material  of  which  the  pipe  is  constructed. 

By  experiment,  it  has  been  found  that  a  cast-iron  pipe  15  inches  in  diameter,  and 
%  of  an  inch  thick,  will  support  a  head  of  water  of  600  fret ;  and  that  one  of  oak,  of 
the  same  diameter,  and  2  inches  thick,  will  support  a  head  of  ISO  feet. 

Example. — The  pressure  upon  a  cast-iron  pipe  15  inches  in  diameter  is  SCO  lbs. per  square  inch ;  what  is  the  required  thickness  of  the  metal  ? 
CC0xl5=i  -J5C0,  which  -4- 3uo0x2  =  .75  inch. 

Nora. — Here  3000  is  taken  as  the  value  of  the  tensile  strength  of  cast  iron  in  or- 
dinary small  water-pipes.  This  is  in  consequence  of  the  liability  of  such  castings  to 

be  imperfect  from  honey -combs,  springing  of  the  core,  etc. 
Ex.  2.— The  pressure  upon  a  lead  pipe  1  inch  in  diameter  is  150  lbs.  per  square inch  ;  what  is  the  required  thickness  of  the  metal? 

150x1  — 150,  which  -h5u0x2  ==.15  inch. 
HYDROSTATIC  PRESS. 

To  Compute  tlie  Elements  of  a  Hydrostatic  IPress. 
WA  XVl'a         W/'a     *  P.W 
~fa~  —  w  «  "Try-  —  A  ?  — TJ~  —  p '  ~yfl>  —  a' P  representing  the  power  or  pressure 

applied,  W  the  weight  or  resistance  in  pounds,  I  and  V  the  lengths  of  the  lever  and 
fulcrum  in  inches  or  feet,  and  A  and  a  the  areas  of  the  ram  and  piston  in  sonar  t inches. 
Illustration.— -The  areas  of  a  ram  and  piston  areSG.G  and  1  square  inches,  tho 1  mgths  of  the  lever  and  fulcrum  4  feet  and  0  inches,  and  the  power  applied  20  lbs,  • what  is  the  weight  that  may  be  borne? 

20x4 X SC. 0     032S  ■  ,  rr— r—  =-—-  =  1C24  lbs .i5xl  .»5 

To  Compute  tlie  Thiclsiiess  oft  lie  IMetal  to  resist  a  given P'resuure. 

Rulk.— Multiply  the  pressure  per  square  inch  in  pounds  by  the  diam- eter of  the  cylinder  in  inches,  and  divide  the  product  by  twice  the  esti- mated practical  tensile  resistance  or  value  of  the  metal  in  pounds  per  square inch,  and  the  quotient  will  give  the  thickness  of  the  metal  required. 
Example.— The  pressure  required  is  9000  lbs.  per  square  inch,  and  the  diameter of  the  cylinder  U  5  3  inches  ;  w  hat  is  the  required  thickness  of  the  metal  or  cast  iron  * 9000x5.3  47.700 
Gi)U0 x 2  ~vlm)=  3,075  ms'    The  value  of  the  nietal  is  here  taken  at  G000. 

IIYDKAULIC  RAM. 

The  useful  effect  of  a  Hydraulic  Ram,  as  determined  by  Evtelwein,  va- ried from  .0  to  .18  of  the  power  expended.  When  the  heightto  which  tjie waterfa  raised  compared  to  the  fall  is  low,  the  effect  is  greater  than  with any  other  machine  ;  but  it  diminishes  as  the  height  increases. 
To  Compute  the  Useful  Effect  of  a  Hydravilic  Rain. 
V (A  —  .2Vh  h')  —  vh\  V  and  v  representing  the  volume,  of  water  expended  and raised,  and  h  and  h'  the  heights  of  the  fall  and  of  the  water  raised. Ii.u  stration — The  heights  of  a  fall  and  of  the  elevation  are  10  and  £0.3  f  A, I  n  1  the  volumes  expended  and  raised  arc  1.71  and  .543  cubic  feet  per  minute. 

1.2x1.71  (10-.2v/loX20.a)i=2.f52X(10  -  3.2-13)  —  2.052x0.757  =  13. S  5  useful, tffeci  =  product  <>J  volume  and  height  to  which  it  is  raised 

Oo 
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To  Compute  the  Volume  to  "be  expended,  "When  the Height  and  Volume  required  are  given. 
13.S65 -T-  (10  —  .2^/10x^(5.3)  „ 

1.2   2  U   =  L 1 1 

To  Compute  tlie  Heiglit  of  Fall  required,  When  the  "Vol- umes and  Height  of  Elevation  are  given. 

(^'±y^  +  ~)2^=  (.513  +  V  6.757  +  .*63)2  =(.513  +  2.G405)2  =  10//. 
Talkie  of  Results  of  Operations  of  Hydraulic  Hams. 

Number  of Strokes. Height  of  Fall. Height  of  Ele- vation. Water  Expended. Water  Raised. Useful  Effec 

Min. Feet. Feet. Cubic  Feet. Cubic  Feet. 
GO 10. 0G 26.3 1.71 .543 .9 
50 9.93 38.6 1.93 .421 .85 3G 6.05 38.6 1.43 

.169 
.75 

31 5.06 38.6 1.29 .113 .67 15 3.22 38.6 1  98 .058 .35 10 1.97 38.6 1.58 .014 

.18 
22.8 196.8 .38 .029 

.67 
WATER  POWER. 

Water  acts  as  a  moving  power,  either  by  its  weight  or  hy  its  vis  viva, 
and  in  the  latter  case  it  acts  either  03-  pressure  or  by  impact. 

The  Natural  Effect  or  Power  of  a  fall  of  water  is  equal  to  the  weight  of 
its  volume  and  the  vertical  heiglit  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. "  The  result  or effect,  however,  is  in  nowise  altered  ;  for  in  the  first  case  P  =  Vwh,  and  in 

v2  •   ■  •  '■  -I'V  oifi  onwrrio^  o"r-l 
the  latter  ==  tj  Vw,  V  representing  the  volume  in  cubic  feet,  w  the  'weight  in 
lbs.,  and  v  the  velocity  of  the  floto  in  feet  per  second. 

To  Compute  the  JPower  of  a  Fall  of  Water. 
Rule.— Multiply  the  volume  of  the  flowing  water  in  cubic  feet  per  min- 

ute by  62.5,  and  this  product  by  the  vertical  height  of  the  fall  in  feet. 
Note.  —  When  the  Flow  is  over  a  Weir  or  Notch,  the  height  is  measured  from  the 

surface  of  the  tail-race  to  a  point  4-9  of  the  height  of  the  weir,  or  to  the  centre  of  ve- 
locity or  pressure  of  the  opening  of  the  flow. 

When  the  Flow  is  through  a  Sluice  or  Horizontal  Slit,  the  height  is  measured 
f.om  the  surface  of  the  tail-race  to  the  centre  of  pressure  of  the  opening. 
Example.— What  is  the  power  of  a  stream  of  water  when  flowing  over  a  wdr  1 

foot  in  depth  by  5  feet  in  width,  and  having  a  fall  of  10  feet  from  the  centre  of 
pressure  of  the  flow  ? 

2   By  Rule,  page  379,  -  5xWtg  1X-G23  =  1G.C5  cubic  feet  per  second. 
1G.05xGOxG2.5x20=z124ST53  lbs.,  which  -f- 33000  =  37.84  horses'  power. 

Water  sometimes  acts  by  its  weight  and  vis  viva  simultaneously,  by  com- 
bining the  effect  of  an  acquired  velocity  with  the  fall  through  which  it 

flows  uDon  the  wheel  or  instrument. 
/  v2\ 

In  this  case  the  mechanical  effect  =      -f  9- )  VxG2.5. 
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Sluices. 
The  methods  of  admitting  water  to  an  Overshot  or  Breast  Wheel  are  various consisting  of  the  Overfall,  the  Guide-bucket,  and  the  Penstock. 
An  Overfall  Sluice  is  a  saddle-beam  with  a  curved  surface,  so  as  to  direct  the  cur- rent of  water  tangentially  to  the  buckets;  a  Guide-bucket  is  an  apron  by  which  the water  is  guided  in  a  course  tangential  to  the  buckets ;  and  a  Penstock  is  the  sluice- board  or  gate,  placed  as  close  to  the  wheel  as  practicable,  and  of  such  thickness  at its  lower  edge  as  to  avoid  a  contraction  of  the  current.  The  bottom  surface  of  the penstock  is  formed  with  a  parabolic  lip. 

WATER-WHEELS. 
Water-wheels  are  divided  into  two  classes,  Vertical  and  Horizontal, lhe  vertical  consist  of  the  Overshot,  Breast,  and  Undershot;  and  the  Hori- zontal of  the  Turbine  or  Reaction  wheels. 
A  ertical  wheels  are  limited  by  construction  to  falls  of  less  than  GO  feet 1  turbines  are  applicable  to  falls  of  any  height  from  1  foot  upward. 
Vertical  wheels  applied  to  a  fall  of  from  20  to  40  feet  give  a  greater  ef- fect than  a  Turbine,  and  for  very  low  falls  Turbines  give  a  greater  effect. The  order  of  effect  of  these  wheels  is  as  follows  : 

Ratio  of  Inflect  to  Power. 

0brea^ttr'nd  *W  -6  to  .8  to  1  I  }>lershot,Poncelet's,  from  A  to  .4  .  to  1 T'~Sr? *  I  Lndershot    do  from  .27  to  .45  to  1 //"O'fe  from  ,<i  to  .8  to  1    Impact   and   Reae-1  ,        0  t    „  . Brww*  from  .45  to  .05  to  1  J     tion  /  from  -°  to  -5  to  1 
The  efficiency  of  Turbines  for  very  high  falls  is  less  than  for  lower  falK  on  no count  of  the  hydraulic  resistance  involved,  and  which  increases  as  the  square  of  ti  e velocity. 
Turbines,  being  operated  at  a  higher  number  of  revolutions  than  Vertical  Wheel* are  more  generally  applicable  to  mechanic  .1  purposes ;  but  in  operations  requirinc but  low  velocities  the  Vertical  Whet  1  is  preferred.  For  variable  resistance*  as  roll- ing-mills, etc.,  the  Vertical  Wheel  is  far  preferable,  as  its  mass  serves  to  regulate  the motion  better  than  a  small  wheel. 
In  economy  of  construction  there  is  no  essential  difference  between  a  Vertical \\  heel  and  a  Turbine.  When,  however,  the  fall  of  water  and  the  quantity  cf  it  are great,  the  Turbine  is  the  least  expensive.  Variations  in  the  supply  of  water  affect vertical  wheels  less  than  Turbines. 
The  durability  of  a  Turbine  is  less  than  that  of  a  Vertical  Whcfl;  and  it  is  indis- pensable to  its  operation  that  the  water  should  be  free  from  sand,  brandies,  leaves,  etc. With  Overshot  and  Breast  Wheels,  when  only  a  small  quantity  of  water  is  availa- ble, or  when  it  is  required  or  becomes  necessary  to  produce  only  a  portion  of  the power  of  the  fall,  their  efficiency  is  relatively  increased,  from  the  buckets  being  but proportionately  filled;  but  with  Turbines  the  effect  is  contrary,  as  when  the  sluice  id lowered  or  the  supply  decreased  the  water  enters  the  wheel  under  circumstance*  in- volving greater  loss  of  effect.  To  produce  the  maximum  effect  of  a  stream  of  water upon  a  wheel,  it  must  flow  without  impact  upon  it,  and  leave  it  without  velocity and  the  distance  between  the  point  at  which  the  water  flows  upon  a  wheel  and  the level  of  the  water  in  the  reservoir  should  be  as  small  as  practicable. Small  wheels  give  less  effect  than  large,  in  consequence  of  their  making  a  greater number  of  revolutions  and  having  a  smaller  water  arc. 

Sliroiacling. 
The \  Shrouding  of  a  wheel  consists  of  the  plates  at  its  periphery,  which form  the  sides  of  the  bucket. 
rhe  height  of  the  f alt  of  a  water-wheel  is  measured  between  the  surfaces or  the  water  m  the  penstock  and  in  the  tail-race,  and  ordinarily  two  thirds of  the  height  between  the  level  of  the  reservoir  and  the  point  at  which  the water  strikes  a  wheel  is  lost  for  all  effective  operation. The  velocity  of  a  wheel  at  the  centre  of  percussion  of  the  fluid  should be  from  .o  to  .0  that  of  the  flow  cf  the  water. 
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By  the  deductions  of  Weisbach  it  appears  that  the  effect  of  impact  is 
only  half  the  available  effect  under  the  most  favorable  circumstances ; 
hence  the  least  practicable  part  of  a  fall  should  be  used  to  produce  impact. 

Under  the  circumstances  of  a  variable  supply  of  water,  the  Breast-icheel 
is  better  calculated  for  effective  duty  than  the  Ocershot,  as  it  can  be  made 
of  a  greater  diameter;  whereby  it  affords  an  increased  facility  for  the  re- 

ception of  the  water  into  its  buckets,  also  for  its  discharge  at  the  bottom  ; 
and  further,  its  buckets  more  easily  overcome  the  retardation  of  back-wa- 

ter, enabling  it  to  be  worked  for  a  longer  period  in  the  back-water  conse- 
quent upon  a  flood. 

JTrictioix  of  tlie  Gi-u.clgecms. 
A  very  considerable  portion  of  the  mechanical  efft  ct  of  a  wheel  is  lost  in  the  effect 

absorbed  by  the  friction  of  the  gudgeons. 

To  Compute  tlie  Friction  of  tlie  Gudgeons  of  a  Water- wheel. 

Vs  m  C  .OOSG  =f  W  representing  the  weight  of  the  wheel,  r  the  radius  of  the  gud- 
geon in  inches,  and  n  the  number  of  revolutions  of  the  wheel. 

For  well-turned  surfaces  and  good  bearings,  C  =  .075  with  oil  or  tallow ;  when 
tlie  best  of  oil  is  well  supplied  =  .054;  and,  as  in  ordinary  circumstances,  Avhen  a 
black-lead  unguent  is  alone  applied  ==  .11. 
Illustration.— A  wheel  weighing  25000  lbs.  has  gudgeons  6  inches  in  diameter, 

and  makes  G  revolutions  per  minute  ;  what  is  the  loss  of  effect  ? 

Assume  C  =  .0S.    Then  25000x^xGx.OSx.COSO  =  309.G  lbs. 

OVERSHOT- WHEELS. 
In  an  Ovevshot-wlieel  the  flow  of  water  acts  in  some  degree  by  impact, 

but  chiefly  by  its  weight. 
The  lower  the  speed  of  the  wheel  at  its  circumference,  the  greater  will 

be  the  mechanical  effect  of  the  water.  A  proper  velocity  is  about  5  feet 
per  second. 

The  number  of  buckets  should  be  as  great  as  practicable,  and  they 
should  retain  water  so  long  as  practicable.  The  maximum  effect  is  at- tained when  the  buckets  are  so  numerous  and  close  that  the  water  surface 
in  the  bucket  commencing  to  empty  itself  should  come  in  contact  with  the 
under  side  of  the  bucket  next  above  it. 

Curved  buckets  give  the  greatest  effect,  and  Radial  give  but  .78  of  the 
effect  of  Elbow-buckets.  A  wheel  40  feet  in  diameter  should  have  152 
buckets. 

Small  wheels  give  a  less  effect  than  large,  in  consequence  of  their  great- 
er centrifugal  action,  and  discharging  the  water  from  the  buckets  at  an 

earlier  period  than  with  larger  wheels,  or  when  their  velocity  is  lower. 
When  the  head  of  water  bears  to  the  fall  or  the  height  of  the  wheel  a 

proportion  as  great  as  1  to  4  or  5,  the  ratio  of  effect  to  power  is  reduced  to 
.8  and  even  .75.  The  general  law,  therefore,  is,  that  the  ratio  of  effect  to 
power  decreases  as  the  proportion  of  head  to  the  total  head  and  fall  in- creases. 

A  wheel  with  shallow  Shrouding  acts  more  efficiently  than  one  where  it 
is  deep,  and  the  depth  is  usually  made  10  or  12  inches,  but  in  some  cases it  has  been  increased  to  15  inches. 

The  breadth  of  a  wheel  depends  upon  the  capacity  necessary  to  give  the 
buckets  to  receive  the  required  volume  of  the  water. 
Form  of  Buckets. — "Radial  buckets— that  is,  when  the  bottom  is  a  right  line— in- volve so  great  a  Idas  of  mechanical  effect  as  to  render  their  use  incompatible  with 
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economy;  and  when  a  bucket  is  formed  of  two  pieces,  the  lower  or  inner  piece  is termed  the  bottom  or  floor,  and  the  outer  piece  the  arm  or  icrist.  The  former  is usually  placed  in  a  line  with  the  radius  of  the  wheel. 
The  line  of  a  circle  passing  through  the  elbow,  made  by  the  junction  of  the  floor and  arm,  is  termed  the  division  circle,  or  bucket  pitch,  and  it  is  usual  to  put  this  at one  half  the  depth  of  the  shrouding-. 

the  arm  of  a  bucket  is  included  in  the  division  angle  of  the  buckets,  that  % 
,  n  representing  the  number  of  buckets,  the  cells  are  not  sufficiently  covered,  ex- 
cept for  very  shallow  shrouding;  hence  it  is  best  to  extend  the  arm  of  a  bucket  over five  fourths  of  the  division  angle,  so  as  to  cover  or  overlap  the  elb  nu  of  the  bucket next  in  advance  of  it. 

The  least  section  of  a  cell  should  be  somewhat  greater  than  the  section  of  the  wa- ter flowing  on  to  the  wheel,  and  the  cells  should  be  in  the  plane  of  the  flow  of  the water. 
Fairbaira  gives  the  area  of  the  opening  of  a  bucket  in  a  wheel  of  great  diameter, compared  to  the  volume  of  it,  »s  5  to  2-4. 
Buckets  having  a  bottom  of  two  planes,  that  is,  with  two  bottoms,  and  two  divi- sion circles  or  bucket  pitches  and  an  arm,  give  a  greater  effect  than  with  one  bottom. 
When  an  opening  is  made  in  the  base  of  the  buckets,  so  as  to  afford  an  escape  of the  air  contained  within  it  without  a  loss  of  the  water  admitted,  the  buckets  are termed  ventilated,  and  the  effective  power  of  the  wheel  is  much  greater  than  with the  close  buckets. 

To  Compute  tlie  Radius  of* a  Wheel,  the  ISTtiinToer  ofRev- oUitions,  and  tlie  Height  of  the  IFall  of  Water  xipon  an Overshot- wheel, 
Whi  n  the  ichole  Fall  and  the  Velocity  of  the  Flow,  etc.,  are  given. 

h-h'    _  he 
1  -|-  Cos.  a  ~  r;  3.i4ior  =  h  rePreseniin9  ̂   height  of  the  whole  fall,  h'  the 

height  between  the  centre  of  gravity  of  the  discharge  and  the  half  depth  of  the bucket  upon  ichich  the  ivater  Jlows,  a  the  angle  which  the  point  of  entrance  'of  the water  into  a  bucket  makes  with  the  summit  of  the  wheel,  n  the  'number  of  revo- lutions, c  the  velocity  of  the  wheel  at  its  circumference,  and  r  its  radius. 
Note.— As  a  proportion  of  the  velocity  of  the  flow  is  lost,  it  is  proper  to  assume 

the  height  h'  as  but  —  —  1.1 
ILLU8TRATION.—A  fall  of  water  is  80  feet,  the  velocity  of  its  flow  is  1G,  the  angle ot  its  impact  upon  the  buckets  is  12°,  and  the  required  velocity  of  the  wheel  is  S  feet per  second ;  what  is  the  required  radius,  number  of  revolutions,  and  the  height  of the  fall  upon  the  wheel  ? 

1G2 
^Xl.l  =  4.ZS  feet ;  cos.  12' 30  xS  240 

40.064 radius 

..07  SI  5.  Then 30  —  4.3? 

1  +  .! 
—  5.0,  number  of  revolutions. 

25.62  <n 

3.1410x12.05" 
When  the  Number  of  Revolutions  and  the  Ratio  between  the  Velocities  of  (he Flow  and  at  the  Circumference  of  the  Wheel  are  given. 

-  (1  -f-  cop.  a) V  .000772  (x  n)2  h  +  (1 4- cos. 
3.1416nr .000383  {x  n)  2 ,  x  representing  -,  and  c  =z 

80 
Ilixstration.- 

the  previous  case ; If  the  number  of  revolutions  are  5,  x~  2,  and  the  fall,  etc.,  as  in what  is  the  radius  of  the  wheel  and  the  velocity  of  the  flow? 
Vjmm  (2x5)2X30  4- (1.07^-  1,078  _  V  2. a  10  +  8.0125 .000880  (2x5)2 

13.41 /to;  3-1416x5x13.41. 80 
x  —  2.    Hence  7.08x2  =  14.06  velocity  of  fl, 

.  .5177 
.0380 

03  feet  velocity  at  circumference  of  wheel,  and  as 

Oo* 
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Further,  if  the  velocity  of  the  flow  is  14.0G  feet,  what  is  the  h:  ight  of  it  ? 

14.0G2 _Xl.l  =  3.37/«,. 

To  Compute  tlie  "Width,  of  an  Overshot-wheel. 
°-^-—w,  o  representing  a  coefficient  —  3,  when  the  buckets  are  filled  to  an  excess,  and 

s  c' 5  when  they  are  deficiently  filled ;  s  depth  of  shrouding  in  feet;  c'  the  velocity  of the  ivheel  at  the  centre  of  the  shrouding;  a?id  w  the  ividth  of  the  buckets  in  feet. 
Illustration. — A  wheel  is  to  be  30  feet  in  diameter,  with  a  depth  of  shrouding 

of  1  foot,  and  is  required  to  make  5  revolutions  per  minute  under  a  discharge  of  10 
cubic  feet  per  second;  what  should  be  the  width  of  the  buckets? 

Assume  o  =  4,  and  c'  —  °°x3-J^Cx,)  _.  7.354.    Then  1  ^7  354  —  ̂  °^  fcet" 
To  Compute  tlie  UNTuiiilber  or  Buckets. 

7  ̂1  -f-       =  distance  between  the  tuckets,  s  representing  depth  of  shrouding  in 
inches;  and        —  number  of  tuckets, v 
Illustration. — Take  the  elements  of  the  preceding  case. 

Then  7  (\  +  -)  =■  7X2.2  =  15.4  ins.,  and  ?5><?^£><2  =±^3.4,  say  72  buckets; \        10/  J  0.4 

330° hence  — —  =  5°,  angle  of  subdivision  of  bu:kets. 

To  Compute  tlie  Effect  of  an  Overshot  Water-wheel. 

 i-S  L  —  p  V  representing  the  volume  of  the  water  fiowing  per  sec- V  hw 
ond,  iv  the  weight  of  the  icater,  and  v'  the  velocity  of  the  icater  discharged  at  the tail  of  the  ivheel. 
Illustration. — A  volume  of  12  cubic  feet  per  second  has  a  fall  of  10  feet,  the 

wheel  using  but  8.5  feet  of  it,  and  the  velocity  of  the  water  discharged  is  9  feet  per 
second ;  what  is  the  effect  of  the  fall? 

The  friction  of  the  wheel  is  assumed  to  be  750  lbs. 

12X8.5X82.5- (jjj^XUxO!  5  +  75o)  _6375_  (1.c6xT5n  +  T50)  =  40SO= ̂  12X10X62.5  T500  7500 
—  ratio  of  effect  to  power;  and  4080x00  seconds -i-  33000^8.5'J  horses'  power. 

To  Compute  the  Power  of  an.  Overshot-wheel. 
Rule. — Multiply  the  weight  of  water  in  lbs.  discharged  upon  the  wheel 

in  one  minute  by  the  height  or  distance  in  feet  from  the  centre  of  the  open- 
ing in  the  gate  to  the  surface  of  the  tail-race  ;  divide  the  product  by  33000, 

and  multiply  the  quotient  by  the  assumed  or  determined  ratio  of  effect  to 
power.  Or,  for  general  purposes,  divide  the  product  by  50000,  and  the 
quotient  is  the  horses'  power. 

The  Mechanical  Effect  of  water  is  the  product  of  its  weight  into  the 
height  from  which  it  falls. 
Example. — The  volume  of  water  discharged  upon  an  overshot-wheel  is  04")  cubic 

feet  per  minute,  and  the  effective  height  of  the  fall  is  22  feet ;  what  are  the  horses1 power? 
040 x 02. 5 X 22     8Sn000  X. 75=  the  assumed  ratio  of  effect  to  vowcr 33000  330/0 

in  such  a  case  fc=  20  horses. 
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Useful  EfFect  of  an  Oversliot-wlieel. 
With  a  large  wheel  running  in  the  most  advantageous  manner,  .84  of the  power  may  be  taken  for  the  effect. 
The  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. 
The  ratio  of  effect  to  power  with  radial-buckets  is  .78  that  of  elbow-buck- 

ets. The  ratio  of  effect  decreases  as  the  proportion  of  head  to  the  total 
head  and  fall  increases.  Thus  a  wheel  of  10  feet  in  diameter  gave  with 
heads  of  water  above  the  gate,  ranging  from  .25  to  3.75  feet,  a  ratio  of  ef- 

fect decreasing  from  .82  to  .67  of  the  power. 
Note.— For  the  Theoretical  Effect  of  a  wheel,  whether  Overshot,  Undershot,  or Breast,  see  Formula  of  Weisbach  and  Moris.    (Weisbach,  vol.  ii.,  pages  184-215.) 

BREAST-TVIIEELS. 

Breast-wheels  are  designed  for  falls  of  water  varying  from  5  to  15  feet, 
and  for  flows  of  from  5  to  80  cubic  feet  per  second.  "  They  are  constructed with  either  ordinary  buckets  or  with  blades  confined  by  a  Curb. 
When  buckets  are  inclosed  in  a  curb,  they  are  not  required  to  hold  water  • hence  they  may  be  set  radial.  The  buckets  should  be  numerous  as  the 

loss  of  water  escaping  between  the  wheel  and  the  curb  is  less  the  greater their  number;  and  that  they  may  not  lift  or  carry  up  water  with  them from  the  tail-race,  it  is  proper  to  give  the  bucket  such  a  plane  that  it  may leave  the  water  as  nearly  vertical  as  may  be  practicable. 
The  distance  between  two  buckets  should  be  equal  to  the  depth  of  the shrouding,  or  at  from  10  to  15  ins. 
It  is  essential  that  there  should  be  air-holes  in  the  floor  of  the  buckets 

to  prevent  the  air  from  impeding  the  flow  of  water  into  them,  as  the  water admitted  is  nearly  as  deep  as  the  interval  between  them  ;  and  the  veloci- ty of  the  wheel  should  be  such  that  the  buckets  should  be  filled  to  ̂ or  Y of  their  volume. 
The  inclosure  within  which  the  water  flows  to  a  breast-wheel  as  it  leaves the  sluice  is  termed  a  Curb  or  Mantle. 
When  wheels  are  constructed  of  iron,  and  arc  accurately  set  in  mason- ry, a  clearance  of  .5  of  an  inch  is  sufficient. 
High  Breast-wheels  are  used  when  the  level  of  the  water  in  the  tail-race, and  penstock  or  forebay  are  subject  to  variation  of  heights,  as  the  wheel revolves  in  the  direction  in  which  the  water  flows  from  the  buckets  and 

back-water  is  therefore  less  disadvantageous,  added  to  which,  penstocks ran  be  so  constructed  as  to  admit  of  an  adjustable  point  of  opening  for the  water  to  flow  upon  the  wheel. 
The  effect  of  this  wheel  is  equal  to  that  of  the  overshot,  and  in  some  in- stances, from  the  advantageous  manner  in  which  the  water  is  admitted  to it,  it  is  greater  when  both  wheels  have  the  same  general  proportions. 
•\itia^vheeL30  feet  in  *>meter,  having  0G  buckets,  the  water  admitted  at  a point  50  from  the^  summit  of  it,  with  a  velocity  of  8  feet  per  second,  the  wheel  hav- 

oo'  f  °f4?  ffMh«  ra«°  of  effect  was  .CO.    When  the  water  flow*  at  from 10  to  12  above  the  horizontal  centre  of  the  wheel,  Fairbairn  gives  the  area  of  the opening  of  the  bucket,  compared  with  the  volume  of  it,  as  8  to  24. 
To  Compute  the  Proportion  and  Efiect  of  a  Breast- •wheel. 

lr.i.r;3TSATiON.  The  flow  of  water  U  15  cubic  feet  per  second;  the  height  of  the fall,  measured  from  the  centre  of  pressure  of  the  opening  to  the  tail-race,  is  8.5  feel : velocity  of  revolution  5  feet  P3r  second ;  and  depth  of  buckets  1  foot,  filled  to  .5  of 
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Width  of  wheels— ,  s  representing  depth,  and  v  velocity  of  buckets  ;   r=  3, 
and  as  the  buckets  are  but  .5  filled,  3-^-  .5  =  6  feet. 
Assume  the  water  is  to  flow  with  double  the  velocity  of  the  rotation  of  the  wheel  * 

hence  v  =  5x2  =  10  feet;  and  the  fall  required  to  generate  this  velocity  =  —  x  1.1 

2  s 

100 

Deducting  this  height  from  the  total  fall,  there  remains  for  the  height  of  the  curb 
or  for  the  fall  during  which  the  weight  of  the  water  alone  acts  h  —  h'l=8  5  1  71  = 6.79/ee*. 
Making  the  radius  of  the  wheel  12  feet,  and  the  radius  of  the  bucket  circle  11.5 

feet,  the  whole  of  the  mechanical  effect  of  the  flow  of  the  water  —  15x62.5x8.5  = 7963.75  lbs. 

The  theoretical  effect,  as  determined  by  Weisbach,  vol.  ii.,  p.  210  = 
7273  lbs.,  from  which  are  to  be  deducted  the  losses,  which  he  computes as  follows : 

Loss  by  escape  of  water  between  the  wheel  and  the  curb  —  916 
Loss  by  escape  at  sides  of  wheel  and  the  curb  =■  180 
Friction  and  resistance  of  the  water  =  160 

1256 /fo. 

Assuming  the  weight  of  the  wheel  16500  lbs.,  the  radius  of  the  gudgeons 
to  be  2.5  inches,  C,  as  before,  =  .08,  and  n  —  — — -± — =^777.  =  4. '    '  '         '  12x2x3.1416 
Then  16500  X  2.5  x  4  x  .08  X  .0086  =  113.5  lbs.,  and  1256  +  113.5  = 

13C9.5 ;  henc2  7273  -  1369.5  —  5903.5  ;  =  >7*>  and  0903.5  X  00  ~ 
33000  =  10.73  horses1  power. 

To  Compute  tlie  Power  of  a  Breast-wheel. 

Rule. — Proceed  as  per  rule  for  an  overshot-wheel,  using  55000  and  .6 
with  a  high  breast,  and  62500  and  .6  for  a  low  breast. 
The  Committee  of  the  Franklin  Institute  ascertained  that,  with  a  high  breast- 

wheel  20  feet  in  diameter,  the  water  admitted  under  a  head  of  9  inches,  and  at  17 
feet  above  the  bottom  of  the  wheel  the  elbow-buckets  gave  a  ratio  of  effect  to  power 
of  .731  at  a  maximum,  and  radial-buckets  .653.  With  the  water  admitted  at  a 
height  of  33  feet  8  ins.,  the  elbow-buckets  gave  .65S,  and  the  radial  .628. 

At  10.96  feet  above  the  bottom  of  the  wheel,  with  a  head  of  4.29  feet,  the  elbow- 
buckets  gave  .544,  and  the  radial  .329. 

At  7  feet  above  the  bottom  of  the  wheel,  and  a  head  of  2  fe:t,  this  low  breast  gave 
.62  for  elbow-buckets,  and  .531  for  radial. 

At  3  feet  8  inches  above  the  bottom  of  the  wheel,  and  a  head  cf  1  foot,  the  elbow- 
buckets  gave  .555,  and  the  radial  .533. 

UNDERSH  OT-WHEELS. 
Under  shot-ivheels  are  usually  set  in  a  curb,  with  as  little  clearance  for 

the  escape  of  water  as  practicable  ;  hence  a  curb  concentric  to  this  wheel 
is  more  effective  than  one  set  straight  or  tangential  to  it. 

The  computations  for  an  undershot-wheel  and  the  rules  fur  construc- 
tion are  nearly  identical  with  those  for  a  breast-wheel. 

The  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.  The  depth  of  the 
shrouding  should  be  from  15  to  18  inches,  in  order  to  prevent  the  overflow 
of  water  within  the  wheel,  which  would  retard  it. 



HYDRODYNAMICS. 
437 

The  sluice-gate  should  be  set  at  an  inclination  to  the  plane  of  the  curb, or  tangential  to  the  wheel,  in  order  that  its  aperture  may  be  as  close  to 
the  wheel  as  practicable ;  and  in  order  to  prevent  the  partial  contraction of  the  flow  of  water,  the  lower  edge  of  the  sluice  should  be  rounded. 
The  effect  of  undershot-wheels  is  less  than  that  of  breast-wheels,  as  the fall  available  as  weight  is  less  than  with  the  latter. 
To  Coii^p\ite  tlie  IPower  of  an  TJiidersliot-wheel. 

Proceed  as  per  rule  for  an  overshot-wheel,  using  93750  for  50000  and .4  for  .75. 

poxcelet's  WHEEL. 
fn  a  Poncelet  Wheel  the  buckets  are  curved,  so  that  the  flow  of  water  is 

along  their  concave  side,  pressing  upon  them  without  impact ;  and  the effect  is  greater  than  when  the  water  impinges  at  nearly  right  angles  to plane-surfaced  buckets. 
This  wheel  is  advantageous  for  application  to  falls  under  6  feet,  as  their effect  is  greater  than  that  of  other  undershot-wheels  with  a  curb,  and  for falls  from  3  to  6  feet  their  effect  is  equal  to  that  of  a  Turbine. 
In  their  arrangement,  the  aperture  of  the  sluice  should  be  brought  close to  the  face  of  the  wheel.  The  first  part  of  the  course  should  be  inclined 

from  4°  to  G°;  the  remainder  of  the  course,  which  should  cover  or  em- brace at  least  3  buckets,  is  carried  concentric  to  the  wheel,  and  at  the  end 
of  it  a  quick  fall  of  6  ins.  is  made,  to  guard  against  the  effect  of  back- 

water. The  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. 
The  distance  between  two  buckets  should  not  exceed  8  or  10  ins.,  and 

the  radius  of  the  wheel  should  not  be  less  than  40  ins.,  or  more  than  8 'feet. The  plane  of  the  stream  or  head  of  water  should  meet  the  periphery  of 
the  wheel  at  an  angle  of  from  24°  to  20°.  The  space  between  the  wheel and  its  curb  should  not  exceed  .4  of  an  inch. 

The  depth  of  the  shrouding  should  be  such  as  to  prevent  the  water  from flowing  through  it  and  over  the  buckets,  and  the  width  of  the  wheel  should 
be  equal  to  that  of  the  stream  of  flowing  water. 
The  effect  of  this  wheel  increases  with  the  depth  of  the  water  flow,  and, therefore,  other  elements  being  equal,  as  the  filling  of  the  buckets,  to  ob- tain the  maximum  effect,  the  water  should  flow  to  the  buckets  without 

impact,  and  the  velocity  of  rotation  of  wheel  should  be  only  a  little  less 
than  half  the  velocity  of  the  water  flowing  upon  the  wheel.  *  The  effect  is 
a  maximum  when  c  —  .5  v  cos.  y,  and  then  L.  C08;  #  .y^  _  L 

To  Compute  tlie  Proportions  of  a  IJoiicelet  "Wheel. 
Note.—  As  it  is  impracticable  to  arrive  at  tlie  results  by  a  direct  formula,  they  must b2  obtained  by  gradual  approximation. 
Example— The  height  of  the  fall  is  4.5  feet ;  the  volume  of  the  flowing  water  40 

cubic  Keeper  second  ;  the  radius  of  the  wheel  =  2h,  or  9  feet;  the  depth  of  the stream  =  -h  —  . 75  feet;  and  C  assumed  to  be  .9.  . 

h  representing-  height  of  fall  in  feet,  d  depth  of  shrouding  .  —  +  d', V  volume  of flowing  water  in  cubic  feet.      ,  4  2^ 
f>0  c  a  depth  of  opening  of  sluice, n  number  of  revolutions  —  - —  c  width  of  sluice, Vn  d 

c  velocity  of  circumference  of  wheel,  r  radlus  °f  curvature  of  buckets  =  . 
a  radius  of  wheel,  v  velocity  of  flowing  water, C  coefficient  of  resistance  of  flow  of  water, 
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x  angle  between  plane  of  flowing  water  and  that  of  the  circumference  of  the  wheel 

at  the  point  of  contact,  sin.  of°^—V cos.  z. z  angle  made  by  circumference  of  wheel  with  end  of buckets  =  2  tang,  y,   
y  angle  of  direction  of  flowing  water  from  circumference  of  wheel  =J—  J  /  -• 

  *aV  g+-- 
Then  v  =  .0  ̂ J2g  Ui  —  —  j  =  .9x16.29  —  14.G6  feet  —  velocity  of  flowing  water 

.  .  the  velocity  of  the  wheel,  being  less  than  half  the  velocity  of  the  flowing  water ; 
14.C6  —  .G6        „  t  '     '■      ̂   t     r  1     14.GG2  ,     ̂   214.92 c  =  —  7 /eef ;  and  the  depth  of  the  shrouding  =  -X  —x  \- .  i  5  =  —  2  4       2^  25<33 

+.75=  1.53 /e^;  y  =  °' 141 6x7  x     /  L5b  „2  =  1/22 x  V  1)42  —  .25,  the  angle LXJ        V  32.166  +  ̂- 30  X  7 
corresponding  to  which  —  14°  30' ;  n  —  — — — — -  =  7.43  revolutions ;  z  —  2  tang,  y 

40  1  5S 
=  2x.25SC2  =  .51724  .-.  2  =  27°  20':  e  =  =  3.G3  /ccf;  r 

75X14.06       '     f"  cos.  27°  20' 
-55555  —  'fcWy^ef;  ;r  =  sin.  f  =  ■/  cos.  2  =  V  cos.  27°  20'  =r  .C43  =  sin.  of  70°  34' 
/.  #  =  141°  Sf, 

IMPACT  AND  REACTION  WHEELS. 

If  the  buckets  are  given  increased  length,  and  formed  to  such  a  hollow 
curve  that  the  water  leaves  the  wheel  in  nearly  a  horizontal  direction, 
the  water  then  both  impinges  on  the  buckets  and  exerts  a  pressure  upon 
them ;  therefore  the  effect  is  greater  than  with  an  impact  wheel  alone. 

Impact  Wheels. — Impact  Turbines  are  the  most  simple  but  least  efficient 
form  of  impact  wheel.  They  consist  of  a  series  of  rectangular  buckets  or 
blades,  set  upon  a  wheel  at  an  angle  of  50°  to  70°  to  the  horizon  ;  the  wa- 

ter flows  to  the  blades  through  a  pyramidal  trough  set  at  an  angle  of  20° 
to  40°,  so  that  the  water  impinges  nearty  at  right  angles  to  the  blades. The  effect  is  estimated  at  about  .5  the  entire  mechanical  effect,  which  is 
increased  by  inclosing  the  blades  in  a  border  or  frame. 

Reaction  Wheels. — The  reaction  of  water  issuing  from  an  orifice  of  less 
capacity  than  the  section  of  the  vessel  of  supply  is  equal  to  the  weight  of  a 
column  of  water,  the  basis  of  which  is  the  area  of  the  orifice  or  of  the  stream, 
and  the  height  of  which  is  ticice  the  height  due  to  the  velocity  of  the  water 
discharged. 

Hence  the  expression  is  2.^«?y  =  L,  ?o  representing  the  weight  of  a 
cubic  foot  of  water,  and  a  the  area  of  the  opening. 

If  the  water  flows  out  at  the  side  of  the  vessel,  the  direction  of  the  re- 
action is  horizontal ;  and  if  the  water  vein  is  contracted,  C,  a  coefficient 

v2 

of  contraction,  must  be  introduced,  as  2  .  —  C  w  a  =  L. 

2g 

In  the  discharge  through  a  thin  plate,  Mr.  Ewart,  of  Manchester,  de- 
termined C  =  .96 ;  and  when  the  orifice  was  provided  with  a  mouth-piece 

in  the  form  of  the  vena  contracta,  it  was  .94. 

To  Compute  tlie  Effect  of  a,  Tt  oaetion-wlieel. 

h  -f-  -—  =  h'  —  height  determining  the  pressure  of  water  upon  the  orifice,  h 
representing  the  height  of  the  centre  of  the  discharge  from  the  centre  of 
pressure  of  the  opening  of  the  supply -vessel. 
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Hence  C  V  2p  h+  r2  —  v  —  s  —  absolute  velocity  of  the  water,  v'  repre 
senting  velocity  of  rotation  of  the  wheel  in  the  opposite  direction  to  the  efflux 
-A                 ,  v  (V  2gh  -f  v2  —  v)  _ of  the  water,  and  —  —  -  Vw  =  L. 

This  efflux  increases  as  v,  the  maximum  effect  depending  upon  the wheel  acquiring  an  infinite  velocity,  and  as  the  velocity  increases  the  re sistances  increase. 
When  this  wheel  is  loaded,  so  that  the  height  due  to  the  velocity,  corre- 

sponding  to  the  velocity  of  rotation  v.  is  equal  to  the  fall  or  —  =  h  or 
  :  %9  .  ."  i  ! 

v  =  V  '±gh,  there  is  a  loss  of  17  per  cent,  of  the  available  effect;  and 
when  ~  —  2h,  there  is  a  loss  of  but  10  per  cent.  ;  and  when  ̂ —=4h. 
there  is  a  loss  of  but  6  per  cent.  Consequently,  for  moderate  falls,  and 
when  a  velocity  of  rotation  exceeding  the  velocity  due  to  the  height  of  the 
fall  may  be  adopted,  this  wheel  works  very  effectively. 

The  efficiency  of  the  wheel  is  but  one  half  that  of  an  undershot-wheel. 
When  the  sluice  is  lowered,  so  that  only  a  portion  of  the  wheel  is  open- 

ed, the  efficiency  of  a  Reaction-wheel  is  less  than  that  of  a  Pressure  Tur- bine. 
TURBINES. 

In  High-pressure  Turbines  the  reservoir  (of  the  M'heel)  is  inclosed  at  top, 
and  the  water  is  admitted  through  a  pine  at  its  side.  In  Low-pressure] 
the  water  liows  into  the  reservoir,  which  is  open. 

In  Turbines  working  under  water,  the  height  (//,)  is  measured  from  the 
surface  of  the  water  in  the  supply  to  the  surface  of  the  discharged  water 
or  race  ;  and  when  they  work  in  air,  the  height  is  measured  from  the  sur- 

face in  the  supply  to  the  centre  of  the  wheel. 
In  order  to  obtain  the  maximum  effect  from  the  water,  the  velocity  of 

it,  when  leaving  a  Turbine,  should  be  the  least  practicable. 
The  efficiency  is  greater  when  the  sluice  or  supply  is  wide  open,  and  it 

is  less  affected  by  head  than  by  variations  in  the  suppl}r  of  water.  It  va- 
ries but  little  with  the  velocity,  as  it  was  ascertained  by  experiment  that 

when  35  revolutions  gave  an  e"ffect  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. 
The  experiments  of  Morin  gave  results  of  the  efficiency  of  Turbines  as 

high  as  .75  of  the  power  expended. 
The  angle  of  the  plane  of  the  water  entering  a  Turbine  with  the  inner 

periphery  of  it  should  be  greater  than  90°,  and  the  angle  which  the  plane of  the  water  leaving  the  reservoir  makes  with  the  inner  circumference  of 
the  Turbine  should  be  less  than  90°. 
When  Turbines  are  constructed  without  a  guide  carve*  the  angle  cf 

plane  of  flowing  water  and  inner  circumference  of  wheel  ==  90°. 
Great  curvature  involves  greater  resistance  to  the  efflux  of  the  water; 

and  hence  it  is  advisable  to  make  the  angle  of  the  plane  of  the  entering 
water  rather  obtuse  than  acute,  say  100°;  the  angle  of  the  plane  of  the 
water  leaving,  then,  should  be  50°, 'if  the  internal  pressure  is  to  balance the  external ;  and  if  the  wheel  operates  free  of  water,  it  may  be  reduced 
to  25°  and  30°.  • 

*  Guide  curves  are  plates  upon  the  centre  body  of  a  Turbine,  which  give  direction  to  the  Rowing water,  or  to  the  blades  of  the  wheel  which  surround  them. 
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The  angle  made  Ly  the  plane  of  the  discharged  water  with  the  water  pc- 
ripheiy  should  never  exceed  20°. 

Fourneyron's  work  either  in  or  out  of  water,  are  applicable  to  high  and low  falls,  and  are  either  high  or  low  pressure  Turbines.  They  are  best 
adapted  for  very  low  falls,  and  those  of  moderate  height,  sa}T  up  to  30  feet, with  large  supplies  of  water.  The  pressure  upon  their  step  is  confined  to 
the  weight  of  the  wheel  alone. 

Fourneyron  makes  the  angle  of  the  plane  of  the  water  entering  a  Tur- 
bine p=  90°,  and  the  angle  of  the  plane  of  the  water  leaving  —  30°. 

JonvaVs. — This  wheel  is  essentially  alike  in  its  principal  proportions  to 
Fontaine's,  and  in  the  principle  of  operation  it  is  the  same.  The  water  in the  race  must  be  at  a  certain  depth  below  the  wheel. 

The  efficiency  of  this  wheel  decreases  as  the  volume  of  water  is  dimin- 
ished, or  as  the  sluice  is  contracted. 

Fontaine's. — In  the  operation  of  this  wheel  the  water  in  the  race  is  in immediate  contact  with  the  wheel,  and  its  efficiency  is  greatest  when  the 
sluice  is  fully  opened.  Its  efficiency,  also,  is  less  affected  by  variations 
of  the  head  of  the  flow  than  in  the  volume  of  the  water  supplied ;  hence 
they  are  adapted  for  Tide-mills. 

The  pressure  upon  the  step,  in  addition  to  the  weight  of  the  wheel,  in- cludes that  of  the  contained  water. 
Whitelaio's. — This  wheel  is  best  adapted  for  high  falls  and  small  vol- umes of  water. 
Poncelefs. — This  wheel  is  alike  to  one  of  his  undershot-wheels  set  hori- 

zontally, and  it  is  the  most  simple  of  all  the  horizontal  wheels. 
The  Ratio  of  Kffect  to  Pout  er  of  the  several  Turbines  is  asfJ!o/rs  : 

Jonval  0  to  .7  to  1 
Fontaine  G  to  .7  to  1 

Poncelet  65  to  .75  to  1 
Fourne}*ron  .  .6  to  .75  to  1 Whitelaw  6  to  .75  to  1 
A  Tremont  Turbine,  as  observed  by  Mr.  Francis,  in  his  experiments  at 

Lowell,  Mass.,  gave  a  ratio  of  effect  to  power  as  .79375  to  li 

To  Compute   the  Horses'  Power  of  a  Turbine, 
.0425  D2  h  V h  =  P,  D  representing  the  diameter  of  the  wheel  at  the  outer  extremities 

of  the  buckets.  Or,  .085  V  h  P,  V  representing  the  volume  of  water  expended  in 
cubic  feet  per  second. 
Example.— The  diameter  of  a  Turbine  is  8.3  feet,  and  the  fall  of  the  flowing  wa- ter is  16  feet ;  what  is  the  power  of  it>? 

.0425 X S. 32 x  10 X  V 16  =  .0425 X 63. SO X 10  X 4  —  1  ST. 33  horses. 
DIMENSIONS  OF   WATER-WHEELS  AND  TURBINES. 

To  Compute  the  Diameter  of  a  Shaft,  When  the  Stress  is 
considered  as  "being  laid  xiiiiformly  along  its  T^ength. 

When  of  Cast  Iron. 
i/Wxl — — —  =  d,  YV  representing  the  weight  or  load  in  lbs  ,  I  the  length  of  the  shaft  be- 

tiveen  the  journals  in  fact,  and  d  the  diameter  of  the  shaft  in  it*  body  in  inches. 
When  the  Shaft  has  to  resist  both  Lateral  and  Torsional  $tres?f  Ascertain 

the  diameter  for  each  stress,  and  the  cube  root  of  the  sum  of  their  cubes 
will  give  the  diameter  required. 

To   Compute  the  TMameter  of  the  G-rulgoons, 

The  Length  being  considered  1.25  times  its  Diame'.er. 
.048  V  W  — rf,  W  representing  the  ivcight  upon  each  gudgeon. 

For  other  Pules,  see  Strength  of  Materials,  piige  447. 
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To  Compute  the  Dimensions  of  the  .Arms. 
When  of  Cast  Ircn. 

— -  =  u\  d  representing  the  diameter  of  the  shaft  in  inches,  n  the  number  of  arms, v  w 
and  iv  the  width  of  the  arm  in  inches  ;  -  =  f,  I  representing  thickness  of  the  arm 
When  the  Arm  is  of  Oak,  w  should  be  1.4  times  that  of  iron,  and  the  thickness  .7 that  of  the  width. 
For  the  Elements  of  a  Turbine,  see  Experiments  of  J.  B.  Francis,  p^ges  4J  54 

and  yystro?n's  Mechanics,  p.  22(5,  6th  Edition,  omitting  No.  25. 
Barker  s  Mill—  The  effect  of  this  mill  is  considerably  greater  than  that which  the  same  quantity  of  water  would  produce  if  applied  to  an  under- 

shot-wheel, but  less  than  that  which  it  would  produce  if  properly  applied to  an  oyershot-wheel. 
For  a  description  of  ft,  see  Grier's  Mechanics'  Calculator,  page  234 ;  and  for  its formula?,  see  London  Artisan,  1S45,  page  229. 
The  higher  an  overshot-wheel  is,  in  proportion  to  the  whole  descent  of 

the  water,  the  greater  will  be  its  effect.  The  effect  is  as  the  product  of 
the  volume  of  water  and  its  perpendicular  height. 

The  weight  of  the  arch  of  loaded  buckets  in  an  overshot-wheel  in  lbs.  is 
ascertained  by  multiplying  4  of  their  number  by  the  number  of  cubic  feet 
in  each,  and  that  product  by  40. 

MEMORANDA. 
A  volume  of  water  of  17.5  cubic  feet  per  second,  with  a  fall  of  25  feet applied  to  an  undershot-wheel,  will  drive  a  hammer  of  1500  lbs.  in  weight 

from  100  to  120  blows  per  minute,  with  a  lift  of  from  1  to  1.5  feet.*  & A  volume  of  water  of  21.5  cubic  feet  per  second,  with  a  fall  of  12.5  feet applied  to  a  wheel  having  a  great  height  of  water  above  its  summit  being (.id  feet  in  diameter,  will  drive  a  hammer  of  500  lbs.  in  weight  lOfJ  blows per  minute  with  a  lift  of  2  feet  10  inches.    Estimate  of  power  31.5  horses. A  Stream  and  Overshot  Wheel  at  Fishkill  Creek,  N.  Y.,  of  the  following dimensions— viz.,  Height  of  head  to  centre  of  opening,  24%  ins. ;  open- ing 1%  by  80  ins  ;  wheel,  22  feet  diameter  by  8  feet  face;  52  buckets, each  1  foot  in  depth,  making  3^  revolutions  per  minute— drives  3  run  of ±y2  teet  stones  130  revolutions  in  a  minute,  with  all  the  attendant  machin- ery, and  grinds  and  dresses  25  bushels  of  wheat  per  hour. 
A  Breast-wheel  and  Stream  of  the  following  dimensions—viz.,  Head,  20 
;ofX ?o7?el  ?P°\wheel?  16  feet ;  opening,  18  feet  by  2  ins. ;  diam- eter of  wheel,  26  feet  4  inches  ;  face  of  wheel,  20  feet  9  inches;  depth  of buckets,  lo^i  ins. ;  number  of  buckets,  70  ;  revolutions,  4  *  per  minute— 

SIX?  irn  iR°Cky  Glen.Facfcory,  Fishkill,  N.  Y.,  6144  self-acting  mule 
?£i  v?  i 5  I  i°i°ms'  w,eavmff  Printing-cloths  27  ins.  wide  of  No.  33  yarn (33  hanks  to  a  lb.),  and  producing  24000  hanks  in  a  day  of  11  hours. 
of  fl£u£!lShela  S°Uthern  and  5  bushels  NOTthern  wheat  are  required  to  make  1  barrel 

IMPULSE  AND  RESISTANCE  OF  FLUIDS. 
Impulse  and  Resistance  of  Water.— Water  or  any  other  fluid,  when  flow- 

uihSrlT  T,0d)'  '-mJ)arts  d*?™e  t0  ifc  hy  which  its  condition  of  motion is  altered.  Ihe  resistance  which  a  fluid  opposes  to  the  motion  of  a  bodv does  not  essentially  differ  from  Impulse. 
t  The  Impulse  of  one  and  the  same  mass  of  fluid  under  otherwise  similar 

'•irciimstances  is  proportional  to  the  relative  velocities  o  =F  v  of  the  fluid. 

Pp 
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For  an  equal  transverse  section  of  a  stream,  the  impulse  against  a  sur- 
face at  rest  increases  as  the  square  of  the  velocity  of  the  water. 

Impulse  against  Plane  Surfaces. — The  impulse  of  a  stream  of  water  de- 
pends principally  upon  the  angle  under  which,  after  the  impulse,  it  leaves 

the  water;  it  is  nothing  if  the  angle  is  0,  and  a  maximum  if  it  is  deflected 

back  in  a  line  parallel  to  that  of  its  flow,  or  180°,  P  =2°-^-  Vw. 
When  the  Surface  of  Resistance  is  a  Plane,  and  —  90°,  then  P  —  C  Vw. 
If  the  surface  is  at  rest,  P  =  2  A  h  ic,  c  and  v'  representing  the  velocities of  the  water  and  of  the  surface  upon  which  it  impinges,  w  the  weight  of  the 

'fluid  per  cubic  foot,  A  the  transverse  section  of  the  stream  in  sq.  ins.,  and c     v  '  the  relative  motions  of  the  water  and  surface. 
The  normal  impulse  of  water  against  a  plane  surface  is  equivalent  to 

the  weight  of  a  column  which  has  for  its  base  the  transverse  section  A  of 

v2. the  stream,  and  for  altitude  twice  the  height  due  to  its  velocity,  2^  =  2  — 

*9 

The  resistance  of  a  fluid  to  a  body  in  motion  is  the  same  as  the  impulse 
of  a  fluid  moving  with  the  same  velocit}r  against  a  body  at  rest. 
Maximum  Effect  of  Impulse. — The  effect  of  impulse  depends  principally 

on  the  velocity  v  of  the  impinged  surface.  It  is,  for  example,  0,  both  when 
v  =  o  and  v  =  0 ;  hence  there  is  a  velocity  for  which  the  effect  of  impulse 

is  a  maximum  —  (o  —  v)  v ;  that  is,  v  =  ̂,  and  the  maximum  effect  of  the 
impulse  of  water  is  obtained  when  the  surface  impinged  moves  from  it 
with  half  the  velocity  of  the  water. 
Illustration  A  stream  of  water  having  a  transverse  section  of  40  square  inches? 

discharges  5  cubic  feet  per  second  against  a  plane  surface,  and  flows  off  with  a  ve- 

5XH4  ' 

locity  of  12  fest  per  second  ;  the  effect  of  its  impulse,  then,  is,  o  =    ^    =  18  ; 

s;  =  32.166,  w  =  G2.5 ;    \    'X5X62.5  =  .1S65x5xC2.5  =  5S.28  lbs. 32.1Gb 
Hence  the  mechanical  effect  upon  the  surface  =  Vv  =  58. 28x12  =  G90.36  lbs. 

o     1    5x144  1  IS2 
The  maximum  effect  would  be  v  =  -  =  -X—^-—^feet,  and  -X  —  X5x62.5  = 

-X5. 0363x312.5  =  786.92  lbs. ;  and  the  hydraulic  pressure  —  —87.44  lbs. 

When  the  Surface  is  a  Plane  and  at  an  Angle,  then  P  =  (1  -  cos.  a)  -  V  w. 
Illustration  A  stream  of  water  having  a  transverse  section  of  64  square  inch- 
es discharges  IT. 778  cubic  feet  per  second  against  a  fixed  com-,  having  an  angle  of 

convergence  from  the  flow  of  the  stream  of  50°,  the  hydraulic  pressure  in  the  direc- 
tion of  the  stream  ;  then  o  ==  ,^7'7^-  =  40;  cos.  50°  =  .64279. 64  -v- 144 

(1  -.G42T9)  _i_-,xl7.77Sx62.5=. 35721x1375.431  =  491.318  lbs. 32. 1 66 

When  the  Surface  of  Resistance  is  a  Plane  at  90°,  and  has  Borders  added to  its  Perimeter,  the  effect  will  be  greater,  depending  upon  the  height  of 
the  border  and  the  ratio  of  the  transverse  section  between  the  stream  and 
the  part  confined. 

Oblique  Impulse.— In  oblique  impulse  against  a  plane,  the  stream  may 
flow  in  one,  two,  or  in  all  directions  over  the  plane. *  o- v.. 

When  the  Stream  is  confined  at  three  Sides,  P  =  (1  cos.  a)  \  w. 

o  —  v  .      _ "  ■ When  the  Stream  is  confined  at  two  Sides,  P  =  am.  a-  Vio. V  a 
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The  normal  impulse  of  a  stream  increases  as  the  sine  of  the  angle  of  in- 
cidence ;  the  parallel  impulse  as  the  square  of  the  sine  of  the  angle,  and 

the  lateral  impulse  as  double  the  angle. 
When  an  Inclined  Surface  is  not  Bordered,  then  the  stream  can  spread 

over  it  in  all  directions,  and  the  impulse  is  greater,  because  of  all  the  an- 
gles by  which  the  water  is  deflected  ;  a  is  the  least ;  hence  each  particle 

that  does  not  move  in  the  normal  plane  exerts  a  greater  pressure  than  the 
.  ,   .  ,  ,  ̂        2  sin.  a2      o  — »  ■ particle  in  that  plane,  and  P  —  - — ; — :  5  x  Y  w. 1       '  1  -f-  sin.  a2  g 

Impulse  and  Resistance  against  Surfaces. 
The  coefficient  of  resistance,  C,  or  the  number  with  which  the  height 

due  to  the  velocit}-  is  to  be  multiplied,  to  obtain  the  height  of  a  column of  water  measuring  this  hydraulic  pressure,  varies  for  bodies  of  different 
figures,  and  only  for  surfaces  which  are  at  right  angles  to  the  direction  of 
motion  is  it  nearly  a  definite  quantity. 
Iltxsteation.— If  a  wind  impinges  with  a  velocity  of  20  feet  per  second  against 

the  four  arms  of  a  wind-mill,  each  having  sin  area  of  '-00  square  feet,  and  an  angle 
of  inclination  of  75°  to  the  direction  of  the  wind,  then  is  the  impinging  force  of  the 
wind  in  the  direction  of  the  axis  of  the  wheel  =  1.S5X  2/sm'  10  )2  x  —  X4  X  200 1  -f-  (sin.  T5°;a    2  g 
X.0S1 ;  .031  =  the  assumed  density  of  the  ivind,  as  given  by  Weisbach,  §  £01. 

Hence  t^x|^gx-^X64.3  =  710.5 
According  to  the  experiments  of  Du  Buat  and  Thibault,  C  ==  1.85  for 

the  impulse  of  air  or  water  against  a  plane  surface  at  rest,  and  for  the  re- 
sistance of  air  or  water  against  a  surface  in  motion,  C  —  1.4.  In  each 

case  about  .G6  of  the  effect  is  expended  upon  the  front  surface,  and  .34 upon  the  rear. 
The  resistance  of  air  to  a  surface  revolving  in  a  circle  has  been  found 

by  Button  and  others  to  vary,  but  it  may  be  expressed  by  C  =  1.5.  If 
the  surface  is  not  at  right  angles  to  the  direction  of  the  motion,  but  makes 

with  it  an  acute  angle  a,  then  for  C  put  2  *p  s'n-  a  ̂ 
1  +  sin.  a* 

PERCUSSION  OF  FLUIDS. 

When  a  stream  strikes  a  plane  perpendicular  to  its  action,  the  force 
with  which  it  strikes  is  estimated  by  the  product  of  the  area  of  the  plane, 
the  density  of  the  fluid,  and  the  square  of  its  velocity. 

Or.  A  d  V2  =  P,  A  representing  the  area  in  square  feet,  d  the  it-eight  of  the fluid  in  lbs.,  and  V  the  velocity  in  feet  per  second. 
If  the  plane  is  itself  in  motion,  then  the  force  becomes  Ad(V  —  v)2  —  P, 

v  representing  the  velocity  of  the  plane. 
If  C  represent  a  coefficient  to  be  determined  bv  experiment,  and  h  the 

height  due  to  the  velocity  V,  then  V2  =  2gh,  and  the  expression  for  the force  becomes  A  C  2 g  h  =  P. 
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MOTION  OF  BODIES  IN  FLUIDS. 

From  the  following  Table  several  practical  inferences  may  be  drawn. 
1.  That  the  resistance  is  nearly  as  the  surface,  the  resistance  increasing 

but  a  very  little  above  that  proportion  in  the  greater  surfaces. 
2.  The  resistance  to  the  same  surface  is  nearly  as  the  square  of  the  ve- 

locity, but  gradually  increasing  more  and  more  above  that  proportion  as 
the  velocity  increases. 

3.  When  the  after  parts  of  the  bodies  are  of  different  forms,  the  resist- 
ances are  different,  though  the  fore  parts  be  alike. 

4.  The  resistance  on  the  base  of  a  hemisphere  is  to  that  on  the  convex 
side  nearly  as  2.4  to  1,  instead  of  2  to  1,  as  theory  assigns  the  proportion. 

5.  The  resistance  on  the  base*  of  a  cone  is  to  that  on  the  vertex  nearly 
as  2.3  to  1.  And  in  the  same  ratio  is  radius  to  the  sine  of  the  angle  of  the 
inclination  of  the  side  of  the  cone  to  its  path  or  axis.  So  that,  in  this  in- 

stance, the  resistance  is  directly  as  the  sine  of  the  angle  of  incidence,  the 
transverse  section  being  the  same,  instead  of  the  square  of  the  sine. 

6.  Hence  we  can  ascertain  the  altitude  of  a  column  of  air,  the  pressure 
of  which  is  equal  to  the  resistance  of  a  bod}'  moving  through  it  with  any 
velocit}-. 

Thus,  let  a  =  area  of  the  section  of  the  body,  similar  to  any  of  those  in  the 
Table,  perpendicular  to  the  direction  of  motion ;  R  =:  the  resistance  to  the  ve- 

locity in  the  Table ;  and  x  =  the  altitude  sought,  of  a  column  of  air  the  base 
of  which  —  a  and  its  pressure  R.  Then  ax~  the  volume  of  the  column 
in  feet,  and  1.2  ax  its  weight  in  ounces. 5  R 

Therefore,  1.2  a  x  =  R  and  x  =  -X  -  is  the  altitude  sought  in  feet,  viz., 
5  6  a 
-  of  the  quotient  of  the  resistance  of  a  body  divided  by  its  transverse  sec- 

tion, which  is  a  constant  quantity  for  all  similar  bodies,  however  different 
in  magnitude,  since  the  resistance  R  is  as  the  section  a. 
Illustration. — The  convex  side  of  the  large  hemisphere,  the  resistance  of  which  = 5  R 

.G34,  or  at  a  velocity  of  16  feet  per  second:  then  Rz=.634,  and  x—  -X  —  2.3S  feet, 6  a 
the  altitude  of  a  column  of  air,  the  pressure  of  which  is  equal  to  the  resistance  upon 
a  spherical  surface,  at  a  velocity  of  1G  feet. 

Resistance  of  different  ITignres  at  different  "Velocities  in .Air. 
Veloci- Cone. Hemisphere. Small 
ty  per Sphere. Cylinder. 

Hemi- 
Second. Vertex. Base. Flat. Round. 

sphere. Feet. Oz. 
Oz, 

Oz. Oz. Oz. Oz. 
Oz. 

3 .028 .061 .027 .05 .051 .02 .028 4 .048 .109 .047 .09 .096 .039 
.048 5 .071 .162 .068 .143 .148 .063 .072 8 .168 .382 .162 .36 .368 

.16 .184 9 .211 .478 .205 .456 .464 .199 

.233 10 .20 .587 .255 .565 .573 .242 .287 
15 .589 1.316 .581 1.327 1.336 

.552 .661 20 1.069 2.54 1.057 2.528 2.542 1.033 1.196 

The  diameter  of  all  the  figures  but  the  small  hemisphere  was  5%  ins.,  and  the  al- 
titude of  the  cone  6%  ins.    The  small  hemisphere  was  4%  ins. 

The  angle  of  the  side  of  the  cone  and  its  axis  is,  consequently,  25°  42'  nearly. 
*  This  is  a  refutation  of  the  popular  assertion  that  a  taper  spar  can  bo  towed  in  water  easiest when  the  base  is  foremost. 
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If  a  body  move  through  a  fluid  at  rest,  or  the  fluid  move  against  the 
body  at  rest,  the  resistance  of  the  fluid  against  the  body  is  as  the  square 
of  the  velocity  and  the  density  of  the  fluid  ;  that  is,  R  =  dv2.  For  the  re- 

sistance is  as  the  quantity  of  "matter  or  particles  struck,  and  the  velocity 
with  which  the}'  are  struck.  But  the  quantity  or  number  of  particle's struck  in  any  time  are  as  the  velocity  and  the  density  of  the  fluid ;  there- 

fore the  resistance  of  a  fluid  is  as  the  density  and  square  of  the  velocity. 
The  resistance  to  a  plane  is  as  the  plane  is  greater  or  less,  and  therefore 

the  resistance  to  a  plane  is  as  its  area,  the  density  of  the  medium,  and  the 
square  of  the  velocity  ;  that  is,  R  =  a  d  v2. 

If  the  motion  is  not  perpendicular,  but  oblique  to  the  plane  or  to  the 
face  of  the  body,  then  the  resistance  in  the  direction  of  the  motion  will  be 
diminished  in  the  triplicate  ratio  of  radius  to  the  sine  of  the  angle  of  in- 

clination of  the  plane  to  the  direction  of  the  motion,  or  as  the  cube  of  ra- 
dius to  the  cube  of  the  sine  of  that  angle.  So  that  R  =  a  d  v2s3,  1  —  radius, 

and  s  ==  sine  of  the  angle  of  inclination. 

Ta"ble  of  the  Resistance  to  an  Area  of*  one  Sqiiare  Foot moving  thro\igh  Water,  or  contrariwise. 
Surfaced  PRESSURE  PEE  SQUARE  FOOT  FOR  THE  FOLLOWING  VELOCITIES  PER  FOOT with Plane  of 
Current. 60 120 180 

per  Minute 

240       |  300 
480 

600 
960 

Degrees. Lbs. Lbs. Lbs. Lbs. 
Lbs. Lbs. 

Lbs. 
Lbs. 

6 .022 .09 .202 .359 .561 1.435 2.242 5.046 
7 .027 .109 .246 .437 .682 1.747 2.73 

6.142 
8 .033 .133 .298 .53 

.829 2.122 3.315 7.459 
9 .039 .156 .351 .624 .975 2.496 3.9 8.775 10 .045 .179 .404 .718 1 .121 2.87 4.485 10.091 

15 .089 .355 .798 1.42 2 218 5.678 8.872 19.963 
20 .152 .608 1.369 2.434 3 802 9.734 15.21 34.222 
25 .235 .94 2.115 3.76 5 .874 15.038 28.497 52.869 
SO .338 1.353 3.045 5.413 8 

458 

21.653 
33.832 76.123 

35 .449 1.798 4.045 7.192 

11 

237 28.766 44.947 101.132 
40 .565 2.258 5.081 9.032 14 .113 36.13 56.452 127.018 
45 .665 2.06 5.985 10.639 U 624 42.557 66.495 149.614 
50 .749 2.995 6.739 11.981 18 

72 
47.923 74.88 

168.48 55 .812 3.249 7.31 12.995 
20 304 

51.979 81.217 182.739 
GO .864 3.455 7.775 13.822 21 

596 55.286 86.385 194.366 
65 .902 3.607 8.117 14.43 

22 547 57.72 90.187 202.922 
70 .932 3.728 8.389 14.914 23 302 59.654 93.21 209.722 
75 .953 3.81 8.573 15.241 23 814 60.965 95.257 214.329 
80 .966 3.857 8.678 15.428 24 107 61.714 96.427 216.926 
85 .973 3.892 8.757 15.569 24 326 62.275 97.305 218.936 
90 .975 3.9 8.775 15.6 24 375 62.4 97.5 

219.375 

The  resistance  to  a  plane,  from  a  fluid  acting  in  a  direction  perpendicu- 
lar to  its  face,  is  equal  to  the  weight  of  a  column  of  the  fluid,  the  base  of 

which  is  the  plane  and  altitude  equal  to  that  which  is  due  to  the  velocity 
of  the  motion,  or  through  which  a  heavy  body  must  fall  to  acquire  that 
velocity.  | 

The  resistance  to  a  plane  running  through  a  fluid  is  the  same  as  the 
force  of  the  fluid  in  motion  with  the  same  velocity  on  the  plane  at  rest. 
But  the  force  of  the  fluid  in  motion  is  equal  to  the  weight  or  pressure 
which  generates  that  motion,  and  this  is  equal  to  the  weight  or  pressure 
of  a  column  of  the  fluid,  the  base  of  which  is  the  area  of  the  plane,  and  its 
altitude  that  which  is  due  to  the  velocity. 

Pp* 
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1.  If  a  -~  the  area  of  a  plane,  v  its  velocity,  n  the  density  or  specific  gravity 
of  the  fluid,  %  g  =  16.0833  feet,  and  the  altitude  due  to  the  velocity  v,  be- 
v2  v2     anv2      -  . 

ins  t-,  then  «XwX4r  =  -5 —  =  the  resistance  R. 
*2g'  2g  2g 
2.  If  the  direction  of  motion  be  not  perpendicular  to  the  face  of  the 

a  n  v2s^ plane,  but  oblique  to  it,  then  — ^ —  —  R. 
3.  If  W  represent  the  weight  of  a  body,  a  being  resisted  by  the  absolute 

R  anv2sz force  R,  then  the  retarding  force  f,  or  —  =   ^gw  ' 
Illustration. — If  a  plane  1  foot  square  be  moved  through  water  at  the  rate  of 

32,166  feet  per  second,  then     '       =  16.083,  the  space  a  body  would  require  to  fall 
to  acquire  a  velocity  of  32.1G6  feet  per  second;  therefore  1x02.5  (weight  of  a  cubic 

32.1662 foot  of  water)  X  ■  —  1005  lbs.  —  resistance  of  the  plane. 64.333 
The  resistance  to  a  sphere  moving  through  a  fluid  is  but  half  the  resist- 

ance to  its  great  circle,  or  to  the  end  of  a  cylinder  of  the  same  diameter, 

moving  with  an  equal  velocity,  ̂ n^J  —      being  the  half  of  that  of  a cylinder  of  the  same  diameter,  r  representing  radius. 
Illustration  — An  iron  ball  of  9  lbs.,  having  a  diameter  of  4  ins  ,  when  projected 

at  a  velocity  of  1600  feet  per  second,  will  meet  a  resistance  which  is  equal  to  a  weight 
of  132.66  lbs.  over  the  pressure  of  the  atmosphere. 

The  resistance  that  a  body  sustains  in  moving  through  a  fluid  is  in  propor- 
tion to  the  square  of  the  velocity ;  and  it  is  the  same,  whether  the  plane 

moves  against  the  fluid  or  the  fluid  against  the  plane. 
The  progression  of  a  solid  floating  body,  as  a  boat  in  a  channel  of  still 

water,  gives  rise  to  a  displacement  of  the  water  surface,  which  advances 
with  an  undulation  in  the  direction  of  the  body,  and  this  undulation  is 
termed  the  Wave  of  Displacement. 

The  resistance  of  a  fluid  to  the  progression  of  a  floating  body  increases 
as  the  velocity  of  the  bod}T  attains  the  velocity  of  the  wave  of  displace- 

ment, 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  the  same  effect  as  in  the  motion  of  water,  in  tne 
passage  of  curvatures,"  apertures,  etc. 
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.    STRENGTH  OF  MATERIALS. 

ELASTICITY  AND  STRENGTH. 

The  component  parts  of  a  rigid  body  adhere  to  each  other  with  a 
force  which  is  termed  Cohesion. 

Elasticity  is  the  resistance  which  a  body  opposes  to  a  change  of  form. 
Strength  is  the  resistance  which  a  body  opposes  to  a  permanent  sep- 

aration of  its  parts. 
Elasticity  and  Strength,  according  to  the  manner  in  which  a  force  is 

exerted  upon  a  body,  are  distinguished  as  Tensile  Strength,  or  Abso- 
lute Resistance  ;  Transverse  Strength,  or  Resistance  to  Flexure  ;  Crush- 

ing  Strength,  or  Resistance  to  Compression  ;  Torsional  Strength,  or  Re- 
sistance to  Torsion  ;  and  Detrusive  Strength,  or  Resistance  to  Shearing. 

The  limit  of  Stiffness  is  flexure,  and  the  limit  of  Strength  or  Resist- 
ance is  fracture. 

Resilience,  or  toughness  of  bodies,  is  strength  and  flexibility  com- 
bined ;  hence  any  material  or  body  which  bears  the  greatest  load,  aud 

bends  the  most  at  the  time  of  fracture,  is  the  toughest. 
The  Specific  Gravity  of  Iron  is  ascertained  to  indicate  very  correct- 
ly the  relative  degree  of  its  strength. 
The  Neutral  Axis,  or  Line  of  Equilibrium,  is  the  line  at  which  ex- 

tension terminates  and  compression  begins. 
The  resistance  of  cast  iron  to  crushing  and  tensile  strains  is,  as  a 

mean,  as  4:3  to  1.* 
English  cast  iron  has  a  higher  resistance  to  compression,  and  a  less  tensile  resist- ance, than  American. 
The  mean  tensile  strength  of  American  cast  iron,  as  determined  by 

Major  Wade  for  the  U.  S.  Ord  nance  Corps,  is  31829  lbs.  per  square 
inch  of  section  ;  the  mean  of  English,  as  determined  by  Mr.  E.  Hodg- 
kinson  for  the  Railway  Commission,  etc.,  in  1849,  is  19484  lbs. ;  and  by 
Col.  Wilmot  at  Woolwich,  in  1858,  for  gun-metal,  is  23257  lbs. 

The  ultimate  extension  of  cast  iron  is  the  500th  part  of  its  length. 
The  mean  transverse  strength  of  American  cast  iron,  also  determ- 

ined by  Major  Wade,  is  G81  lbs.  per  square  inch,  suspended  from  a  bar 
fixed  at  one  end  and  loaded  at  the  other  ;  and  the  mean  of  English,  as 
determined  by  Fairbairn,  Barlow,  and  others,  is  500  lbs. 

The  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. 

The  mean  tensile  strength  of  American  wrought  iron,  as  determined 
by  Prof.  Johnson,  is  55900  lbs. ;  and  the  mean  of  English,  as  determ- 

ined by  Capt.  Brown,  Barlow,  Brunei,  and  Fairbairn,  is  53900  lbs.f 
The  ultimate  extension  of  wrought  iron  is  the  600th  part  of  its length. 

^  The  resistance  to  flexure,  acting  evenly  over  the  surface,  is  nearly >2  the  tensile  resistance. 

*  The  experiments  of  Mr.  Hodgki  nflon  on  iron  of  low  tensile  strength  gives  a  mean  of  6.595  to  1. f  The  results,  as  given  by  Mr.  Telford,  included  experiments  upon  Swedish  iron;  hence  thev  are omitted  in  this  nummary. 
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jVIoclulus  of  Elasticity. 
The  Modulus  or  Coefficient  of  the  Elasticity  of  any  substance  is  t  he  meas- 

ure of  its  elastic  reaction  or  force,  and  is  the  height  of  a  column  of  the 
same  substance,  capable  of  producing  a  pressure  on  its  base,  which  is  to 
the  weight  causing  a  certain  degree  of  compression,  as  the  length  of  the 
substance  is  to  the  diminution  of  its  length. 

It  is  computed  by  this  analog}^ :  As  the  extension  or  diminution  of  the 
length  of  any  given  substance  is  to  its  length  in  inches,  so  is  the  force  that 
produced  that  extension  or  diminution  to  the  modulus  of  its  elasticity. 

p  .  ,1  u  lui  ... 
Or,  x  :  P  :  :  I  :  w  —  — ,  x  representing  the  length  a  substance  1  inch  square 

and  lfoot  in  length  would  be  extended  or  diminished  by  the  force  P,  and  iv 
the  iceight  of  the  modulus  in  lbs. 

To  Compute  tlie  Weigh,  t  of  tlie  IVIodulus  of  Elasticity  of 
a  Substance. 

Rule. — As  the  extension  or  compression  of  the  length  of  any  substance 
is  to- its  length,  so  is  the  weight  that  produced  that  extension  or  compres- 

sion to  the  modulus  of  elasticity  in  pounds  avoirdupois. 
Example.— If  a  bar  of  cast  iron,  1  inch  square  and  10  feet  in  length,  is  extended 

.O0S  inch,  with  a  weight  of  1000  lbs.,  what  is  the  weight  of  its  modulus  of  elasticity  ? 
.COS  :  120  (10X12)  :  :  1000  :  15  000  000  lbs. 

Note.  When  the  weight  of  the  modulus  of  elasticity  of  a  substance  is  known,  the 
height  of  it  can  ba  readily  computed  by  dividing  the  weight  by  the  weight  of  a  bar 
of  the  substance  1  inch  square  and  1  foot  in  length. 

Ex.  2.— If  a  wrought-iron  chain,  60  feet  in  length  and  .2  inch  in  diameter,  is  sub- 
jected to  a  strain  of  150  lbs.,  what  will  it  be  extended  ? 

The  modulus  of  elasticity  of  iron  wire  is  26  8C8  000  lbs.,  and  the  area  of  chain  .2*X .7854  =  .31416. 

— 1^—  —  4";  7. 463  lbs.  per  square  inch,  and  60xt2  =  720  ins. 
.31416  r  1 

Then  477  «8X     180  =.0128 ind, A£6  SOS  000     26  SOS  010 

To  Compute  tlie  "Weiglit  wlien  the  Pleiglit  is  given. 
Rut.k'.— Multiply  the  weight  of  1  foot  in  length  of  the  material  by  the height  of  its  modulus  in  feet,  and  the  product  will  give  the  weight. 

To  Compute  tlie  Height  of  tlie  Modulus  of  Elasticity. 
Ruuc. — Divide  the  weight  of  the  modulus  of  elasticity  of  the  material 

by  the  weight  of  1  foot  of  it,  and  the  quotient  will  give  the  height  in  feet. 
From  a  series  of  elaborate  experiments  by  Mr.  E.  Hodgkinson  for  the 

Railway  Commission,  he  deduced  the  following  formulae  for  the  extension 
and  compression  of  cast  and  wrought  iron  : 

Cast-iron  Extension  :  13  034  040  j  -  2  907  432  000  ̂   =  W. 

(  ast-iron  Compression  ;  12  031  560  -£  -  522  970  200  ̂   =  W,  e  and  c  rep- 
resenting  the  extension  and  compression,  and  I  the  length  in  inches. 

Ii.utbtration.—  What  weight  will  extend  a  bar  of  cast  iron,  4  inches  square  and  10 
feet  in  length,  to  the  extent  of  .2  inch? 

[3  93  j  Q40X^L  —  2  007  432  000  ̂   -—  23223.4  —  8076.2  ==  15147.2,  which  X  4  ins =  C0588.S  lbs.  . 
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^Modulus  of  Elasticity-  and  "Weight  of  various  Substances 
Substances. Substances. 

|  f! et. ' 

Weight  in Lbs. 
Ash  4970000 1  656  670 
Brass,  yellow  2  460  000 S  464  000 

4112000 14632720 
4800000 18240000 

Elm  56SO000 1 499  500 
8330000 2  016  000 

Glass  4440  000 5550000 
Gun-metal  2790000 SS44300 
Hempen  fibres  , 5000000 170  000 
Ice  G  000  000 2370000 
Iron,  cast  5750900 1796850; 
"  wrought  7  550  000 25S20  000I 
M  wire  S 377 000 2S  230500; 

Lead,  cast  146000 720000. 

Lignum-vitse  Limestone  
Mahogany   
Marble,  white  Oak  
Pine,  pitch  white  
Steel,  cast  , M  wire  
Stone,  Portland  . . . 
Tin,  cast   Willow  
Yellow  pine,  mean. Zinc   

Height  in    Weight  in Feet.  Lbs. 
1850000 
2  400  000 
6570  000 
2  150  000 
4  750  000 
5  700  000 8  970000 
S530  000 
9  000090 1 672  000 
1  053  000 
6200000 10500  090 
44S0000 

1  0S0  400 
3  300000 2071000 
2508  000 
1710  000 
2  430000 
1S30000 

26  650  000 
28689  000 
1 718  800 
3510  000 
1  426  000 2 100  000 

13  440  000 

The  elasticity  of  Ivory,  as  compared  to  Glass,  is  as  .95  to  1. 
To  Compute  the  Length  of  a  Prism  of  a  ]\Iaterial  which 
wonld  Ije  severed  "by  its  own  Weight  when  Suspended. 
Rule.— Divide  the  tensile  resistance  of  the  material  by  the  weight  of  a foot  of  it  in  length,  and  the  quotient  will  give  the  length/ 

3foduIus  of  Cohesion,  or  Length  in  Feet  required  to  Tear  asunder  the  following Substances : 

Rawhide        15375  feet ;  Hemp  twine        75000  feet ;  Catgut        25000  feet. 
TENSILE  STRENGTH. 

Tensile  Strength  is  the  resistance  of  the  fibres  or  particles  of  a  body  to separation.  It  is  therefore  proportional  to  their  number,  or  to  the  area  of its  transverse  section. 
The  fibres  of  wood  are  strongest  near  the  centre  of  the  trunk  or  limb  of a  tree. 

t  Casl  lrr??'~ Experiments  on  Cast-iron  bars  give  a  tensile  strength  of from  4000  lbs.  to  oOOO  lbs.  per  square  inch  of  its  section,  as  just  sufficient 
"aa  u00  6  elasticity  of  the  metal ;  and  as  a  bar  of  it  is  extended  the ooOOtn  part  of  its  length  for  every  ton  of  direct  strain  per  square  inch  of its  section,  it  is  deduced  that  its  elasticity  is  fully  excited  when  it  is  ex- tended less  than  the  3000th  part  of  its  length,  and  the  extension  of  it  at its  limit  of  elasticity  is  estimated  at  the  1200th  part  of  its  length, 
u  ThQumT?nj tensile  strength,  then,  of  cast  iron  being  from  1G000  to  20000 J)s  the  Value  of  it,  when  subjected  to  a  tensile  strain,  may  be  safely  esti- mated at  from  X  to  %  of  this,  or  of  its  breaking  strain. 
A  bar  of  cast  iron  will  contract  or  expand  .00000G173,  or  the  lG2000th ol  its  length  for  each  degree  of  heat;  and  assuming  the  extreme  range  of the  temperature  in  this  country  140°  (-  20°  +  120°),  it  will  contract  or expand  with  this  change  .0008642,  or  the  1157th  part  of  its  length.  It shrinks  in  cooling  from  .0104  to  .0118th  of  its  length. 
It  follows,  then,  that  as  2240  lbs.  will  extend  a  bar  the  5500th  part  of its  length  the  contraction  or  extension  for  the  1157th  part  will  be  equiva- lent to  a  force  of  10648  lbs.  (4%  tons)  per  square  inch  of  section. 

oiSrf  (Grf;eriwood)  at  three  successive  meltings  gave  tenacities  of JldOO,  30100,  and  35700  lbs. 
Cast  iron  at  2.5  tons  per  square  inch  will  extend  the  same  as  wrought iron  at  o.G  tons.  & 
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The  mean  tensile  strength  of  four  kinds  of  English  cast  iron,  as  determ- 
ined bv  the  Commissioners  on  the  application  of  iron  to  Railway  Struc- 

tures was  15711  lbs.  per  square  inch  (7.014  tons) ;  and  the  mean  ultimate 
extension  was,  for  lengths  of  10  feet,  .1997  inch,  being  the  600th  part  of  its 
length  ;  and  this  weight  would  compress  a  bar  the  775th  part  of  its  length. 

Tensile  strength  of  the  strongest  piece  of  cast  iron  ever  tested— 45970 lbs.  This  was  a  mixture  of  grades  1,  2,  and  3  of  Greenwood  iron,  and  at the  3d  fusion. 

Wrought  Iron.  —  Experiments  on  Wrought-iron  bars  give  a  tensile 
strength  of  from  18000  lbs.  to  22400  lbs.  per  square  inch  of  its  section,  as 
just  sufficient  to  balance  the  elasticity  of  the  metal;  and  as  a  bar  of  it  is 
extended  the  10000th  part  of  its  length  for  every  ton  of  direct  strain  per 
square  inch  of  its  section,  it  is  deduced  that  its  elasticity  is  fully  excited 
when  it  is  extended  the  1000th  part  of  its  length,  and  the  extension  of  it 
at  its  limit  of  elasticity  is  estimated  at  the  1520th  part  of  its  length. 

The  mean  tensile  strength  of  wrought  iron  being  from  55000  to  05000 
lbs.,  the  Value  of  it,  when  subjected  to  a  tensile  strain,  may  be  safely  esti- mated at  from  %  to  %  of  this,  or  of  its  breaking  strain. 
A  bar  of  wrought  iron  will  expand  or  contract  .000006614,  or  the 

151200th  part  of  its  length  for  each  degree  of  heat;  and  assuming,  as  be- fore stated  for  cast  iron,  that  the  extreme  range  of  temperature  m  the  air 
in  this  country  is  140°,  it  will  contract  or  expand  with  this  change  .00092b, 
or  the  1080th  of  its  length,  which  is  equivalent  to  a  force  of  20740  lbs. 
(9}£  tons)  per  square  inch  of  section. 

Experiments  upon  wrought  iron,  to  determine  the  results  from  repeated heating  and  laminating,  furnished  the  following  : 
From  1  to  6  reheatings  and  rollings,  the  tensile  stress  increased  from 

43904  lbs.  to  61824  lbs.,  and  from  6  to  12  it  was  reduced  to  43904  again. 
The  tensile  force  of  metals  varies  with  their  temperature,  generally  de- 

creasing as  the  temperature  is  increased.  In  silver  the  tenacity  decreases 
more  rapidly  than  the  temperature;  in  copper,  gold,  and  platinum  it  de- creases less  rapidly  than  the  temperature. 

In  iron,  the  tensile- strength  at  different  temperatures  is  as  follows:  60°,  1 ; 
114°,  1.14;  212°,  1.2;  2506,  1.32;  270°,  1.35;  325°,  1.41;  435°,  1.4.  ̂ 

Stirling's  Mixed  or  Toughened  Iron.— By  the  mixture  of  a  portion  of 
malleable  iron  with  cast  iron,  carefully  fused  in  a  crucible,  a  tensile  strain 
of  25764  lbs.  has  been  attained.  This  mixture,  when  judiciously  managed 
and  duly  proportioned,  increases  the  resistance  of  cast  iron  about  one 
third;  the  greatest  effect  being  obtained  with  a  proportion  of  about  oU per  cent,  of  malleable  iron. 

Bronze  (gun-metal)  varies  in  tenacity  from  23000  to  54500  lbs. 

Elements  connected  with  the  Tensile  Resistance  ofvari- ous  Substances. 

Substances. 

Tensile  
Strain 

per  
Sep  

Inch 
for  

limit  
of 

Elasticity. 

Rat
io 

 
of  

Str
ain

 

to  
tha

t  
cau

s- 
ing 

Rupt
ure.

 

Substances. 

Beech   
Lbs. 3355 
4000 
5000 2S5G 

03720 .'55700 

0332 

.3 .22 

.2 .23 

.62 

.r> 

.23 

Wrought  iron,  ordinary. "         u    Swedish  . 
<•<•         u    English  . 
"         "  American 

"  wire,  No.  0,  unannealod n    u      "    annealed . . 

Cast  iron,  English  
u       American  .... 

Steel  plate-1,  blue  temp'd . "  wire  
Yellow  pine  

lit  
ot 

city. 

ptun 

Z)  Cfl  £  <g 

|5|3 

Lbs? 

17000 

.3 
24400 .34 

/1SS50 

.35 1  22400 

.35 210)0 

.20 
47532 .40 

■50300 

.45 
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TENSILE  STRENGTH  OF  MATERIALS. 

"Weight  or   Power  required   to   Tear   asunder  one 
Square  Inch. 

Lbs. 
Copper,  wrought  rolled  

cast,  American  .... 
44  wire  
bolt  

Iron,  cast,  Low  Moor,  No.  2 
♦k    Civile,  No.  1  "     No.  3  

Calder,  No.  1  
44    Stirling,  mean  
41  mean  of  American  . .  . 
44  mean*  of  English .... 
44    Greenwood,  American 
"    gun-metal,  mean  
44    wrought  wire  
44    best  Swedish  bar  
44    Russian  bar  
41    English  bar  
44    rivets,  American  44  bolts  14  hammered  
44    mean  of  English  
44    rivets,  English  44  crankshaft  44  turnings  
44    plates,  boiler,  Ameri-) can  j 

34000 
36000 24250 
61200 
36800 14076 
16125 
23468 
13735 
25764 
31829 
19484 
45970 
37232 103000 
72000 
59500 
56000 53300 
52250 
53913 
53900 
65000 
44750 
55800 
48000 
62000 

Iron,  plates,  mean,  English 
44       44    lengthwise .... 
4  4       4  4  crosswise  
44    inferior,  bar  
44    wire,  American  
4  4      4  4  4  4    16  diam. 44  scrap  

Lead, cast   44  milled  44  wire  
Platinum,  wire  
Silver,  cast  
Steel,  cast,  maximum  4  4       4  4  mean  

t:    blistered,  soft  j 44  shear  
44    chrome,  mean  
"    puddled,  extreme  . . 44     American  Tool  Co  .. 
44    plates,  lengthwise  . . 4  4        4  4     crosswise  . . . 44  razor  

Tin,  cast,  block  41    Banc  a  
Zinc  44  sheet  

51000 
53800 
48800 

30000 
73600 80000 
53400 
1800 
3320 
2580 

53000 
40000 142000 
88657 

133000 
104000 124000 170980 
173817 
179980 96300 
93700 

150000 5000 
2122 
3500 

16000 
Lake  Superior  and  Iron  Mountain  charcoal  bloom  iron  has  resisted  90000 

lbs.  per  square  inch. 
51 1 SC E LLANXOUS  S UBSTANC E S . 

Lbs. 
Brick,  well  burned  , 44  fire  

inferior 
Cement,  blue  stone  

44  hydraulic  44  Harwich  
44       Portland,  6  mos. . 44  Sheppy  Portland  1,  sand  3 

Chalk  . 
Glass,  crown 
Gutta-percha  . . . Hydraulic  lime  . 

Jvory  
Leather  belts  , 

mortar  . . . 

750 
65 290 100 
77 

234 30 
414 
24 

380 118 
2346 
3500 
140 
140 16000 

330 

Limestone  
Marble,  Italian  44  white  

Mortar,  12  years  old . 
Plaster  of  Paris  
Rope,  Manila  

44     hemp,  tarred. . . 44  wire   
Sandstone,  fine  grain  , Slate  
Stone,  Bath  44  Craigleth  41  Ilailes  

44     Portland  , 
Whalebone  

Lbs. 

670 2800 
5200 

9000 

GO 

72 

9000 15000 

37000 200 
12000 

352 400 
360 
857 

1000 

7600 

r.y  Commissioners,  on  application  of  iron  to  Railway  Stations. 
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COMPOSITIONS. 
Lbs. 

Gold  5,  Copper  1 . . Brass  
"  yellow  

Bronze,  least  
u      greatest  . . 

Ash  
Beech   
Box   
Bay  
Cedar   
Chestnut,  sweet . . . 
Cypress  
Deal,  Christiana  . . 
Elm  
Lance  
Lignum-vitee  Locust  
Mahogany  
u  Spanish 

50000 
42000 
18000 
17698 
56788 

Copper  10,  Tin  1  
"       8,    "  1,  gun -met. 
"       8,    "  1,  sm'l  bars Tin  10,  Antimony  1  

Yellow  metal .......  

WOODS. 

I  Lbs. 14000 
11500 
20000 
14000 
11400 
10500 
6000 12400 

13400 
23000 
11800 
20500 
21000 
12000 
8000 

Maple  
Oak,  American  white . "  English  "  seasoned  "  African  
Pear  
Pine,  pitch  u     larch  , 

"     American  white 
Poplar  
Spruce,  white  , 
S}Tcamore  Teak  
Walnut  
Willow  

Lbs. 

32000 
30000 50000 11000 48700 

Lbs. 

10500 
11500 
10000 
13600 
14500 
9800 

12000 
9500 

11800 
7000 10290 

13000 14000 
7800 13000 

lie  si  ills  of  Experiments  on  the  Tensile  Strength,  of 
"Wronght-iron  Tie-rods. 

Common  English  Iron,  1%.  Inches  in  Diameter. 
Description  of  Connection. I  Breaking  Weight. 

Semicircular  hook  fitted  to  a  circular  and  welded  eye  , 
Two  semicircular  hooks  hooked  together  
Right-angled  hook  or  goose-neck  fitted  into  a  cylindrical  eye Two  links  or  welded  eyes  connected  together  
Straight  rod  without  any  connection  articulation  , 

Lbs. 
14000 16220 29120 
48160 
56000 

Iron  bars  when  cold  rolled  are  materially  stronger  than  when  only  hct 
rolled,  the  difference  being  in  some  cases  as  great  as  3  to  2. 

WIRE  ROPES. 

Result  of"  Experiments  on  tlie  Tensile  Strength  of  Iron and  Steel  Wire  Hopes. 
Charcoal  Iron 
Wire  Rope. Circum. 

Weight  per Foot. 
Breaking 
Weight. 

Steel  Wire 
Rope. Circum. 

Stretch  in  <5 Feet, 
Weight  per 

Foot. 
Breaking 

Weight. 
Ins. 1% 3% 

Lbs. 
X 

Lbs. 
13440 
44800 

Ins. 

2% 

Ins. 
m 
% 

Lbs. 

\i 

>8 

Lbs. 
33600 56000 

Tensile  Strength  of  Copper  at  different  Temperatures, 
Temp. Strength  in  Lbs. Temp. Strength  in  Lbs. 

Temp. 
Strength  in  Lba 

122° 
33079 

482° 

26981 

801° 

18854 

212° 
32187 

545° 

25420 

.  912° 

14789 

302° 
30872 

602° 

22302 

1016° 

11054 
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Extension  of  Cast-iron  Bars,When  suspended  Vertically. 
1  Inch  Square  and  10  Feet  in  Length.    Weight  applied  at  one  End. 

Weight  ap- 
plied. 

Extension. Set. 
Weight  ap- 

plied. 

Extension. Set. 

Lbs. Ins. Ins. 
Lbs. Ins. Ins. 529 .0044 4234 .0397 .00265 

1058 .0092 .000015 8468 .0871 .00855 
2117 .0190 .000059 14820 .1829 .02555 

Steel. 
The  tensile  strength  of  steel  increases  by  reheating  and  rolling  up  to 

the  second  operation,  but  decreases  after  that. 

Ratio  of  tlie  Ductility  and.  jVEallea"bility  of  jVLetals. In  the  order  of 
Wire-drawing Ductility. 

In  the  order  of Laminable Ductility 
In  the  order  of Wire -drawing Ductility. 

In  the  order  of Laminable Ductility 
In  the  order  of Wire-drawing 

Ductility. 
In  the  order  of Laminable Ductility. 

Gold. 
Silver. 
Platinum. 

Iron. 
Copper. Zinc. 

Tin. 
Lead. 
Nickel. 

Gold. 
Silver. 
Copper. 

Tin. 
Platinum. 
Lead. 

Zinc. 
Iron. Nickel. 

The  relative  resistance  of  Wrought  Iron  and  Copper  to  tension  and compression  is  as  100  to  54.5. 

TRANSVERSE  STRENGTH. 

The  Transverse  or  Lateral  Strength  of  any  Bar,  Beam,  Rod,  etc.,  is  in 
proportion  to  the  product  of  its  breadtli  and  the  square  of  its  depth ;  in 
like-sided  beams,  bars,  etc.,  it  is  as  the  cube  of  the  side,  and  in  cylinders as  the  cube  of  the  diameter  of  the  section. 

When  one  End  is  fixed  and  the  other  projecting >,  the  strength  is  inversely 
as  the  distance  of  the  weight  from  the  section  acted  upon  ;  and  the  strain 
upon  any  section  is  directly  as  the  distance  of  the  weight  from  that  section. 

When  both  Ends  are  supported  only,  the  strength  is  4  times  greater  for 
an  equal  length,  when  the  weight  is  applied  in  the  middle  between  the 
supports,  than  if  one  end  only  is  fixed. 

When  both  Ends  are  fixed,  the  strength  is  6  times  greater  for  an  equal 
length,  when  the  weight  is  applied  in  the  middle,  than  if  one  end  only  is fixed. 

The  strength  of  any  beam,  bar,  etc.,  to  support  a  weight  in  the  centre 
of  it,  when  the  ends  rest  merely  upon  two  supports,  compared  to  one  when  the 
ends  are  fixed,  is  as  2  to  3. 

When  the  Weight  or  Strain  is  uniformly  distributed,  the  weight  or  strain 
that  can  be  supported,  compared  with  that  when  the  weight  or  strain  is 
applied  at  one  end  or  in  the  middle  between  the  supports,  is  as  2  to  1. 

In  Metals,  the  less  the  dimension  of  the  side  of  a  beam,  etc.,  or  the  di- 
ameter of  a  cylinder,  the  greater  its  proportionate  transverse  strength : 

this  is  in  consequence  of  their  having  a  greater  proportion  of  chilled  or 
hammered  surface  compared  to  their  elements  of  strength,  resulting  from dimensions  alone. 

The  strength  of  a  Cylinder,  compared  to  a  Square  of  like  diameter  or 
sides,  is  as  6.25  to  8.  The  strength  of  a  Hollow  Cylinder  to  that  of  a  Solid 
Cylinder,  of  the  same  length  and  volume,  is  as  the  greater  diameter  of  the former  is  to  the  diameter  of  the  latter. 

TIk-  strength  of  an  Equilateral  Triangle,  fixed  at  one  End  and  loaded  at 
the  other,  having  an  edge  up,  compared  to  a' Square  of  the  same  area,  is  as 

Qq 
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22  to  27  ;  and  the  strength  of  an  equilateral  triangle,  having  an  edge  down, 
compared  to  one  with  an  edge  up,  is  as  10  to  7. 

Note. — In  these  comparisons,  the  beam,  bar,  etc.,  is  considered  as  one  end  being 
fixed,  the  weight  suspended  from  the  other.  In  Barlow  and  other  authors  the  com- 

parison is  made  when  the  beam,  etc.,  rested  upon  supports.  Hence  the  stress  is  con- trariwise, 
Detrusion  is  the  resistance  that  the  particles  or  fibres  of  materials  op- 

pose to  their  sliding  upon  each  other.  Punching  and  shearing  are  detru- 
sive  strains. 

Deflection. — When  a  bar,  beam,  etc.,  is  deflected  by  a  cross-strain,  the 
side  of  the  beam,  etc.,  which  is  bounded  by  the  concave  surface,  is  com- 

pressed, and  the  opposite  side  is  extended. 
In  Stones  and  Cast  metals,  the  resistance  to  compression  is  greater  than the  resistance  to  extension. 
In  Woods,  the  resistance  to  extension  is  greater  than  the  resistance  to 

compression. 
The  general  law  regarding  deflection  is,  that  it  increases,  ceteris  pari- 

bus, directly  as  the  cube  of  the  length  of  the  beam,  bar,  etc.,  and  inversel}* as  the  breadth  and  cube  of  the  depth. 
The  resistance  of  Flexure  of  a  body  at  its  cross-section  is  very  nearly 
of  its  tensile  resistance. 

The  stiffest  bar  or  beam  that  can  be  cut  out  of  a  cylinder  is  that  of  which 
the  depth  is  to  the  breadth  as  the  square  root  of  3  to  1 ;  the  strongest,  as 
the  square  root  of  2  to  1 ;  and  the  most  resilient,  that  which  has  the  breadth 
and  depth  equal. 
Relative  Stiffness  of  Materials  to  Resist  a,  Transverse 

Strain.. 
Ash  089 
Beech   .073 
Cast  iron   1. 

Elm  073 
Oak  095 
WThite  pine  1 

Wrought  iron  ...  1.3 
Yellow  pine  087 

The  strength  of  a  Rectangular  Beam  in  an  inclined  position,  to  resist  a 
vertical  stress,  is  to  its  strength  in  a  horizontal  position  as  the  square  of 
radius  to  the  square  of  the  cosirfe  of  elevation ;  that  is,  as  the  square  of 
the  length  of  the  beam  to  the  square  of  the  distance  between  its  points  of 
support,  measured  upon  a  horizontal  plane. 
Experiments  upon  bars  of  cast  iron,  1,  2,  and  3  inches  square,  give  a  re- 

sult of  transverse  strength  of  447,  348,  and  338  lbs.  respectively;  being  in 
the  ratio  of  1,  .78,  and  .756. 

The  strongest  rectangular  bar  or  beam  that  can  be  cut  out  of  a  cylinder 
is  one  of  which  the  squares  of  the  breadth  and  depth  of  it,  and  the  diame- 

ter of  the  c}dinder,  are  as  1,  2,  and  3  respectively. 
The  ratio  of  the  crushing  to  the  transverse  strength  is  nearly  the  same  in 

glass,  stone,  and  marble,  including  the  hardest  and  softest  kinds. 
Green  sand  iron  castings  are  G  per  cent,  stronger  than  dry,  and  30  per 

rent,  stronger  than  chilled;  but  when  the  castings  are  chilled  and  an- 
nealed, a  gain  of  115  per  cent,  is  attained  over  those  made  in  green  sand. 

Chilling  the  under  side  of  cast  iron  very  materially  increases  its  strength. 
Woods. — Beams  of  wood,  when  laid  with  their  annual  or  annular  layers 

vertical,  are  stronger  than  when  they  are  laid  horizontal,  in  the  proportion 
of  8  to  7. 
Woods  are  denser  at  the  roots  and  at  (lie  centre  of  their  trunks.  Their 

strength  decreases  with  the  decrease  of  their  density. 
O  ik  loses  strength  in  drying. 
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Transverse  Strength  of  [Materials,  deduced  from  the  Ex- 
periments of  XU.  S.  Ordnance  Department,  Barlow,  Tten- 

nie,  Stephenson,  Hodgkinson,  Fairhaii'n,  3?asley,  TI al- ii e  1  el ,  and  the  ̂ A.nthor. 
Reduced  to  the  uniform  Measure  of  One  Inch  Square,  and  one  Foot  in  Length ; 

Weight  suspended  from  one  End. 
Break-  j Materials. 
Weight. 

Value  for 
general  Use. Break- 

ing 

Wei !ht.  general  Use" 
METAL8. 

C  means  of 
Cast  iron,  \  four  divi- American  1  sions  of 

grades  . 
"  mean  by  Maj.Wade 
"  West  Pt.  Foundry, extreme  
M  English,  Low  Moor, cold  blast  
"  Ponkey,  cold  
11  hot  blast,  mean  . . . 41  cold  u  44  ... 
u  Ystalyfera,coldbl't 44  mean  of  65  kinds. . 
"  mean  of  15  kinds, direct  fr.  the  pig, 

cold  blast  
i;  planed  bar  
"  rougli  bar  Steel,  greatest  
Steel,  puddled  (per- manent bend)  

WOODS. 
Ash  
Beech  
Birch  
Chestnut  
Deal,  Christiana,  
Elm  
Hickory   
Locust  
Maple  
Norway  pine  
Oak,  African  
44    American  white 44  u       live  . 44  Canadian  "  Dantzic  11  English  
"         44  sup2rior Pitcli  pine  
"  American. 

Riga  fir  
Teak  
White  pine   ... 

M  American 
White  wool  

Lbs. 
507 
632 733 
772 681 
9S0 

472 531 
50) 516 
770 5)0 

125  to  100 
155  m  210 
180  "  240 
192  "  250 
170  »  225 
250  "  325 
110  «  140 
145  "  190 
125  44  1C5 
1C0  "  170 
195  44  255 
125  "  1G5 

641 160  "  215 
513 130  u  170 534 133  14  175 

191 S G50  44  450 
800 170  "  225 
165 55 
130 32 160 

40 
160 53 
137 45 
125 30 
250 55 295 80 202 

65 123 40 208 
50 230 
50 245 55 143 36 122 
30 140 35 183 45 136 45 

160 50 94 
30 206 
60 92 
30 130 45 116 33 

WROUGHT  IRON. 

English 
Swedish*  MIXTURE  OF  CAST  AMD 
WROUGHT  IKON,  etc. 

Cast  iron,Blaenavon  . 
"  10  per  ct.  ot'\vr"t a  30  u  u 
u  5Q  u  u 44  and  25£  per  ct 

of  nickel,  mean 
M  Stirling,  2d  qu. 

3d  44 

Coppfer   Brass  
stones  (American). 

Flagging,  blue  freestone,  Conn  44  Dorchester 
14        X.  Jersey. 
"        N.  York  . . 

Granite,  blue,  coarse. 
44     Quincy,  Mass. 
stones  (English). 

Adelaide  marble  .... 
Arbroath  
Bangor  slate  Hath   
Caithness,  paving,  Sc. 
Cornish  granite  
Craigleth  sandstone  . 
Darley  sandst.,  Vict'a Kentish  rag  
Limestone  
Llangollen  slate  
Park  Spring  sandst'e Portland  oolite  
Valentia,  paving,  Irel. 

Welsh,  44 Yorkshire,  blue  
"         landing  . . 44  paving... 

(700 ^65) (600 

400 
550 
665 

31. 
13. 10.8 

(20  1 

\17.S 

24. 
18. 
26. 

45 17. 
90. 
5.2 68. 

22. 10.7 

1.3 35.  S 

11 43. 4.3 

21.2 68  5 
157. 
26. 22.5 10.4 

Increase  in   Strength  of  several  Woods  hy  Seasoning. 
^sh  44.7  per  ferit.  I  Elm  12.3  per  cent,  I  White  pine. .  9  per  cent. Beech  ..  G1.9      •«         Oak  26.1  44 

«  With  840  lbs.  the  deflection  was  1  inch,  nnd  the  elasticity  of  the  iretul  destroyed. 
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Concretes,  Cements,  etc. 
Materials. 

Breaking 
Weight. Materials. 

Breaking 
Weight. 

brtgks  (English). 
3.1 11.8 .7 

14. 10.7 
5.4 9.1 

37.5 Stock-brick,  well  burned  
5.S 

10.2 5. "         inferior,  burned  . . 2.5 

concretes  (English). 
Fire-brick  beam,  Portl'd  cement u     sand  3  parts,  lime  1  part 

cements  (English). 
Blue  clay  and  chalk  
Portland  j Sheppy   

Transverse  Strength  of  Cast-iron  Bars  and.  Oak  Beams 
of  Various  Figures. 

Reduced  to  the  uniform  Measure  of  One  Inch  Square  of  Sectional  Area,  and  One 
Foot  in  Length.    Fixed  at  one  End;  Weight  suspended  from  the  other. 
Form  of  Bar  or  Beam. 

'  Breaking 

j  Weight. 

Form  of  Bar  or  Beam. 

Breaking 
Weight. 

CAST  IRON. 

Square  

Square,  diagonal  vertical. 

Cylinder  
Hollow  cylinder ;  greater diameter  twice  that  of 
lesser  

Rectangular  prism,  2  ins. 
deep  X  Yi  in.  depth  

"  3  ins.  deep  X  K  in. depth 
"4      "       XX      "  I 

Lbs. 

673 

568 

573 

794 
1456 
2392 
2652 

Equilateral  triangle,  an 
edge  up  

Equilateral  triangle,  an 
edge  down  

2  ins.  deep  X  2  ins.  wide 
X  .26S  ins.  depth  

2  ins.  deep  X  2  ins.  wide 
X  .268  ins.  depth. . . 

OAK. 
Equilateral  triangle,  an 

edge  up  
Equilateral  triangle,  an 

edge  down  

Lbs. 
560 

OSS 

2068 

555 

114 

130 
Transverse  Strength  of  Solid,  and  Hollow  Cylinders  of 

various  Materials. 
One  Foot  in  Length.    Fixed  at  one  End ;  Weight  suspended  from  the  other. 

Materials. Solid External 
Diameter. 

Hollow Internal Diameter. 

Breaking 
Weight. 

Breaking  Weight 
for  1  Inch  extern- al Diam.,and  pro- 

portionate intern- al Diam. 
WOODS. Ins. Ins. Lbs. Lbs. 2. 

685 86 2. 1. 604 75 
2. 772 

97 u 1. 
75 75 2. 

610 76 

METALS. 
3. 12000 

444 

STONE-WARE. 2.87 1.928 190 8 

33  r  ich- wo  r  lc . 
A  brick  arch,  having  a  rise  of  2  feet,  and  a  span  of  15  feet  9  inches,  and 

2  feet  in  width,  with  a  depth  at  its  crown  of  4  inches,  bore  358400  lbs. 
laid  along  its  centre. 

*  An  inch-square  batten,  from  the  same  plank  as  tins  specimen. broke  at  139  lbs. 
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To  Compute  the  Transverse  Strength  of  a  Rectangular Beam  or  Bar. 

When  a  Beam  or  Bar  is  Fixed  at  one  End,  and  Loaded  at  the  other 
Klli:.— .Multiply  the  \  alue  of  the  material  in  the  preceding  Tables  ®r' as  may  be  ascertained,  by  the  breadth  and  square  of  the  depth  in  incheV and  divide  the  product  by  the  length  in  feet. 

be  doublelWhen      b6am  iS  l0ad6d  imiform1^  toroughout  its  length,  the  result  must 
Example.—  What  are  the  weights  each  that  a  cast  and  wrought  iron  bar  2  inches f  mare  and  projecting  30  ins.  in  length,  will  bear  without  permanent  injury  9 

a.Jumedtobe  225°^  ISO.  *  tWS        the  calculations  ,e 

-"^sl^2^1500,  which--2-5  =  7£0  lbs.;  and  1S0X2X22  =  1440,  which, 
If  the  Dimensions  of  a  Beam  or  Bar  are  required  to  Support  a  aiven 

length  in  feet  by  the  Value  of  the  material,  and  the  quotient  will  give  the product  of  the  breadth  and  the  square  of  the  depth.  g Example.-  What  is  the  depth  of  a  wrought-iron  beam,  2  inches  broad,  neees«arV to  support  5,6  lbs.  suspended  at  30  ins.  from  the  fixed  end?  1  Y 576x2.5 
'  ISO     =  8l  which'  ̂   2  ins-  for  thc  =  4,  and       =  2  in*.,  Me  rfgtfA. 

Kllk.— Multiply  he  Value  of  the  material  by  6  times  the  breadth  and the^square  of  the  depth  in  inches,  and  divide  the  product  by  the  length  in 

be^oabledWhen  **  ̂   *  imiforml>'  «»™glw>ut  its  length,  the  result  must 
Example — What  weight  will  a  bar  of  cast  iron,  2  ins.  square  and  5  feet  in  length 

support  in  the  middle,  without  permanent  injury?  icet  in  length, 
225X2X6X22  —  10S00,  which,  -f5z=  2160  lbs. 

v&rIf^?i^^?lSi0{a  BeT  0r-  Bar  are  reWired  to  Support  a  given H  ewht  in  the  Middle,  between  the  Fixed  Ends.  Rllk.— Divide  the  mod uct  of  the  weight  and  the  length  in  feet  by  G  times  the  Value  of  the  mate- 

Sf  (hfidepth  qU°  gIve  the  ProduGfc  of  the  breadth  and  the  square 
t^u^r;*'^1?1  dimenBion.a         a  cast-iron  square  bar  5  feet  in  length  require to  support  without  permanent  injury  a  stress  of  2160  lbs  *  1 2160X5  _  10800 
225x6  ~  "135U~8,  *hlchi^-2ins.  for  the  assumed  breadth,  =  4,  and  ̂ /4  =  2  ins., the  depth. 

When  the  Breadth  or  Depth  is  required.  RuLK.-Divide  the  product  ob- tained by  the  preceding  rules  by  the  square  of  the  depth,  and  the  quotient 
the  teptb        5  °r   Y       breadth'  and  the  S(luare  ro°t  of  the  quotient  is 
JSEfiFK!™izF-  ̂ 8  {Lthe  product' and  the  dePth  ia  8 ; then  128 + 82 = 2,  m breadth.    Also,  128  ~  2  ~  64,  and  ̂ 04  =  8,  the  depth. 

When  the  Weight  is  not  in  the  Middle  between  the  Ends.  Rule  —Multi- ply the  Value  of  the  material  by  3  times  the  length  in  feet,  and  the  breadth and  square  of  the  depth  in  inches,  and  divide  the  product  bv  twice  the product  of  the  distances  of  the  weight,  or  stress  from  either  end. 
Example.— What  is  the  weight  a  cast-iron  bar,  fixed  at  both  ends,  2  ins  square and  5  feet  in  length,  will  bear  without  permanent  injury,  2  feet  from  one  end  ? 225x3x5x2x22  27000 

 2^3  =  TT  = 2250  lbs' 

Qq* 
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When  a  Beam  or  Bar  is  Supported  at  both  Ends,  and  Loaded  in  the  Mid~ 
die.  Rule. — Multiply  the  Value  of  the  material  by  4  times  the  breadth 
and  the  square  of  the  "depth  in  inches,  and  divide  the  product  by  the  length in  feet. 
Note.— When  the  beam  is  loaded  uniformly  throughout  its  length,  the  result  must 

be  doubled. 
Example.  — What  weight  will  a  cast-iron  bar,  5  feet  between  the  supports,  and  2 

ins.  square,  bear  iu  the  middle,  without  permanent  injury? 
225x2~xix22  =  72000,  which,  -r5=  1440  lbs. 

Or,  If  the  Dimensions  are  required  to  Support  a  given  Weight.  Rule.— Divide  the  product  of  the  weight  and  length  in  feet  by  4  times  the  Value  of 
the  material,  and  the  quotient  will  give  the  product  of  the  breadth,  and 
the  square  of  the  depth. 

When  the  Weight  is  not  in  the  Middle  between  the  Supports.  Rule.— 
Multiply  the  Value  of  the  material  by  the  length  in  feet,  and  the  breadth 
and  the  square  of  the  depth  in  inches,  and  divide  the  product  by  the  prod- 

uct of  the  distances  of  the  weight,  or  stress  from  either  support. 
Example.— What  Aveight  will  a  cast-iron  bar,  2  ins.  square  and  5  feet  in  length, 

support  Avithout  permanent  injury,  at  a  distance  of  2  feet  from  one  end,  or  support? 
225X5X2X2;  =  MOO  ^ 

2X(5  — 2)  0 

To  Cormpoate  trie  Pressure  xrpon  the  Ends  or  -uipon.  tlie 
Supports. 

Rule.— 1.  Divide  the  product  of  the  weight  and  its  distance  from  the 
nearest  end  or  support  by  the  whole  length,  and  the  quotient  will  give 
the  pressure  upon  the  end  or  support  farthest  from  the  weight. 

2.  Divide  the  product  of  the  weight  and  its  distance  from  the  farthest 
end,  or  support,  by  the  whole  length,  and  the  quotient  will  give  the  press- ure upon  the  end  or  support  nearest  the  weight. 
Example  What  is  the  pressure  upon  the  supports  in  the  case  of  the  preceding 

example  ? 

1500x2  —  goo       upon  support  farthest  from  the  weight;  1500x2  —  000  lbs.  upon 5  o  ■  {■)  Jt--„: 
support  nearest  to  the  weight. 
When  a  Beam  or  Bar,  Fixed  or  Supported  at  both  Ends,  bears  two 

Weights  at  unequal  Distances  from  the  Ends,  Let  m  and  n  represent  dis- 
tances of  greatest  and  least  weights  from  their  nearest  end,  W  and  w  great- est and  least  weights,  L  whole  length,  I  distance  from  least  weight  to  farthest 

end,  and  V  distance  of  greatest  weight  from  farthest  end. 

T]ien  .mxW-l-—  —  pressure  at  w  end,  and        -f-  ■  *W '  =  pressure  at  W  end. L  L  L,  Li 
Illustration.  A  beam  10  feet  in  length,  having  both  ends  fixed  in  a  wall,  bears 

tAvo  weights,  viz.,  one  of  1000  lbs.  at  4  feet  from  one  of  its  ends,  and  the  other  of 2000  lbs.  at  4  feet  from  the  other  end  ;  Avhat  is  the  pressure  upon  each  end? 
4 v 9000     6 V 1000                                                  4X1000  .  6x2000  „ 
7XJUUU  +  0X1  1    =  1400  lbs.,  pressure  upon  w  end ;     1A    -\  tjt—  — 1600  lbs  . 

10     ~     10  10  10 pressure  at  W  end. 
When  the  Plane  of  the  Beam  or  Bar  projects  obliquely  Upward  or 

Downward.  When  Fixed  at  one  End  and  Loaded  at  the  other.  Rulk. — 
Multiply  the  Value  of  the  material  by  the  breadth  and  square  of  the  depth 
in  inches,  and  divide  the  product  by  the  product  of  the  length  in  feet  and the  cosine  of  the  angle  of  elevation  or  depression. 
Note.— When  the  weight  is  laid  uniformly  along  its  length,  the  result  must  bo doubled. 



STRENGTH  OF  MATERIALS. 

Example. — What  is  the  weight  an  ash  beam,  5  feet  in  length,  3  inches  square, 
and  projecting  upward  at  an  angle  of  7°  15',  will  bear  without  permanent  injury? 

55 X 3 X 32  =  1485,  which,  -r-  5x  cos.  7°  15'  =  14S5 -5-  5X.992  =  299. 39  lbs. 
To  Compute  the  Transverse  Strength  of  Cylinders,  El- 

lipses, etc. 
When  a  Cylinder,  Rectangle  (the  diagonal  being  vertical),  Hollow  Cylin- 

der, or  Beams  having  sections  of  an  Ellipse,  are  either  Fixed  at  one  End  and 
loaded  at  the  other,  or  Supported  at  both  Ends,  the  Load  applied  in  the  Mid- 

dle, or  between  the  Supports.  Rule. — Proceed  in  all  cases  as  if  for  a  rect- 
angular beam,  taking  for  the  breadth  and  depth,  and  Value  of  the  material, as  follows : 

Cylinder,  diameter3  x.6;  Rectangle,*  side3  x.7;  Hollow  Cylinder  (di- 
am.  —  diam.3)  x  .6 ;  Ellipse,  transverse  diam.  vertical  conj.  X  transverse2, 
X.6;  and  Ellipse,  conj.  diam.  vert,  transverse  X  conj.2  x.6  of  Value. 

When  an  Equilateral  Triangle,  or  T  Beam.    Rule. — Proceed  in  all 
cases  as  if  for  a  rectangular  beam,  taking  the  following  proportions  of  the Value  of  the  material. 

Fixed  at  one  or  \  Equilateral  triangle,  edge  up,     bxdf  X.2  of  Value, hnth  eu,      {  Equilateral  triangle,  edge  down,  bxd2,  X.34  " 
oom  una*.     j  -p  beam  or  bar?        edge  down,  6 x^2,  X.42 

^mnnrted    at  ̂   Equilateral  triangle,  edge  up,     bxd2,  x.34 
Eh  FnrU      \  Equilateral  triangle,  edge  down,  bxd2,  x.2 oot/i  rAtas.     j  T  beam  Qr  bar?       edge  bxd2^  x  A2 

To  Compvite  tlie  Diameter  of  a  Solid.  Cylinder  to  Support 
a  given  "Weight. 

When  Fixed  at  one  End,  and  Loaded  at  the  other.  Rule. — Multiply  the 
weight  to  be  supported  in  pounds  by  the  length  of  the  cj'linder  in  "feet ; divide  the  product  by  .G  of  the  Value  of  the  material,  and  the  cube  root 
of  the  quotient  will  give  the  diameter. 

Note — When  the  cylinder  is  loaded  uniformly  throughout  its  length,  the  cube root  of  half  the  quotient  will  give  the  diameter. 
Example.— What  should  be  the  diameter  of  a  cast-iron  cylindrical  beam,  8  ins.  in 

length,  to  support  15000  lbs.  without  permanent  injury? 

$  ins.  =  M  feet;  15^(^G  =  74.07  ;  and  ̂ 74.07  =  4.2. 
When  Fixed  at  both  Ends,  and  Loaded  in  the  Middle.  Rule. — Multiply 

the  weight  to  be  supported  in  pounds  by  the  length  of  the  cylinder  be- 
tween the  supports  in  feet;  divide  the  product  try  .6  of  the  Value  of  the 

material,  and  the  cube  root  of  %  of  the  quotient  will  give  the  diameter. 
Note. — When  the  cylinder  is  loaded  uniformly  along  its  length,  the  cube  root  of half  the  quotient  will  give  the  diameter. 
Example. — What  should  be  the  diameter  of  a  cast-iron  cylinder,  2  feet  between 

the  supports,  that  will  support  19305  lbs.  without  permanent  injury? 
19305X2      "  /2S0 
—^  =  280,  and  =  3.61 

When  Supported  at  both  Ends,  and  Loaded  in  the  Middle.  Rule. — Mul- 
tiply the  weight  to  be  supported  in  pounds  by  the  length  of  the  cylinder 

between  the  supports  in  feet;  divide  the  product  by  .6  of  the  Value  of  the 
material,  and  the  cube  root  of  %  of  the  quotient  will  give  the  diameter. 

Note. — When  the  cylinder  is  loaded  uniformly  along  its  length,  the  cube  root  of half  the  quotient  will  give  the  diameter. 

*  Tbe  strength  of  a  Rectangle,  the  diagonal  being  vertical,  compared  to  that  of  its  circumscribing rectangle,  when  the  direction  of  the  strain  is  parallel  t6  the  side  of  it,  is  as  8.45  to  f. 
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Example. — What  should  he  the  diameter  of  a  cast-iron  cylinder,  2  feet  between 
the  supports,  that  will  support  54000  lbs.  without  permanent  injury? 

54000x2  /800 

*    .X225  =      '         V  IT  mS' 
And  what  its  diameter  if  loaded  uniformly  along  its  length  ? 

800-^2 — - —  =  100,  and  ̂ 100  ==  4.G4  ins. 

To  Compute  tlie  Relative  "Valvie  of  Materials  to  resist  a Transverse  Strain. 

Let  V  represent  this  value  in  a  Beam,  Bar,  or  Cylinder,  one  foot  in  length,  and  one 
inch  square,  side,  or  in  diameter;  W  the  weight;  I  the  length  in  feet;  b  the  breadth, 
and  d  the  depth  in  inches;  m  the  distance  of  the  weight  from  one  end  ;  and  n  the 
distance  of  it  from  the  other  in  feet. 
Note.— In  cylinders,  for  b  d2  put  d3. IW 
1.  Fixed  at  one  End,  weight  suspended  from  the  other,  - —  =  V. 

b  d2 

I  W 
2.  Fixed  at  both  Ends,  weight  suspended  from  the  middle,  =  V. 

6  bd2 
I W 

0.  Supported  at  both  Ends,  weight  suspended  from  the  middle,          —  V. 

4  b  d2 
4.  Supported  at  both  Ends,  weight  suspended  at  any  other  point  than  the  middle, m  n  W  

Ibd2  ~~  ' 
5.  Fixed  at  both  Ends,  weight  suspended  at  any  other  point  than  the  middle, 

2  m  n  W  

'6  Ibd2  ~~ 
From  which  formulae,  the  weight  that  may  be  borne,  or  any  of  the  di- 

mensions, may  be  computed  by  the  following  : 

-    Ybd2  VH2      .    ZW      t      /ZW  _  ,  " 1.  — j — =W;    w   —  / ;  y-^  =  b;    / d.   In  rectangular  beams,  etc., /  /  W 
b*ndd=*J  — . 
0  Gbd2V      •      Gbd*V     .     ZW       ,       /ZW       ,    -  ,  . 
2.  — —  =  W ;  -=  I ;  —  =  b j  y  —  =  d.    In  rectangular  beams, /'ZW 

etc.,*  and  rf^  — 
4bd2V     '  '    4bd2V      .     ZW      ,       /ZW  lv. 3.  — —     W ;        ̂   ±=  i ;  =  6 ;  ̂ /—  r=  rf.    In  rectangular  team* 

/z  w etc.,  Z>  and  rf  =  3  / 
V  4  V 

A   lbd2V     Jr    mnW     ,    mnW     ,      /mnW  ,  , 4.  z=  W :   ,    ■  _-  —  Z ;      ,,     —  b;  =z  d.  In  rectangular  bcam3, m n.  '  bd*V       '   Z  d-»  V         V    IbV  °  1 

etc.,  &  and  d=*J  •  ) 
K  Zlbd2V     „r    2mnW     ,    2m??,W  /2mwW      j  T 5.  _  —  W ;  ■  =  Z ;  ■   .     „  =  b  ;   /  —  d.    In  rectangular 2mn  6bd2V  3  Z  d2  V  \  6lb\ 

beams,  etc.,  b  and  d  — 
2mnW 

When  the  weight  is  uniformly  distributed,  the  same  formula)  will  ap- 
ply, W  representing  only  half  the  required  or  given  weight. 
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Grirclers,  Beams,  Lintels,  etc. 
The  Transverse  or  Lateral  Strength  of  any  Girder,  Beam,  Brest-summer, 

Lintel,  etc.,  is  in  proportion  to  the  product  of  its  breadth  and  the  square 
of  its  depth,  and  also  to  the  area  of  its  cross-section. 

The  best  form  of  section  for  Cast-iron  girders  or  beams,  etc.,  is  deduced 
from  the  experiments  of  Mr.  E.  Hodgkinson,  and  such  as  have  this  form 
of  section  X.  are  known  as  Hodgkinson's. 

The  rule  deduced  from  his  experiments  directs  that  the  area  of  the  bot- 
tom flange  should  be  6  times  that  of  the  top  flange— flanges  connected  by 

a  thin  vertical  web,  sufficiently  rigid,  however,  to  give  the  requisite  lat- 
eral stiffness,  and  tapering  both  upward  and  downward  from  the  neutral 

axis ;  and  in  order  to  set  aside  the  risk  of  an  imperfect  casting,  by  any 
great  disproportion  between  the  web  and  the  flanges,  it  should  be  tapered 
so  as  to  connect  with  them,  with  a  thickness  corresponding  to  that  of  the 
flange. 

As  both  Cast  and  Wrought  iron  resist  crushing  or  compression  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,  accord- 

ing as  the  gfrder  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  exten- sion or  a  tensile  strain. 
When  girders  are  subjected  to  impulses,  and  are  used  to  sustain  vibra- 

ting loads,  as  in  bridges,  etc.,  the  best  proportion  between  the  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  one 
live-hundredth  of  their  length. 

In  Public  Halls,  Churches,  and  Buildings  where  the  weight  of  people alone  are  to  be  provided  for,  an  estimate  of  175  pounds  per  square  foot  of floor  surface  is  sufficient  to  provide  for  the-  weight  of  flooring  and  the load  upon  it. 
In  Churches,  Buildings,  etc.,  the  weight  to  be  provided  for  should  be 

estimated  at  that  which  may  at  any  time  be  placed  thereon,  or  which  at 
any  time  may  bear  upon  any  portion  of  their  floors ;  the  usual  allowance, however,  is  for  a  weight  of  280  lbs.  per  square  foot  of  floor  surface  for 
stores  and  factories,  and  175  lbs.  per -square  foot  when  the  weight  of  peo- ple alone  is  to  be  provided  for. 

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 

exceed  from  1  to  |  of  the  breaking  weight  of  the  material  employed  ;  but 
when  the  load  is  uniform  or  the  stress  quiescent,  it  may  be  increased  to 
J  and  *  of  the  breaking  weight. 
An  open-web  girder  or  beam,  etc.,  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  the  loss  of  strength  due  to  the  unequal  contraction  in  cool- 

ing of  the  web  and  flanges. 
In  cast  iron,  the  mean  resistance  to  Crushing  or  Extension  is  as  4.3  to  1, and  in  wrought  iron  as  1.35  to  1 ;  hence  the  mass  of  metal  below  the 

neutral  axis  will  be  greatest  in  these  proportions  when  the  stress  is  inter- 
mediate between  the  ends  or  supports  of  the  girders,  etc. 

Wooden  Girders  or  Beams,  when  sawed  in  two  or  more  pieces,  and  have 
slips  set  between  them,  and  thes 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  1  to  .00,  and  they  are  strongest  also  when  cast  with  the bottom  flange  up. 
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The  following  results  of  the  resistances  of  metals  will  show  how  the 
material  should  be  distributed  in  order  to  obtain  the  maximum  of  strength 
with  the  minimum  of  material : To  Tension. To  Crushing. 

J  21 000 
(32000 24250 

[45000 

\72000 

90300 
140500 
117000 
40000 
83000 

The  best  iron  has  the  greatest  tensile  strength,  and  the  least  compressive  oi- crushing. 
The  most  economical  construction  of  a  Girder  or  Beam,  with  reference  to  attaining 

the  greatest  strength  with  the  least  material,  is  as  follows :  The  outline  of  the  top, 
bottom,  and  sides  should  be  a  curve  of  various  forms,  according  as  the  breadth  or  the 
depth  throughout  is  equal,  and  as  the  girder  or  beam  is  loaded  only  at  one  end,  or 
in  the  middle,  or  uniformly  throughout. 
To  Compute  the  Dimensions  and  IForiii  of  a  Grirder  or Beam. 

When  a  Girder  or  Beam  is  Fixed  at  cne  End,  and  Loaded  a\  the  other. 
1.  When  the  Depth  is  uniform  throughout  the  entire  Length,  The  section  at  every 

point  must  be  in  proportion  to  the  product  of  the  length,  breadth,  and  square  of  the 
depth,  and  as  the  square  of  the  depth  is  in  every  point  the  same,  the  breadth  must 
vary  directly  as  the  length  ;  consequently,  each  side  of  the  beam  must  be  a  vertical 
plane,  tapering  gradually  to  the  end. 

2.  When  the  Breadth  is  uniform  throughout  the  entire  Length,  The  depth  must 
vary  as  the  square  root  of  the  length ;  hence  the  upper  or  lower  sides,  or  both,  must 
be  determined  by  a  parabolic  curve. 

3.  When  the  Section  at  every  point  is  similar  —  that  is,  a  Circle,  an  Ellipse,  a 
Square,  or  a  Rectangle,  the  sides  of  which  bear  a  fixed  proportion  to  each  other, 
The  section  at  every  point  being  a  regular  figure,  for  a  circle,  the  diameter  at  ev- 

ery point  must  be  as  the  cube  root  of  the  length;  and  for  an  ellipse,  or  a  rectangle, 
the  breadth  and  depth  must  vary  as  the  cube  root  of  the  length. 

When  a  Girder  or  Beam  is  Fixed  at  one  End,  and  Loaded  uniformly  through- 
out its  Length. 

1.  When  the  Depth  is  uniform  throughout  its  entire  Length,  The  breadth  must  in- crease as  the  square  of  the  length. 
2.  When  the  Breadth  is  uniform  throughout  its  entire  Length,  The  depth  will  vary 

directly  as  the  length. 
3.  When  the  Section  at  every  point  is  similar,  as  a  Circle,  Ellipse,  Square,  and 

Rectangle,  The  section  at  every  point  being  a  regular  figure,  the  cube  of  the  depth 
must  be  in  the  ratio  of  the  square  of  the  length. 

When  a  Girder  or  Beam  is  supported  at  loth  Ends. 
1.  When  Loaded  in  the  Middle,  The  constant  of  the  beam,  or  the  product  of  the 

breadth  and  the  square»of  the  depth,  must  be  in  proportion  to  the  distance  from  the 
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 :  the  beam, 
therefore,  may  be  considered  as  one  of  half  the  length,  the  supported  end  correspond- 

ing with  the  free  end  in  the  case  of  beams,  one  end  being  fixed,  and  the  middle  of 
the  beams  similarly  corresponding  with  the  fixed  end. 

1.  When  the  Depth  is  uniform  throughout,  The  breadth  must  be  in  the  ratio  of  the length. 
2.  When  the  Breadth  is  uniform  throughout,  The  depth  will  vary  as  the  square  root of  the  length. 
:;.  When  the  Section  at  every  point  is  similar,  as  a  Circle,  Ellipse,  Square,  ami 

Un  tangle,  The  section  at  every  point  being  a  regulflr  figure,  the  cube  of  the  depth 
will  be  •'■  3  the  square  of  the  distance  from  the  supported  end. 
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When  a  Girder  or  Beam  is  Supported  at  loth  Ends,  and  Loaded  uniformly 
throughout  its  Length. 

1.  When  the  Depth  is  uniform,  The  breadth  will  be  as  tbe  product  of  the  length  of 
the  beam  and  the  length  of  it  on  one  side  of  the  given  point,  less  the  square  of  the length  on  one  side  of  the  given  point. 

2.  \Vhe?i  the  Breadth  is  uniform,  The  depth  will  be  as  the  square  root  of  the  prod- 
uct of  the  length  of  the  beam  and  the  length  of  it  on  one  side  of  the  given  point,  less the  square  of  the  length  on  one  side  of  the  given  point. 

3.  When  the  Section  at  every  point  is  similar,  as  a  Circle,  Ellipse,  Square,  and Rectangle,  The  section  at  every  point  being  a  regular  figure,  the  cube  of  the  depth will  be  as  the  product  of  the  length  of  the  beam  and  the  length  of  it  on  one  side  of 
the  given  point,  less  the  square  of  the  length  on  one  side  of  the  given  point. 

General  Deductions  from  the  Experiments  of  Stephenson,  Eairbairn,  Cubiit, LIvghes,  etc. 
Fairbairn  shows  in  his  experiments  that  with  a  stress  of  about  12320  lbs.  per square  inch  on  cast  iron,  and  28000  lbs.  on  wrought  iron,  the  sets  and  elongations are  nearly  equal  to  each  other. 
A  cast-iron  beam  will  be  bent  to  one  third  of  its  breaking  weight  if  the  load  is laid  on  gradually  ;  and  one  sixth  of  it,  if  laid  on  at  once,  will  produce  the  same  ef- fect, if  the  weight  of  the  beam  is  small  compared  with  the  weight  laid  on.  Hence beams  of  cast  iron  should  be  made  capable  of  bearing  more  than  G  times  the  greatest weight  which  will  be  laid  upon  them. 
In  wrought-iron  beams,  if  fixal  at  botli  ends,  the  upper  flange  should  be  larger than  the  lower,  in  the  ratio  of  1.35  to  1. 
The  breaking  weights  in  similar  beams  are  to  each  other  as  the  squares  of  their 

like  linear  dimensions  ;  that  is,  the  breaking  weights  of  beams  are  computed  by multiplying  together  the  area  of  their  section,  their  depth,  and  a  constant,  determ- 
ined from  experiments  on  beams  of  the  particular  form  under  investigation,  and  di- cing the  product  by  the  distance  between  the  supports. 

Cast  and  wrought  iron  learns,  having  similar  resistances,  have  weights  nearlv  as 
2.44  to  1.  y 
The  range  of  the  comparative  strength  of  girders  of  the  same  depth,  having  a  top 

and  bottom  flange,  and  those  having  bottom  flange  alone,  is  from  having  hut  a  little 
area  of  bottom  flange  to  a  large  proportion  of  it,  from  %  to  %  greater  strength. 

A  box  beam  or  girder,  constructed  of  plates  of  wrought  iron,  compared  to  a  single rib  and  flanged  beam  I,  of  equal  weights,  has  a  resistance  as  100  to  93. 
The  resistance  of  beams  or  girders,  where  the  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  depth,  the  curve  should  be  an 

ellipse  to  enable  it  to  support  a  uniform  load  with  equal  resistance  in  every  part ; 
and  if  the  beam  is  an  open  one,  the  curve  of  equilibrium,  for  a  uniform  load,  should 
be  that  of  a  parabola.  Hence,  when  the  middle  portion  is  not  wholly  removed,  the 
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  to  a  span  of  40  feet,  involve  a  less  cost  than  of  wrought, iron. 
Cast  iron  beams  and  girders  should  not  be  loaded  to  exceed  one  fifth  of  their  break- 

ing weight;  and  when  the  strain  is  attended  with  concussion  and  vibration,  this  pro- portion must  be  increased,  i 
Simple  cast-iron  girders  may  bo.  made  50  feet  in  length,  and  the  best  form  is  that 

of  Hodgkineon:  when  subjected  to  a  fixed  load,  the  flange  should  be  as  1  to  G,  and when  to  a  concussion,  etc.,  as  1  to  4. 
The  forms  of  girders  for  spaces  exceeding  the  limit  of  those  of  simple  cast  iron  are 

various;  the  principal  ones  adopted  are  those  of  the  straight  or  arched  cast-iron  gird- 
cra  in  separate  pieces,  and  bolted  together  — the  Trussed,  the  Bow-string,  and  the wrought-iron  Box  and  Tubular. 

A  Straight  or  Arched  Girder  is  formed  of  separate  castings,  and  is  entirely  depend- ent upon  the  bolts  of  connection  for  its  strength. 
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A  Trussed  or  Bow-string  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. 

A  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. 

Floor  Bieams,  Grirders,  etc. 
The  condition  of  the  stress  borne  by  a  floor  beam  is  that  of  a  beam  supported  at 

both  ends  and  uniformly  loaded ;  but  from  the  irregularity  in  its  loading  and  un- 
loading, and  from  the  necessity  of  its  possessing  great  rigidity,  it  is  impracticable  to 

estimate  its  capacity  other  than  as  a  beam  having  the  weight  borne  upon  the  middle 
of  its  length. 

To  Compute  trie  Depth,  of  a  Floor  Beam. 
When  the  Length  and  Breadth  are  given,  and  the  Distance  between  the 

Centres  of  the  Beam  is  One  Foot.  Rule. — Divide  the  product  of  the  square 
of  the  length  in  feet  and  the  weight  to  be  borne  in  pounds  per  square  foot 
of  floor,  by  the  product  of  4  times  the  breadth  and  the  value  of  the  mate- 

rial from  the  Table  (page  455),  and  the  square  root  of  the  quotient  will 
give  the  depth  of  the  beam  in  inches. 
Example.— A  white  pine  beam  is  2  ins.  wide,  and  12  feet  in  length  between  the 

supports  ;  what  should  be  the  depth  of  it  to  support  a  weight  of  175  lbs.  per  square foot? 

axTx^o  = 105' and  V1G5  *= 10,25  ins' When  the  Distance  between  the  Centres  of  the  Beam  is  greater  or  less  than 
one  Foot.  Rulk. — Divide  the  product  of  the  square  of  the  depth  for  a 
beam,  when  the  distance  between  the  centres  is  one  foot,  by  the  distance  given 
in  inches  by  12,  and  the  square  root  of  the  quotient  will  give  the  depth  of 
the  beam  in  inches. 

Example. — Assume  the  beam  in  the  preceding  case  to  be  set  15  ins.  from  the  cen- 
tres of  its  adjoining  beams ;  what  should  be  its  depth  ? 

10  252  y  15 
•~19       =  131.25,  and  V131.25  =  11.45  ins. 

Header  and.  Trimmer  Beams. 

The  conditions  of  the  stress  borne  or  to  be  provided  for  b}'  them  are  as follows :  % 
Header  or  Trimmer  beams  support  %  of  the  weight  of  and  upon  the  tail beams  inserted  into  or  attached  to  them. 
Trimmer  Beams  support,  in  addition  to  that  borne  by  them  directly  as  a 

floor  beam,  each  %  the  weight  on  the  headers. 
The  stress,  therefore,  upon  a  header  is  due  directly  to  its  length,  or  the 

number  of  tail  beams  it  supports  ;  and  the  stress  upon  the  trimmer  beams 
is  that  of  their  own  stress  as  a  floor  beam,  and  %  of  the  weight  upon  the 
header  supported  by  them. 

Note. — The  distance  between  the  support  of  the  trimmer  beams  and  the  point  of 
connection  with  the  header  does  not  in  anywise  affect  the  stress  upon  the  trimmer 
beams;  for  in  just  proportion  as  this  distance  is  increased,  and  the  stress  upon  them 
consequently  increased,  by  the  suspension  of  the  header  from  them  nearer  to  the  mid- 

dle of  their  length,  so  is  the  area  of  the  surface  supported  by  the  header  reduced,  and, 
consequently,  the  load  to  be  borne  by  it. 

Grirder. 

The  condition  of  the  stress  borne  by  a  Girder*  is  that  of  a  beam  fixed  or 
supported  at  both  ends,  as  the  case  ma}'  be,  supporting  the  weight  borne 

*  When  a  girder  has  four  or  more  supports,  its  condition  ns  regards  ft  stress  upon  its  middle  is  thnt of  a  beam  fixed  fit  both  ends. 
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by  all  of  the  beams  resting  thereon,  at  the  points  at  which  they  rest ;  and 
its  dimensions  must  be  proportionate  to  the  stress  upon  it,  and  the  distance 
between  its  points  of  insertion  or  support. 
Illustration — It  is  required  to  determine  the  dimensions  of  a  pitch-pine  girder, lo  feet  between  its  several  points  of  supports,  to  support  the  ends  of  two  lengths  of beams  each  20  feet  in  length,  having  a  superincumbent  weight,  including  that  of  the beams,  of  200  lbs.  per  square  foot. 
The  condition  of  the  stress  upon  such  a  girder  would  be  that  of  a  number  of  beams, 

40  feet  in  length  (20x2),  supported  at  both  ends,  and  loaded  uniformly  along  then- length,  with  200  lbs.  upon  every  superficial  foot  of  their  area. 
Hence  the  amount  of  the  weight  to  be  borne  is  determined  by  20x2x15x200  = 

120  000  lbs.  —  the  product  of  twice  the  length  of  a  beam,  the  distance  between  the supports  of  the  girder  and  the  weight  borne  per  square  foot  of  area ;  and  the  resist- 
ance to  be  provided  for  is  that  to  be  borne  by  a  beam,  15  feet  in  length,  fixed  at  both 

ends,  and  supporting  120  000  lbs.  uniformly  laid  along  its  length,  equal  to  00  000  lbs. supported  at  its  centre. 
r.  ^    15X60  000  nnnn 
Consequently,     ^      — —  3000  =  quotient  of  the  product  of  the  length  and  weight 

+  the  product  of  6  times  the  Value  of  the  material;  and  assuming  the  girder  to  be  12 •    u  ^  /3000 inches  wide,  then    /  — —  —  15.8  ins. 
V  12 

Formulas  to  Compute  trie  "VaKi.es  and  tlie  ̂ Dimensions  of Beams,  Bars,  etc.,  of  various   Sections.— [Tkedgold.] 
For  a  Square,  Rectangle,  Rectangle  the  diagonal  being  vertical,  and  Cylinder 

they  are  alike  to  those  already  given,  substituting  in  the  rectangles  for  b  d2,  S3.  ' 
For  a  Grooved  or  Double-flanged,  Open,  and  Single-flanged  Beam  they  are  as  fol- lows : 

Grooved.  Open. 

1.  Fixed  atone  End,  Weight)  IW 
suspended  from  the  other,    f  ̂rf2  n 

a  —  qy 
2.  Fixed  at  both  Weight)  IW 
suspended  from  the  middle,  /  b  d2  ,  ± 

IW 

bd2  (1  — 

if) 

IW 

bd2(l  — 

y% 

IW 
b  d2  ( 1  —  y-i) 

mnW 

=  V. 

=  v. 

=  V. 

=  V. 

bd2m-\-n  (1  —  y3) 
mnW 

b  d*  m -\- n  (I  —  yi) 

2  (l—qif) 
3.  Supported  at  both  Ends,)  ;W Weight  suspended  from  the  >   —  V 
middle,  )  bd2(l  —  qif) 

4.  Supported  at  both  Ends,)  mnW Weight  suspended  at   any  >  —  V. 
other  point  than  the  middle,  j  b  d2  m  -j-  n  (1  —  q  y3) 

5.  Fixed  at  both  Ends, Vfeight)  mnW suspended  at  any  other  point  >  —  V. 
than  the  middle,  )  bd2m-{-n{\  —  q y*) 

""'        (   2.~j     For  the  other  conditions  of ffll  l.<    bd2{l  —  qy*)  (1  —  q)       xt  3.  fa  Beam,  Bar,  etc.,  use  the 
flanged.  (     \  ■        *  ™  -  \  =±V.  4.  (  same  formula  as  the  above, UVl-^i/Hvl-gJ1  5J  multiplying  the  Value  ob- 

tained above  by  6,  4,  1,  and  1.5  respectively,  y  and  q  representing  °f  groove 
t      M      '  whole  depth  of  beam __y  and  whole  breadth  of  beam  —  width  of  web 
whole  breadth  of  beam  ^' 

Trailayerse  Resistance  from  End.  Pressure  applied  Hori- zontally. 

L Wrought  Iron.— IX  feet  in  length ;  flanges,  6x3^  ins.  X  %  depth  :  area,  5  V square  ins. ;  50000  lbs.  produced  no  set ;  5S240  lbs.  produced  a  set  of  \%  ins White  Oak.-Kectwgle  10  feet  in  length,  11X4#  ins.  ;  33000  lbs.  gave  a  deflec- tion of  .#in.  ;  50400  lbs.  gave  a  deflection  of  .5  in.;  6T200  lbs.  gave  a  deflection  of and  with  .  S400  it  broke. 
Rr 
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Transverse   Strength  of  Cast-iron  Grirders   and.  13 earns, 
deduced  from  tlie  Experiments  of  Barlow,.  Hodgkin- 
son,  Hughes,  Tredgold,  etc. 

Reduced  to  a  uniform  Measure  of  One  Inch  in  Depth,  one  Foot  in  Length,  supported 
at  both  Ends ;  the  Stress  or  Weight  applied  in  the  Middle. 

Flanges. 
Section  of 
Girder  or 

Beam. 

Eq.  area"} of  flange  ( 
at  top  &  i bottom,  ) 0.  { 

Area  "\ of  sec.  I 
of  top  > &  bot.  \ 
1  to  6  J 

do. 

Rectangu 
la'r  Prism. 

o 
Square 
Prism,  I 

Si  re.as  ut  ( Side,  ) 
I  Cylinder, 

Square  "i Priem,  > 
angle  up ) 

Sq.  Ins, 
1.75X.42 =  .735 

2.02X.515 =  1.015 

2.23X.31 =  .72 

5  X.3 ==  1.5 

5  X-5 r=.25 

1.5  X.5 —  .75 

X  2 

5.1  X2.33 —  11.88 

1.005X-9S 
.995x1.01 
1.005X.9S 
.771X1.51 
1.507X.74 
1.525X.78 

Sq.  Ins. 
1.77X.39 —  .69 

2.02  X- 515 
-~  1.045 

0.67X.66 —  4.4 

5  X.3 =:  1.5 

23.9x3.12 
—  74.50 

1.5x5 =  .75 

.5X-5 =  .25 

12.1x2.07 =z  25.04 

1.005X.93 .9'  5x  1 
1.005X-99 
.771x1-5 1.507  X- 74 

1.525X-78 

Inch. 

.29 

.51* 

Inch. 

5.125 

2.02 

.236  5  125 

.3C5 

.365 

2.08 

1.56 

1.56 

36.1 4.t 

4.t 

4. 

30.5 
.994  2.012 

1.005,2.51 .995  3.01 
1.005|  .4 
.771  4.04 

1.50714.04 1.525  4.07 

1.02 1.01 

1.122  1.122 

Inch.  Sq.In. 

I.  77 

2.02 

6.C7 

5. 

5 

23.9 

1.5 

1.5 

4. 

II.  1 

2.S2 

2.59 

0.23 

1.96 
1.96 

1S3.5 

1. 

12. 

ro.s 

2.994  2.0J 
1.005  1.9S 
.995  2. 

1.005  1.9S 
.771  2.322 

1.50712.23 
1.525  2.35 

1.02 1.032 

1,122  .9S9 

1.443  1.041 

Lbs. 

30150 

10276 

117450 

7280 

2366 

8006240 

199S0 

7252 

33600 

Lbs. 

10768 

3952 

1SS52 

3714 
1213 

43958 

19980 

7252 2S00 

479C800  52795 

C440 
12340 
15420 21765 
2570E 25735 
30000 

2635 
2370 

2269 

4662 
6232 7710 

10992 11070 
11540 126S9 

2552 

2396 

2182 

*  Horizontal  web. 
X  A  represent  in  ij  area  of  section,  d  the  depth  i in  pound  I. 

4431.  1.443, 

I  I f  Depth  of  opening:,  3  inches. nches,  I  the  length  in  feet,  and  W  the  breaking  weight 
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Comparative  Resistance  or  Strengtli  of"  Grirclers,  IBeaixis etc.,  of  I^civial  Sectional  Areas  and.  Depths. 
Description  of  Girder  or  Beam. Comparath Strengtli. 

Rectangular  beam  
Grooved  beam,  top  and  bottom  flanges  of  equal  areas,  of  uniform 

thickness  of  metal  throughout,  and  the  depth  three  times  the breadth  (Tredgold)  
Single-flanged  beam;  width  of  flange  five  twelfths  of  height;  width of  rib  half  the  depth  of  flange  (Watt  and  Fairbairn)  
Open  beam,  the  space  half  the  depth  

1.16 

1.27 
1.5 

1.60 
X Double-flanged  beam  ;  area  of  top  flange  one  sixth  of  that  of  bot- 

tom :  depth  of  top  flange  half  that  of  bottom;  width  of  bottom 
flanga  \%  the  depth  of  the  beam  (Hodgkinson)  

To  Compute  tlie  Transverse  Strengtli,  or  tlie  Breaking 
Weight  of  Cast-iron  Grirclers  or  Beams,  of  various  Fig- 

ures ana  Sections,  wlieii  Supported,  at  "both.  Ends,  tlie Weight  applied,  in  the  [Middle. 

When  the  Section  of  the  Girder  or  Beam  is  that  of  a  Rectangle,  a  Grooved, 
Open,  Singh  or  Double  Flanged  Beam,  and  is  alike  to  any  of  the  Exam- 
pies  given  in  the  preceding  Table. 
Bulk  1.*— Divide  the  product  of  the  area  of  the  section,  the  depth,  and the  T  alue  for  the  girder,  etc.,  from  the  Table,  by  the  length  between  the supports  in  feet,  and  the  quotient  will  give  the  breaking  weight  in  pounds. Example.— The  dimensions  of  a  Hodgkinson  beam,  having  top  and  bottom  flanges in  the  proportion  of  1  to  6,  give  an  area  of  section  of  25.6  square  inches,  a  depth  of 2010  inches,  and  a  lengtli  between  its  supports  of  18  feet ;  what  is  its  breaking  weight? 
Note.— In  consequence  of  the  increased  area  of  the  metal  over  the  example  given in  the  Table,  the  unit  of  Value  of  3650  is  (page  465)  reduced  to  3500. _      25.0x2X5x3500     1S36S0O     ,  , 
Then   —  x     ̂      =102044.4  lbs. 
2.  From  tlie  product  of  the  breadth  and  square  of  the  depth  in  inches  of the  rectangular  solid,  the  dimensions  of  which  are  the  depth  and  the  great- est breadth  of  the  beam  in  its  centre,  subtract  the  product  of  the  breadths and  the  square  of  the  depths  of  that  part  of  the  beam  which  is  wanting  to make  it  a  uniform  solid,  and  then  proceed  to  determine  its  resistance  by the  rule  for  the  particular  case  as  to  its  being  supported  or  fixed,  etc. 

nJ!^l\^V™v  V!103  a,re  a?Plicable  to  all  cases  where  the  flange  of  the  beam  is  set, 
IS n jVlie  i1'1  w*ien  "ie  beam  rests  upon  two  supports,  or  contrariwise,  as  to position  of  flange,  when  the  beam  is  fixed  at  one  end  only. 
fh?'TolTrhe>n  t*1^aPe.un(Ier  consideration  is  alike  in  its  general  characters  to  one  in 
f ,  r  ht»in£i  hi    ,f  ?  S°me  .°ne  or  more  point^  an  increase  or  decrease  of  the  metal 

^mt^JX^e  L™e  of  the  value> according  as  the  diff<™  ma>' 
rWn 'hnf  ̂   •  H  ̂ll^  ?**  wiU  break  a  Hodf?kinson  beam  of  the  following dimensions,  10  feet  m  length  between  its  supports,  the  load  applied  in  its  middle  ? 
*  Jhe.  utili}y  of  these  rules  in  preference  to  those  of  Hodgkinson  Fairbairn  Tredgold  Hughes 

men  both  n  w, tu  «  i  f  f  a  uniform  value  or  strength;  and  when  the  range  in  this  ele- 
S  st  elth  tl  e  w^i  V  t  1 ' 't  %  U  lrnPerat,ve  tliat-  ̂   »  structure  of  iron  of  the  highest  trans- 
W^Sfi;t:iSt2&qU,reraent9  °f  di-ensions  of  the  lowest  transverse  strength 
fo™  VStio!!r^«efnlToi,t  not  °n)\,Tnri  in.  tbi*  ru,e  is  that  consequent  upon  any  peculiarity  of flange  «r™t toliZ'J   i  r "T',1"  that       fhe  Hodgkinson,  or  like  beams,  when  the  area  of  one 
Slfo?    •   «  ,  i    -      i-Tv  f  n  f,eCtl7'  amVhis  flantre  is  other  than  below  when  the  beam w  ».ilTurw  or  is  nxea  at  Doth  enrl«,  or  than  above  when  tlie  beam  is  fixed  at  one  end. 
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Top  flange   7x1  inch- 
Bottom  flange  21x2  " Width  of  web   -8 

Whole  depth  of  beam   21  ins. 
Area  of  whole  section   63.4  u 
Dimensions  of  rectangle  . .  21x21  u 

Hence  21x212  =  9261  ins. 
1  .8  =  C.2  ins.  —  ividth  of  space  between  both  extremities  of  top  flange  and  rib. 
21  2  +  1  =18=  depth  of  space  between  top  and  bottom  flanges. 

Hence  6.2X1S2  =  2008-8. 
21  T  =  14=  width  of  space  between  both  extremities  of  top  and  bottom  flanges. 
21  2  =  19  =  width  of  space  above  bottom  and  outside  of  top  flange. 

Hence  14X192  =5054.  %  Sum,  T0C2.8. 
And  9261  —  7062.8x4x460*  =  40446S8  =  difference  of  products  of  the  breadth 

and  of  the  depth  of  the  circumscribing  solid,  and  the  breadth  and  square  of  the  depth 
of  the  parts  wanting  to  complete  the  rectangle,  multiplied  by  four  times  the  value 
of  the  metal,  which     10  for  the  length  =  40446S.8  lbs. 

In  the  example  given  above,  the  formulae  of  various  authors  give  the  fol- 
lowing results  : 2 

Hodgkinson— -gj-X  {bd*  —  (b  —  b')d'3)  =  'W  in  tons,  d  representing  depth  of 
beam,  d'  depth  to  bottom  flange,  b  breadth  of  bottom  flange,  b'  thickness  of  vertical web,  all  in  inches,  I  length  in  feet,  and  W  weight  in  tons. 

•        2  x  (21 X 213  —  (21  —  .8)X193)  ==  177.55,  which  X 2240  =  397  722  lbs. "3X21X10 
2  166  ad                                                n  2.166x42x21 

Fairbairn.  —  =  W,  a  represent' g  area  of  bottom  flange  ;  ;.  
=  191.1,  which  X  2240  =  428  064  lbs. 

Hughes.—  ̂   =  W  ;  /.  2X412QX21  =  176.4,  which  X 2240  =  395 136  lbs. 

Barlow.— .*'1B^Ad  — W;  .-.  1-13x^-4x21  — 150.4,  which  x2240  =  336  896  lbs. 
Experiments  upon  the  breaking  weight  of  girders  of  English  cast  iron 

have  given  the  following  results  : Dimensions  of  Girders.       1  and  2.  3. 
Top  flange   3%Xl%  ins-  *%Xl%  ins. 
Web....    IX  w  IX  n 
Bottom  flange   9    X*K  "  1#X2&  " 
Whole  depth   22  "  24^ 
Area  of  bottom  flange   11U  "  33% 
Whole  area   39.69  sq.     "  70 .69  sq.  " 
Length  between  supports   19     ft.  30%  ft. .  ,  (1 — 116550  lbs.  o     -[akoc\q  jic- 
Breaking  weight  i  2  —  125350  u  0 — 

Breaking  Weights  computed  "by  various  •  IForrrvuIis?. 1  and  2. 1  and  2. 
Bv  Huclie*  58  352  lbs.  119  240  lbs.  I  By  Hodgkinson  94  998  lbs.  139  0S2  lbs. 
«  Falfbaim'.:  63213  «  129272  «  |  "  Barlow....  116323  «  141120  « 
Formula  of  Table,  page  406,  using  3300  and  2600t   105701  "     144S20  " 

Comparative  "Valnes  of  Cast-irorL  Bars,  Hollow  G-irders, 
or  Tixbes  of  various  [Figures  (English  Iroii)- 

Square  bar,  small   1« 
Square  bar,  large  75 
Round  bar,  small  C75 
Square  lubes,  uniform  thickness  ..  1.075 

Rectangular  tubes,  uniform  thickness.  ,85 
Circular  tubes,  uniform  thickness  . . . ,  ,9 
Ell  iptic  tubes,  uniform  thickness  95 

*  Assumed  breaking  weight  of  the  metal,  if  of  American  iron.  In  fW"?^,^^*^^!^ 
home  in  mind  that,  the  greater  the  area  of  the  section  of  the  metal,  the  less  its  strength,  and  the longor  the  beam,  the  greater  the  risk  of  deflection  from  a  flaw  in  its  structure. 

+  This  is  an  interesting  case,  as  it  exhibits  the  great  reduction  of  the  value  consequent  upon  an  in- crease  of  dimensions,  an  the  proportionate  value  for  a  girder  of  the  proportion  of  flanges,  but  of  small dimensions,  would  be  3200,  whereas  it  is  but  2600. 
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'Transverse  Strengtli  of  AVrottglit  -  iron  Grirders  ancl 
Beams,  cled\Lcecl  from  tlie  Experiments  of  Barlow, 
Fairbairri,  Hxiglies,  etc. 

Reduced  to  a  uniform  Measure  of  One  Inch  in  Depth,  one  Foot  in  Length,  supported 
at  both  Ends ;  the  Stress  or  Weight  applied  in  the  Middle. 

Flanges. 

1: 

i  ii 
)S  OF 

3 s 
a 

.© 

■£  6 ii 

§  ii mS  >' 

DEIt 
EAM. c o 

tdt
h  of We

 

pth  
of 

o 

P~  § 

ength  ] 

:h  of  S< 

o a | I 

an  t-n 

Sq.  Ins. Sq.  Ins. 
Inch. Inch. Inch. Sq.In. 

Lbs. Lbs. Lbs. 

] 
2.5  X  1 4     X  -33 

ii 
U 

(. —  2.5 =z  1.52 .325 
8.38 4. 6.295 152000 20952 

2500 

/ 
( 

2.S5X  .8S 
=  1.08 .31 2.5 2.85 1.73 12560 7260 2900 

11 
I 
( 

 1  08 

3  5  X  .6 

.31 2.5 2.S5 1.73 12032 6955 2750 

( eh  2.1 .8 3.5 
3.5 

6.25 49280 
7822 

2200 

J.boX  .33 V 

1 

— :  .944 
5   X  .25 —  1.25 

  Oil 
.G6 

3.7 
2.86 3.35 5C000 14433 3800 

14  < 2  of  2.25  X 
2.25X  .3 —  o.S2 .54 2.6 

5. 
4.07 234S5 5770 2250 

I 2  of  3.5  X _  OI  ...'J  X 1  5  v  5 3.5  X  .5 
—  7   7   t .37 16. 7.3T 19.92 768000 3S593 2400 

2  of  2. 125  X 9  nf  9  1  9*W 
28  —  1  19 .25 

7. 

4.5 4.26 170660 40345 5S00 Thick. of Plates. — — .065 5.8 3.8 1.24 23670 140S9 3200 — — .061 
3. 

1.95 .6 9450 15750 5200 — .1325 6. 
4. 

2.62 75600 2SS55 
4700 — — 124 24 15. 9.6 375000 3!)  063 1600 

z 
— 

!'879 

23.75 15.5 
21.2 1536000 72452 3000 .525 24. 16. 
41.45 3864000 93221 

390,') 

.75 
36. 24. 87.75 4310400 149333 49 00 

9.6  X-252 9.CX.0T5 Feet. Feet. as  2.419 =  .72 .074 9.5 
9.5 4.36 146528 33C07 3450 

9.25X.149 9.25X.269 =  1.37S ==  2,483 .059 18.25 9.25 6.03 119210 1970S 10:0 
2.25X.26 2.25X.2G 
b=  .585 =  .585 .131 15. 2.25 5.1 452400 SS706 5500 

1    X  .2S2 1    X  .110 =  .282 =  .116 .067 8. 
1. 1.47 123794 81214 10300 

24.* 
128 54. 

2.92  45:82 
9443400 206096 3800 .375t. 

i: 
-_{ .25  b. k 

16. 
12.94 1S8160 14540 6050 

.125  s. .143 15. 9.75 5.50 278250 50045 3300 i 
A  - .0408 12. 

12. 

1.4 
44200 31571 2600 .095 24. 

24. 
7.13 238629 41743 1715. 

*  Thickness  of  plates,  bottom,  .156;  top,  .1-J7;  sides,  . t  The  lateral  strength  of  this  was  ascertained  to  be  38 iinate  deflection  was  1\  ina. 

K  R* 

•9.    Area  of  bottom,  8.8  ins. 
0,  or  .613  of  its  vertical  strength. 
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The  above  and  many  of  the  preceding  results  are  deduced  from  girders  of  the 
length  of  from  20  to  30  feet ;  hence,  when  the  length  is  less,  the  breaking  weight 
may  be  increased,  in  consequence  of  the  increased  stability  of  the  girder. 

These  results  are  very  conclusive  of  the  correctness  of  the  formula  used,  viz.,  ̂LX' 
as  will  be  seen  in  the  cases  here  given,  in  the  10th  and  15fch  cases,  where  the  rela- 

tions between  breadth,  depth,  and  thickness  are  nearly  identical ;  and  in  the  9th 
and  15th  cases,  where  the  relations  between  breadth  are  the  same,  but  the  thickness and  consequent  area  differ. 
To  Compute  tlie  Transverse  Strength,  or  the  Loads  that 
may  he  home  by  Wrought-iron  Grirders,  Beams,  or 
Tubes,  of  various  Figures  and.  Sections,  when  Support- 

ed at  both  Ends,  the  Load  applied  in  the  Middle. 
When  the  Section  of  the  Girder  or  Beam  is  that  of  any  of  the  Figures  in 

the  preceding  Table.  Rule.— Divide  the  product  of  the  area  of 'the  sec- tion, the  depth,  and  the  Value  for  the  girder,  etc.,  from  the  Table,  by  the 
length  between  the  supports  in  feet,  and  the  quotient  will  give  the  de- 

structive weight  in  pounds. 
Note  1. — The  Rule  given  on  page  467  for  cast-iron  girders,  etc.,  will  also  apply here,  when  the  metal  is  of  such  thickness  as  to  give  the  girder,  etc.,  full  resistance  to 

lateral  flexure,  and  when  the  construction  is  such  as  to  bring  the  stress  upon  the  ten- sion and  compression  of  the  metals,  and  not  upon  the  rivets. 
For  Note  2,  see  page  46T. 
3.— The  Values  here  given  are  based  altogether  upon  experiments  with  English  iron. 
Example. — What  is  the  load  that  will  destroy  a  wrought-iron  solid  grooved  beam of  the  following  dimensions,  and  10  feet  in  length  between  the  supports  ? 
Top  flanges  3xlK  ins.  I  Width  of  web  4  inch 
Bottom  flange  4x  .5  u    |  Depth  of  beam  9.  u 

3 X 1. 25  -f  4 X . 5  —  3. 75  -f  2  =  5. T5  ins. ,  which  -f  9  —  1.25  +  .5X •  4  =  2.90  =  8. 65  ins. 
=  area  of  section.    Then  8-65><9X30Q0  =  23355  lbs. 

Formulas  for  Beams  and  Tubes  of  Wrought  Iron. 
Fairbairn.* 

2S0OAri           "      ,          2912  Ad Solid  beams,  =  L.    Plate  beams,  -  =  L. 
„  v  ,  .    ,  ,  ,      1T92  to  2800  A  d     „                            1680  to  5510  A  d 
Cylindrical  tubes,  —  L.    Elliptical  tubes,  —  j— — -  =  L. HODGKINSON. 

60000  to  90000  (6  dp  —  V  d'5) 

Sid  = 

Rectangular  beams, 
_  .    ,  .  ,        3.1416x22500  to  35500 Cylindrical  tubes,   —  (r4  —  r'4)  ==  L. 

3.1416x29000  to  37000  (cfi  —  c't'*) Elliptical  tubes,   —  L : A  I 

b,  b',  and  d,  d'  representing  the  external  and  internal  breadths  and  depths,  r  and  r' 
the  external  and  internal  radii,  and  c  c'  and  t  V  semi-conjugate  and  semi-transverst diameters,  and  I  the  length  in  inches. 

Comparative  Value  of  Wrought-iron  Bars,  Hollow  G-ird- 
ers,  or  Tubes  of  various  Figures  (English  Iron). 

Square  bar   250  |  Round  bar  195 
Rectangular  tubes,  plates  at  lop  and  bottom  thick,  at  sides  thin   425 

Welded  Tubes  without  Rivets. 
Rectangular,  uniform  thickness  3T5 
Circular,  uniform  thickness  325 
Elliptic,  uniform  thickness  3f>0 Circular  tubes,  riveted  190 

Rectangular  tubes,  riveted  280 
Elliptic  tubes,  riveted  250 
Flanged  beams  240 Plate  beams  320 

*  See  Report  of  Commissioners  on  Railway  Structures,  1849. 
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CEUSHIXG  STRENGTH. 

The  Crushing  Strength  of  any  body  is  in  proportion  to  the  area  of  its 
section,  and  inversely  as  its  height. 

In  tapered  columns,  the  strength  is  determined  bj'the  least  diameter. 
Crushing  Strength  of  various  Materials,  deduced  from 
the  Experiments  of^laj.  Wade,  Hoclgkin&on,  and.  Capt. 
Meigs,  TT.S.^.. 

Reduced  to  a  uniform  Measure  of  One  Square  Inch. 
Figures  and  Material.  Figures  and  Material. 

Prisms. 
Cast  Iron. 

American,  gun-metal  u  mean  
English,  Low  Moor,  No.  1  "  «*        No.  2  

"      Clyde,      No.  3  
41      Stirling,  mean  of  all  . . u  *;  extreme  Weocgut  Iron. 

American  
•*  mean  

English  | Various  Metals. 
Fine  brass  
Cast  copper  Cast  steel  
Cast  tin  
Lead  

Woods. 
Ash  
Beech  
Birch  
Box  
Cedar,  rod  
Chestnut  
Elm  
Hickory,  white  
Locust  
Mahogany,  Spanish  
Maple  
Oak,  American  white  

M    Canadian  white  "  "  live  

Crushing 
Weight. 

English  . 
Pine,  pitch  , 
u  white  
"    yellow  , Spruce,  white  
Sycamore  
Teak  Walnut  

Stones,  Cements,  etc. 
Brick,  hard  

Lbs. 
1T4S03 
129000 
62450 
92330 

106039 
122395 
131400 
12T720 
83500 
65200 40000 

1C4S00 117000 
295000 
15500 
7730 
6663 
6963 
7969 10513 
5968 
5350 
6831 
8925 
9113 
8198 8150 
6100 
59S2 
6850 £500 6484 
8947 
5775 
8200 5350 
7082 12100 6045 

2000 
4368 
4000 
800 

Clay,  fine,  baked  , 
u      "    rolled  and  baked  .. , 

Common  brick  masonry  
Crown  glass  
Craigleith  Limestone,  English 

Aberdeen  granite  . .  u 
Arbroath   " 
Caithness   " 
Limestone   " 
Portland   « 
Portland  cement ...  « u  mean  u 

Portland  oolite   u 
Fire-brick,  Stourbridge  
Freestone,  Belleville  11  Caen  
u  Connecticut  u  Dorchester  
"        Little  Falls  Gneiss  

Granite,  Patapsco  "  Quincy  
Marble,  Baltimore,  large  w  "  eMail  

u      East  Chestert  
"      Hastings,  N.  Y  "  Italian  
M      Lee,  Mass  
"      Montgomery  co.,  Pa. . . u  Stockbridge§  
"      Symington,  large  "  u  fine  crystal  u  u  strata  horizontal 
u  u  strata  vertical . . 

Mortar,  good  "  common  
Normandy  Caen  
Portland  cement  1,  sand  1  
Roman  u   Sandstone,  Adelaide  

"        Acquia  Creek*  "  Senecat  
Stock  brick  
Sydney  u   

*  Same  as  that  of  the  Capitol,  Treasury  Department,  and  Patent  Office,  Washington,  D.  C. t  Same  as  that  of  the  Smithsonian  Institute.        J  Same  as  that  of  the  General  Post-office,  Wash'n. I  bame  as  that  of  the  City  Hall,  New  York.        ||  Same  as  that  of  the  Nat.  Wash.  Monument. 
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When  the  height  of  a  prism  or  column  is  not  5  times  its  side  or  diame- 
ter, the  crushing  strength  is  at  its  maximum. 

Experiments  upon  cast-iron  bars  give  a  crushing  stress  of  5000  lbs.  per 
square  inch  of  section  as  just  sufficient  to  overcome  the  elasticity  of  the 
metal ;  and  when  the  height  exceeds  3  times  the  diameter,  the  iron  yields 
by  bending. 
When  it  is  10  times,  it  is  reduced  as  1  to  1.75 ;  when  it  is  15  times,  it  is 

reduced  as  1  to  2 ;  when  it  is  20  times,  it  is  reduced  as  1  to  3;  when  it  is 
30  times,  it  is  reduced  as  1  to  4 ;  and  when  it  is  40  times,  it  is  reduced  as 
Ito  6. 

The  experiments  of  Mr.  Hodgkinson  have  determined  that  an  increase 
of  strength  of  about  one  eighth  of  the  breaking  weight  is  obtained  by  en- 

larging the  diameter  of  a  column  in  its  middle. 
In  cast-iron  columns  of  the  same  thickness,  the  strength  is  inversely 

proportional  to  the  1,7  power  of  the  length  nearly.    Thus,  in  solid  col- 

^3-6 

limns,  the  ends  being  flat,  the  strength  is  as  y^y,  I  presenting  the  length, 
and  d  the  diameter. 

Hollow  columns,  having  a  greater  diameter  at  one  end  than  the  other, 
have  not  any  additional  strength  over  that  of  uniform  cylindrical  columns. 
Experiments  upon  wrought  iron  give  a  mean  crushing  stress  of  74250 

lbs.  per  square  inch.  Cast  iron  is  decreased  in  length  nearly  double  what 
wrought  iron  is  by  the  same  weight ;  but  wrought  iron  will  sink  to  an)- 
degree  with  little  more  than  26680  lbs.  per  square  inch,  while  cast  iron  will 
bear  97500  lbs.  to  produce  the  same  effect. 

A  wrought  bar  will  bear  a  compression  of  g^j  of  its  length,  without  its 
utility  being  destroyed. 

With  cast  iron,  a  pressure  be}-ond  26680  lbs.  per  square  inch  is  of  little, 
if  any,  use  in  practice. 

For  equal  decrements  of  length,  wrought  iron  will  sustain  double  the 
pressure  of  cast  iron. 

Glass  and  the  hardest  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  power  of  stones,  etc.,  to  resist  the 
effects  of  freezing  is  a  fair  exponent  of  that  to  resist  compression. 

"VVrouglit-iron  3?lates,  Cylindrical  Tubes. 
Length. I Width. Thickness. Area. Crush. Weight 

Ins. Ins. Ins. Lbs. 
2.98 .497 1.48 815 
3.01 .766 2.3 

3379 

External. Internal. 
1.495 1.292 .444 14661 
2.49 2.275 .804 

29779 

6.366 6.106 2.547 35886 

4.1 4.1 .504 
10980 

4.1 4.1 1.02 19261 4.25 4.25 2.395 
&15&S 

8.4 
4.25 

6.89 29981 
8.1 

8.1 
2.07 

132760 

8.1 8.1 3.551 19800 

Plates. 
10  feet  
10  "   
Hollow  Cylinders. 

10  feet  
10  "   
10  "   
Rectangular  Tubes. 

I  f 
10  )■  lap-riveted  ■{ 10  j 
10  J  I 

C lap-riveted, and  j 
10  two  internal  di-  > 

(  aphragm  plates  ) 
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Comparative  Plesistan.ce  of  Cast  and  Wrought  Iron  Bars 
to  "bear  Compression  in  the  Direction  of  their  Lengtlx, set  Vertical,  and.  inclosed,  in  a  ITx-anae  to  maintain  them in  that  ^Position. 

One  Inch  Square,  and  Ten  Feet  in  Length. 
DECREASE  IX  LENGTH. 

Weight. Cast  Iron. Wrought  Iron. 

|  Weight. 

Cast  Iron. Wrought  Iron. 
Lbs. Ins. Ins. Lbs. Ins. Ins. 
5054 .051 .028 27498 .3 .143 
9578 .102 .052 31978 .357 .174 

14058 .151 .073 40938 .503 

Ultimate  Practical  Resistance. 

Cast  Iron—  Mean  weight,  12800  lbs. ;  mean  decrease,  .135  ins. 
Hence,  the  length  of  the  bars  being  10  feet  =  120  ins.,  .  Jf §  =  888,  a  cast- 

iron  bar  will  bear  a  compression  of  gjg  of  its  length  without  its  utility 
being  destroyed,  although  its  elasticity  will  be  materially  injured. 

Wrought  Iron.—  Mean  weight,  26650  lbs.  ;  mean  compression,  .139  ins. 
Hence,  the  length  of  the  bars  being  10  feet  =  120  ins.,  .Jf  §  =  863,  a 

wrought-iron  bar  will  bear  a  compression  of  guy  of its  length  without  its utility  being  destroyed. 

To  Compute  the  Crushing  Strength  of  a  Solid  Cylindrical Column  of  Cast  Iron. 

jTTi  X 100000  =  W,  d  representing  the  diameter  of  the  column  in  inches,  I  its 
length  in  feet,  and  W  the  crushing  weight  in  pounds. 
Example. — What  is  the  resistance  to  crushing  of  a  solid  cylinder,  2  inches  in  di- ameter  and  5  feet  in  length  ? 23-6     12.125    Hfxnn  n — ■  =  — — ;X1000CO  = 51'7  15.420 :  7S601  lbs. 

For  Rectangular  Columns  put  1G0000  for  the  multiplier. 

To  Compute  the  ultimate  Crushing  Strength  of  a  Hollow- 
Cylindrical  Column  of  Cast  Iron. 

D3-6  —  d3-6 
 pTj  X 100000  =  W,  D  representing  the  greater  diameter. 

Example.— What  is  the  resistance  to  crushing  of  a  hollow  cylindrical  column  hav- 
ing diameters  of  2  and  1.25  inches,  and  a  length  of  7  feet? 

2  3- e  _  1.253  6     12.125  —  2.233 -  X 100000  =361C0  lbs. 27.332 

For  Wrought  Iron  and  Oak 
Solid  cylinder,  wrought  iron  .  170000 
Solid  cylinder,  oak   10S80 
Solid  cylinder,  pine   8200 
Hollow  cylinder,  wrought  iron . . .  170000 
Hollow  cylinder,  oak   108S0 

Hollow  cylinder,  pine   S200 
Rectangular  column,  wrought  iron  270000 
Rectangular  column,  oak   17400 
Rectangular  column,  pine   11280 

The  above  formula)  are  those  of  Hodgkinson  for  the  breaking  or  crush- 
ing weight.    The  formula)  of  Euler,  which  are  for  the  incipient  breaking 

d4 

weight,  are  applicable  for  small  diameters,  and  are  thus  :  -p  x  100000  =  W. 
D4  —  d* 

for  solid  cylinders,  and  — j-2 —  x  100000  =  W,  for  hollow  cylinders. 
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The  safe  load  that  may  be  borne  by  a  column  of  cast  iron,  independent 
of  any  considerations,  regarding  the  operation  of  its  ends  as  to  their  be- 

ing flat  or  rounded,  etc.,  is  from  5000  to  8000  lbs.  per  square  inch  for  short 
or  stable  bodies,  or  about  %  of  the  result  by  the  above  rule. 
Note.  The  preceding  formulae  apply  to  all  columns  where  the  length  is  not  less 

than  about  30  times  the  external  diameter ;  for  columns  shorter  than  this,  a  modifi- 
cation of  the  formulae  is  necessary,  as  in  shorter  columns  the  breaking  weight  is  a 

large  portion  of  that  necessary  to  crush  the  column. 
For  Columns,  the  Length  of  which  exceed  5  Diameters  and  is  less  than  30, 

— — —  W,  w  representing  the  iveight  as  obtained  from  the  preceding  formula, u>-f-.75  c 
and  c  the  crushing  resistance  of  the  material  in  pounds. 

Weight  that  can  "be  borne  with  safety  by  Cast-iron  Col- umns ill  lOOO  LiDS.- [Trenton  Iron  Co.) 
Length. 2 3 4 5 6 7 8 9 10 11 12 13 

14 

15 Feet. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. 
Ins. 

Ins. 
Ins. 

5 12.4 44 
102 181 288 414 560 72S 916 1126 1354 

6 9.4 30 88 164 261 3S6 532 
698 8S4 10S2 1320 1570 

7 T.2 ao TO 146 242 360 502 660 850 1056 12S2 
1530 179S 2086 

8 24 GG 
130 218 

332 
470 

630 S12 1016 
1240 

14S6 1754 2040 
9 20 56 114 198 306 440 596 774 974 1196 1440 170G 1992 

10 18 48 102 180 282 410 560 739 
932 1152 1392 1656 

1940 
12 3S 80 136 238 354 494 65S 846 1056 1292 1550 1828 
14 28 G4 

122 200 304 432 
586 774 966 

1192 1440 1712 16 52 100 110 262 37S 520 6S6 87S 1094 1332 1506 18 44 84 144 
2% 

332 
462 616 

796 1000 1228 14S2 20 

72 
124 

196 292 410 552 720 912 1130 1372 
For  Tubes  or  Hollow  Columns,  subtract  the  weight  that  may  b3  borne  by  a  col- umn of  the  diameter  of  the  internal  diameter  of  the  tube.  The  thickness  of  metal 

should  not  be  less  than  one  twelfth  their  diameter. 

RelativeTalue  ofvarious  Woods,  tlieir  Crushing  Strength, 
and  Stiflhess  "being  combined. 

Ash   3571 
Beech   3079 
Cedar   700 
Elm   346S 

English  oak   4074 
Mahogany   2571 
Quebec  oak   2927 
Spruce   2522 

Sycamore  1833 Teak   6555 
Walnut   237S 
Yellow  pine  2193 

Comparative  "Value  of  Long  Columns  of  various  Mate- rials. 
Cast  Iron   1000  ]  Oak  1C8.8  |  Pine   7S.5 

T3  ridges. 

Iron  bridges  with  a  circular  arc  should  have  a  rise  of  .1  of  the  chord 
line,  and  a  width  of  pier  of  .1  of  span. 

Girders  combined  with  Suspension  Cliains.-[P.  W.  Barlow.] 

Iii  a  suspended  girder,  the  stress  is  resisted  by  back  chains  or  wire  rope. 
The  economy  of  metal  in  a  suspension-bridge,  under  the  average  cir- cumstances of  its  attainable  depth,  is  from  %  to  %  of  that  in  a  tubular  or 

simple  girder-bridge  of  equal  strength  and  rigidity. 

Comparison  "between  the  Two  largest  Railway  Bridges. 
■;;!lfjara—Wire.  Having  a  roadway,  and  a  single  railway  of  three 

gauges  in  a  span  of  820  feet ;  weighs  1000  tons. 
Britannia— Tubular.  Having  a  double  line  of  railway  in  a  span  of  4GG 

feet ;  weighs  3000  tons. 
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Trussed  Beams  ov  Grirders. 
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  unison 
with  each  other  al  the  stress  due  to  the  load  required  to  be  borne,  their  combination 
will  effect  an  essential  saving  of  material.  In  consequence  of  the  difficulty  of  adjust- 

ing a  tension-rod  to  the  strain  required  to  be  resisted,  it  is  held  to  be  impracticable  to construct  a  perfect  truss  beam. 
Fairbairn  declares  that  it  is  better  for  the  tension  of  the  truss  rod  to  be  low  than 

high,  which  position  is  fully  supported  by  the  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  elon- 

gation when  acted  upon  by  a  tensile  force ;  and,  when  these  metals  are  released  from 
the  action  of  a  high  tensile  force,  the  set  of  the  one  differs  widely  from  that  of  the 
other,  that  of  wrought  iron  being  the  greatest.  Under  the  same  increase  of  tempera- 

ture, the  expansion  of  wrought  is  considerably  greater  than  that  of  cast  iron;  1.S1* 
tons  per  square  inch  is  required  to  produce  in  Avrought  iron  the  same  extension  as  in cast  iron  by  1  ton. 

Fairbairn,  in  his  experiments  upon  English  metals,  deduced  that  within  the  limits 
of  strain  of  13440  lbs.  per  square  inch  for  cast  iron,  and  30240  lbs.  per  square  inch 
for  wrought  iron,  the  tensile  force  applied  to  wrought  iron  must  be  2.25  times  the 
tensile  force  applied  to  cast  iron,  to  produce  equal  elongations. 

The  relative  tensile  strengths  of  cast  and  wrought  iron  being  as  1  tol.G5,  and  their 
resistance  to  extension  as  1  to  2.25,  therefore,  where  no  initial  tension  is  applied  to  a 
truss  rod,  the  cast  iron  must  be  ruptured  before  the  wrought  iron  is  sensibly  extended. 

The  resistance  of  cast  iron  in  a  trussed  beam  is  not  wholly  that  of  tensile  strength, 
but  it  is  a  combination  of  both  tensile  and  crushing  strengths,  or  a  transverse  strength  ; 
hence,  in  estimating  the  resistance  of  a  girder,  the  transverse  strength  of  it  is  to  be 
us-cd  in  connection  with  the  tensile  strength  of  the  truss. 
The  mean  transverse  strength  of  a  cast-iron  bar,  one  inch  square  and  one  foot  in 

length,  supported  at  both  ends,  the  stress  applied  in  the  middle,  is  about  900  lbs. ; 
and  as  the  mean  tensile  strength  of  wrought  iron  is  about  20000  lbs.  per  square  inch, the  ratio  between  the  sections  of  the  beams  and  of  the  truss  should  be  in  the  ratio 
of  the  transverse  strength  per  square  inch  of  the  beam  and  of  the  tensile  strength  of the  truss. 
The  girders  under  consideration  are  those  alone  in  which  the  truss  is  attached  to 

the  beam  at  its  lower  flange,  in  which  case  it  presents  the  following  conditions: 
L  When  the  truss  runs  parallel  to  the  lower  flange.  2.  When  the  truss  runs  at 

an  inclination  to  the  lower  flange,  being  depressed  below  its  centre.  3.  When  the 
beam  is  arched  upward,  and  the  truss  runs  as  a  chord  to  the  curve. 

Consequently,  in  all  these  cases  the  section  of  the  beam  is  that  of  an  open  one  with 
a  cast-iron  uppsr  flange  and  web,  and  a  wrought-iron  loAver  flange,  increased  in  its 
resistance  over  a  wholly  cast-iron  beam  in  proportion  to  the  increased  tensile  strength 
of  wrought  iron  over  cast  iron  for  equal  sections  of  metals. 

Aa  the  deductions  of  Fairbairn  as  to  the  initial  strain  proper  to  be  given  to  the 
truss  are  based  upon  a  cast-iron  beam  with  the  truss  inserted  into  the  upper  flange 
of  the  beam,  whereby  it  was  submitted  almost  wholly  to  a  tensile  strain,  they  will 
not  apply  to  the  two  constructions  of  trussed  beams  under  consideration. 

A3  each  construction  of  trussed  beam  will  produce  a  strain  upon  the  truss  in  ac- 
cordance witli  the  position  of  the  neutral  axis  of  the  section  of  the  whole  beam,  and 

as  the  extension  of  the  truss  will  vary  according  as  it  is  more  or  less  ductile,  it  is  im- 
practicable, in  the  absence  of  the  necessary  elements,  to  give  an  amount  of  initial 

strain  that  would  be  applicable  as  a  rule. 
From  the  various  experiments  made  upon  trussed  beams,  it  is  shown: 
1.  That  their  rigidity  far  exceeds  that  of  simple  beams  ;  in  some  cases  it  was  from 

7  to  8  times  greater.  2.  That  when  the  truss  resists  rupture,  the  upper  flange  of  the 
beam  being  broken  by  compression,  there  is  a  great  gain  in  strength.  3.  That  their 
strength  is  greatly  increased  by  the  upper  flange  being  made  larger  than  the  lower 
one.  4.  That  their  strength  is  greater  than  that  of  a  wrought-iron  tubular  beam containing  the  same  area  of  metal. 

*  The  elongation  of  ast  and  wrought  iron  being  5500  and  10000,  hence  10000      5500  =-1.81. 
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Ttesnlts  of  Experiments  upon,  the  Deflection  of*  Bars, 
13 earns,  etc.,  ofvarious  Sections,  etc.  ;  "by-  XJ.  S.  Ordnance Corps,  Barlow,  ITairbairn,  Hodglrinson,  Steplienson,etc. 

Bar,  Beams,  etc.,  supported  at  both  Ends;  Stress  or  Weight  applied  in  the  Middle. 

Material  and  Section. 
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of 

Bea
rin

g. 
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Woods. 
Fir.  Rectangle  
u  Square  

Ash.  Cylinder  
u  u  hollow  
"  Square  

Yellow  pine.  Square  
Oak.  Square  
Pine.  Rectangle  Metals. 
Cast  iron,  English  

14  dry  sand,  square 
u       green  sand,  " 

^    Flange,  5X. 3....  I 
Flange,  5x.  3  j 

i     Flange,  1.5X.5... 

Flange,  23.9x3.125 6.5x1) 
area  18 j 

4.5X  .875) 9   Xl.25  / 
Rectangular, 

area  1.965 
Open  beam, area  2 } 

Wrought  iron. Square  . . . Rectangle . 
Flange,  4.5X. 5  ) 
Rib,  3.25  diameter,) 

Flanges,  2  of 

2." 

" 
 

2. 

I  Tubes,  thickness 

of  ) 
.25X.28V 1.25X.3  ) 

kness 
.03  in.) 
.525  uj 

k  Tubes,  thickness  ) I  .037  in.  j 

Corrugated  plates  

0 Tubes,  thicknes
s .0410  i 

.143 
Steel,  cast,  soft  
Brass,  cast  

J  Permanent  set. 
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The  Value  in  the  preceding  Table  is  for  the  Dejection  given;  henoe{ 
when  the  deflection  that  a  bar,  beam,  etc.,  may  be  permitted  to  bear  is 
given,  the  weight  it  may  bear  with  that  deflection  will  be  determined  by 
the  formula,  substituting  for  D  the  deflection  it  may  bear. 

Deflection  of*  Bars,  Beams,  G-iixlers,  etc. 
The  experiments  of  Barlow  upon  the  deflection  of  wood  battens  determ- ined that  the  deflection  of  a  beam  from  a  transverse  strain  varied  as  the 

breadth  directly,  and  as  the  cubes  of  both  the  depth  and  length,  and  that 
with  like  beams  and  within  the  limits  of  elasticity  it  was  directly  as  the 
weight. 

In  bars,  beams,  etc.,  of  an  elastic  material,  and  having  great  length 
compared  to  their  depth,  the  deductions  of  Barlow  will  apply  with  suffi- 

cient accuracy  for  all  practical  purposes ;  but  in  consequence  of  the  va- 
ried proportions  of  depth  to  length  of  the  varied  character  of  materials, 

of  the  irregular  resistance  of  beams  constructed  with  scarfs,  trusses,  or 
riveted  plates,  and  of  the  unequal  deflection  at  initial  and  ultimate  strains, 
it  is  impracticable  to  give  any  positive  laws  regarding  the  degrees  of  de- 

flection of  different  and  dissimilar  bars,  beams,  etc. 
In  the  experiments  of  Hodgkinson,  it  was  farther  shown  that  the  sets 

from  deflections  was  very  nearly  as  the  squares  of  the  deflections. 
In  a  rectangular  bar,  beam,  etc.,  the  position  of  the  neutral  axis  is  in  its 

centre,  and  it  is  not  sensibly  altered  by  variations  in  the  amount  of  strain 
applied.  In  bars,  beams,  etc.,  of  cast  and  wrought  iron,  the  position  of  the 
neutral  axis  varies  in  the  same  beam,  and  is  only  fixed  while  the  elastici- 

ty of  the  beam  is  perfect.  When  a  bar,  beam,  etc.,  is  bent  so  as  to  injure 
its  elasticity,  the  neutral  line  changes,  and  continues  to  change  during  the 
loading  of  the  beam,  until  it  breaks. 
When  bars,  beams,  etc.,  are  of  the  same  length,  the  deflection  of  one, 

the  weight  being  suspended  from  one  end,  compared  with  that  of  a  beam 
uniformly  loaded,  is  as  8  to  8  ;  and  when  a  beam  is  supported  at  both  ends, 
the  deflection  in  like  cases  is  as  5  to  8.  Whence,  if  a  bar,  etc.,  is  in  the 
first  case  supported  in  the  middle,  and  the  ends  permitted  to  deflect ;  and 
in  the  second,  the  ends  supported,  and  the  middle  permitted  to  descend, 
the  deflection  in  the  two  cases  is  as  3  to  5. 

Of  three  equal  and  similar  bars  or  beams,  one  inclined  upward,  one 
downward  at  the  same  angle,  and  the  other  horizontal,  that  which  has 
its  angle  upward  is  the  weakest,  the  one  which  declines  is  the  strongest, and  the  one  horizontal  is  a  mean  between  the  two. 
When  a  bar,  beam,  etc.,  is  Uniformly  Loaded,  the  deflection  is  as  the 

weight,  and  approximately  as  the  cube  of  the  length  or  as  the  square  of 
the  length  ;  and  the  element  of  deflection  and  the  strain  upon  the  beam, 
the  weight  being  the  same,  will  be  but  half  of  that  when  the  weight  is 
suspended  from  one  end. 

The  deflection  of  a  bar,  beam,  etc.,  Fixed  at  one  End,  and  Loaded  at  the 
other,  compared  to  that  of  a  beam  of  twice  the  length,  Supported  at  both 
ends,  and  Loaded  in  the  Middle,  the  strain  being  the  same,  is  as  2  to  1 ;  and 
when  the  length  and  the  loads  are  the  same,  the  deflection  will  be  as  16 
to  1,  for  the  strain  will  be  four  times  greater  on  the  beam  fixed  at  one  end 
than  on  the  one  supported  at  both  ends;  therefore,  all  other  things  being 
the  same,  the  element  of  deflection  will  be  four  times  greater ;  also,  as  the 
deflection  is  as  the  element  of  deflection  into  the  square  of  the  length, 
then,  as  the  lengths  at  which  the  weights  are  borne  in  their  cases  are  as 
1  to  2,  the  deflection  is  as  1 :  22x4=l  to  10. 

The  deflection  of  a  bar,  beam,  etc.,  having  the  section  of  a  triangle,  and 
supported  at  its  ends,  is  %  greater  when  the  edge  of  the  angle  is  up  than when  it  is  down. 

Ss 
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When  the  Length  is  uniform,  with  the  same  weight,  the  deflection  is  in- 
versely as  the  breadth  and  square  of  the  depth  into  the  element  of  de- 
flection, which  is  inversely  as  the  depth.  Hence,  other  things  being  equal, 

the  deflection  will  vary  inversely  as  the  breadth  and  cube  of  the  depth. 
Illustration.— The  deflections  of  two  pine  battens,  of  uniform  breadth  and  depth, 

and  equally  loaded,  but  of  the  lengths  of  3  and  6  feet,  were  as  1  to  T.8. 
If  a  bar  or  beam  is  c}Tlindrical,  the  deflection  is  1.7  times  that  of  a  square 

beam,  other  things  being  equal.  ^  3  ̂ Bars,  Beams,  etc.— When  Fixed  at  one  End,  and  Loaded  at  the  other,  ==  V, 
a  constant  quantity. 

When  Fixed  at  one  End,  and  uniformly  Loaded, 
3P  W 

8bd3D 
/3  W 

When  Fixed  at  both  Ends,  and  Loaded  in  the  Middle,  ̂    rf  3  p 

When  Supported  at  both  Ends,  and  Loaded  in  the  Middle,  —  bd3D 
5Z3  W 

When  Supported  at  both  Ends,  and  uniformly  Loaded,  QXlQbd-3J)  - 3  P  W 
When  Supported  in  the  Middle,  and  the  Ends  uniformly  Loaded,  j 

=  V. 

'  5Xl()^3D" When  Supported  at  both  Ends,  and  the  Weight  suspended  from  any  other  Point fYi  2  n  2  W 
than  the  Middle  ;  =  V,  I  representing  the  length  in  feet,  b  its  breadth,  d  its ■  lb 3  D 
depth,  W  the  weight  or  stress  with  which  it  is  loaded,  mn  the  distances  of  the  weight 
from  the  supports,  and  D  the  deflection  in  inches. 
Hence  in  order  to  preserve  the  same  stiffness  in  bars,  beams,  etc.,  the 

depth  must  be  increased  in  the  same  proportion  as  the  length,  the  breadth 
remaining  constant. 

The  deflection  of  different  bars,  beams,  etc.,  arising  from  their  own 
weight,  having  their  several  dimensions  proportional,  will  be  as  the 
square' of  either  of  their  like  dimensions. 

]sjOTS  in  tne  construction  of  models  on  a  scale  intended  to  be  executed  in  full  di- mensions, this  result  should  be  kept  in  view. 
Results  of  Experiments  upon  tne  Transverse  Strength 

and.  Deflection  of  Wrought-iron  Rails.— [Baelow.] 

Flanges,  2.25  
rib,  .05. 

"  2.6Xl.25ins.\ rib,  .85  f 
"  B.5X.6  in. 

rib,  8  
Head,  2.25x1  in. 
Flange,  3.5X 
Heaf,2.5X.6  ■ 

rib,  .6 
Bottom,  1.25X 

} 
1.25X1  in.  ) 
ib,  .75...  > 
,  3.5X.8  .  ) 

'.88) 

Weight Length 
Weight.  | 

Deflection. 

per 

of 
Depth. Area. For For  each 

Yard. Bearing. Weight. Ton. 
Lbs. Feet. Inch. Inch. Lbs. Inch. 

Inch. 

60 
2.75 4.5 6.166 2240 .027 

60 2.75 4.5 6.166 41S0 .031 
.004 60 2.75 4.5 6.166 17920 

.057 
.005 60 2.75 4.5 6.166 26680 .0S7 
.01 

75 4.5 

5. 

7.5 4480 .05 
75 4.5 5. 7.5 

20160* 

.105 .023 57 2.75 3.5 5.85 4480 

.05 57 
2.75 3.5 5.85 

17920* 
.152 

.039 
60 

2.75 
4. 6.7 

4480 .034t 60 2.75 
4. 6.7 

17920 .064 .082 
51 

3. 
4.5 5.55 6720* 

.024 

*  Destructive  weights. 
•  f  The  deflection  between  this  and  a  like  bar  to  this,  reversed,  was,  for  between  o  and  1U  tons veight,  as  .0074  and  .0059. J  Destructive  weight  1  tons. 
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As  it  isimpracticable  to  give  any  general  rule  for  the  deflection  of  bars, 
beam?,  etc..  of  different  lengths  and  sections,  reference  must  be  had  to  the 
results  of  previous  experiments  upon  bars,  beams,  etc.,  of  a  like  character 
to  that  of  those  for  which  the  deflection  is  required. 

Thus,  in  the  preceding  Tables,  page  476  to  478,  are  given  the  deflections 
ascertained  in  very  many  cases,  added  to  which  is  given  a  value  or  coii- 

stant,  obtained  by  the  formula  16db3jy 
In  the  first  and  second  examples  of  the  Table  are  results  of  two  experi- 

ments with  a  like  material,  but  of  differing  dimensions. 
In  order,  then,  to  determine  the  relative  values  of  the  Constants,  the  va- 

rying elements  of  the  case  must  be  reduced  to  a  uniform  measure. 
In  the  examples  referred  to,  the  Values  or  Constants  are  as  187  and  202, 

their  sections  (b  d 3)  as  12  and  12,  the  weights  applied  as  120  and  180,  and 
the  lengths  as  o3  and  G3. 

If  the  deflections  were  in  conformance  with  the  formula,  the  Values  here 
deduced  would  be  equal,  instead  of  187  and  202  ;  the  proportion  of  which 187 

is  obtained  by  -^-^  =  .92  of  the  deflection  given  by  the  formula.  The  deflec- 
tion as  furnished  by  the  Table  for  the  second  experiment  is  1 ;  hence,  as 

.92  :  1  : :  1  :  1.09  —"the  calculated  deflection  of  it. 
When  it  is  required  to  estimate  the  Deflection  for  Differing  Weights,  Lengths, 
and  Sections,  and  contrariwise,  to  estimate  Weights,  Lengths,  and  Sections 
for  a  given  Deflection. 
Rule.— Divide  the  deflections  by  the  cubes  of  the  lengths  and  by  the 

weights  ;  or,  multiply  the  deflections  by  the  sections  (bd3). 
Thus,  if  deflections  are  as  .15  and  1.2  inches,  weights  as  125  and  250 

lbs.,  lengths  as  1  and  2  feet,  and  sections  as  lx23  and  2  x  23  inches. 
.15     l3  .15 

Then  Y2     ~p  ~  "Jjj  =  quotient  of  the  deflection  -.-  the  cubes  of  the  lengths, 
which,  being  equal,  shows  the  de  flections  to  be  as  the  cubes  of  the  lengths. 

.15     125     .0012     2  .         •;       _     7  _  '     .  u 
15     250  =  QQQ6  —  J  —  quotient  of  the  reduced  deflect  ion  -4-  the  weights ; 

hence  the  deflections  are  but  one  half  of  that  due  to  the  weights. 
2    lx23     1G  1 
Txo — ciz  —  7k  =  r  ~  product  of  the  preceding  quotient  and  the  sections L    Z  X  «        lb  1 

(bd3)  ;  hence  the  reduced  deflections  are  as  the  sections. 

Relative  Elasticity  of  various  [Materials.— [Trumbull.] 
Ash   2.9 
Beech   2.1 
Cast  iron  1. 

Elm   2.9 
Oak   2.8 
Pine,  white   2.4 

Pine,  yellow  2.G "   pitch   2.9 
Wrought  iron. . .  ,S6 

Comparative  Strengtlx  and  [Deflection  of  Cast-iron 
Flanged  Beams. 

Description  of  Beam. 
Comp. 

Strength. Description  of  Beam. 

Comp. 

Strength. 

Beam  of  equal  flanges  
Beam  with  only  bottom  flange . 
Beam  with  flanges  as  1  to  2  
Beam  with  flanges  as  1  to  4 ... . 

.58 

.T2 .63 

.73 

Breadth  with  flanges  as  1  to  4.5 
Breadth  with  flanges  as  1  to  5.5 
Breadth  with  flanges  as  1  to  6 
Breadth  with  flanges  as  1  to  G.73 

.78 

.82 

1. 

.92 
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Greneral  Deductions. 

In  Cast  Iron,  the  permanent  deflection  is  from  3^  to  %  of  its  breaking 
weight,  and  the  deflection  should  never  exceed  %  of  the  ultimate  deflect tion. 

All  rectangular  bars  of  Wrought  Iron,  having  the  same  bearing  length, 
and  loaded  in  their  centre  to  the  full  extent  of  their  elastic  power,  will  be 
so  deflected  that  their  deflection,  being  multiplied  by  their  depth,  the  prod- 

uct will  be  a  constant  quantity,  whatever  may  be  their  breadth  or  other 
dimensions,  provided  their  lengths  are  the  same. 

The  heaviest  running  weight  that  a  bridge  is  subjected  to  is  that  of  a 
locomotive  and  tender,  which  is  equal  to  1.5  tons  per  lineal  foot. 

Girders  should  not  be  deflected  to  exceed  the  ̂   of  an  inch  to  a  foot  in 
length. 

In  cast  iron,  the  ̂   to  sp  ot*  tbe  breaking  weight  will,  give  a  visible  set. When  a  load  on  a  girder  is  supported  by  the  bottom  flange  of  it  alone, 
it  produces  a  torsional  strain. 
A  continuous  weight,  equal  to  that  a  beam,  etc.,  is  suited  to  sustain, 

will  not  cause  the  deflection  of  it  to  increase  unless  it  is  subjected  to  con- 
siderable changes  of  temperature. 

The  heaviest  load  on  a  railway  girder  should  not  exceed  %  of  that  of 
the  breaking  weight  of  the  girder  when  laid  on  at  rest. 

Deflection  consequent  upon  Velocity  of  the  Load. — Deflection  is  very  much 
increased  by  instantaneous  loading;  'by  some  authorities  it  is  estimated  to be  doubled. 

The  momentum  of  a  railway  train  in  deflecting  girders,  etc.,  is  greater 
than  the  effect  from  the  dead  weight  of  it,  and  the  deflection  increases  with 
the  velocit}'. 

Experiments  made  by  the  Commissioners  of  Railway  Structures  of  1849 
showed  that  a  passing  load  produced  a  greater  effect  on  a  beam  than  a load  at  rest. 
A  carriage  was  moved  at  a  velocity  of  10  miles  per  hour ;  the  deflection 

was  .8  inch,  and  when  at  a  velocity  of  30  miles  the  deflection  was  1% inches. 
In  this  case,  4150  lbs.  would  have  been  the  breaking  weight  of  the  bars 

if  applied  in  their  middle,  but  1778  lbs.  would  have  broken  them  if  passed 
over  them  with  a  velocity  of  30  miles  per  hour. 

Cast  iron  will  bend  to  %  of  its  ultimate  deflection  with  less  than  X  of 
its  breaking  weight  if  it  is  laid  on  gradually,  and  but  %  if  laid  on  rapidly. 
When  motion  is  given  to  the  load  on  a  beam,  etc.,  the  point  of  greatest 

deflection  does  not  remain  in  the  centre  of  the  beam,  etc.,  as  beams  broken 
by  a  traveling  load  are  always  fractured  at  points  beyond  their  centres, 
and  often  into  several  pieces. 

Chilled  bars  of  cast  iroii  deflect  more  readily  than  unchilled. 
Results  of  Experiments  on  tlio  Sixbjeotiori  of  Iron  Bars 

to  continual  Strains.— IRep.  Comm.  on  Railway  Structures.] 
Cast-iron  bars  subjected  to  a  regular  depression,  equal  to  the  deflection 

due  to  a  load  of  %  of  their  statical  breaking  weight,  bore  10  000  success- 
ive depressions,  and  when  broken  by  statical  weight  gave  as  great  a  re- 

sistance as  like  bars  subjected  to  a  like  deflection  by  statical  weight. 
Of  two  bars  subjected  to  a  deflection  equ.il  to  that  carried  by  half  of 

their  statical  breaking  weight,  one  broke  with  28  002  depressions,  and  the 
other  bore  30  000,  and  did  not  appear  weakened  to  resist  statical  pressure. 

Hence  Cast-iron  bars  will  not  bear  the  continual  applications  of  %  of 
their  breaking  weight. 
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A  bar  of  "Wrought  Iron,  2  inches  square  and  9  feet  in  length  between  its supports,  was  subjected  to  100  000  vibratory  depressions,  each  equal  to  the 
deflection  due  to  a  load  of  f  of  that  which  permanently  injured  a  similar 
bar,  and  their  depressions  only  produced  a  permanent  set  of  .015  inch. 

The  greatest  deflection  which  did  not  produce  any  permanent  set  was 
due  to  rather  more  than  %  the  statical  weight,  which  permanently  injured 
it. 

A  wrought-iron  box  girder,  6x6  inches  and  9  feet  in  length,  was  sub- 
jected to  vibratory  depressions,  and  a  strain  corresponding  to  3762  lbs., 

repeated  43  370  times,  did  not  produce  any  appreciable  effect  on  the  rivets. 
Mr.  Tredgold,  in  his  experiments  upon  Cast  Iron,  has  shown  that  a  load 

of  300  lbs.,  suspended  from  the  middle  of  a  bar  1  inch  square  and  34  inch- 
es between  its  supports,  gave  a  deflection  of  .16  of  an  inch,  while  the  elas- 

ticitv  of  the  metal  remained  unimpaired.  Hence  a  bar  1  inch  square  and 
1  foot  in  length  will  sustain  3412  lbs.,  and  retain  its  elasticity. 

TORSIONAL  STRENGTH. 
The  Torsional  Strength  of  any  square  bar  or  beam  is  as  the  cube  of  its 

side,  and  of  a  cylinder  as  the  cube  of  its  diameter.  Hollow  cylinders  or 
shafts  have  greater  torsional  strength  than  solid  ones  containing  the  same 
volume  of  material. 

The  Torsional  Angle  of  a  bar,  etc.,  under  equal  pressures  will  vary  as  the 
length  of  the  bar,  etc.  Hence  the  torsional  strength  of  bars  of  like  diam- 

eters is  inversely  as  their  lengths. 
The  strength  of  a  cylindrical  prism  compared  to  a  square  is  as  1  to  .85. 
When  a  bar,  beam,  etc.,  having  a  length  greater  than  its  diameter,  is 

subjected  to  a  torsional  strain,  the  direction  of  the  greatest  strain  is  in  the 
line  of  the  diagonal  of  a  square,  and  if  a  square  be  drawn  on  the  surface 
of  the  bar,  etc.,  in  its  primitive  form,  it  will  become  a  rhombus  by  the  ac- tion of  the  strain. 

Torsional  Strength  of  Cast  Iron,  cleclnced.  from  the  Ex- 
periments ofjVlajor  Wade,  U.  S.  A. 

Reduced  to  a  uniform  Measure  of  One  Inch  Square  or  in  Diameter ;  Weight  or  Stress 
applied  at  One  Foot  from  Centre  of  Axis  of  the  Material,  and  at  the  Face  of  the 
Axis  or  Journal. 

Breaking  Weight  of  Figures. 
Area  of  Cross- section. Square,  6  tf  2. Cylinder,  rf3. 

Area  of 
Section. 

Hollow  CylW 

der,rf3  -d>*. 

Area  of Section. 
Hollow  CyliiiT 

der,cZ3  —  d'2. Inch. Lbs. Lbs. Inch. Lbs. Inch. 
Lbs. 

1 730 613 .995 d'  =  .6  563 
1.012 

d'  —  .G  5S5 
2 677 698 1.931 d'  =  .S  597 1.967 d'  =  .7  579 

840 636 2.728 d'  —  .h  540 2.9G6 dr  =  ,8  476 

749 649 5G7 
547 

Summary  of  Results. 
All  of  the  bars  were  from  the  same  mixture  of  common  foundry  iron, 

of  a  mean  torsional  strength  of  644  lbs.  per  square  inch  of  section. 
From  these  results  it  appears  that  solid  square  shafts  have  about  J  less 

strength  than  solid  cylinders  of  equal  areas. 
The  stress  which  will  give  a  bar  a  permanent  set  of  }4°  i,s  about  of that  which  will  break  it,  and  this  proportion  is  quite  uniform,  even  when 

the  strength  of  the  material  ma}'  vary  essentially. 
The  strongest  bars  give  the  longest  fractures. 
Wrought  Iron,  compared  with  Cast  Iron,  has  equal  strength  under  a 

stress  which  does  not  produce  a  permanent  set,  but  this  set  commences 

S  s* 
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under  a  less  force  in  wrought  iron  than  cast,  and  progresses  more  rapidly 
thereafter.  The  strongest  bar  of  wrought  iron  acquired  a  permanent  set 
under  a  less  strain  than  a  cast-iron  bar  of  the  lowest  grade.  The  mean 
Values  of  cast  and  wrought  iron  and' bronze,  for  bars  of  small  diameters 
for  a  permanent  set  of  3^°.  are  as  1,  .6,  and  .33. The  torsional  strength  and  rigidity  of  Puddled  Steel  does  not  differ  es- 

sentially from  that  of  cast  iron. 
The  coefficients  for  the  torsional  breaking  stress  of  iron  and  bronze,  as 

determined  by  Major  Wade,  are  :  Wrought  Iron,  640 ;  Cast  Iron,  560 ; 
Bronze,  460. 

Torsional  Strength  of  Cast  and.  "Wrought  Iron  and  Bronze, with  their  Values  for  different  Diameters. 
Reduced  to  a  uniform  Measure  of  One  Inch  Square  or  in  Diameter ,  Weight  or  Stress 

applied  at  One  Foot  from  Centre  of  Axis  of  the  Material,  and  at  the  Face  of  the Axis  or  Journal 
Length  of  Journal,  or  of  the  Bar  or  Beam  submitted  to  Stress,  for  which  the  Values 

are  given,  three  times  the  Diameter  or  Side  of  the  Shaft. 
Figures Specific Gravity. 

Length  of 
Journal or  Side. 

Breaking 
Weight. 

Fa 
2  Ins. 

ue  for  Diameh 
5  Ins  110  Ins. 

r  of 
15  Ins 

Cylinder  (Cast  Iron). 

44         cold  blast,  mean of  8  trials  

u      greatest  extreme  .... 
Cylinder  (Wrought  Iron). 

"Begins  to  yield,  permanent  set  . 
Cylinder  (Bronze). 

Begins  to  yield,  permanent  set  . 
Sqtjare  (Cast  Iron)  u  u 

7.13 

7.32 7.724 

7.S55 

S.71 

7.2 
7.S55 

Inch s. 

s. 
s. 
8. 
8. 

8. 
S. 
3. 
4.8 
3. 

Lbs 
5S3 

705 
750 833 

300> 

G42j 

192^ 
458 j 

730) 

S40/ 

Lbs. 

170 
175 
190 200 

130 

55 
220 

170 

Lbs 

115 
120 
130 
115 1-28 

45 
150 
105 

Lbs. 
105 

110 
120 
125 
125 

35 

140 100 

Lbs 

100 
105 115 
120 
123 

33 

134 

1G2 
The  Torsional  Strength  of  Cast  Steel  is  about  double  that  of  Cast  Iron. 
The  experiments  above  given  were  made  with  bars  not  exceeding  2 

inches  in  diameter ;  the  relations  given,  therefore,  do  not  hold,  as  the  di- 
ameters are  increased,  in  consequence  of  the  shrinking  of  the  cast  metals 

in  cooling,  which,  by  cooling  at  the  outer  surface  first,  draws  the  metal 
from  the  centre,  and  in  effect  gives  to  a  bar  or  shaft  the  properties  of  a 
hollow  cylinder.  In  shafts  of  10  inches  in  diameter,  the  torsional  strength 
of  wrought  iron  is  fully  equal  to  that  of  cast  iron  ;  and  with  larger  diam- 

eters it  would  be  much  greater,  but  that  it  suffers  deterioration  as  its  di- 
ameter increases,  from  the  increased  difficult}-  in  effecting  welding  and  the reduction  of  the  metal  to  a  fibrous  texture. 

The  following  rules  are  purposed  to  apply  in  all  instances  to  the  diam 
eters  of  the  journals  of  shafts,  or  to  the  diameter  or  side  of  the  bearings  of 
the  beams,  etc.,  where  the  length  of  the  journal  or  the  distance  upon  which 
the  strain  bears  does  not  greatly  exceed  the  diameter  of  the  journal  or 
side  of  beam,  etc. ;  hence,  when  the  length  or  distance  is  greatly  increased, 
the  diameter  or  side  must  be  correspondingly  increased. 
To  Compute  tlie  Torsional  Strength,  of  Square  or  Round 

Shafts,  etc. 
Role. — Multiply  the  Value  in  the  preceding  Table  by  the  cube  of  the 

side  or  of  the  diameter  of  the  shaft,  etc.,  and  divide  the  product  by  the 
distance  from  the  axis  at  which  the  stress  is  applied  in  feet ;  the  quotient 
will  give  the  resistance  in  pounds. 
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Exami'le.  — What  torsional  stress  may  be  borne  by  a  cast-iron  shaft  of  the  best 
material,  2  inches  in  diameter,  the  power  being  applied  at  two  feet  from  its  axis? 1600 

20aX'23  =  1600,  and  — —  =S00  lbs. 

To  Cornpxxte  tlxe  Diameter  of  a  Square  or  RoTtnd  Shaft, 
etc.,  to  resist  Torsion. 

Rn.i:.— Multiply  the  extreme  of  pressure  upon  the  crank-pin,  or  at  the 
pitch-line  of  the  pinion,  or  at  the  centre  of  effect  upon  the  blades  of  the 
wheel,  etc..  that  the  shaft  mav  at  any  time  be  subjected  to,  by  the  length 
of  the  crank  or  radius  of  the  wheel,  etc.,  in  feet;  divide  their  product  by 
the  Value  in  the  preceding  Table,  and  the  cube  root  of  the  quotient  will 
give  the  diameter  of  the  shaft  or  its  journal  in  inches. 

Example.'— What  should  be  the  diameter  for  the  journal  of  a  wrought-iron  water- wheel  shaft,  the  extreme  pressure  upon  the  crank-pin  being  59  400  lbs.,  and  the  crank 
5  feet  in  length  ? 

59400x5  _       -         3/22TC  _  13  g4  incfas 
125  '  V 

When  two  Shafts  are  used,  as  in  Steam-vessels  with  one  Engine,  etc. 
KjLLK.— Divide  three  times  the  cube  of  the  diameter  for  one  shaft  by 

fotnfand  the  cube  root  of  the  quotient  will  give  the  diameter  of  the  shaft in  inches. 
Example.— The  area  of  the  journal  of  a  shaft  is  113  inches;  what  should  be  the 

diameter,  two  shafts  being  used  ? 
Diameter  for  area  of  113  =  12. 

Qy  103 
Then  =3 129G,  and  ̂ /129G  =  10.9  inches. 4 
Note.  The  examples  here  given  are  deduced  from  instances  of  successful  prac- 

tice ;  where  the  diameter  has  been  less,  fracture  has  almost  universally  taken  place, 
the  strain  being  increased  beyond  the  ordinary  limit. 

Ex.  2.—  When  the  work  to  be  performed  is  of  a  regular  character,  and  the  stress 
is  consequently  uniform,  the  proportion  of  %  may  be  reduced  to  %. 

Relative  "Valw.es  of  Cast  and  Wrought  Iron. 
When  shafts  of  less  diameter  than  12  inches  are  required,  the  Values  here  given 

may  be  slightly  reduced,  according  to  the  quality  of  the  iron  and  the  diameter  of  the 
shaft  to  be°used;  but  when  they  exceed  this  diameter,  the  Values  may  not  be  in- creased in  a  like  manner,  as  the  strength  of  a  cast  or  a  wrought-iron  shaft  decreases as  their  diameters  increase. 

To  Compute  tlie  Torsional  Strength,  of  IIollow  Shafts 
and  Cylinders. 

RuLE.—From  the  fourth  power  of  the  exterior  diameter  subtract  the 
fourth  power  of  the  interior  diameter,  and  multiply  the  remainder  by  the 
Value  of  the  material ;  divide  this  product  by  the  product  of  the  exterior 
diameter  and  the  length  or  distance  from  the  axis  at  which  the  stress  is 
applied  in  feet ;  the  quotient  will  give  the  resistance  in  pounds. 
EXAMINE.— What  torsional  stress  may  be  borne  by  a  cast-iron  hollow  shaft,  hav- 

ing diameters  of  3  and  2  inches,  the  power  being  applied  at  1  foot  from  its  axis  ? 

08^5 
34  _O4Xt05  =  Sl  -1GX105^6825,  which 3x1 —  —  — 2275  lbs. 

The  order  of  shafts,  with  reference  to  the  degree  of  torsional  stress  to 
which  they  are  subjected,  is  as  follows  : 

1.  Fly-wheel.  I       3.  Secondary. 
2.  Water-wheel.  |        4.  Tertiary,  etc. 

Hence  the  diameters  of  their  journals  may  be  reduced  in  this  order. 
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Relative  "Value  of  different  I^igures   to    Resist  Torsion, having  eci.xi.al  Sectional  Areas. 
Hollow  Cylinders,  the  interior  and  exterior  Diameters  of  which are  in  the  Proportion  of Solid Solid 

Cylinder. Square. 
1 .875 

4  to  10. 5  to  10. 6  to  10. 7  to  10. 8  to  10. 
1.2056 1.4133 

1.7 
2.0S64 

2.7377 

Various  Qualities  of  different  HVXetals, 
As  determined  by  the  Experiments  of  Major  Wade  for  the  IT.  S.  Ordnance  Corps. 

Bronze. 
Cast  iron  

Cast  steel  . . . 

Wrought  iron 

(Least. . . 
\ Great  est (Least. . . 
(Greatest . .  Mean  . . 
JLeast . . . ^Greatest 
(Least. . . 
(Greatest 

Torsional  Strength 
>  "So for  Diam.  1  Inch, 

and  Length  of  1 

ush
ing

 
■en

gth
. 

Is a  <a 

Foot. a 02  O 

n 
At  %  De- 

gree. 
Ulti- 
mate. 

OOQ 5 X 

Per Sq. In. 
17  098 PerSq  In Lbs. Lbs. 

PerSq.  In. 7.97S 620 1687 4.57 

8.953 50  780 833 
1020 5.94 

0.9 9  000 410 1006 1000 84  529 4.57 
7.4 45970 958 

2500 3060 174 120 33.51 
7.225 31  S29 eso 1900 2700 144  916 22.34 
7.729 5511 198  944 
8.953 12S  000 1916 391  985 
7.704 3S  027 542 

970 
1296 40  000 10.45 

7.85S 74  592 1320 1836 127  720 
12.14 

DETRUSIVE  STRENGTH. 
The  Detrusive  Strength  of  any  body  is  directly  as  its  strength,  or  thick- 

ness, or  area. 
Irtesults   of  Experiments  upon 

of  JMetals  with 

Brass  
Cast  iron  

Copper   | Steel  

Wrought  iron  

Diameter 
of Punch. 

Inch 
.1 
.5 

.5 

.1 

.5 

.5 

.5 

.5 .1 

the  Detrusive  Strength 
i  Punch. ckness  power 

exerted. Metal. 
Inch. 
.045 

.08 .17 

.3 

.25 .08 

.17 .24 

.615 
1.06 

Lbs 
5  443 

3  983 
7S23 21  250 

34  720 6  025 
11950 
17  000 
S2  S70 

297  400 

Power  required  for  a surface  of  Metal  of  One 
Square  Inch. 
Lbs. 

37  000 30  000 
30  000 
22  300 
90  COO 
45  000 

43  900 44  300 

s  L 

To  Compute  the  Power  necessary  to  Punch  Iron, 
Brass,  or  Copper  Plates. 

rULe.— Multiply  the  product  of  the  diameter  of  the  punch  and  the 
thickness  of  the  metal  by  150  000  if  for  wrought  iron,  by  128  000  if  for 
brass,  and  by  96  000  if  for  copper,  and  the  product  will  give  the  power  re- quired  in  pounds. 

Comparison  between   Detrusive   and  Transverse Strengths. 
Assuming  the  compression  and  abrasion  of  the  metal  in  the  application 

of  a  punch  of  one  inch  in  diameter  to  extend  to  %  of  an  inch  beyond  the 
diameter  of  the  punch,  the  comparative  resistance  of  wrought  iron  to  de- 

trusive and  transverse  strain,  the  latter  estimated  at  GOO  lbs.  per  squaw 
inch,  for  a  bar  one  foot  in  length,  is  as  2.5  to  1. 
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Results   of  Experiments   upon   the   Detmsive  Stx«engtn or  Metals  with.  Shears. 
Made  by  Parallel  Cutters. 

Wrought  Iron — Thickness  from  .5  to  1  inch,  50  000  lbs.  per  square  inch. 
Made  by  Inclined  Cutters,  angle  1  in  S  =  7°. Bolts. Sheet  Metals. 

Brass  . . 
Copper  . Steel  . . . 

"Wrought  iron  . .  -j 

Thickness. Power. 
Ins. Lbs. 
.05 

540 
.29T 11 19G .24 14  930 .51 39  150 

1. 44S00 

Brass  . . 
Copper. Steel  . . . 
Wrought  iron 

Diameter. Potfer. 
Ins. 

Lbs. 
1.11 29  700 
.775 11  310 
.775 

2S  720 
1.142 35  410 
.32 

3  093 

The  resistance  of  wrought  iron  to  shearing  is  about  75  per  cent,  of  its resistance  to  tensile  stress. 
The  resistance  to  shearing  of  plates  and  bolts  is  not  in  a  direct  ratio.  It 

approximates  to  that  of  the  square  of  the  depth  of  the  former,  and  to  the 
square  of  the  diameter  of  the  latter. 

Character  of  Strains  to  -which  Connecting  Rods,  Straps, 
Gri"bs,  and  Keys  are  snhjected. 

Heads  o  f  Rods. — At  sides  of  keyholes,  tensile  and  crushing ;  at  front  of keyholes,  detrusive. 
Straps. — At  crown  and  at  the  sides  of  keyhole,  tensile;  at  back  of  key holes,  detrusive. 
Gib. —  Transverse,  uniformly  loaded  along  its  length,  fixed  at  both  ends. 
Key. — With  single  gib,  transverse,  uniformly  loaded  along  its  length, fixed  at  both  ends. 
Key. — With  double  gib,  transverse,  uniformly  loaded  along  its  length, fixed  at  both  ends. 

Woods. 

When  a  beam  or  any  piece  of  wood  is  let  in  (not  mortised)  at  an  incli- 
nation to  another  piece,  so  that  the  thrust  will  bear  in  the  direction  of  the 

fibres  of  the  beam  that  is  cut,  the  depth  of  the  cut  at  right  angles  to  the 
fibres  should  not  be  more  than  .2  of  the  length  of  the  piece,  the  fibres  of 
which,  by  their  cohesion,  resist  the  thrust. 

Shafts  and.  Gudgeons. 
Shafts  are  divided  into  Shafts  and  Spindles,  according  to  their  magni- tude. 
A  Gudgeon  is  the  metal  journal  or  arbor  upon  which  a  wooden  shaft revolves. 
Shafts  are  subjected  to  Torsion  and  Lateral  Stress  combined,  or  to  Lat- eral Stress  alone. 

Lateral  Stiffness  and  Strength.— Shafts  of  equal  length  have  lateral  stiff- 
ness as  their  breadth  and  the  cube  of  their  depth,  and  have  lateral  strength 

as  their  breadth  and  the  square  of  their  depths.  Hence,  in  shafts  of  equal 
lengths,  their  stiffness  by  any  increase  of  depth  increases  in  a  greater  pro- portion than  their  strength. 

Shafts  of  different  lengths  have  lateral  stiffness,  directly  as  their  breadth 
and  the  cube  of  their  depth,  and  inversely  as  the  cube  of  their  length  ;  and 
have  lateral  strength  directly  as  their  breadth  and  as  the  square  of  their 
depth,  and  inversely  as  their  length.  Hence,  in  shafts  of  different  lengths, 
their  stiffness  by  any  increase  of  their  length  decreases  in  a  greater  pro. portion  than  their  strength. 
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Hollow  shafts  having  equal  lengths  and  equal  quantities  of  material 
have  lateral  stiffness  as  the  square  of  their  diameter,  and  have  lateral 
strength  as  their  diameters.  Hence,  in  hollow  shafts,  one  haying  twice 
the  diameter  of  another  will  have  four  times  the  stiffness,  and  but  double 
the  strength  ;  and  when  having  equal  lengths,  by  an  increase  m  diameter 
they  increase  in  stiffness  in  a  greater  proportion  than  m  strength. 

The  stress  upon  a  shaft  from  a  weight  upon  it  is  proportional  to  the 
product  of  the  parts  of  the  shaft  multiplied  into  each  other.  Thus,  if  a 
shaft  is  10  feet  in  length,  and  a  weight  upon  the  centre  of  gravity  of  the 
stress  is  at  a  point  2  feet  from  one  end,  the  parts  2  and  8  multiplied  to- 

gether are  equal  to  16  ;  but  if  the  weight  or  stress  were  applied  in  the  mid- 
dle of  the  shaft,  the  parts  5  and  5,  multiplied  together,  would  produce  2a. 

The  ends  of  a  shaft  having  to  support  the  whole  weight,  the  end  which 
is  nearest  the  weight  has  to  support  the  greatest  proportion  of  it  in  the 
inverse  proportion  of  the  distance  of  the  weight  from  the  end.  Hence, 
when  a  shaft  is  loaded  in  the  middle,  each  of  the  journals  or  gudgeons  has 
half  the  weight  or  stress  to  support. 

When  the  load  upon  a  shaft  is  uniformly  distributed  over  any  part  of  it, 
it  is  considered  as  united  in  the  middle  of  that  part ;  and  if  the  load  is  not 
uniformly  distributed,  it  is  considered  as  united  at  its  centre  of  gravity. 
When  the  transverse  section  of  a  shaft  is  a  regular  figure,  as  a  square 

circle  etc.,  and  the  load  is  applied  in  one  point,  in  order  to  give  it  equal 
resistance  throughout  its  length,  the  curve  of  the  sides  becomes  a  cubic 
parabola ;  but  when  the  load  is  uniformly  distributed  over  the  shaft,  the curve  of  the  sides  becomes  a  semi-cubical  parabola. 

The  deflection  of  a  shaft  produced  bv  a  load  which  is  uniformly  distrib- 
uted over  its  length  is  the  same  as  when  %  of  the  load  is  applied  at  the middle  of  its  length. 

The  resistance  of  the  body  of  a  shaft  to  lateral  stress  is  as  its  breadth 
and  the  square  of  its  depth  f  hence  the  diameter  will  be  as  the  product  of 
the  length  of  it  and  the  length  of  it  on  one  side  of  a  given  point,  less  the  square of  that  length. 
Illustration  The  length  of  a  shaft  between  the  centres  of  its  journals  is  10  feet ; 

what  should  be  the  relative  cubes  of  its  diameters  when  the  load  is  applied  at  1,  2, 
and  5  feet  from  one  end?  and  what  when  the  load  is  uniformly  distributed  over  the length  of  it  ? 

IX  ll  —  I3  —  d3 ;  and  when  uniformly  distributed,  d3  -r-  2  =  dl. 
10x1  =  10  —  iz  =  9  =  cube  of  diameter  at  1  foot ;  10x2  =  20  —  22  =  16=  cube  of 

diameter  at  2  feet;  10x5  =  50  —  52  =  25=  cube  of  diameter  at  bfeet. 
When  a  load  is  uniformly  distributed,  the  stress  is  greatest  at  the  middle  of  the 

length,  and  is  equal  to  half  of  it ;  25    2  =  12.5  =  cube  of  diameter  at  5  feet. 

CYLINDRICAL  OR  SOLID  SHAFTS. 

To  Compute  the  Diameter  of  a  Shaft  of  Cast  Iron,  to  re- sist Lateral  Stress  alone. 
When  the  Stress  is  in  or  near  the  Middle.  Rule.— Multiply  the  weight 

by  the  length  of  the  shaft  in  feet ;  divide  the  product  by  500,  and  the 
cube  root  of  the  quotient  will  give  the  diameter  in  inches. 
Example.— The  weight  of  a  water-wheel  upon  a  shaft  is  50000  lbs.,  its  length  SO 

feet,  and  the  centre  of  stress  of  the  wheel  7  feet  from  one  end;  what  should  be  the diameter  of  its  body  ? 

==  14.422  ins.',  if  the  weight  was  in  the  middle  of  its  length. 

Hence  the  diameter  at  7  feet  from  one  end  will  be,  as  hy  preceding  Rule,  30x7  — 
72  =  lGl  =  re/a^e  cube  of  diameter  at  7  feet ;  30x15-152  =  225  ̂   relative  cube of  diameter  at  Iftfeet. 

Then,  as  fy2±5  : 14.42  : :  V^l  :  12.89  ins.,  the  diameter  of  the  shaft  at  7  feet  from one  end. 
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When  the  Stress  is  uniformly  laid  along  the  Length  of  the  Shaft.  Rule.-- 
Divide  the  cube  root  of  the  product  of  the  weight  and  the  length  by  9.3, 
and  the  quotient  will  give  the  diameter  in  inches. 
Example.— Apply  the  rule  to  the  preceding  case. 

V&0  000X30  . X.  —  12.31  ins. 9.3 

Or,  When  the  Diameter  for  the  St?*ess  applied  in  the  Middle  is  given. Rule.  Take  the  cube  root  of  %  of  the  cube  of  the  diameter,  and  this  root 
will  give  the  diameter  required. 
Example.— The  diameter  of  a  shaft  when  the  stress  is  uniformly  applied  along  its 

length  is  144-22  ins.;  what  should  be  its  diameter,  the  stress  being  applied  in  the middle  ?  
y%  X  =  Vh  X3000  ==  12.33  ins. 
HOLLOAV  SHAFTS  OF  CAST  IRON. 

When  the  Stress  is  in  or  near  the  Middle.  Rule— Divide  the  continued 
product  of  .012  times  the  cube  of  the  length,  and  the  number  of  times  the 
weight  of  the  shaft  in  pounds  by  the  square  of  the  internal  diameter  added 
to  1,  and  twice  the  square  root  of  the  quotient  added  to  the  internal  di- ameter, will  give  the  whole  diameter  in  inches. 
Example.— The  weight  of  a  water-wheel  upon  a  hollow  shaft  30  feet  in  length  is 

2,5  times  its  own  weight,  and  the  internal  diameter  is  9  ins. ;  what  should  be  the whole  diameter  of  the  shaft  ? 
//.OlgXSQSXgj  m^Uins, 

V  \      l-f-92  V  82 Then  3.14x2  -f  9  =  15.28  ins.,  the  diameter. 
To  Compute  the  Diameter  of  a  Solid  STiaft  of  Cast  Iron 

to  resist  its  own  Weight  alone. 
Rule.— Multiply  the  cube  of  its  length  by  .007,  and  the  square  root  of 

the  product  will  give  the  diameter  in  inches. 
Example.— The  length  of  a  shaft  is  30  feet;  what  should  be  its  diameter  in  the 

body  ?  v/(303X.C07)  =  1S9,  and  y/lS9  =  13.75  ins. 

To  Compute  tlie  Diameter  of  a  STiaft,  the  Stress  "being 
applied,  in  tlie  [Middle,  when  it  lias  to  resist  "both.  Tor- sional and  Lateral  Stress  combined. 
Rule. — Ascertain  the  diameter  for  each  stress,  and  the  cube  root  of  the 

sum  of  their  cubes  will  give  the  diameter  required. 
Example.— The  diameter  of  the  journal  of  a  shaft  to  resist  torsional  stress  is  as- 

certained to  be  17  ins.,  and  the  diameter  of  its  body  in  the  centre  to  resist  lateral 
stress  has  also  been  ascertained  to  be  14.422  ins. ;  what  should  be  the  diameter  of  the 
tody  ?  3/(173  4- 14.4223)  =  7913,  and  — 19.927  ins. 
The  strength  of  a  cylindrical  shaft  compared  to  a  square  one,  the  diameter  of  the 

one  being^equal  to  the  side  of  the  other,  is  as  1  to  1.2,  and  of  a  square  shaft  to  a  cy- lindrical as  1  to  .85. 
To  Compute  the  Deflection  of  a  Cylindrical  Shaft. 
Rule.— Divide  the  square  of  three  times  the  length  in  feet  by  the  prod- 

uct of  the  following  Constants  and  the  square  of  the  diameter  in  inches, 
and  the  quotient  will  give  the  deflection. 

Cast  iron,  cylindrical   1500  [  Wrought  iron,  cylindrical  . .  1980 
Cast  iron,  square  25G0  |  Wrought  iron,  square   3360 
Example. — The  length  of  a  cast-iron  cylindrical  shaft  is  30  feet,  and  its  diameter 

in  the  centre  15  ins. ;  what  is  its  deflection  ? 
30x32  8100 

1500  Xl&2  837500" 

—  .024  ins. 
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To  Compute  the  Diameter  of  Shafts  of  Wrought  Iron, 
•  Oak,  and  Pine. 

Multiply  the  diameter  ascertained  for  Cast  Iron  as  follows :  Wrought 
Iron  by  .935,  Oak  by  1.83,  Yellow  Pine  by  1.716. 

To  Compute  tlxe  Length  of  a  Cylindrical  Shaft. 
Rulk. — Multiply  the  preceding  Constant  by  the  deflection,  and  the  square 

of  the  diameter  and  %  of  the  square  root  of  the  product  will  give  the  length 
in  feet. 

Example. — The  diameter  of  a  cast-iron  cylindrical  shaft  is  15  ins.,  and  the  de- flection assigned  to  it  is  .024;  what  should  be  its  length? 
V1500X. 024X152  90  anJe  , 

 g  —  —  y  =  30  feet. 
GUDGEONS. 

To  Compute  the  Diameter  of  a  Single  G-udgeon  of  Cast 
Iron,  to  Support  a  given  "Weight  or  Stress. 

Rulk. — Divide  the  square  root  of  the  weight  in  pounds  by  25  for  cast 
iron,  and  26  for  wrought  iron,  and  the  quotient  will  give  the  diameter  iu 
inches. 
Example.— The  weight  upon  a  gudgeon  of  a  cast-iron  water-wheel  shaft  is  62500 

lbs. ;  what  should  be  its  diameter  ? 
■v/02500     250  ,K -25-=  26 

To  Compute  the  Diameter  of  Two  Gfudgeons  of  Cast  Iron, 
to  Support  a  given  Stress  or  'Weight. 

Rulk. — Multiply  the  square  root  of  the  weight  of  half  the  wheel  by 
.048,  and  the  product  will  give  the  diameter  in  inches. 

The  flexure  of  a  spring  is  proportional  to  its  load  and  to  the  cube  of  its 
length. 

Deflection  of  a  Carriage  Spring. 
A  railway-carriage  spring,  consisting  of  10  plates  %  thick  and  2  of 

%  inch,  length  2  feet  8  ins.,  width  3  ins.,  and  camber  or  spring  6  ins., 
deflected  as  follows,  without  any  permanent  set : 

Y>  ton,  %  inch.      I      \%  ton,  1%  inch.       I      3  tons,  3  inches. 
1    'V;  1     "         I      2      "    2  I      4    "     4  " 

Compression  of  an  India-rubber  Buffer  of  3  ins.  Stroke. 
1     ton,  1.3  inch.      I      2  tons,  2     inches.  5  tons,  2%  inches. 
1%   "    1%    "        I      3    "     2%     "  I      10    "  3 

TUBES  AND  FLUES. 

Resistance   of  Wrought-iron   Tubes   to   External  and 
Internal  Pressure.- [W.  Faiubairn.] 

It  has  been  considered  a  rule  that  a  cylindrical  tube,  such  as  a  boiler- 
flue,  when  subjected  to  a  uniform  external  pressure,  was  equally  strong  in 
every  part,  and  that  the  length  did  not  affect  the  strength  of  a  tube  so 
placed.  Although  this  rule  may  be  true  when  applied  to  tubes  of  indefi- 

nite lengths,  it  is  very  far  from  true  where  the  lengths  are  restricted  with- 
in certain  apparently  constant  limits,  and  where  the  ends  are  securely 

fastened,  as  in  heads  or  tube  sheets,  which  prevent  their  yielding  to  an 
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.489 external  force,  or  where,  as  in  flues  constructed  in  courses,  the  laps  pre- 
sent a  ring  which  greatly  increases  their  resistance. 

In  some  experimental  tests  to  prove  the  efficiency  of  large  boilers,  it 
was  ascertained  that  flues  35  feet  long  were  distorted  with  considerable 
less  force  than  others  of  a  similar  construction  25  feet  long. 

Results  ofExperiments  upon,  the  Resistance  of  "Wrought-* iron  Tribes  and.  IFlues  to  External  Pressure  or  Collapse. 
Welded  Tubes,  and  Ends  secured  to  Head  Plates. 
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Tubes  and  Flues,  Lap  and  Abut Joints. Riveted  Flues,  Over-lap  Joints,  Ends closed. 

Diameter. Length. 
Thickness 

of Plates. 
Pressure 

per  Square Inch. 
Diameter. Length. 
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Pressure 
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Rivets  %  in.,  and  \%  ins.  apart. 
Cylindrical  and  Elliptical  Riveted  Flues.    Abut  Joints. 
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6.5 
To  Compute   tlic  Collapsing  Pressure  upon   a  Tube  or 

Flue. 
The  total  external  pressure  upon  a  tube  or  flue  varies  directly  as  its  lon- 

gitudinal section,  that  is,  as  the  product  of  the  length  and  the  diameter. 
F/(iC  =  P;  P'  representing  the  pressure  to  which  the  tube  is  subjected  in 
pounds  per  square  inch,  I  the  length  of  the  tube  in  feet,  d  diameter  in  inches, and  C  a  constant  to  be  determined. 

It  has  been  ascertained  by  experiment  that  the  resistance  of  thin  metal 
plates  to  a  force  tending  to  crush  or  to  crumple  them,  varies  directly  as  a 
certain  power  (x)  of  their  thickness. 

Hence  the  Value  of  a  tube,  etc.,  to  resist  collapse  is  as  — ?  t  representing 
the  thickness  of  the  metal  in  inches. 

The  mean  of  the  product  of  V  Id  in  the  several  experiments  here  given, 
where  the  metal  was  of  a  uniform  thickness  of  .043  inches,  is  850  for  a 
thickness  of  %  inch,  9140,  etc. ;  and  the  mean  of  the  value  of  x  for  all 
thicknesses  is  <219,  which  is  assumed  at  2. 

By  taking  2,  therefore,  instead  of215  for  the  index  of  i,  this  formula  be- 

t2 
comes  V  Xj^  —  V,  the  collapsing  pressure,  which  is  the  general  formula  foi 

T  T 
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calculating  the  strength  of  wrought-iron  tubes  and  short  flues  subjected  to 
external  pressure — that  is,  provided  their  length  is  not  less  than  3.5  feet, 
and  not  greater  than  10  feet. 

For  thick  tubes  of  considerable  diameter  and  length,  this  formula  is  suf- 
ficiently exact  for  practical  purposes. 

V  varies  with  the  thickness  of  the  tubes  and  flues,  and  may  be  safety 
estimated,  as  in  the  following  Table  : 
When  a  Flue  is  constructed  of  courses,  the  above  rule  will  apply  by 

estimating  the  length  of  it  to  be  the  distance  between  the  centres  of  two 
continuous  laps,  if  the  whole  length  of  the  flue  does  not  exceed  three  times 
the  length  of  a  course;  when,  however,  the  length  does  exceed  that  pro- 

portion, the  estimate  of  its  resistance  is  to  be  made  by  taking  the  units 
from  the  following  Tables : 

In  one  experiment,  the  tube  was  divided  into  three  parts  by  two  rigid  rings  sol- dered upon  its  exterior,  and  its  powers  of  resistance  were  thus  increased  in  the  ratio 
of  three  to  one ;  virtually,  the  length  was  reduced  in  this  ratio,  and  the  strength  was 
actually  increased  from  43  to  140  lbs.  per  square  inch. 

For  Lengths  from  1%  to  10  Feet. 
From  .043  to  %  inch,  380  000  to  520000 
From   %  to  U  inch,  520  000  to  650  000 
From  X  to  %  inch,  C50  000  to  T20  000 
From  %  to  %  inch,  T20  000  to  800  000 

For  Lengths  from  10  to  18  Feet. 
From   %  to  U  inch,  650  000  to  720  000 
From   U  to  %  inch,  720  000  to  810000 
From   %  to  %  inch,  810  000  to  910  000 

For  Lengths  from  18  to  25  Feet. 
From  X  to  K  inch,    720  000  to    810  000 
From  X  to  %  inch,    810  000  to    920  000 
From  %  to  %  inch,    920  000  to  1 020  000 

For  Lengths  from  25  to  35  Feet. 
From  %  toM  inch,    812  000  to    920  000 
From  %  to  %  inch,    920  000  to  1 020  000 
From  %  to  %  inch,  1  020  000  to  1 120  000 

Note — In  selecting  the  above  units,  regard  should  be  had  to  the  length  of  the 
flue,  independent  of  the  ordinary  conditions  of  strength  of  the  materials  and  charac- 

ter of  the  riveting ;  as  the  nearer  the  length  is  to  the  limit  of  the  length  at  the  head 
of  each  table,  the  higher  the  unit  is  to  be  taken. 

.0432 
Illustration.— Let  t  —  .043  in.,  I  =  2.5  feet,  and  d  =  6  ins. ;  then  g-g— j -X400  000 
-•00184?X400000z=49.3Z^.  ' 

.252 

15 
Experiment  gave  50  lbs.  for  a  length  of  hut  2.5  feet. 
2.  Let  t  —  %  in.,  Z  =  5  feet,  and  d  —  18%  ins.  ;  then 5x  18. 1 5 
Experiment  gave  420  lbs.  for  a  length  of  but  5  feet  1  inch. 

3.  Let  t  =  %  in.,  1  =  26  feet,  and  d  =  42  ins. ;  then  '37  ̂  

—  X  535  000  =  390  lbs. 

X920  000  =  123.2  lbs. 

Hesults  of  Experiments  upon the  Ftesistance  of  "Wrought- iron  Tubes  or  Flues  to  Internal  Pressure  or  Bursting. 

Diameter. Length. Thickness. Pressure 
per  Square Inch. 

Diameter.  J 
Length. Thickness 

1  Pressure 
.   per  Square 1  Inch. 

Ins. Ins. Ins. Lbs. Ins.  1 Ins. Ins. 1  Lbs. 
6 12 .043 475 6 30 

.043 
230 

G 24 .043 235 
12  | GO .043 

1  110 Formulae   of  Resistance   of  Cylindrical  Tube 
to  Internal  [Pressure. 

;s   or  Fines* 

Tx2t Vxd 
2T :  P';  and  then 

2/xF 
,  T  representing  the  tensile 

resistance  of  the  material  per  square  inch  in  pounds,  P  the  pressure  requi- 
site to  produce  rupture  of  the  tube  or  flue  in  pounds  per  square  inch,  and 

V  the  total  pressure  exerted. 
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MEAN  OF  THE  RESULTS   OF  EXPERIMENTS  UPON  THE  RESISTANCE  OF 
WROUGHT-IRON  CYLINDRICAL  TUBES  TO  INTERNAL  PRESSURE. 

To  Compute  tlie  Thickness   of  a,  "Wro-LTglit-iron.  riveted Tnbe  or  Fine. 

When  the  Diameter  of  the  Tube  and  the  Pressure  in  Pounds  per  Square 
Inch  are  given.  Rule. — Multiply  the  pressure  in  pounds  per  square  inch 
by  the  diameter  of  the  tube  in  inches,  and  divide  the  product  by  twice 
the  tensile  resistance  of  the  metal  in  pounds  per  square  inch. 
Example  The  diameter  of  a  wrought-iron  tube  is  6  ins.,  and  the  pressure  to 

which  it  is  to  be  Submitted  is  425  lbs.  per  square  inch  ;  what  should  be  the  thickness of  the  metal  ? 
Assume  the  tensile  strength  to  be  29  651  lbs. 

4-25x0  _  2550  _  . 

29  651X2  ~~  59  302  m&' The  tenacity  or  tensile  resistance  of  wrought-iron  boiler  plates  ranges  from  42  000 
to  62  000  lbs.*  per  square  inch. 

Tubes  or  flues  subjected  to  internal  pressure  or  bursting  have  much  greater  re- 
sistance than  when  subjected  to  external  pressure  or  collapsing;  in  some  cases, 

where  the  lengths  of  the  collapsed  tubes  were  2.5  feet,  the  difference  was  about  6.2 times. 
The  difference,  however,  between  these  strains  can  not  be  determined  as  a  rule,  for 

the  reason  that  the  resistance  to  internal  pressure  is  inversely  as  the  diameter  of  the 
tube  or  flue  alone,  without  regard  to  its  length  ;  whereas,  with  the  resistance  to  col- 

lapse, the  stress  is  inversely  as  the  product  of  the  diameter  and  the  length. 
.Application   to   Construction   of  the   Hesvilts   of  tlie 

Experiments. 
"With  drawn  or  brazed  tubes,  when  there  are  no  courses  and  laps,  their  length  is an  essential  element  in  an  estimate  of  their  resistance  to  collapse ;  but  with  riveted 

flues,  constructed  in  courses,  tlie  objection  to  length  is  removed,  as  the  addition  of 
the  lap.s  is  a  source  of  great  resistance  to  collapse,  rendering  the  flue  alike  to  a  serie3 
of  lengths,  each  equal  to  the  distance  between  the  centres  of  the  courses. 

In  a  boiler  of  the  ordinary  construction,  of  30  feet  in  length  and  33^  feet 
in  diameter,  with  two  flues  1G  ins.  in  diameter,  the  cylindrical  external 
shell  has  2.8  times  resistance  to  the  force  tending  to  burst  it  that  tlie  flues 
have  to  resist  the  same  force  to  collapse  them. 

To  Compute  tlie  Ultimate  Collapsing  ^Resistance  of  a  JTHie. 
Rulk. — Take  the  square  of  the  thickness  of  the  metal  in  decimals  of  an 

inch,  or  that  due  to  the  number  of  it,  if  given  by  a  wire  gauge,  and  multi- 
ply it  by  its  proportional  unit  or  multiplier  from  the  Table  (page  490),  the 

thickness  and  length  being  duly  considered,  and  divide  the  product  by  the 
product  of  the  diameter  of  the  flue  in  inches  and  the  length  of  it  in  feet. 
Example.— The  diameter  of  a  flue  is  18  ins.,  the  thickness  of  the  metal  No.  3  U.  S. 

wire  gauge  (.23  in.),  and  the  length  of  it  30  feet ;  what  is  its  ultimate  resistance  to collapse  per  square  inch  ? 
Multipliers  for  thicknesses  from  %  to  3^  in.,  and  for  a  length  of  30  feet,  are  810  000 

to  920000,  the  difference  of  which  is  920  000  —  810  800  =  110  000,  and  the  difference 
in  thickness  .25  — 125--. 125.    Then,  as  .125  : 110000  : :  .105  (.23  — .125)  :  92  400. 

Difference  in  length,  35  —  25  =  10.    Then,  as  10  :  110  000  : :  5  (35  —  80)  :  55  000. 

,    924004-55000  ' Consequently,  £  =  73700,  a  mean  multiplier  of  thickness  and  length, 
which,  added  to  810  000,  the  multiplier  for  %  in.  in  thickness  and  25  feet  in  length, 232  ff>90 

883  700.    Hence  X  8S3  700  =         X  833  700  =  103.8S  lbs. 30  X  15  45!) 

*  Including  English  plntes. 
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ible  exhibits  the  collapsing  pressure  of  flues,  and  burs  ti- lers of  different  diameters  and  thickness  of  metal : 

tVrongnt-iron  IPlTu.es  to  an  External  or  Ool- 
mre,  and.  of  the  Shells  of  Boilers  to  an  In- 
rsting  Pressure. 

f  the  Plates  without  Riveting  is  taken  at  a  Mean  q/"55  00O pounds  per  Square  Inch. Shells. 
Collapsing 
Pressure 

per  Square Inch. 
Diaireter 

Bursting  Pressure 
per  Square  Inch. Thickness Single 

Riveted. Double 
Riveted. 

Lbs. Feet. 
Ins. 

Lbs. Lbs. 417 2 573 
745 

385 2.6 458 596 
357 3 

•M 

382 496 

580 3.4 

•M 

318 
414 

333 

■As 

398 518 
542 3.6 327 426 

312 
409 532 

508 4 286 372 
294 358 465 478 4.6 
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Note.— The  single-riveted  are  estimated  at  .5  the  resistance  of  the  plates,  and  the 
staggered  riveted  at  .65;  this  reduction  from  .50  and  .7,  as  determined  by  Fairbairn, 
fa  to°meet  defects  of  rivets,  cracks  of  plates  from  the  pinning  of  rivet  holes,  etc.,  his deductions  being  taken  from  experiments  made  with  rivets  and  plates  in  a  normal condition. 

From  the  results  given  in  the  Table  and  deduced  from  the  rules,  such  allowances 
for  the  resistance  and  wear  of  the  plates, oxydation,  etc.,  are  to  be  made,  as  the  char- acter of  the  metal,  the  nature  of  the  service,  and  the  circumstance  of  using  fresh  or 
salt  water,  etc.,  will  render  necessary. 

In  riveted  plates,  it  is  customary  in  practice  to  estimate  the  safe  tensile  resistance 
of  the  metal  of  a  boiler  or  tube, when  exposed  to  salt-water ,  at  one  fifth  of  its  ulti- 

mate resistance  or  bursting  pressure ;  and,  when  exposed  to  fresh-water  alone,  at  one 
fourth  of  it. 
To  Compxrte  the  Ultimate    T3x\rsting  Resistance   of  tlie 

Shell  of  a  Boiler. 
Rule. — Double  the  thickness  given  or  ascertained  by  a  wire  gauge; 

multiply  the  sum  by  the  tensile  resistance  of  the  material  as  it  may  be 
constructed,  and  divide  the  product  by  the  diameter  of  the  boiler  or  flue  in 
inches. 
Example. — The  diameter  of  the  shell  of  a  wrought-iron  boiler,  single  riveted,  is 

5  feet,  and  the  thickness  of  the  metal  is  .28  in. ;  what  is  the  ultimate  resistance  to  a 
bursting  pressure '? .28  +  .2SX55000,  which  X-5  for  reduction  of  resistance  of  the  plates  for  single 
riveting  =15400,  and  1^11^=256.6  lbs. 00 
Deductions  1.  The  resistance  of  Tubes  or  Flues  to  an  External  or  Internal  Press- 

ure varies  directly  and  inversely  as  their  diameters.  2.  The  resistance  of  a  Tube  or 
Flue  to  External  Pressure,  up  to  the  lengths  experimented  upon,  is  inversely  as  its 
length.  Consequently,  the  resistance  of  tubes  or  flues  to  external  pressure,  of  differ- ent diameters  but  of  equal  lengths,  varies  inversely  as  their  diameter,  and  contrari- 

wise. 3.  The  Tube3  or  Flues,  with  lap-joints,  have  one  third  less  resistance  to  ex- 
ternal pressure  than  when  their  joints  are  abutted.  4.  A  Cylindrical  Tube  or  Flue has  three  times  the  resistance  to  external  pressure  of  an  Elliptical  Tube  or  Flue,  of 

the  proportionate  diameter  given  in  the  experiments  noticed.  5.  The  length  of  Tubes 
or  Flues,  to  resist  Internal  pressure,  has  no  essential  effect.  C.  With  Tubes  or  Flues of  like  thickness,  their  resistance  varies  inversely  as  the  product  of  their  lengths  by their  diameters. 

Itesxilts  of  Experiments  -upon  the  Resistance  of  Elliptical Flues  to  External  Pressure  or  Collapse. 
By  comparing  the  results  of  Experiments  upon  Elliptical  tubes  with  those  upon 

Cylindrical  tubes,  it  appears  the  preceding  general  formula  will  apply  approximately 
to'  elliptical  tubes',  by  substituting  for  d  in  that  formula  the  diameter  of  the  circle  of curvature  touching  the  extremity  of  the  minor  axis.    Thus : 

Diameter  of  the  circle  of  curvature  (page  4S9,  Ex.  4,  19th  line  from  bottom)  = 

The  pressure  upon  this  tube  was  6.5  lbs.,  which,  reduced  to  unity  of  length  and  di- ameter =021.4  lbs.  (19.12X5X6.5). 

Comparison  "between  the  Resistance  to  External  and  In- ternal Pressure  in  Wrought  Iron  Single-riveted  Elues 
of  different  Diameters  and  Lengths. 

Diameter. Thickness. Length. 
External      I  Internal 

Pressure  per       Pressure  per 
Square  Inch.   |   Square  Inch. Ratio. 

Ins. 6 
13 
18 

Ins. 
.15 

Feet. Lbs. 
Lbs. 

2 

10 
15 

%) 

205 1G3 
135 

1375 
917 

764 

1  to  6.7 
1  to  5.G 
1  to  5.6 

Tt* 
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fi>esistance  of  Lead  Tubes  to  Internal  Pressure. 
Diameter. Length- Thickness. Pressure  of  Rupture 

per  Square  Inch. 
Ins. Ins. Ins Lbs. 
3 X 374 3 31 364 

Assume  370  as  the  mean  of  the  pressure  of  rupture  of  lbs.  per  square 
inch. 

To  Compute  the  Thickness  of  a  Lead  J?ipe  when  tlie  Di- 
ameter and.  tlie  Pressure  in  Pounds  per  Square  Inch  is 

given. 
Rule. — Multiply  the  pressure  in  pounds  per  square  inch  by  the  diam- 

eter of  the  pipe  in  inches,  and  divide  the  product  by  twice  the  tensile  re- 
sistance of  the  metal  in  pounds  per  square  inch. 

Example. — The  diameter  of  a  lead  pipe  is  3  inches,  and  the  pressure  to  which  it 
is  to  be  submitted  is  3T0  lbs.  per  square  inch;  what  should  be  the  thickness  of  the 
m8tal?  870X3  _1110_  9r  . 

2220X2 "4440  ° 
Resistance   of  Grlass  Grlohes   and  Cylinders   to  Internal 

Pressure  and  Collapse. 
Globes  (Flint  Glass).  Cylinder. 

Bursting  Pressure. 
Diameter. Thickness. 

Per  j 

Square  Inch. 
Diameter. Length. Thickness. Per Square  Inch. 

Ins. Ins. Lbs. 

Ins, * 

Ins. Ins. 
Lbs. 

4 .024 84 
4 7 .079 282 

4 .038 
150 

Elliptical  (Crown  Glass). 
5 .022 

90 
4.1 .019 

109 

6 .059 152 

Collapsing  Pressure. 
5 .014 

292 3 
14 .014 85 4 .025 

1000* 
4 

.034 
202 

6 .059 

900* 

4 14 
.064 

297 

MEMORANDA. 
Repetition  of  Stress. — A  piece  of  cast  iron  submitted  to  transverse  stress 

broke  at  the  195Gth  strain,  with  a  stress  three  fourths  of  that  of  its  orig- inal ultimate  resistance. 
Resistance  to  Bursting  of  Thick  Cylinders.  —  The  mean  resistance  to 

bursting  of  the  chambers  of  cast-iron  guns,  from  experiments  of  Major 
Rodman,  is  as  follows  : 

Thickness  of  metal  —  1  calibre,  length  —  3  calibres,  52  217  lbs.  per  sq.  in. 
Thickness  of  metal  ==  %  calibre,  length  =  3  calibres,  49 100  lbs.  per  sq.  in. 
The  tensile  strength  of  the  iron  being  18  820  lbs. 
Diam.  of  cylinder  2  ins.,  length  12  ins.,  metal  2  ins.,  80  229  lbs.  per  sq.  in. 
Diam.  of  cylinder  3  ins.,  length  12  ins.,  metal  3  ins.,  93  702  lbs.  per  sq.  in. 
The  tensile  strength  of  the  iron  being  26  866  lbs. 
Average  Tensile  strength  of  Gun-metal  (cast  iron),  37  774  lbs. 

Wire  Popes. 
Tlie  ultimate  strength  of  iron  wire  ropes  is  4180  lbs*  for  each  pound  in 

weight  per  fathom,  and  for  galvanized  steel  ropes  6720  lbs. 
*  Unbroken. 
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The  foreign  substances  which  iron  contains  modify  its  essential  proper- 

ties. Carbon  adds  to  its  hardness,  but  destroys  sfome  of  its  qualities,  and 
produces  Cast  Iron  or  Steel  according  to  the  proportion  it  contains.  Sul- 

phur renders  it  fusible,  difficult  to  weld,  and  brittle  when  heated  or  "  hot 
short."'  Phosphorus  renders  it  "cold  short"  but  may  be  present  in  the 
proportion  of  xooo  ̂ °  Ttioo  without  affecting  injuriously  its  tenacity.  An- 

timony, Arsenic,  and  Copper  have  the  same  effect  as  sulphur,  the  last  in  a 
greater  degree. 

Cast  Iron. 
The  process  of  making  cast  iron  depends  much  upon  the  description  of 

fuel  used ;  whether  charcoal,  coke,  bituminous  or  anthracite  coals.  A 
larger  yield  from  the  same  furnace,  and  a  great  economy  in  fuel,  are  ef- 

fected by  the  use  of  a  hot  blast.  The  greater  heat  thus  produced  causes 
the  iron'to  combine  with  a  larger  per-centage  of  foreign  substances. Cast  iron  for  purposes  requiring  great  strength  should  be  smelted  with 
a  cold  blast.  Pig-iron,  according  to  the  proportion  of  carbon  which  it  con- 

tains, is  divided  into  Foundry  Iron  and  Forge  Iron,  the  latter  adapted  only 
to  conversion  into  malleable  iron  ;  while  the  former,  containing  the  largest 
proportion  of  carbon,  can  be  used  either  for  castings  or  bars. 

There  are  many  varieties  of  cast  iron,  differing  by  almost  insensibre 
shades;  the  two  principal  divisions  are  gray and  white,  so  termed  from 
the  color  of  their  fracture.    Their  properties  are  very  different. 

Gray  Iron  is  softer  and  less  brittle  than  white  iron ;  it  is  in  a  slight  de- 
gree malleable  and  flexible,  and  is  not  sonorous ;  it  can  be  easily  drilled 

or  turned  in  a  lathe,  and  does  not  resist  the  file.  It  has  a  brilliant  frac- 
ture, of  a  gray,  or  sometimes  a  bluish-gray,  color;  the  color  is  lighter  as 

the  grain  becomes  closer,  and  its  hardness  increases  at  the  same  time.  It 
meits  at  a  lower  heat  than  white  iron,  and  preserves  its  fluidity  longer. 
The  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  the  molds  well,  contracts 
less,  and  contains  fewer  cavities  than  white  iron  ;  the  edges  of  its  cast- 

ings are  sharp,  and  the  surfaces  smooth  and  convex.  A  medium-sized 
grain,  bright  gray  color,  fracture  sharp  to  the  touch,  and  a  close,  compact 
texture,  indicate  a  good  quality  of  iron.  A  grain  either  very  large  or  very 
small,  a  dull,  earthy  aspect,  loose  texture,  dissimilar  crystals  mixed  to- 

gether, indicate  an  inferior  quality. 
Gray  iron  is  used  for  machinery  and  ordnance  purposes  where  the 

pieces  are  to  be  bored  or  fitted.  Its  tenacity  and  specific  gravity  are  di- 
minished by  annealing.    Its  mean  specific  gravity  is  7.2. 

White  Iron  is  very  brittle  and  sonorous  ;  it  resists  the  file  and  the  chisel, 
and  is  susceptible  of  high  polish  ;  the  surface  of  its  castings  is  concave ; 
the  fracture  presents  a  silvery  appearance,  generally  fine-grained  and 
compact,  sometimes  radiating  or  lamellar.  When  melted  it  is  white,  and 
throws  off  a  great  number  of  sparks,  and  its  qualities  are  the  reverse  of 
those  of  gray  iron  ;  it  is,  therefore,  unsuitable  for  machinery  purposes.  Its 
tenacity  is  increased,  and  its  specific  gravity  diminished  by' annealing.  Its mean  specific  gravity  is  7.5. 

Mottled  Iron  is  a  mixture  of  white  and  gray ;  it  has  a  spotted  appear- 
ance ;  it  flows  well,  and  with  few  sparks ;  its  castings  have  a  plane  sur- 
face, with  edges  slightly  rounded.    It  is  suitable  for  shot,  shells,  etc. 

A  fine  mottled  iron  is  the  only  kind  suitable  for  castings  which  require 
great  strength,  such  as  beam  centres,  cylinders,  and  cannon.  The  kind 
of  mottle  will  depend  much  upon  the  size  of  the  casting. 

Besides  these  general  divisions,  the  different  varieties  of  pig-iron  are  more 
particularly  distinguished  by  numbers,  according  to  their  relative  hardness. 
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No.  1  is  the  softest  iron,  possessing  in  the  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  old  or  scrap 
iron  and  with  the  harder  kinds  of  cast  iron,  it  is  of  great  use  to  the  found- 

er, and  commands  the  highest  price. 
No.  2  is  harder,  closer  grained,  and  stronger  than  No.  1 ;  it  has  a  gray color  and  considerable  lustre.  It  is  the  character  of  iron  most  suitable 

for  shot  and  shells. 
No.  3  is  still  harder  than  No.  2.  Its  color  is  gray,  but  inclining  to 

white ;  it  has  considerable  strength,  but  it  is  principal!}^  used  for  mixing with  other  kinds  of  iron. 
No.  4  is  bright  iron  ;  No.  5,  mottled;  and  No.  6,  white,  which  is  unfit  for 

general  use  b}^  itself. 
The  qualities  of  these  various  descriptions  depend  upon  the  proportion 

of  carbon,  and  upon  the  state  in  which  it  exists  in  the  metal ;  in  the  dark- 
er kinds  of  iron,  where  the  proportion  is  sometimes  7  per  cent.,  it  exists 

partly  in  the  state  of  graphite  or  plumbago,  which  makes  the  iron  soft. 
In  white  iron,  the  carbon  is  thoroughly  combined  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 
phosphorus,  which  are  all  injurious  to  its  quality.  Sulphur  hardens  the 
iron,  and,  unless  in  a  very  small  proportion,  destroys  its  tenacity. 

These  foreign  substances,  and  also  a  portion  of  the  carbon,  are  separa- 
ted by  melting  the  iron  in  contact  with  air,  and  soft  iron  is  thus  rendered 

harder  and  stronger.  The  effect  of  remelting  varies  with  the  nature  of 
the  iron  and  the  character  of  ore  from  which  it  has  been  extracted ;  that 
from  the  hard  ores,  such  as  the  magnetic  oxides,  undergoes  less  alteration 
than  that  from  the  hematites,  the  latter  being  sometimes  changed  from 
No.  1  to  white  by  a  single  remelting  in  an  air  furnace. 

The  color  and  texture  of  cast  iron  depend  greatly  upon  the  volume  of 
the  casting  and  the  rapidity  of  its  cooling;  a  small  casting,  which  cools 
quickly,  is  almost  always  white,  arid  the  surface  of  large  castings  par- 

takes more  of  the  qualities  of  white  metal  than  the  interior. 
All  cast  iron  expands  at  the  moment  of  becoming  solid,  and  contracts 

in  cooling  ;  gray  iron  expands  more  and  contracts  less  than  other  iron. 
The  contraction  is  about  TJo  for  Sra3T  and  strongly-mottled  iron,  or  % of  an  inch  per  foot. 
Remelting  iron  improves  its  tenacity ;  thus,  a  mean  of  14  cases  for  two 

fusions  gave,  for  1st  fusion,  a  tenacity  of  29  284  lbs. ;  for  2d  fusion,  33  790 
lbs.    For  2  cases— for  1st  fusion,  15 129  lbs. ;  for  2d  fusion,  35  786  lbs. 

Wrought  Iron. 

Wrought  iron  is  made  from  the  pig-iron  in  a  Bloomery  Fire  or  in  a  Pud- 
dling Furnace— generally  in  the  latter.  The  process  consists  in  melting  it 

and' keeping  it  exposed  to  a  great  heat,  constantly  stirring  the  mass,  bring- 
ing every  part  of  it  under  the  action  of  the  flame  until  it  loses  its  remain- 
ing carbon,  when  it  becomes  malleable  iron.  When,  however,  it  is  de- sired to  obtain  iron  of  the  best  quality,  the  pig-iron  should  be  refined. 

Refining. —This  operation  deprives  the  iron  of  a  considerable  portion  of 
its  carbon  ;  it  is  effected  in  a  Blast  Furnace,  where  the  iron  is  melted  by 
means  of  charcoal  or  coke,  and  exposed  for  some  time  to  the  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  the  surface  of  the  plate  is 
chilled,  cold  water  is  poured  on  to  render  it  brittle. 

The  Bloomery  resembles  a  large  forge  fire,  where  charcoal  and  a  strong 
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blast  are  used  ;  and  the  refilled  metal  or  the  pig-iron,  after  being  broken 
into  pieces  of  the  proper  size,  is  placed  before  the  blast,  directly  in  contact 
with  charcoal ;  as  the  metal  fuses,  it  falls  into  a  cavity  left  for  that  pur- 

pose 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  repeated,  when  the  ball  is  ready  for  the  Shingler. 

The  Puddling  Furnace  is  a  reverberatory  furnace,  where  the  flame  of  bi- 
tuminous coal  is  brought  to  act  directly  upon  the  metal.  The  metal  is  first 

melted ;  the  puddler  then  stirs  it,  exposing  each  portion  in  turn  to  the  ac- 
tion of  the  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  next  passed  to  the  shingler. 

Shingling  is  performed  in  a  strong  squeezer  or  under  the  trip-hammer. 
Its  object  is  to  press  out  as  perfectly  as  practicable  the  liquid  cinder 
which  the  ball  still  contains ;  it  also  forms  the  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.  The  ball  re- 

ceives 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  ham- 

mered ;  or  the  ball  is  passed  once  through  the  squeezer,  and  is  still  hot 
enough  to  be  passed  through  the  puddle  rolls. 

Puddle  Rolls. — By  passing  through  different  grooves  in  these  rolls,  the 
bloom  is  reduced  to  a  rough  bar  from  three  to  four  feet  in  length,  its  name 
conveying  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  size  of  the  fin- 

ished bar  required ;  the  sheared  bars  are  then  piled  one  over  the  other, 
according  to  the  volume  required,  when  the  pile  is  ready  for  balling. 

Balling. — This  operation  is  performed  in  the  balling  furnace,  which  is 
similar  to  the  puddling  furnace,  except  that  its  bottom  or  hearth  is  made 
up,  from  time  to  time,  witli  sand  ;  it  is  used  to  give  a  welding-heat  to  the 
piles  to  prepare  them  for  rolling. 

Finishing  Rolls. — The  balls  are  passed  successively  between  rollers  of 
various  forms  and  dimensions,  according  to  the  shape  of  the  finished  bar 
required. 

The  quality  of  the  iron  depends  upon  the  description  of  pig-iron  used, 
the  skill  of  the  puddler,  and  the  absence  of  deleterious  substances  in  the furnace. 

The  strongest  cast  irons  do  not  produce  the  strongest  malleable  iron. 
For  many  purposes,  such  as  sheets  for  tinning,  best  boiler-plates,  and 

bars  for  converting  into  steel,  charcoal  iron  is  used  exclusivel}- ;  and,  gen- 
erally, this  kind  of  iron  is  to  be  relied  upon,  for  strength  and  toughness, 

with  greater  confidence  than  any  other,  though  iron  of  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  it,  and 
hammering  or  rolling:  other"  things  being  equal,  the  best  iron  is  that which  has  been  wrought  the  most. 

STEEL. 

Steel  is  a  compound  of  Iron  and  Carbon,  in  which  the  proportion  of  the 
latter  is  from  1  to  5  per  cent.,  and  even  less  in  some  kinds.  Steel  is  dis- 

tinguished from  iron  by  its  fine  grain,  and  by  the  action  of  diluted  nitric 
acid,  which  leaves  a  black  spot  upon  steel,  and  upon  iron  a  spot  which  is 
lighter  colored  in  nroportion  to  the  carbon  it  contains. 
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There  are  man}'  varieties  of  steel,  the  principal  of  which  are  : 
Natural  Steel,  obtained  by  reducing  rich  and  pure  descriptions  of  iron 

ore  with  charcoal,  and  refining  the  cast  iron,  so  as  to  deprive  it  of  a  suf- 
ficient 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 

small  portion  of  other  metals. 
Blistered  Steel,  or  Steel  of  Cementation,  is  prepared  by  the  direct  com* 

bination  of  iron  and  carbon.  For  this  purpose,  the  iron  in  bars  is  put  in 
layers,  alternating  with  powdered  charcoal,  in  a  close  furnace,  and  ex- 

posed for  seven  or  eight  days  to  a  heat  of  about  9000°,  and  then  put  to  cool for  a  like  period.  The  bars,  on  being  taken  out,  are  covered  with  blisters, 
have  acquired  a  brittle  quality,  and  exhibit  in  the  fracture  a  uniform  crys- 

talline appearance.  The  degree  of  carbonization  is  varied  according  to 
the  purposes  for  which  the  steel  is  intended,  and  the  best  qualities  of  iron 
(Russian  and  Swedish)  are  used  for  the  finest  kinds  of  steel. 

Tilted  Steel  is  made  from  blistered  steel  moderately  heated,  and  subject- 
ed to  the  action  of  a  tilt  hammer,  by  which  means  its  tenacity  and  density 

are  increased. 
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  repeat- 

ed several  times  to  produce  the  finest  kinds  of  shear  steel,  which  are  dis- 
tinguished by  the  names  of  half  shear,  single  shear,  and  double  shear,  or 

steel  of  1,  2,  or  3  marks,  etc.,  according  to  the  number  of  times  it  has  been 
piled. 

Cast  Steel  is  made  by  breaking  blistered  steel  into  small  pieces  and  melt- 
ing it  in  close  crucibles,  from  which  it  is  poured  into  iron  molds  ;  the  ingot 

is  then  reduced  to  a  bar  by  hammering  or  rolling.  Cast  steel  is  the  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  with- out the  use  of  a  flux.  The  other  kinds  of  steel  have  a  similar  appearance 
to  cast  steel,  but  the  grain  is  coarser  and  less  homogeneous ;  they  are 
softer  and  less  brittle,  and  weld  more  readily.  A  fibrous  or  lamellar  ap- 

pearance in  the  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.  ;  the  damask  appearance  of  which  is  produced 
by  a  diluted  acid,  which  gives  a  black  tint  to  the  steel,  while  the  iron  re- mains white. 

Various  fancy  steels,  or  alloys  of  steel  with  silver,  platinum,  rhodium,  and 
aluminum', have  been  made  with  a  view  to  imitating  the  Damascus  steel, 
wootz,  etc.,  and  improving  the  fabrication  of  some  of  the  finer  kinds  of 
surgical  and  other  instruments. 

Properties  of  Steel—  After  being  tempered  it  is  not  easily  broken;  it 
welds  readily  ;  it  does  not  crack  or  split;  it  bears  a  very  high  heat,  and 
preserves  the  capability  of  hardening  after  repeated  working. 

Hardening  and  Tempering .—Upon  these  operations  the  quality  of  man- ufactured steel  in  a  great  measure  depends. 
Hardening  is  effected  by  heating  the  steel  to  a  cherry-red,  or  until  the scales  of  oxide  arc  loosened  on  the  surface,  and  plunging  it  into  a  liquid, 

or  placing  it  in  contact  with  some  cooling  substance  ;  the  degree  of  hard- 
ness depends  upon  the  heat  and  the  rapidity  of  cooling.  Steel  is  thus  pan- dered 80  hard  us  to  resist  the  hardest  files,  and  it  becomes  at  the  same  time 

extremely  brittle.  The  degree  of  heat,  and  the  temperature  and  nature 
of  the  cooling  medium,  must  be  chosen  with  reference  to  the  quality  of  the 
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steel  and  the  purpose  for  which  it  is  intended.  Cold  water  gives  a  greater 
hardness  than  oils  or  other  fatty  substances,  sand,  wet-ifon  scales,  or  cin- 

ders, but  an  inferior  degree  of  hardness  to  that  given  by  acids.  Oil,  tal- 
low, etc.,  prevent  the  cracks  which  are  caused  by  too  rapid  cooling.  The 

lower  the  heat  at  which  the  steel  becomes  hard,  die  better. 
Tempering. — Steel  in  its  hardest  state  being  too  brittle  for  most  pur- 

poses, the  requisite  strength  and  elasticity  are  obtained  by  tempering — or 
letting  down  the  temper,  as  it  is  termed — which  is  performed  by  heating  the 
hardened  steel  to  a  certain  degree  and  cooling  it  quickly.  The  requisite 
heat  is  usually  ascertained  by  the  color  which  the  surface  of  the  steel  as- 

sumes from  the  film  of  oxide  thus  formed.  The  degrees  of  heat  to  which 
these  several  colors  correspond  are  as  follows  : 
At  430°,  a  very  faint  yellow  (Suitable  for  hard  instruments  ;  as  hammer -faces, 
At  450°,  a  pale  straw  color.  \    drills,  etc. 
At  470°,  a  full  yellow   (For  instruments  requiring  hard  edges  without  elastici- 
At  490°,  a  brown  color  (    ty  ;  as  shears,  scissors,  turning  tools,  etc. 
At  510°,  brown,  with  purple  jFor  ̂   for  cutting  wQod  and  soffc  metalg;  guch  ag 
At  538°;  purple. \ '. \ '. '. ] \ '.  (    P^e-irons,  knives,  etc. At  550°,  dark  blue  j  For  tools  requiring  strong  edges  without  extreme 
At  560°,  full  blue  \    hardness ;  as  cold-chisels,  axes,  cutlery,  etc. 
At  600°,  grayish-blue,  verg-  (For  spring-temper,  which  will  bend  before  break- 

ing on  black    (    ing?  as  saws,  sword-blades,  etc. 
If  the  steel  is  heated  higher  than  this,  the  effect  of  the  hardening  proc- 

ess is  destroj-ed. 
Case-liardexiing. 

This  operation  consists  in  converting  the  surface  of  wrought  iron  into 
steel,  by  cementation,  for  the  purpose  of  adapting  it  to  receive  a  polish  or 
to  bear  friction,  etc. ;  this  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  general- 

ly used  for  this  purpose,  after  having  been  burned  or  roasted  so  that  they 
can  be  pulverized.    Soot  is  also  frequently  used. 

LIMES,  CEMENTS,  MORTARS,  AND  CONCRETES. 
Limestones. 

The  calcination  of  marble  or  any  pure  limestone  produces  lime  {quick- 
lime).   The  pure  limestones  burn  white,  and  give  the  richest  limes. 

The  finest  calcareous  minerals  are  the  rhombohedral  prisms  of  calca- 
reous spar,  the  transparent  double-reflecting  Iceland  spar,  and  white  or 

statuary  marble. 
The  property  of  hardening  under  water,  or  when  excluded  from  air, 

conferred  upon  a  paste  of  lime,  is  effected  by  the  presence  of  foreign  sub- 
stances— as  silicum,  alumina,  iron,  etc. — when  their  aggregate  presence 

amounts  to  yo  of  the  whole. 
Limes  are  classed:  1.  The  common  or  fat  limes.  2.  The  poor  or  mea- 

gre. 3.  The  hydraulic.  4.  The  hydraulic  cements.  5.  The  natural  puz~ 
zuohuias,  including  puzzuolana  properly  so  called,  trass  or  terras,  the 
arenes,  ochreous  earths,  basaltic  sands,  and  a  variety  of  similar  substances. 

Rich  Limes  are  faUy  dissolved  in  water  frequently  renewed,  and  they 
remain  a  long  time  without  hardening;  they  also  increase  greatty  in  vol- 

ume, from  2  to  times  their  original  bulks,  and  will  not  harden  with- 
out t  he  action  of  the  air.  The}r  are  rendered  hydraulic  by  the  admixture of  puzzuolana  or  trass. 
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Rich,  fat,  or  common  Limes  usually  contain  less  than  10  per  cent,  of  im- 
purities.- 

Hydraulic  Limestones  are  those  which  contain  iron  and  clay,  so  as  to 
enable  them  to  produce  cements  which  become  solid  when  under  water. 

The  pastes  of  fat  limes  shrink,  in  hardening,  to  such  a  degree  that  the)' can  not  be  used  as  mortar  without  a  large  dose  of  sand. 
Poor  Limes  have  all  the  defects  of  rich  limes,  and  increase  but  slightly 

in  bulk. 
The  poorer  limes  are  invariably  the  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  indu- 

rating under  water,  and  are  therefore  applicable  for  the  admixture  of  hy- draulic 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. 

Lime  absorbs,  in  slaking,  a  mean  of  2)£  times  its  volume,  and  2%  times 
its  weight  of  water. 

Hydraulic  Limes  are  those  which  readil}^  harden  under  water.  The 
most  valuable  or  eminently  hydraulic  set  from  the  2d  to  the  4th  day  after 
immersion ;  at  the  end  of  a  month  they  become  hard  and  insoluble,  and 
at  the  end  of  6  months  they  are  capable  of  being  worked  like  the  hard, 
natural  limestones.  They  absorb  less  water  than  the  pure  limes,  and  only 
increase  in  bulk  from  1%  to  2%  times  their  original  volume. 

The  inferior  grades,  or  moderately  hydraulic,  require  a  longer  period,  say  from  15 
to  20  days'  immersion,  and  continue  to  harden  for  a  period  of  (3  months. 

The  resistance  of  hydraulic  limes  increase  if  sand  is  mixed  in  the  proportion  of  50 
to  ISO  per  cent,  of  the  part  in  volume ;  from  thence  it  decreases. 

Slaked  Lime  is  a  hydrate  of  lime. 
M.  Vicat  declares  that  lime  is  rendered  hydraulic  by  the  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  compres- sion as  the  natural  limes  of  the  same  class. 

The  close-grained  and  densest  limestones  furnish  the  best  limes. 
Hydraulic  limes  lose  or  depreciate  in  value  by  exposure  to  the  air. 
Arenes  is  a  species  of  ochreous  sand.  It  is  found  in  France.  On  ac- 

count of  the  large  proportion  of  clay  it  contains,  sometimes  as  great  as 
pj,  it  can  be  made  into  a  paste  with  water  without  any  addition  of  lime  ; 
nence  it  is  sometimes  used  in  that  state  for  walls  constructed  en  pise,  as 
well  as  for  mortar.  Mixed  with  rich  lime,  it  gives  excellent  mortar,  whicl 
attains  great  hardness  under  water,  and  possesses  great  hydraulic  energy. 

Puzzuolana  is  of  volcanic  origin.  It  comprises  trass  or  terras,  the  arenes, 
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  10  per  cent,  of  lime. 
When  finely  pulverized,  without  previous  calcination,  and  combined  with  the  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. 
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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  an}-  of  its  hydraulic  properties. 
General  Gillmore*  designates  the  varieties  of  hydraulic  limes  as  follows : 

If,  after  being  slaked,  the  y  harden  under  water  in  periods  varying  from  15 
to  20  days  after  immersion,  slightly  hydraulic;  if  from  six  to  eight  days, 
hydraulic ;  and  if  from  one  to  four  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 

varying  directly  with  their  hydraulicity,  and  the}'  deteriorate  by  age. 
For  foundations  in  a  damp  soil  or  exposure,  hydraulic  limes  must  be 

exclusively  employed. 
Cemen.ts. 

Hydraulic  Cements  contain  a  larger  proportion  of  silica,  alumina,  mag- 
nesia, etc.,  than  any  of  the  preceding  varieties  of  lime  ;  they  do  not  slake 

after  calcination,  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  hard- 

ening, and  make  an  excellent  mortar  without  any 'admixture  of  sand. 
Roman  Cement  is  made  from  a  lime  of  a  peculiar  character,  found  in  En- 

gland and  France,  derived  from  argillo-calcareous  kidney-shaped  stones 
termed  "  Septaria." 

Rosendale  Cement  is  from  Rosen  dale,  New  York. 
Portland  Cement  is  made  in  England  and  France.  It  requires  less  wa- 

ter than  the  Roman  cement,  sets  slowly,  and  can  be  remixed  with  addi- 
tional water  after  an  interval  of  12  or  even  24  hours  from  its  first  mixture. 

The  property  of  getting  slow  may  be  an  obstacle  to  tbe  use  of  some  designations  of 
this  cement,  as  tbe  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  band,  a  quick-setting  cement  is  always 
difficult  of  use ;  it  requires  special  workmen  and  an  active  supervision.  A  slow-set- 

ting cement,  however,  like  the  natural  Portland,  possesses  the  advantage  of  being nmnng ad  by  ordinary  workmen,  and  it  can  be  remixed  with  additional  water  after  12 or  even  24  hours. 
Artificial  Cement  is  made  hy  a  combination  of  slaked  lime  with  ran- 

burned  clay  in  suitable  proportions. 
Artificial  Puzzuolana  is  made  by  subjecting  clay  to  a  slight  calcination. 
Salt-water  has  a  tendency  to  decompose  cements  of  all  kinds. 

IVIortars.. 

Lime  or  Cement  paste  is  the  cementing  substance  in  mortar,  and  its  pro- 
portion should  be  determined  by  the  rule  that  the  volume  of  the  cementing 

substance  should  be  somewhat  in  excess  of  the  volume  of  voids  or  spaces  in  the 
sand  or  coarse  material  to  be  unitedrthe  excess  being  added  to  meet  imper- 

fect manipulation  of  the  mass. 
Hydraulic  Mortar,  if  re-pulverized  and  formed  into  a  paste  after  hav- 

ing once  set,  immediately  loses  a  great  portion  of  its  hydraulicity,  and  de- 
scends to  the  level  of  the  moderate  hydraulic  limes. 

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  quan- 

tities, and  then  render  it  fit  for  use  by  a  second  manipulation; 
For  an  Analysis  of  Limestones,  etc.,  etc.,  see  Gen.  Gilmore's  Treatise,  p.  22, 125i 
White  lime  win  take  a  larger  proportion  of  sand  than  brown  lime. 
The  use  of  salt-water  in  the  composition  of  mortar  injures  the  adhesion  of  it. 
*  See  his  Treatises  on  Limes,  Hydraulic  Cements,  and  Mortars,. of  Papers  on  Practical  Engineer Engineer  Department,.!!.  8.  A. 

U  u 
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Mortal'.—  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  substances,  it  acquires 
the  properties  of  a  cement  or  mortar. 

The  proportion  of  sand  that  can  be  incorporated  with  mortar  depends 
partly  upon  the  degree  of  fineness  of  the  sand  itself,  and  partly  upon  the 
character  of  the  lime.  For  the  rich  limes,  the  resistance  is  increased  if 
the  sand  is  in  proportions  varying  from  50  to  240  per  cent,  of  the  paste  in 
volume  ;  beyond  this  proportion  the  resistance  decreases. 

Stone  Mortar. — 8  parts  cement,  3  parts  lime,  and  31  parts  of  sand. 
Brick  Mortar.— 8  parts  cement,  3  parts  lime,  and  27  parts  of  sand. 
Brown  Mortar.*— Lime  1  part,  sand  2  parts,  and  a  small  quantity  of  hair. 
Lime  and  sand,  and  cement  and  sand,  lessen  about  %  in  volume  when  mixed  to- 

gether. 
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  the  quality  of  the  lime  or  cement  used,  the  nature  and 
quality  of  sand,  and  the  method  of  manipulation. 

Mortar.—  Lime,  1 ;  clean  sharp  sand,  2>£.  An  excess  of  water  in  slak- ing 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. 
Turkish  Plaster,  or  Hydraulic  Cement. — 100  lbs.  fresh  lime  reduced  to 

powder,  10  quarts  linseed-oil,  and  1  to  2  ounces  cotton.    Manipulate  the 
lime,  gradually  mixing  the  oil  and  cotton,  in  a  wooden  vessel,  until  the 
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,  re- sist the  effect  of  humidity  for  very  long  periods. 

Exterior  Plaster  or  Stucco. — 1  volume  of  cement  powder  to  2  volumes 
of  dry  sand. 

In  India,  to  the  water  for  mixing  the  plaster  is  added  1  lb.  of  sugar,  or 
molasses,  to  8  Imperial  gallons  of  water,  for  the  first  coat ;  and  for  the 
second  or  finishing,  lib.  sugar  to  2  gallons  water. 

Powdered  slaked  lime  and  Smith's  forge  scales,  mixed  with  blood  in suitable  proportions,  make  a  moderate  hydraulic  mortar,  which  adheres 
well  to  masonry  previously  coated  with  boiled  oil. 

The  plaster  should  be  applied  in  two  coats  laid  on  in  one  operation,  the  first  coaf 
being  thinner  than  the  second.  The  second  coat  is  applied  upon  the  first  while  the 
latter  is  yet  soft. 

The  two  coats  should  form  one  of  about  \y2  inches  in  thickness,  and  when  finished 
it  should  be  kept  moist  for  several  days. 

This  process  may  be  modified  by  substituting  for  the  first  coat  a  wash  of  thick 
cream  of  pure  cement,  applied  with  a  stiff  brush  just  before  the  plaster  is  laid  on. 
When  the  cement  is  of  too  dark  a  color  for  the  desired  shade,  it  may  be  mixed 

wiih  white  sand  in  whole  or  in  part,  or  lime  paste  may  be  added  until  its  volume 
equals  that  of  the  cement  paste. 

Khorassar,  or  Turkish  Mortar,  used  for  the  construction  of  buildings 
requiring  great  solidity,  j£  powdered  brick  and  tiles,  %  fine  sifted  lime. 
Mix  with  water  to  the  required  consistency,  and  lay  on  layers  of  5  and  G 
inclies  in  thickness  between  the  courses  of  brick  or  stones. 

Interior  Plastering. — The  mortars  used  for  inside  plastering  are  termed 
Coarse,  Fine,  Gauge  or  hard  finish;  and  Stucco. 

Coarse  Mtvff, — Common  lime  mortar,  as  made  for  brick  masonry,  with 
a  small  quantity  of  hair;  or  by  volumes,  lime  paste  (.')0  lbs.  lime)  1  part, sand  2  to  2^  parts,  hair  %  part. 
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When  full  time  for  hardening  can  not  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. 
Fine  Stuff  (lime  putty). — Lump  lime  slaked  to  a  paste  with  a  moderate 

volume  of  water,  and  afterward  diluted  to  the  consistency  of  cream,  and 
then  to  harden  by  evaporation  to  the  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  the  finishing  coat. 

Gauge  Stuff,  or  Hard  finish,  is  composed  of  from  3  to  4  volumes  fine  stuff 
and  1  volume  plaster  of  Paris,  in  proportions  regulated  by  the  degree  of 
rapidity  required  in  hardening;  for  cornices,  etc.,  the  proportions  are 
equal  volumes  of  each,  tine  stuff  and  plaster. 

Stucco  is  composed  of  from  3  to  4  volumes  of  white  sand,  to  1  volume  of 
fine  stuff,  or  lime  putty. 

Scratch  Coat. — The  first  of  three  coats  when  laid  upon  laths,  and  is 
from  }i  to  %  of  an  inch  in  thickness. 

One-coat  Work. — Plastering  in  one  coat  without  finish,  either  on  mason- 
ry or  laths — that  is,  rendered  or  laid. 
Two-coat  Work. — Plastering  in  two  coats  is  done  either  in  a  laying  coat and  set,  or  in  a  screed  coat  and  set. 
The  Screed  coat  is  also  termed  a  Floated  coat.  Laying  the  first  coat  in 

two-coat  work  is  resorted  to  in  common  work  instead  of  screeding,  when  the 
finished  surface  is  not  required  to  be  exact  to  a  straight-edge.  It  is  laid 
in  a  coat  of  about  %  an  inch  in  thickness. 

The  laying  coat,  except  for  very  common  work,  should  be  hand -floated. 
The  firmness  and  tenacity  of  plastering  is  very  much  increased  by  hand -floating. 
Screeds  are  strips  of  mortar  G  to  8  inches  in  width,  and  of  the  required 

thickness  of  the  first  coat,  applied  to  the  angles  of  a  room,  or  edge  of  a 
wall  and  pafallelly,  at  intervals  of  3  to  5  feet  over  the  surface  to  be  cover- 

ed. When  these  have  become  sufficiently  hard  to  withstand  the  pressure 
of  a  straight-edge,  the  inter-spaces  between  the  screeds  should  be  filled  out 
Hush  with  them,  so  as  to  produce  a  continuous  and  straight,  even  surface. 

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  com- 

paratively even  surface. 
This  finish  answers  when  the  surface  is  to  be  finished  in  distemper,  or  paper. 
Hard  Finish.— Fine  stuff  applied  with  a  trowel  to  the  depth  of  about  y6 of  an  inch. 

Estimate  of  IMaterials  and  X^a"bor  for  lOO  Square  Yards of  T^atli  and  IPlaster. 

Lime  
Lump  lime  Plaster  of  Paris 
Laths  
Hair  
Sand  

Three  Coats Hard  Finish. Two  Coat3 
Slipped. 

Materials and  Labor. Three  Coats 
Hard  Finish. 

Two  Goats 
Slipped. 

4  casks. 

%  " 
Y  " 

2000. 
4  bushels. 
7  loads. 

3>£  casks. 
2000. 
3  bushels. 
6  loads. 

White  sand . . . Nails  %%  bushels. 
iS  lbs. 
4  days. 
%    "    _  # 

13  lbs. 
3X  days, 

2  l- 

" /4. Cartage  

Concrete  or  Beton 
Is  a  mixture  of  mortar  (generally  hydraulic)  with  coarse  materials,  as 

gravel,  pebbles,  stones,  shells,  broken  'bricks,  etc.  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  sub- 

stance in  concrete  or  beton.  The  original  distinction  between  cement  and 
beton  was,  that  the  latter  possessed  hydraulic  energy,  while  the  former  did not. 
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Hydraulic. — X%  parts  unslacked  rrydraulic  lime,  X%  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. —Forts  Richmond 

and  Tompkins,  17-  S. 
Hydraulic. — 308  lbs.  cement  =  3.65  to  3.7  cubic  feet  of  stiff  paste.  12 cubic  feet  of  loose  sand  =  9.75  cubic  feet  of  dense. 
For  Superstructure. — 11.75  cubic  feet  of  mortar  as  above,  and  16  cubic 

feet  of  stone  fragments. 
In  the  foundations  of  Fort  Tompkins,  about  of  its  volume  was  com- 

posed of  stones  from  %  to  %  of  a  cubic  foot  in  volume,  rammed  into  the 
wall  as  the  concrete  was  laid. 

Sea  Wall. — Boston  Harbor. — Hydraulic. — 308  lbs.  cement,  8  cubic  feet 
of  sand,  and  30  cubic  feet  of  gravel.    The  whole  producing  32.3  cubic  feet. 

Superstructure. — 308  lbs.  cement,  80  lbs.  lime,  and  14.6  cubic  feet  dense 
sands.    The  whole  producing  12.825  cubic  feet. 

Cost  of  labor  and  materials  expended  in  laying  concrete  foundation  at 
Fort  Tompkins,  during  the  }Tear  1849,  per  cubic  yard  as  laid,  $2.26. 
Transverse  Strength  of  Concretes,  Cements,  Mortars, 
Puzzuolana,  and  Trass,  deduced  from  the  Experiments 
of  Generals  Totten  and  Grillmore,  TJ.  S.  .A..,  General 
Treussart,  and  IVI.Voisin. 

Reduced  to  a  uniform  Measure  of  One  Inch  Square  and  One  Foot  in  Length.  Sup- 
ported at  both  Ends. 

2  IW  i 
3  4  b  cl2  ~  ̂  P6r  s(Luare  *nch  °f  secii°ni  representing  value  for  general  use, 

being  %  of  ultimate  breaking  strain. 
Experiments  of  Voisin,  1857. 

Mortar. Concrete. Mortar. 

-a 

Concrete. 
One  Volume One  Volume One  Volume One  Volume 

of  Sand. 3 
p of  Pebbles. Value. of  Sand. of  Pebbles. Value. 

a 2  3 1 S  3 

<s 

S 
O 

Wat
< 

> 

Mor
t 

3 2 >  A 
Q © Cem

i 

Wa
t 

> 

Mor
i 

Vol
u 

pro
d 

O o Q 

Lbs. Lbs. Lbs. 
Lbs. 1 .62 1.69 1 1.56 2.3 2.9 Y .38 1.12 Y 1.03 .58 1.2 

Y 
1.03 1.7 3.2 Y 

.35 
1.05 1 1.4 

.48 

1. 
1. 1.8 

3.1 
% 1.01 .35 

.85 U 1. 1. 1. i 5 .34 

1. 

1 1.45 

.3 

.88 Y .43 1.24 l 1.45 1.6 2.7 Y 1.03 .44 

.65 
H 1. 1. 

1.9 A .32 
.r6 

l 1.45 
.41 .81 H .S3 1.12 l 1.4 .S6 .91 

Yz 

1.03 .36 

.79 
Experiments  of  General  Totten,  1S37. 

Mortar. Mortar. 
Concrete.* Cement  1. Cement  1. 

Sand  .5. 
Cement  1 . 
Sand  1. Concrete.* Cement  1. Cement  1  ■ Sand  .5. Cement  1. Sand  1. 

Granite  .  1\ 
Mortar . .  1)" Gravel  . .  ll 
Mortar  . .  2f 

Lbs. 
2.9 
1.4 

Lbs. 
2.4 
2.4 

Lbs. 
2.3 

.7 
Brick 
Gravel. . . .  f 

Lbs. 

1.9 

.9 

Lbs. 
1.4 

Lbs. 
.0 

1.6 
*  The  granite,  bricks,  etc.,  were  broken  into  fragments  or  spalls  of  (he  required  size. 
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Tensile  Strength.  of>A~ario\\s  Cements,  Mortars,  and  jVla- 
sonry,  deduced  from  tlie  Experiments  of*  "Vicat  and Chatoney  at  Chertoonrg,  Gren.  Grillmore,TJ.  S.  Crys- 

tal Palace,  London,  etc. 
Weight  or  Power  required  to  Tear  asunder  One  Square  Inch. Ultimate 

Resist- ance. Materials  and  Mixtures. Materials  and  Mixtures. 

Boulogne,  100  parte,  water  50  . . . 
90  days,  100  parts,  water  50  
Boulogne,  1  year,  Portland  (nat- ural)   
English,  1  year,  Portland  (arti- ficial)   
Portland,  4*2  days,  cement  1,  sand  1 "    is  «   

"     135  "   
u  English,  320  days,  pure. 
"  "         "  cement  1, sand  1, 

Lbs. 
112 

•  675 
■  402 

142 104 
233 

1152 ■  94S 

Portland,  English,  320  days,  ce- ment 1,  sand  2  
1 '     45  days,  pure  and  mixed , Stiff  
u  English,  pure,  1  month. . "  "  "6  mos.  . . . 

Roman,  1  year,  from  Septaria. . . 
"  42  days,  cement  1,  sand  1 u         u  t4       j     u  2 
u         u          u      j     ci  g 

Stone  masonry,  Roman  cement, 5  mos  

£0J 

303 424 
191 
284 
199 1C0 

Bt.ick  and  Gbanitb  Masonry,  320  Days. 

Cement,  Delafield  and  Baxter  , 

Lawrence  Co 
Jr.mos  River  . 

5} 

"  Pure  
Cement   4} 
Sand   If ( lenient  
Siftings  
Cement  .... 

k  Siftings  .... 
J  Pure  \  Pure  (  Cement  
\  Sand   

(  Pure  u      Newark  Lima  and  Cement  Co  ■<  Cement   1 
(  Sand   2 

"      Brighton  and  Rosendale  -  Pure  
u      Newark  and  Rosendale   l  ure  
u.     Pure  upon  bricks  
"      1,  sand  1  pure  upon  bricks  
"     1,  «    3        "  "   
"      Pure  upon  granite  
u      1,  water  .5  
"      1,     *»  .42  
"      Pure  upon  bricks,  without  mortar,  mean  Common  lime   1 )  u 
"      sand   2X/   Lime  paste   1)         r  •  i_ 

Sand  .  3|  upon  bricks  Lime  paste   1 )  u 
Sand  ..   2/   Lime  past3  1) 
Sand   3  V  "   
Cement  paste   5) 

Lbs 
68.58 
G3.5 

79.  ST 

87. 37 53.68 
G2. 
13.25 
39.02 
80  25 
75.81 31. 
16. 7. 
27. 
20. 27. 

45. 

4.13 

11  41 

Crnsliing  Strength  of  Cements,  Stone,  etc.—  {Crystal  ralace,  London.) 
Reduced  to  a  uniform  Measure  of  One  Square  Inch. Ultimate 

Pressure. 

Portland  cement,  area  1,  height  1 
u      cement  \ 
"      sand  ) 

1G30 
1244 

Portland  cement  1  \ 
u       sand     4  /  * Roman  cement,  pure. 

Uu* 

Lbs. 

1244 

342 
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EXPERIMENTS  OF  GENERAL  GlLLMORE. 
Value.  Materials. 

Delafield      and*  gtiff  ate  Baxter  J  ^ 

"tj^^  James  Pave,. 
/'Cement.. .  4.  \ 

James  River,  59  )  Water. ...  2.6  j 
days  1  Cement. . .  4.  ) Water. . . .  1.4/ 

t> .1.1     -j  n  ( Pure  cement  . Portland  (Eng.),  J  Cement  . . . .  1  > 320  da^s (Sand  2/ 

Lbs. 

6.* 

11.3 

5.0 
1.9 

3.4* 

10.6 
6.6 

Portland  Pure 
( Eng. ),  100 days  +. 

Roman  (Eng.), 
100  days   

Rosendale, 
days  95 

Rosendale  (Hoff- man), 320  days 

( Cement  1\ \  Sand  l| 
)  Cement  1) (^Sand  2( (Cement  1\ 
\Sand  lj ?Pure  
l  Cement  1\ <  Lime  %\ 

j  Cement  V VLime  If 
j  Stiff  paste  
\Thin  "  

Lbs. 
12.5 IS. 

6.7 

3.9 

4.4* 
4.S* 

Value. Value. 

Cement. 
{£ Ce

me
 

San
d 

Ce
me
 

San
d Pur

e. Cem
e 

San
d 

£  s 
2$ 

Lbs. Lbs. Lbs. 
Lbs. 

5.2 4.4 4.1 Round  Top,  Md.  . .  4.1 
4.9 

3.8 3.4 Rosendale,  Hoffman. . . 5.8 4.1 6.5 6.3 3.8 u       Lawrence . . 5.3 
4.2 4.4 

3.8 3.2 
5.8 3.8 3.4 Shepherdstown,  Va. . . . 5  1 

4.2 
3.1 10.5 8.6 

6.5 5.1 1.2 
3.8 6.5 

4.8 3.4 

Akron,  New  York  . 
Brighton  and  Rosendale 
Cumberland,  Md  
James  River,  Va  
Newark  and  Rosendale . 
Portland,  English  
Remington,  Conn  
Note  When  the  paste  is  not  subjected  to  compression  during  setting,  a  thin 

paste  produces  as  strong  a  mortar  as  a  stiff  one. 
Experiments  of  General  Treussart. 

Puzzuolana  and  Trass— Mortar. Value. 

Strasburgh 

'Puzzuolana  1) 
kSand. 
/  Trass 
\  Lime  1  "j I Sand  . 
Puzzuolana  '. 

5  days 

Puzzuolana  and  Trass— Mortar. 
(Lime  paste.  1  l5d.iv^ 

Stras-  )  Puzzuolana  2%  j  °  u  y' burgh..  )  Lime  paste.  1    )  Q  u 

(.Trass  2    /  6 «x      (  Lime  1 
Wl**f  ̂ Sand. Marble. -|Trag8 

.1  }5
  " 

Lbs. 3.8 
3.1 

2.1 

Cement  paste      lime  paste  1   4.2 Fire-brick  beamf   2.1 
Portland  cement,  4  mos  21.3 
Roman         u     4    "   14.8 

Cement  paste,  95  days   13.8 
"  1,  lime  paste  %  13.6 
"  1,        "        %   11.3 
"  1,       "         1   T.9 

Deductions. — 1.  Particles  of  unground  cement  exceeding  of  an  inch  in  diam- 
eter may  be  allowed  in  cement  paste  without  sand,  to  the  extent  of  50  per  cent,  of 

the  whole,  without  detriment  to  its  properties,  while  a  corresponding  proportion  of 
eand  injures  the  strength  of  mortar  about  40  per  cent. 

2.  When  these  unground  particles  exist  in  cement  paste  to  the  extent  of  66  per 
cent,  of  the  whole,  the  adhesive  strength  is  diminished  about  28  per  cent.  For  a 
corresponding  proportion  of  sand  the  diminution  is  68  per  cent. 

3.  The  addition  of  sifrings  exercises  a  less  injurious  effect  upon  the  cohesive  than 
upon  the  adhesive  property  of  cement.  The  converse  is  true  whea  sand,  instead  of 
eiftings,  is  used. 

*  All  except  the  first  were  submitted  to  a  pressure  of  32  lbs.  per  square  inch, 
f  Loaded  partly  along  the  bricks,  and  broke  through  them. 
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4.  In  all  the  mixtures  with  sittings,  even  when  the  latter  amounted  to  66  per  cent, 
of  the  whole,  the  cohesive  strength  of  the  mortars  exceeded  its  adhesion  to  the  bricks. 
The  same  results  appear  to  exist  when  the  sittings  are  replaced  by  sand,  until  the 
volume  of  the  latter  exceeds  20  per  cent,  of  the  whole,  after  which  the  adhesion  ex- ceeds the  cohesion. 

5.  At  the  age  of  320  days  (and  perhaps  considerably  within  that  period)  the  co- hesive strength  of  pure  cement  mortar  exceeds  that  of  Croton  front  bricks.  The 
converse  is  true  when  the  mortar  contains  50  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. 

T.  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. 

Slaking. — The  volume  of  water  required  to  slake  lime  will  vary  with  limes  from 
2.5  to  3  times  the  volume  of  the  lime  (quicklime),  and  it  is  important  that  all  the  wa- 

ter required  to  reduce  the  lime  to  a  proper  consistency  should  be  given  to  it  before  the 
temperature  of  the  water  first  gjven  becomes  sensibly  elevated. 

Immediately  upon  the  lime  being  provided  with  the  requisite  volume  of  water,  it 
should  be  covered,  in  order  to  confine  the  heat,  and  it  should  not  be  stirred  while 
slaking.  When  the  paste  is  required  for  grouting  or  whitewashing,  the  water  re- quired should  be  given  at  once,  and  in  larger  volume  than  when  the  paste  is  required 
for  mortal',  and  when  slaked  the  mass  should  be  transferred  to  tight  casks  to  prevent 
the  loss  of  water.  When  the  character  of  the  limes,  as  with  those  of  hydraulic  en- 

ergy, will  not  readily  reduce,  their  reduction,  which  is  an  indispensable  condition, 
must  be  aided  by  mechanical  means,  as  a  mortar  mill. 

The  process  here  given  is  termed  drowning.  When  the  lime  is  retained  in  a  bar- 
rel, or  like  instrument,  immersed  in  water,  and  then  withdrawn  before  reduction  oc- 

curs, it  is  termed  immersion,  and  when  it  is  reduced  by  being  exposed  to  the  atmos- 
phere, and  gradually  absorbing  moisture  therefrom,  it  is  termed  air-slaked. 

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  at- 

trition, and  consequently  having  less  tenacity  than  sharp-edged  grains. 
Fine  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  mu- 
riatic acid,  then  washing  it  with  water.  Crucibles  from  common  clay  may  be  made in  this  manner. 

Pise  is  made  of  clay  or  earth  rammed  in  layers  of  from  3  to  4  inches  in  depth.  In 
moist  climates,  it  is  necessary  to  protect  the  external  surface  of  a  wall  constructed in  this  manner  with  a  coat  of  mortar. 

Asphalt  Composition.— -Mineral  pitch  1  part,  bitumen  11,  powdered  stone,  or  wood 
ashes,  T  parts. 

2.  Ashes  2  parts,  clay  0  parts,  and  sand  1  part,  mixed  with  a  little  oil,  makes  a 
very  fine  and  durable  cement,  suitable  for  external  use. 

Mastic. — Pulverized  burnt  clay  03  parts,  litharge  ground  very  fine  7  parts,  mixed 
with  a  sufficient  quantity  of  pure  linseed  oil. 

3.  Silicious  sand  14,  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  bo 
applied  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  IX  to  \%  inches. 

Asphaltum  56  lbs.  and  gravel  28.  T  lbs.  will  cover  an  area  of  10.75  square  feet. 
Notes  by  General  GUlmore,U.  S.  A. — All  the  lime  necessary  for  any  required quantity  or  batch  of  mortar  should  be  slaked  at  least  one  day  before  it  is  mixed  with the  sand. 
All  the  water  required  to  slake  the  lime  should  be  poured  on  at  one  time,  the  lime 

phould  be  submerged,  and  the  mass  should  then  be  covered  with  a  tarpaulin  or  can- 
vas, and  allowed  to  remain  undisturbed  for  a  period  of  24  hours. 

The  ingredients  should  be  thoroughly  mixed,  and  then  heaped  for  use  as  required. 
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  yz  to  %  the  volume  of  cement  paste  may  be  safely  add- 
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od  to  any  Losendale  cement  without  producing  any  essential  deterioration  of  the quality  of  the  mortar.  Neither  is  the  hydraulic  activity  of  the  mortars  *o  far  im paired  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. 
Pointing  Mortar  is  composed  of  a  paste  of  finely-ground  ciment  and  clean  sham sihcious  sand,  in  such  proportions  that  the  volume  of  cement  paste  is  slightly  in  ex 

SSV^oS?  J0llinieJ?f  V0ids  °/  Spaces  in  the  sand'    The  volume  of  sand  varies  from to       that  of  the  cement  paste,  or  by  weight,  1  of  cement  powder  to  3  to  3  V  of sand    The  mixture  should  be  made  under  shelter,  and  in  quantities  not  exceeding from  2  to  3  pints  at  a  time.  fa 
Before  pointing,  the  joints  should  be  reamed,  and  in  close  masonry  they  must  be 

open  to  i  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  caulking  iron  and  hammer. 
In  the  pointing  of  rubble  masonry  the  same  general  directions  are  to  be  observed Notes  by  General  Totten,  U.  S.  A.— 240  lbs.  lime  =  1  cask,  will  make  from  7.S  to 8.15  cubic  feet  of  stiff  paste. 
303*  lbs.  of  finely-ground  cement  will  make  from  3.7  to  3.8  cubic  feet  of  stiff  pa=te  ■ i  9  to  83  lbs.  of  cement  powder  will  make  1  cubic  foot  of  stiff  paste.  ' 1  cubic  foot  of  dry  cement  powder,  measured  w  hen  loose,  will  measure  78  to  8 cubic  foot  when  packed,  as  at  a  manufactory. 
100  yards  of  lath  and  plaster  work,  with  wages  of  masons  at  $1.75  per  day  and Rockland  lime  at  $1  per  cask,  cost,  respectively  : 

3  Coats  hard  finish  work  $25.50  |  2  Coats  slipped  work  $19. £5 Mural  Efflorescences.— White  alkaline  efflorescences  upon  the  surface  of  brick  walls laid  in  mortar,  of  which  natural  hydraulic  lime  or  cement  is  the  basis. 
The  crystallization  of  these  salts  within  the  pores  of  bricks,  into  which  they  have been  absorbed  from  the  mortar,  causes  disintegration. 
Asphalte  Flooring.— §  lbs.  of  composition  will  cover  1  sup.  foot,  %  inch  thick. Plastering.—!  bushel,  or  \}i  cubic  foot  of  cement,  mortar,  etc.,  will  cover  tU square  rods  %  inch  thick.    75  volumes  are  required  upon  brick  work  for  70  upon  laths. 

Cost  of  Masonry,  ofvarions  Kinds,  per  Cubic  Yard,  and 
tlie  Volume  ofMortar  req.-u.ired  for  eacli.— [Gen.  Gilmokr,  U.'s.  a.] 

Rough,  in  rubble  or  gravel,  from  % to  .1  cubic  foot  in  volume  
Llocks,  large  and  small,  not  in 

courses;  joints  hammer-dressed. . . 
Large  masses ;  headers  and  stretchers 

dovetailed  ;  hammer-dressed ;  beds 
and  joints  laid  close  

Ordinary ;  courses  20  to  32  in  rise  . . . 
Ordinary;  courses  12  to  20  in  rise  . . . 
Brick  
Concrete,  good.  "  medium  u  inferior  
Hubble,  without  mortar  
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Cost  of  materials  assumed  as  follows  :  Cem?nt,  $1 .25  per  barrel ;  Lime,  $1 ;  Bricks, $4.25  per  M  ;  Sand  and  Gravel,  80  cents  per  ton  ;  Granite  spalls,  55  cents  per  cubic yard;  Labor,  $1  per  day. 
*  300  lbs.  net  is  the  standard  barrel,  but  it  usually  weighs  308  lbs. 
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The  Pitch  Line  of  a  wheel,  is  the  circle  upon  which  the  pitch  is 
measured,  and  it  is  the  circumference  by  which  the  diameter,  or  the 
velocity  of  the  wheel,  is  measured. 

The  Pitch,  is  the  arc  of  the  circle  of  the  pitch  line,  and  is  determ- 
ined by  the  number  of  the  teeth  in  the  wheel. 

The  True  Pitch  (Chordial),  or  that  by  which  the  dimensions  of  the 
tooth  of  a  wheel  are  alone  determined,  is  a  straight  line  drawn  from 
the  centres  of  two  contiguous  teeth  upon  the  pitch  line, 

The  Line  of  Centres,  is  the  line  between  the  centres  of  two  wheels. 
The  Radius  of  a  wheel,  is  the  semi-diameter  running  to  the  periphery 

of  a  tooth.  The  Pitch  Radius,  is  the  semi-diameter  running  to  the 
pitch  line. 

The  Length  of  a  Tooth,  is  the  distance  from  its  base  to  its  extremity. 
The  Breadth  of  a  Tooth,  is  the  length  of  the  face  of  wheel. 
A  Cog  Wheel,  is  the  general  term  for  a  wheel  having  a  number  of  cogs  or  teeth  set 

upon  or  radiating  from  its  circumference. 
A  Mortice  Wheel,  is  a  wheel  constructed  for  the  reception  of  teeth  or  cogs,  which 

are  fitted  into  recesses  or  sockets  upon  the  face  of  the  wheel. 
Plate  Wheels,  are  wheels  without  arms. 
A  Rack,  is  a  series  of  teeth  set  in  a  plane. 
A  Sector,  is  a  wheel  which  reciprocates  without  forming  a  full  revolution. 
A  Spur  Wheel,  is  a  wheel  having  its  teeth  perpendicular  to  its  axis. 
A  Bevel  Wheel,  is  a  wheel  having  its  teeth  at  an  angle  with  its  axis. 
A  Crown  Wheel,  is  a  wheel  having  its  teeth  at  a  right  angle  with  its  axis. 
A  Mitre  Wheel,  is  a  wheel  having  its  teeth  at  an  angle  of  45°  with  its  axis. 
A  Face  Wheel,  is  a  wheel  having  its  teeth  set  upon  one  of  its  sides. 
An  Annular  or  Internal  Wheel,  is  a  wheel  having  its  teeth  convergent  to  its centre. 
Spur  Gear. — Wheels  which  act  upon  each  other  in  the  same  plane. 
Bevel  Gear. — Wheels  which  act  upon  each  other  at  an  angle. 
When  the  tooth  of  a  wheel  is  made  of  a  material  different  from  that  of  the  wheel, 

\x  is  termed  a  cog:  in  a  pinion  it  is  termed  a  leaf,  and  in  a  trundle  a  stave. 
A  wheel  which  impels  another  is  termed  the  Spur,  Driver,  or  Leader ;  the  one  im- pelled is  the  Pinion,  Driven,  or  Follower. 
A  series  of  wheels  in  connection  with  each  other  is  termed  a  Train. 
When  two  wheels  act  upon  one  another,  the  greater  is  termed  the  Wheel  and  the leaser  the  Pinion. 
A  Trundle,  Lantern,  or  Wallower  is  when  the  testh  of  a  pinion  are  constructed  of 

round  brass  or  solid  cylinders  set  in  to  two  discs. 
A  Trundle  with  less  than  eight  staves  can  not  be  operated  uniformly 

by  a  wheel  with  any  number  of  teeth. 
The  material  of  which  cogs  are  made  is  about  one  fourth  the  strength 

of  c  i  t  iron.  The  product  of  their  bd*  should  be  four  times  that  of  iron teeth. 
Buchanan  :  Rules  that  to  increase  or  diminish  velocitj'  in  a  given  pro- 

portion, and  with  the  least  quantity  of  wheel-work,  the  number  of  teetli 
in  each  pinion  should  be  to  the  number  of  teeth  in  its  wheel  as  1 :  3.59. 
Even  to  save  space  and  expense,  the  ratio  should  never  exceed  1 :  6. 
The  least  number  of  teeth  that  it  is  practicable  to  give  to  a  wheel  is 

regulated  by  the  necessity  of  having  at  least  one  pair  always  in  action, 
in  order  to  provide  for  the  contingency  of  a  tooth  breaking. 
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The  teeth  of  wheels  should  be  as  small  and  numerous  as  is  consistent 
with  strength. 
When  a  Pinion  is  driven  by  a  wheel,  the  number  of  teeth  in  the  pinion 

should  not  be  less  than  eight. 
When  a  Wheel  is  driven  by  a  pinion,  the  number  of  teeth  in  the  pinion 

should  not  be  less  than  ten. 
The  Number  of  teeth  in  a  wheel  should  always  be  prime  to  the  number 

of  the  pinion  ;  that  is,  the  number  of  teeth  in  the  wheel  should  not  be  di- 
visible by  the  number  of  teeth  in  the  pinion  without  a  remainder.  Thb 

is  in  order  to  prevent  the  same  teeth  coming  together  so  often  as  to  cause 
an  irregular  wear  of  their  faces.  An  odd  tooth  introduced  into  a  wheel  is 
termed  a  hunting  tooth  or  cog. 

To  Compute  tlie  IPitcli  of  ci  "W~lieel. 
Rule. — Divide  circumference  at  the  pitch-line  by  the  number  of  teeth. 
Example. — A  wheel  40  ins.  in  diameter  requires  75  teeth;  what  is  its  pitch? 3.1416X40  .  -—  —  1.6*55  ins. 

75 

To  Compute  tlie  True  or  Cliorclial  Fitcli. 

Rule.— Divide  180°  by  the  number  of  teeth,  ascertain  the  sine  of  the 
quotient,  and  multiply  it  by  the  diameter  of  the  wheel. 
Example. — The  number  of  teeth  is  75,  and  the  diameter  40  inches;  what  is  tlie true  pitch  ? ISO 

-—-  =  2°  24'  and  sin.  cf  2°  24'  =  .041SS,  which  X  40  =  1.6752  ins. <5 

To  Compute  tlie  Diameter  of  a,  "Wlieel. 
Rule. — Multiply  the  number  of  teeth  by  the  pitch,  and  divide  the  prod- 

uct by  3.1416. 
Example. — The  number  of  teeth  in  a  wheel  is  75,  and  the  pitch  1.675  ins. ;  what 

is  the  diameter  of  it  *? 75x16755 
3.1416 

-  — :  10  ins. 

To  Compute  tlie  IV  u m/ber  of  Teetli  in  a  "Wlieel. 
Rule. — Divide  the  circumference  by  the  pitch. 

To  Compute  tlie  Diameter  when  tlie  True  3?itcli  is  given. 
Rule. — Multiply  the  number  of  teetli  in  the  wheel  by  the  true  pitch, 

and  again  by  .3184. 
Example. — Take  the  elements  of  the  preceding  case. 75X1.6752X.H184  =  40  ins. 

To  Compute  tlie  Number  of  Teetli  iii  a  JPiiiioxi  or  Fol- 
lower to  have  a  given  "Velocity. 

Rule. — Multiply  the  velocity  of  the  driver  by  its  number  of  teeth,  and 
divide  the  product  by  the  velocity  of  the  driven. 

Example.  — The  velocity  of  a  driver  is  16  revolutions,  the  number  of  its  teeth  51, 
and  tlie  velocity  of  the  pinion  is  4S;  what  is  the  number  of  its  teeth? 1<>X54  HO 

n    — 18  teeth. 48 
2.  A  wheel  having  75  teeth  is  making  16  revolutions  per  minute;  what  is  the 

number  of  teeth  required  in  the  pinion  to  make  24  revolutions  in  the  same  time? 

^  =  50  teeth. 
24 
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To    Compute   the   Proportional  Itadixxs   of  a  ̂ Wheel  or ^Pinion. 

Role. — Multiply  the  length  of  the  line  of  centres  by  the  number  of 
teeth  in  the  wheel  for  the  wheel,  and  in  tlie  pinion  for  the  pinion,  and 
divide  by  the  number  of  teeth  in  both  the  wheel  and  pinion. 
To  Commute  tlie  Diameter  of  a  3?inion,  wlien  th^  Di- 

ameter of  tlie  "Wheel  and  Number  of  Teeth  in  the  "Wheel and  IPinion  are  given. 

Role. — Multiply  the  diameter  of  the  wheel  by  the  number  of  teeth  in 
the  pinion,  and  divide  the  product  by  the  number  of  teeth  in  the  wheel. 
Example.— The  diameter  of  a  wheel  is  25  inches,  the  number  of  its  teeth  210,  and the  number  of  teeth  in  the  pinion  30 ;  what  is  the  diameter  of  the  pinion  ? 25X30     „  _  . 

-2iF=°-5<  ms- 
To  Compute  tlie  Number  of  Teeth  required  in  a  Train 

of  Wheels  to  produce  a  given  Velocity. 
Role. — Multiply  the  number  of  teeth  in  the  driver  by  its  number  of 

revolutions,  and  divide  the  product  by  the  number  of  revolutions  of  each 
pinion,  for  each  driver  and  pinion. 

Example.—  If  a  driver  in  a  train  of  three  wheels  has  90  teeth,  and  makes  2  revo- 
lutions, and  the  velocities  required  are  2, 10,  and  18,  what  are  the  number  of  teeth in  each  of  the  othir  two? 

10  :  00  :  :  2  :  18  =  teeth  in  M  wheel. 
18  :  90  : :  2  :  lb  — teeth  in  wheel. 

To  Compute  the  Circumference  of  a,  Wlieel. 

Role. — Multiply  the  number  of  teeth  by  their  pitch. 
To  Compute  the  Revolutions  of  a  Wheel  or  IPinion. 
Role.— Multiply  the  diameter  or  circumference  of  the  wheel  or  the number  of  its  teeth,  as  the  case  may  be,  by  the  number  of  its  revolutions 

and  divide  the  product  by  the  diameter,  circumference,  or  number  of  teeth in  the  pinion. 
Example. — A  pinion  10  inches  in  dinmeter  is  driven  by  a  wheel  2  feet  in  diameter making  4G  revolutions  pe?  minute;  what  is  the  number  of  revolutions  of  the  pinion  * 

2X12X4G  ■  —  =  110.4  revolutions. 

To  Compute  the  Velocity  of  a  Pinion. 
Rule.— Divide  the  diameter,  circumference,  or  number  of  teeth  in  the driver,  as  the  case  may  be,  try  the  diameter,  etc.,  of  the  pinion. 

When  there  are  a  Series  or  Train  of  Wheels  and  Pinions. 
Role.— Divide  the  continued  product  of  the  diameter,  circumference or  number  of  teeth  in  the  wheels  by  the  continued  product  of  the  diameter etc.,  of  the  pinions. 

■  i:xAMI7;^— lfLa  Y*!rel  of  32  teeth  drive  a  pinion  of  10,  upon  the  axis  of  which  there is  one  ot  90  teeth,  driving  a  pinion  of  8,  what  are  the  revolutions  of  the  last? ■    32    30  C60 

jjjX  g  ~  go"  ~  ̂   revolutions 
n^t'Jt'  Tf  ;lia^metT.  °.f  * train  of  wheels  are  6'  9i  9,  10,  and  12  inches ;  of  the £  AT  «      1   1  r?«    «  inches;  and  the  number  of  revolutions  of  the  driving  shaft or  {/rime  mover  is  10  ;  what  are  the  revolutions  of  the  last  pinion  ? £X0X0X10X12X10  6S3200 

CX6XCXCXG    -~rm=75  revoluti°™- 
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To  Compute  the  Proportion  that  the  -Velocities  of  tlie Wheels  in  a  Train  shonld  "bear  to  one  another. 
Rule.— Subtract  tlie  less  velocity  from  the  greater,  and  divide  the  re- 

mainder by  one  less  than  the  number  of  wheels  in  the  train  ;  the  quotient, 
is  the  number,  rising  in  arithmetical  progression  from  the  less  to  the  great- er velocity. 
Example.— What  should  he  the  velocities  of  3  wheels  to  produce  IS  revolutions, the  driver  making  3? 

18  —  3— 1^ _  1.5  — number  to  be  added  to  velocity  of  the  driver  =  7.5 -f 3  =  10.5* 

and8 10. 5  +  7.5  =  18  revolutions.  Hence  3, 10.5,  and  18  are  the  velocities  of  the  three wheels. 
G-eneral  Tilnstrations. 

1  A  wheel  9C  inches  in  diameter,  having  42  revolutions  per  minute,  is  to  drive  a 
shaft  75  revolutions  per  minute  ;  what  should  he  the  diameter  of  the  pinion? 96  X  42  .  =  53.  t  G  ins. 

75 2.  If  a  pinion  is  to  make  20  revolutions  per  minute,  required  the  diameter  of  an- other to  make  58  revolutions  in  the  same  time.  .    OA       .  a 
53  ̂_  20  =  2  9  =  the  ratio  of  their  diameters.  Hen ce,  if  one  to  make  20  revolutions 

is  given  a  diameter  of  30  inches,  the  other  will  he  30  -f-  2.9  =  10.345  ins. 
3.  Required  the  diameter  of  a  pinion  to  make  12>£  revolutions  in  the  same  time  as one  of  32  ins.  diameter  making  26. 

12.5 
4  A  shaft,  having  22  revolutions  per  minute,  is  to  drive  another  shaft  at  the  rate 

of  15,  the  distance  between  the  two  shafts  upon  the  line  of  centres  is  45  ins.  ;  what should  be  the  diameter  of  the  wheels? 
Then,  1st.  22  4- 15 :  22 : :  45 :  26.75  =  inches  in  the  radius  of  the  pinion. 
2J.  22  -+- 15 : 1 5:  :45  : 18.24  =  inches  in  the  radius  of  the  spur. 
5.  A  driving  shaft,  having  16  revolutions  per  minute,  is  to  drive  a  shaft  81  revolu- 

tions per  minute,  tlie  motion  to  be  communicated  by  two  geared  wheels  and  two  pul- 
leys, with  an  intermediate  shaft;  the  driving  wheel  is  to  contain  54  teeth,  and  the 

driving  pulley  upon  the  driven  shaft  is  to  be  25  inches  in  diameter ;  required  the  num- ber of  teeth  in  the  driven  wheel,  and  the  diameter  of  the  driven  pulley. 
Let  the  driven  wheel  have  a  velocity  of  V 1 6  X  81  ==  36,  a  mean  proportional  be- tween the  extreme  velocities  16  and  81. 
Then,  1st.  36  : 16  :  :  54  :  24=  teeth  in  the  driven  ivheel. 
2d.  81  :  36  :  :  25  : 11.11  =  ins.  diameter  of  the  driven  pulley. 
C.  If,  as  in  the  preceding  case,  the  whole  number  of  revolutions  of  the  driving shaft,  the  number  of  teeth  in  its  wheel,  and  the  diameters  of  the  pulleys  are  given, what  are  the  revolutions  of  the  shafts  ? 
Then,  1st.  18  : 16  : :  54  :  48  —revolutions  of  the  intermediate  shaft. 2d.  15  :  4S  : :  25  :  S0  =  revolutions  of  the  driven  shaft. 

To  Compute  tlxe  Diameter  of  a  "Wheel  for  a  given  iPitoh and  Nnnfber  of  Teeth. 
Rule— Multiply  the  diameter  in  the  following  table  for  the  number  of 

teeth  by  the  pitch,  and  the  product  will  give  the  diameter  at  the  pitch  circle. Example.— What  is  the  diameter  of  a  wheel  to  contain  48  teeth  of  2.5  ins.  pitch? 
15.29X2.5~3S.225  ins. 

To  Compute  tlie  IPiteh  of  a  "Wheel  for  a  given  Diameter 
and  KTxxm"ber  of  Teeth. 

Rulk. — Divide  the  diameter  of  the  wheel  by  the  diameter  in  the  table 
for  the  number  of  teeth,  and  the  quotient  will  give  the  pitch. 

Example.— -"What  is  the  pitch  of  a  wheel  when  the  diameter  of  it  is  50.94  inches, and  the  number  of  its  teeth  SO  ? 50.94    n  . — — -  —  2  ins. 
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To  Coxnprite  tlie  INnmher  of  Teeth  of  a  "Wheel  for  a  given Diameter  and.  I^itch. 
Rule.—  Divide  the. diameter  by  the  pitch,  and  opposite  to  the  quotient in  the  table  is  given  the  number  of  teeth. 

PITCH  OF  WHEELS. 

A.  Ta"ble  whereby  to  Compute  the  Diameter  of  a  "Wheel for  a  given  Ditch,  or  tlie  Ditch  for  a  given  Diameter. 
From  S  to  192  teeth. 

No.  of 
Teeth. 1  ter.   

No  of  i  Diame- 
Teeth.  j  ter. Teeth! 

Diame No.  of 
Teeth. ter. Teeth. Diame- 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 26.74 121 
38.52 

158 50.3 

11 3.55 48 15.29 oo 27.06 122 38.84 
159 

50.61 
12 3.86 49 15.61 86 27.38 

123 
39.16 160 50.93 

13 4.18 50 15.93 87 27.7 124 39.47 161 
51.25 

14 4.49 51 16.24 
88 

28.02 125 39.79 
162 51.57 

15 4.81 52 16.56 
89 

28.33 126 40.11 163 51.89 
lo 5.12 53 16.88 90 28.65 

127 
40.43 164 52.21 "1  "7 17 5.44 54 17.2 

91 28.97 
128 

40.75 165 52.52 18 0.76 55 17.52 
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 6.71 58 18.47 95 30.24 132 

42.02 169 
53.8 

7-03 59 18.79 96 30.56 133 42.34 170 54.12 23 7.34 60 19.11 97 30.88 
134 

42.66 171 
54.43 

24 7-66 61 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 20^38 101 
32.15 138 

43.93 
175 55.71 

28 8.93 05 20.7 102 
32.47 

139 
*±*±.  AO 

1/0 
29 9.25 66 21.02 

103 
3l79 

140 44.57 177 56.34 
30 9.57 67 21.33 

104 
33.11 141 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 11.16 

72 
22.92 

109 
34.7 

146 46.48 
183 58.25 

36 11.47 
73 

23.24 
110 

35.02 147 46.79 
184 

58.57 

37 11.79 74 23.56 111 35.34 148 
47.11 185 

58.89 

38 12.11 
75 

23.88 112 35.65 149 47.43 
186 59.21 

39 12.43 76 24.2 113 35.97 150 47.75 187 59.53 
40 12.74 77 24.52 114 36.29 151 48.07 188 59.84 
41 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 
60.81 

44 14.02 81 25.79 118 
37.56 155 49.34 192 61.13 

Note.— The  pitch  in  this  table  is  the  true  pitch,  as  before  described. 

Change  "Wheels  in  Screw-cutting  Lathes. 

YY  I  =  N  ;  pp  =  S.    T  representing  number  of  teeth  in  traverse  screw  ; 
8  number  in  stud  wheel  gearing  in  mandril;  t  number  in  wheel  upon  mandril, 
and  t  number  in  gearing  upon  stud  pinion,  gearing  in  T  ;  I  number  of  threads per  inch  upon  traverse  screw ;  N  number  to  be  cut. Xx 
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To  Construct  a  Tootli.    (J.  W.  Nybtkom.) 
Conceive  the  true  pitch  to  be  divided  into  10  parts. The  Length  of  a  tooth 

should  be  .7  of  the  pitch,  .4 
of  it  being  below  or  within 
the  pitch  line,  and  .3  of  it above  or  without  it. 

Depth  oi  a  tooth  should 
be  .46  of  the  pitch. 

Draw  the  radius  R  R,  and 
strike  the  pitch  line  P  P. 
Through  the  intersection 

of  these  Tines,  o,  draw  a  a  at 
an  angle  of  75°  to  R  o. From  o  set  off  the  depth 
of  the  tooth  o  s=AQ  of  the 
pitch;  strike  the  circles  t  t 
and  c  c,  making  d~A  and 

e  =.3  of  the  pitch. 
and  o  v=.ll  YVn, P  (n+6) 

Determine  the  distance  o  r  by  the  formula  2^  _ii)' 
P  representing  the  pitch,  and  n  the  number  of  teeth  in  the  wheel,  and  strike 
the  circles  r  r  and  v  v ;  then  with  r  s  describe  s  s',  and  with  v  s,  s  w.  Re- peat these  operations  at  the  uniform  distances  upon  the  respective  circles 
determined  by  the  pitch  and  depth  of  the  tooth,  and  the  teeth  of  the  wheel will  be  delineated. 

When  the  Teeth  of  both  Wheel  and  Pinion  are  required. 
PO  +  <3) 

:  o  r,  and  .11  F^n  - 
>  in  the  pinion. 

i  in  the  wheel ;  and 
P(w'+6) 

2(»'-ll)  ' 
n'  representing  the  number  of  teeth  in  the 

\  the  Pinion  in  the  Proportion 

2  (n  -  H)_ 
and  .11  P  Vn'=  o 
pinion. 

When  a  Wheel  has  Teeth  exceeding  those  in 
of  4  to  1.    The  depth  of  a  tooth  is. 

n'\ 

In  a  wheel,  P  (.42  +        =  o  s;  m  a  pinion 

A  Rack  is  treated  as  if  it  were  a  wheel  of  not  less  than  200  teeth. 

Depth  of  tooth  x  2.174  =  pitch.    Depth  of  tooth x  1.522  b=  length. 

To  Compute  the  l^nmlber  of  Teeth,  Dimensions,  etc.,  of  t 
Single  or  Fair  of  Wheels. at  1.445        NV  b 

§=d!f     md'  =  X;     -—=t;—  =  n;     ̂   =  a ; 
N  +  2 

5±^:=D;       2am  =  b; m 
N  and  n  representing  number 

l-d>.        5-1  =  v      2a(w  +  2)  =  d. m  ~~     '  n    ~~    *  0 
of  teeth  in  large  and  small  wheels ;  D  and  d 

whole  diameters  of  large  and  small  wheels,  and  d'  and  d"  diameters  of  pitch circle  of  large  emd  small  wheels;  m  the  diametral  pitch  or  number  of.  teeth  to 
one  inch  of  diameter  of  pitch  circle;  t  depth  of  teeth  upon  pitch  circle ;  V 
andv  velocities  of  large  and  small  wheels ;  b  number  of  teeth  in  both  wheels; and  a  distance  between  centres  of  both  wheels. 

Assume  a  single  or  large  wheel  of  72  teeth,  a  small  one  of  GO  teeth,  a  diameter  of 
large  wheel  of  123.33  ins.",  and  velocities  as  1  and  2. 

=  120  ins. —  diameter  of  pitch  cir- 
iro   I  o 

Then,  j^l^  — G  ins'  ~  diamctrai  Pitch  * 
72 
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r7  ■ :  .6x120=72 =.number  of  teeth  in  large  wheel;        =2.408  ins.— depth  of  teeth ; .o 
do  ~  number  of  teeth  in  small  wheel;  ̂ A-^?=9Q  ins.— distance  between  cen- 
2  72+2  2x'6 ti  es  of  both  wheels;  — —=123.33  ins.— diameter  of  large  wheel ;  2x90x.6=10S= 

2x90  (36+2) 
number  of  teeth  in  both  wheels;  "- — ——^-r— =63.33  ins.— diameter  of  small  wheel; T2+36 

'  '^=2  — velocity  of  small  wheel;  —  =  GO  =  diameter  of 'pitch  circle  of  small  wheel. 36  .6 

PROPORTIONS  OF  "WHEELS. 
Tooth. — In  computing  the  dimensions  of  a  tooth,  it  is  to  be  consid- 

ered as  a  beam  fixed  at  one  end,  the  weight  suspended  from  the  other, 
or  face  of  the  beam ;  and  it  is  essential  to  consider  the  element  of  ve- 

locity, as  its  stress  in  operation,  at  high  velocity  with  irregular  action, 
is  increased  thereby. 

The  dimensions  of  a  tooth  should  be  much  greater  than  is  necessary 
to  resist  the  direct  stress  upon  it,  as  but  one  tooth  is  proportioned  to 
bear  the  whole  stress  upon  the  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  subjected,  the  shocks  it  is  liable  to  from 
lost  motion,  when  so  worn  as  to  reduce  its  depth  and  uniformity  of 
bearing,  and  the  risk  of  the  breaking  of  a  tooth  from  a  defect. 

A  tooth  running  at  a  low  velocity  may  be  materially  reduced  in  its 
dimensions  compared  with  one  running  at  a  high  velocity  and  with  a 
like  stress. 

The  result  of  operations  with  toothed  wheels,  for  a  long  period  of 
time,  has  determined  that  a  tooth  with  a  pitch  of  3  inches  and  a 
breadth  7.5  inches  will  transmit,  at  a  velocity  of  G.6G  feet  per  second, 
the  power  of  51).  16  horses. 

To   Compute  tlie  Dimensions   of  a  Tooth,  to  DEfcesist  a 
given  Stress. 

Rule. — Multiply  the  extreme  pressure  at  the  pitch-line  of  the  wheel 
by  the  length  of  the  tooth  in  the  decimal  of  a  foot,  divide  the  product  by 
the  Value  of  the  material  of  the  tooth,  and  the  quotient  will  give  the 
product  of  the  breadth  and  square  of  the  depth. 

Or  — —b  d2.   S  representing  the  stress  in  pounds,  and  I  the  length  in  feet. 
The  Value  of  cast  iron  for  fhis  or  like  purposes  may  be  taken  at  from  50  to  TO. 
Note.— It  is  necessary  first  to  determine  the  pitch,  in  order  to  obtain  either  the length  or  depth  of  a  tooth. 
Example.—  The  pressure  at  the  pitch-line  of  a  cast-iron  wheel  (at  a  velocity  of 

6.66  feet  par  second)  is  4886  lbs. ;  what  should  be  the  dimensions  of  the  teeth,  the pitch  being  3  inches  ? 
3X.1=(l.\—le7vith  of  tooth,  which^V>,=:.\15=zlength  in  decimals  of  a  foot; 3X2.5=1. 5=breadth  of  tooth. 
The  Value  of  the  material  in  this  case  is  taken  at  60. 

 —  =14.25,  and    /__— 1.3S  ins.  in  depth. 
When  the  product  b  d2  is  obtained,  and  it  is  required  to  ascertain  either  dimen- sion, proceed  as  follows : 
As  cZ  =  .46,  and  as  6  =  2.5  times  the  pitch,  b  is  to  d  as  5.435  is  to  1.  Assume  the 

preceding  case  where  b  d2  =  14.25.  9- 
Then  b:  d  ::5.435: 1 ;  .\fe= 5/435  d,  and  5.435  d3  — 14.25;  .;d*=  =2.6219, h  rl2  14  9^  5.435 

and  5/2.622=1.38  ins.,  the  depth;  and  .'.^=7.5  ins.,  the  breadth. 



516 WHEEL  GEARING. 

The  following  Rule*  to  ascertain  the  dimensions  of  a  tooth  is  the  result 
of  some  consideration  of  the  subject,  and  is  supported  by  several  well- 
defined  cases  in  operation. 

To  Compute  tlie  Deptli  of  a  Cast-iron  Tooth 
1.  When  the  Stress  is  given. 

Rule. — Extract  the  square  root  of  the  stress,  and  multiply  it  by  .02. 
Example.— The  stress  to  be  borne  by  a  tooth  is  4886  lbs. ;  what  should  be  its 

depth  ?  V4S86x.02=zl.4  ins. 

2.  When  the  Horses'  Power  is  given. 
Rule. — Extract  the  square  root  of  the  quotient  of  the  horses'  power  di- vided by  the  velocity  in  feet  per  second,  and  multiply  it  by  .466. 
Example. — The  horses'  power  to  be  transmitted  by  a  tooth  is  60,  and  the  velocity of  it  at  its  pitch-line  is  6.66  feet  per  second:  what  should  be  the  depth  of  the  tooth  ? 

/— X.  466=1. 398  ins. 
V6.C6 

To  Compute  tlie  Horses'  Power  of  a  Tootti. 
Rule. — Multiply  the  pressure  at  the  pitch-line,  by  its  velocity  in  feet 

per  minute,  and  divide  the  product  by  33  000 
Example. — What  is  the  horses'  power  of  a  tooth  of  the  dimensions  and  at  the  ve- locity given  in  the  preceding  example,  page  515  ? 

4886x6.66x60" 33  000 ^59.16  horses. 

To  Compute  tlie  Stress  tliat  may  Toe  "borne  toy  a  Tootli. 
Rule. — Multiply  the  Value  of  the  material  of  the  tooth  to  resist  a  trans- 

verse strain,  as  estimated  for  this  character  of  stress,  by  the  breadth  and 
square  of  its  depth,  and  divide  the  product  by  the  extreme  length  of  it  in the  decimal  of  a  foot. 

*  As  an  exponent  of  the  necessity  of  an  investigation  of  the  stress  of  a  tooth1,  the 
following  deductions  by  the  rules  of  different  authors  for  like  elements  are  sub- mitted : 
Pitch  3  ms.    Depth  138  ins.    Breadth  7.5  ins.    Length  2.1ms. 

FOR  CAST  IRON. 
Actual  power  in  stress  exerted  at  a  velocity  of  400  feet  per  minute,  4886  lbs.  ̂ Tootb?^ 

/H 

By  above  rule^/  — X-466  : 
"  Fairbairn  .025^/W  =  . . . 

/  W 
14  Imperial  Journalwj^: : 

;  w Rankine . 

/  W 
3V  1500  —  * 

Tredgold^l^. 3  7H  _ 

4Vd  =  ' Buclu 7.556  II  . 

Ins. 1.398t 

1.75 

1.76 1.3 

l.S 

2.25 

2. 24 

II  representing  horses'  power  (C0),\V  and  P  the  stress  in  pounds,  and  v  the  ve- locity in  feet  per  second. 
f  This  depth,  with  a  breadth  of  7.5  ins.,  is  .1  of  the  ultimate  strength  of  the  aver- age strength  of  American  Cast  Iron. 
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Example. — The  dimensions  of  a  cast-iron  tooth  in  a  wheel  are  1.38  ins.  in  depth- 
bj  ~.o  ins.  in  breadth;  what  is  the  stress  it  will  bear? 

Pitch  =  2.1T4xl-3S  =  3  ins.    Length  — .7  of  3  —  2.1  ins. 
Breadth  =:2.5x  3  =  T.5  ins.  =  4886  lbs. 

PROPORTIONS  OF  WHEELS 

With  six  flat  arms  and  Ribs  upon  one  side  of  them,  as  rm>»-»<»$  ;  or  a  Web 
in  the  centre,  as  pmfa*% 

Rim. — Depth,  measured  from  base  of  the  teeth,  .45  to  .5  of  the  pitch  of 
the  teeth,  having  a  web  upon  its  inner  surface  .4  of  the  pitch  in  depth  and 
.25  to  .3  of  it  in  width. 

Note. — When  the  face  of  the  wheel  is  morticed,  the  depth  of  the  rim  should  be 
1.5  times  the  pitch,  and  the  breadth  of  it  1.5  times  the  breadth  of  the  tooth  or  cog. 

Hub. — When  the  eye  is  proportionate  to  the  stress  upon  the  wheel,  the  hub 
should  be  twice  the  diameter  of  the  eye.  In  other  cases  the  depth  around 
the  eye  should  be  .75  to  .8  of  the  pitch. 

Arm, — Depth  .4  to  .45  of  the  pitch.  Breadth  at  rim  1.5  times  the  pitch, 
increasing  .o  inch  per  foot  of  length  toward  the  hub. 

The  Rib  upon  one  edge  of  the  arm,  or  the  Web  in  its  centre,  should  be 
from  .25  to  .3  the  pitch  in  width,  and  .4  to  .45  of  it  in  depth. 
When  the  section  of  an  arm  differs  from  those  above  given,  as  with  one 

with  a  plane  section,  as  ect,  or  with  a  double  rib,  as  |aagg^.  its  dimen- 
sions should  be  proportioned  to  the  form  of  the  section. 

in  a  wheel  of  greater  relative  diameter,  the  length  of  the  hub  and  the 
breadth  of  the  arms,  or  of  the  rib  or  web,  according  as  the  plane  of  the 
arm  is  in  that  of  the  wheel  or  contrariwise,  should  be  made  to  exceed  the 
breadth  of  the  face  of  the  wheel  (at  the  hub)  in  order  to  give  it  resistance to  lateral  strain. 

The  number  of  arms  in  wheels  should  be  as  follows : 
8.5  to  16  feet  in  diam   8. 

1G    "  24  "         "    10. 
1.5  to   3.25  feet  in  diam   4. 
3.25  "5       "         "    5. 
5      "8.5     "         "    6. 
With  light  wheels,  the  number  of  arms  should  be  increased,  in  order  the 

better  to  sustain  the  rigidity  of  the  rim. 
Pitches  of  Equivalent  Strength  for  Iron  and  Wood. — Iron  1.  Hard wood  1.26. 

WINDING  ENGINES. 

In  Winding  Engines,  for  drawing  coals,  etc.,  out  of  a  Pit,  where  it  is  re- 
quired to  give  a  certain  number  of  revolutions,  it  is  necessary  to  know 

the  diameter  of  the  Drum  and  the  thickness  of  the  rope,  and  contrariwise. 
To  Compute  tlie  Diameter  of  a  Di-rnxi. 

Where  flat  Ropes  are  used,  and  are  wound  one  part  over  the  other. 
Role. — Divide  the  depth  of  the  pit  in  inches  by  the  product  of  the  num- 

ber of  revolutions  and  3.1416,  and  from  the  quotient  subtract  the  product 
of  the  thickness  of  the  rope  and  the  number  of  revolutions  ;  the  remainder is  the  diameter  in  inches. 
Example — Tf  an  engine  makes  20  revolutions,  the  depth  of  the  pit  being  GOO  feet, and  the  rope  1  inch,  what  should  be  the  diameter  of  the  drum  ? 

600x12       „    n  T200 1 X  20  =  — -20  =  94.59  ins. 20X3.141(5  62.&J2 
Xx 
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To  Compute  tlie  Diameter  of*  tlae  Irtoll. 
Rulk. — To  the  area  of  the  drum  add  the  area  or  edge  surface  of  the 

rope  ;  then  ascertain  by  inspection  in  the  table  of  areas,  or  by  calculation, 
the  diameter  that  gives  this  area,  and  it  is  the  diameter  of  the  Roll. 
Example  What  is  the  diameter  of  the  roll  in  the  preceding  example  ? 
Area  of  94.59  =  1021. 2  -f  area  of  7200 X 1  -f  T200 —  1422T.2,  and  ̂ 14227. 2-^ .7354=134.59  ins. 

Or,  the  radius  of  the  drum  is  increased  the  number  of  the  revolutions  multiplied 
94  59   by  the  thickness  of  the  lope;  as,  —  [-20x1  =  61.295  ins. 

To  Compute  tlie  IN"um."ber  of  H  evolutions. 
RULk. — To  the  area  of  the  drum  add  the  area  of  the  edge  surface  of  the 

rope  ;  from  the  diameter  of  the  circle  having  that  area  subtract  the  diam- 
eter of  the  drum,  and  divide  the  remainder  by  twice  the  thickness  of  the 

rope  ;  the  quotient  will  give  the  number  of  revolutions. 
Example. — The  length  of  a  rope  is  2G00  inches,  its  thickness  1  inch,  and  the  diam- 

ter  of  the  drum  20  inches ;  what  is  the  number  of  revolutions  ? 
Area  of  20 -f  area  of  rope  =314.16,  and  314.16  -f  2600  =  2914.16,  the  diameter  of 

which  is  60.91,  and  — \^ —  =  20.45  revolutions. 
Or,  subtract  the  diameter  of  the  drum  from  the  diameter  of  the  roll,  and  divide 

the  remainder  by  twice  the  thickness  of  the  rope;  as,  134.59  —  94.59  =  40,  and 
40 ^  1X2  =  20  revolutions. 
To  Compute  tlie  3?la,ce  of  Meeting  of  tlie  A.scencliiag  and 

Descending  Buckets  when  two  or  more  are  used. 
Note.  —  Meetings  will  always  be  below  half  the  depth  of  the  pit. 

To  Compute  this  Depth. 
Rule. — Take  the  circumference  of  the  drum  for  the  length  of  the  first 

turn ;  then,  to  the  diameter  of  the  drum  add  twice  the  thickness  of  the 
rope,  multiplied  by  the  number  of  revolutions,  less  1,  for  a  diameter,  and 
the  circumference  of  this  diameter  is  the  length  of  the  last  turn  ;  add  these 
two  lengths  together,  multiply  their  sum  by  half  the  number  of  revolu- 

tions, and  the  product  will  give  the  depth  of  the  pit. 
Example.— The  diameter  of  a  drum  is  9  feet,  the  thickness  of  the  rope  1  inch,  and 

the  revolutions  20 ;  what  is  the  depth  of  the  pit,  and  at  what  distance  from  the  top will  the  buckets  meet  ?   
1x2x20  —  1 9X3.1410  =  2S.2T  feetjength  of  first  turn.    94  ~  X3.141G  =3S.23/<?ef, 

20  ^ length  of  last  turn.    28,27  -f  G8.23Xy=GG-5X10=  GG5  feet,  or  depth  of  pit. 
2.  Divide  the  sum  of  the  length  of  the  turns  of  the  rope  by  2,  and  to  the 

quotient  add  the  length  of  the  last  turn  ;  divide  the  sum  by  2,  multiply 
the  quotient  by  half  the  number  of  revolutions,  and  the  product  will  give 
the  distance  from  the  centre  of  the  drum  at  which  the  buckets  will  meet. 

Note. — At  half  the  number  of  revolutions  the  buckets  will  met. 
28.27  4-38.23     oo  oo     _  Ao      .71.48   20     1429.G  . 

 ~  (-38:23  =  71.48,  and  — —  X  —  =    4    =^1 A  feet. 

DREDGING  MACHINE. 

In  the  operation  of  a  Dredging  Machine,  in  1855,  under  Lieut.  Meade, 
LI.  8.  A.,  the  following  elements  were  obtained  • 
Two  non-condensing  engines,  working  at  a  power  of  22  horses,  exca- 

vated 1075  cubic  yards,  or  170  tons,  of  soft  and  hard  clay  and  mud  per 
hour,  at  a  depth  of  11  feet  from  the  water  line. 



WOOD,  TIMBER,  ETC. 
519 

The  coefficients  deduced  from  the  friction  of  the  materials  raised  were 
C  =.1  for  hard  clay  with  gravel ;  =.07  for  pure  hard  cla}T ;  =.05  for  com- 

mon clay  or  sand";  =.04  for  soft  clay  or  loose  sand;  and  =.03  for  loose materials. 
From  which  Mr.  Xystrom  furnishes  the  following  formulas : 

— -  +  C )  W  =  horses'  power,  h  representing  the  total  height  to  which  the 

Selection  of  Standing  Trees. —  Wood  grown  in  a  moist  soil  is  lighter, and  decays  sooner  than  that  grown  in  dry,  sandy  soil. 
The  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. 

The  hardest  and  densest  woods,  and  the  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  the  centre  of  forests  are  less  dense  than 
those  from  the  edge  of  a  forest,  from  the  side  of  a  hill,  or  from  open  ground. 

Trees  (in  the  U.  S.)  should  be  selected  in  the  latter  part  of  July  or  first 
part  of  August ;  for  at  this  season  the  leaves  of  the  sound,  healthy  trees 
are  fresh  and  green,  while  those  of  the  unsound  are  beginning  to  turn  yel- 

low. A  sound,  healthy  tree  is  recognized  by  its  top  branches  being  well 
leaved,  the  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  decline.  The  decay  of  branches,  and  the  separation  of  bark  from  the 
wood,  are  infallible  indications  that  the  wood  is  impaired. 

Felling  Timber. — The  most  suitable  time  for  felling  timber  is  in  mid- 
winter and  in  midsummer.  Recent  experiments  indicate  the  latter  sea- 

son and  in  the  month  of  July. 
A  tree  should  be  allowed  to  attain  full  maturity  before  being  felled. 

Oak  matures  at  75  to  100  years  and  upward,  according  to  circumstances. 
The  age  ami  rate  of  growth  of  a  "tree  are  indicated  by  the  number  and width  of  the  rings  of  annual  increase  which  are  exhibited  in  a  cross-sec- tion. 

A  tree  should  be  cut  as  near  to  the  ground  as  practicable,  as  the  lower 
part  furnishes  the  best  timber. 

Dressing  Timber. — As  soon  as  a  tree  is  felled,  it  should  be  stripped  of 
its  bark,  raised  from  the  ground,  the  sap-wood  taken  off,  and  the  timber 
reduced  to  its  required  dimensions. 

Inspection  of  Timber. — The  quality  of  wood  is  in  some  degree  indicated 
by  its  color,  which  should  be  nearly  uniform  in  the  heart,  a  little  deeper 
toward  the  centre,  and  free  from  sudden  transitions  of  color.  White  spots 
indicate  decay.  The  sap-wood  is  known  by  its  white  color;  it  is  next  to 
the  bark,  and  very  soon  rots. 

Defects  of  Timber. — Wind-shakes  are  circular  cracks  separating  the  con- 
centric layers  of  wrood  from  each  other.    It  is  a  serious  defect. 

Splits,  checks,  and  cracks,  extending  toward  the  centre,  if  deep  and 
strongly  marked,  render  the  timber  unfit  for  use,  unless  the  purpose  for 
which  it  is  intended  will  admit  of  its  being  split  througli  them. 

Brash-wood  is  generally  consequent  upon  the  decline  of  the  tree  from 

material  is  raised,  and  W  the  weight  of  it  in  tons. 
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age.  The  wood  is  porous,  of  a  reddish  color,  and  breaks  short,  without 
splinters. 

Belted  timber  is  that  which  has  been  killed  before  being  felled,  or  which 
has  died  from  other  causes.    It  is  objectionable. 

Knotty  timber  is  that  containing  many  knots,  though  sound  ;  usually  of 
stunted  growth. 

Twisted  wood  is  when  the  grain  of  it  winds  spirally  ;  it  is  unfit  for  long 
pieces. 

Dry-rot, — This  is  indicated  by  yellow  stains.  Elm  and  beech  are  soon affected,  if  left  with  the  bark  on. 
Large  or  decayed  knots  injuriously  affect  the  strength  of  timber. 

Seasoning  and  ^Preserving  Timber. 

Timber  freshly  cut  contains  about  37  to  48  per  cent,  of  liquids.  By  ex- 
posure to  the  air  in  seasoning  one  year,  it  loses  from  17  to  25  per  cent.,  and 

when  seasoned  it  yet  retains  from  10  to  15  per  cent. 
Timber  of  large  dimensions  is  improved  and  rendered  less  liable  to 

warp  and  crack  in  being  seasoned  by  immersion  in  water  for  some  weeks. 
For  the  purpose  of  seasoning,  timber  should  be  piled  under  shelter  and 

be  kept  dry ;  it  should  have  a  free  circulation  of  air  about  it,  without  be- 
ing exposed  to  strong  currents.  The  bottom  pieces  should  be  placed  upon 

skids,  which  should  be  free  from  decay,  raised  not  less  than  2  feet  from 
the  ground  ;  a  space  of  an  inch  should  intervene  between  the  pieces  of  the 
same  horizontal  la}Ters,  and  slats  or  piling-strips  placed  between  each 
la}Ter,  one  near  each  end  of  the  pile,  and  others  at  short  distances,  in  or- 

der to  keep  the  timber  from  winding.  These  strips  should  be  one  over 
the  other,  and  in  large  piles  should  not  be  less  than  1  inch  thick.  Light 
timber  m&y  be  piled  in  the  upper  portion  of  the  shelter,  heavy  timber 
upon  the  ground  floor.  Each  pile  should  contain  but  one  description  of 
timber.    The  piles  should  be  at  least  2^  feet  apart. 
Timber  should  be  repiled  at  intervals,  and  all  pieces  indicating  deca}' 

should  be  removed,  to  prevent  their  affecting  those  which  are  still  sound. 
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  they 
should  be  kept  entirely  free  from  any  pieces  of  decayed  wood. 

The  gradual  mode  of  seasoning  is  the  most  favorable  to  the  strength 
and  durability  of  timber,  but  various  '  methods  have  been  proposed  for hastening  the  process.  For  this  purpose,  steaming  timber  has  been  ap- 

plied with  success  ;  and  the  results  of  experiments  of  various  processes  of 
saturating  timber  with  a  solution  of  corrosive  sublimate  and  antiseptic 
fluids  are  very  satisfactory.  This  process  hardens  and  seasons  wood,  at 
the  same  time  that  it  secures  it  from  dry-rot  and  from  the  attacks  of 
worms.  Kiln-drying  is  serviceable  onl}r  for  boards  and  pieces  of  small 
dimensions,  and  is  apt  to  cause  cracks  and  to  impair  the  strength  of  wood, 
unless  performed  very  slowly.  Charring  or  painting  is  highly  injurious 
to  an}T  but  seasoned  timber,  as  it  effectually  prevents  the  drying  of  the 
inner  part  of  the  wood,  in  consequence  of  which  fermentation  and  decay 
soon  take  place. 
Timber  piled  in  badly-ventilated  sheds  is  apt  to  be  attacked  with  the 

common-rot.  The  first  outward  indications  are  yellow  spots  upon  the  ends 
of  the  pieces,  and  a  3Tellowish  dust  in  the  checks  and  cracks,  particularly 
where  the  pieces  rest  upon  the  piling-strips. 

Timber  requires  from  2  to  8  years  to  be  seasoned  thoroughly,  according 
to  its  dimensions.  It  should  be  worked  as  soon  as  it  is  thoroughly  dry, 
for  it  deteriorates  after  that  time. 
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Oak  timber  loses  one  fifth  of  its  weight  in  seasoning,  and  about  one  third 
of  its  weight  in  becoming  perfectly  dry.  Seasoning  is  the  extraction  or  dis- 

sipation of  the  vegetable  juices  and  moisture,  or  the  solidification  of  the  al- 
bumen. When  wood  is  exposed  to  currents  of  air  at  a  high  temperature, 

the  moisture  evaporates  too  rapidly  and  the  wood  cracks ;  and  when  the 
temperature  is  high  and  sap  remains,  it  ferments,  and  dry-rot  ensues. 

Timber  is  subject  to  Common-rot  or  Dry-rot,  the  former  occasioned  by 
alternate  exposure  to  moisture  and  dryness.  The  progress  of  this  decay 
is  from  the  exterior;  hence  the  covering  of  the  surface  with  paint,  tar,  etc., 
is  a  preservative. 

Painting  and  charring  green  timber  hastens  its  decay. 
Dry  or  Sap-rot  is  inherent  in  timber,  and  it  is  occasioned  by  the  putre- 

faction of  the  vegetable  albumen.  Sap  wood  contains  a  large  proportion 
of  fermentable  elements.  Insects  attack  wood  for  the  sugar  or  gum  con- 

tained in  it,  and  Fungi  subsist  upon  the  albumen  of  wood  ;  hence,  to  arrest 
dry-rot,  the  albumen  must  be  either  extracted  or  solidified. 

In  the  seasoning  of  timber  naturally  there  is  required  a  period  of  from 
2  to  -1  years.    Immersion  in  water  facilitates  seasoning  by  solving  the  sap. 

The  most  effective  method  of  preserving  timber  is  that  of  expelling  or 
exhausting  its  fluids,  solidifying  its  albumen,  and  introducing  an  antisep- 

tic liquid. 
The  strength  of  impregnated  timber  is  not  reduced,  and  its  resilience  is 

improved. 
Li  desiccating  timber  by  expelling  its  fluids  by  heat  and  air,  its  strength 

is  increased  fully  15  per  cent. 
In  coating  unseasoned  timber  with  creosote,  tar,  etc.,  the  fluids  are  re- 

tained, and  decay  facilitated  thereby. 
When  timber  is  saturated  with  creosote,  tar,  antiseptics,  etc.,  it  is  also 

preserved  from  the  attack  of  worms.  Jarrow  wood,  from  Australia,  is  not 
subjected  to  their  attack. 

The  condition  of  timber,  as  to  its  soundness  or  decay,  is  readily  recog- 
nized when  struck  a  quick  blow. 

Timberthat  has  been  for  a  long  time  immersed  in  water,  when  brought 
into  the  air  and  dried,  becomes  brash}'  and  useless. 
When  trees  arc  barked  in  the  spring,  they  should  not  be  felled  until  the 

foliage  is  dead. 
Timber  can  not  be  seasoned  by  either  smoking  or  charring;  but  when 

it  is  to  be  used  in  locations  wheye  it  is  exposed  to  worms  or  to  produce 
fungi,  it  is  proper  to  smoke  or  char  it. 

Timber  may  be  partially  seasoned  by  being  boiled  or  steamed. 

Iinpregiacvtion  of  Wood. 
The  several  processes  are  as  follows : 
Kynn,  1832.  Saturated  with  corrosive  sublimate.  Solution  1  lb.  of  chlo- 

ride of  mercury  to  4  gallons  of  water. 
vett,  1838.  Impregnation  with  chloride  of  zinc  by  submitting  the 

wood  endwise  to  a  pressure  of  150  lbs.  per  square  inch.  Solution  1  lb.  of the  chloride  to  10  gallons  of  water. 
Boucheri.  Impregnation  by  submitting  the  wood  endwise  to  a  pressure of  about  15  lbs.  per  square  inch.  Solution  1  lb.  of  sulphate  of  copper  to 1  m  gallons  of  water. 
Bethel.  Impregnation  bv  submitting  the  wood  endwise  to  a  pressure  of 150  to  200  lbs.  per  square  inch,  with  oil  of  creosote  mixed  with  bituminous matter. 
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Louis  8.  Robbins,  1865.  Aqueous  vapor  dissipated  by  the  wood  being 
heated  in  a  chamber,  the  albumen  solidified,  then  submitted  to  the  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°. 

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. 

.A/bsorptioxi  of*  Preserving  Solution.  Toy  different  "Woods for  a,  Period  of  7  Days. 
Average  Pounds  per  Cubic  Foot. 

Black  Oak  3.6  I  Hemlock   2.6  1  Rock  Oak   3.9 
Chestnut  8.     Red  Oak   3.9  |  White  Oak   3.1 

Proportion  of  Water 
Alder  (Betula  alnus)   41.6 
Ash  (Fraxinus  excelsior)   28.7 
Birch  {Betula  alba)   30.8 
Elm  {Ulrnus  campestris)   44.5 
Horse-chestnut (JEs cuius  hippocast.)  38. 2 
Larch  (Pinus  larix)   48.6 
Mountain  Ash  (Sorbus  aucuparia) .  28.3 
Oak  {Quercus  robur)   34.  T 

in  various  Woods. 
Pine  {Pinus  Sylvestris  L.).   39.T 
Red  Beech  {Fagus  sylvatica)   39. T 
Red  Pine  {Pinus  picea  dur)   45.2 
Sycamore  {Acer  pseudo-platanus)  .  2T. White  Oak  {Quercus  alba)   36.2 
White  Pine  {Pinus  abies  dur)   37.1 
White  Poplar  {Populus  alba)   50.6 
Willow  {Salix  caprea)   26. 

Comparative  Resilience  of  Timber. 
Ash... 
Beech . 
Cedar . .86 

.66 

Chestnut Elm  
Fir  

.73 .54 

.4 

Larch  84 
Oak   .63 
Pitch  Pine  57 

Spruce  64 Teak  59 
Yellow  Pine ...  .64 

"Weiglit  and  Strength  of  Oak  and  Yellow  Pine. 
Weight  of  a  Cubic  Foot. 

White  Oak,  Va.  •  Yellow  Pine,  Va. 
'  Round.      |      Square.  Round.      |  Square. 

Green  . . 
1  Year  . 
2  Years 

64.7 
53.6 
46. 

67.7 53.5 
49.9 

47.8 
39.8 
34.3 

39.2 34.2 
33.5 

78.7 

66.7 

In  England,  Timber  sawed  into  boards  is  classed  as  follows : 
6X  to  7  ins.  in  width,  Battens;  8%  to  10  ins.,  Deals;  and  11  to  12  ins., Planks. 
In  a  perfectly  dry  atmosphere  the  durability  of  woods  is  almost  unlim- 

ited. Rafters  of  roofs  are  known  to  have  existed  1000  years,  and  piles 
submerged  in  fresh  water  have  been  found  perfectly  sound  800  years  from 
the  period  of  their  being  driven. 

Distillation. — From  a  single  cord  of  pitch  pine  distilled  by  chemical 
apparatus,  the  following  substances  and  in  the  quantities  staged  have  been obtained : 

Pyroligneous  Acid  100  gallons. 
Spirits  of  Turpentine   20  u Tar    1  barrel. 
Wood  Spirit   5  gallons. 

Charcoal   50  bushels. 
Illuminating  Gas  about  1000  cu.  feet. 
Illuminating  Oil  and  Tar  . .  50  gallons. 
Pitch  or  Resin   1>£  barrels. 

Decrease  in  Dimensions  of  Timber  by  Seasoning. Woods. Woods.  Ins.  Ins. 
Cedar,  Canada   14    to  1334" Elm   11    to  10% 
Oak,  English   12    to  11% 
Pitch  Pino,  North. . .  10x10  to  9%X0?.< 

Ins.  Ins. 
Pitch  Tine,  South   18%  to  18# 
Spruce   8%  to  8% 
White  Pine,  American          12     to  11% 
Yellow  Pine,  North   18     to  17% 

The  weight  of  a  beam  of  English  oak,  when  wet,  was  reduced  by  sea- 
soning from  972.25  to  630.5  pounds. 
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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  the  use  of  the  same 
expression,  it  is  usual  and  proper  to  employ  the  word  Caloric  to  sig- 

nify the  principle  or  cause  of  the  sensation  of  heat. 
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  ther- 

mometer, etc.,  etc. 
The  Temperature  of  a  body,  is  the  quantity  of  sensible  heat  in  it,  present 

at  any  moment. 
Latent  Heat,  is  that  which  is  insensible  to  the  touch  of  our  bodies,  and 

is  incapable  of  being  detected  by  a  thermometer. 
When  a  body  passes  from  a  solid  to  a  liquid  state,  or  from  a  liquid 

to  a  gaseous,  a  certain  portion  of  its  heat  becomes  insensible,  either  by 
feeling  or  by  a  thermometer,  and  the  portion  of  heat  thus  combined  with 
the  body  in  its  new  form  is  termed  latent.  Hence,  when  a  gas  is  converted 
into  a  liquid,  or  a  liquid  into  a  solid,  the  same  quantity  of  heat  is  disen- 

gaged, as  was  held  in  a  latent  state  by  the  body  before  its  change  of  con- dition. 

Specific  Heat,  is  that  which  is  absorbed  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  temperature.  It  is  also  the  quantity  of  heat  requisite  to  change 
the  temperature  of  a  body  any  stated  number  of  degrees  compared  with 
that  which  would  produce  the  same  effect  upon  water  at  GO0. 

The  quantity  of  heat,  therefore,  is  the  quantitv  necessary  to  change  the 
temperature  of  a  body  by  any  given  amount  (as"  1°),  divided  bv  the  quan- tity of  heat  necessary  to  change  an  equal  weight  or  volume  of  water  60° by  the  same  amount. 
Note.— Water  has  greater  specific  heat  than  any  known  body. 
Mechanical  power  may  be  expended  in  the  production  of  heat  either  bv friction  or  compression,  and  the  quantity  of  heat  produced  bears  the  same proportion  to  the  quantity  of  mechanical  power  expended,  being  1  unit for  the  power  necessary  to  raise  1  II).  772  feet  in  height.  This  number  of 2  /2  is  termed  the  mechanical  equivalent  of  heat  (Joules). 
Capacity  for  Heat,  is  the  relative  power  of  a  body  in  receiving  and  re- taining heat,  in  being  raised  to  any  given  temperature  ;  while  Specific  ap- plies to  the  actual  quantity  of  heat  so  received  and  retained. 
Radiation  of  Heat,  is  the  diffusion  of  heat  by  the  projection  of  it  in  di- verging right  lines  into  space,  from  a  body  having  a  higher  temperature than  the  space  surrounding  it,  or  the  body  or  bodies  enveloping  it. 
Reflection  of  Heat,  is  the  passage  of  heat  from  the  surface  of  one  sub- stance to  another  or  into  space,  and  it  is  the  converse  of  radiation. 
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Heat  is  reflected  from  the  surface  upon  which  its  rays  fall  in  the  same 
manner  as  light,  the  angle  of  reflection  being  opposite  and  equal  to  that 
of  incidence.    The  metals  are  the  strongest  reflectors. 

Communication  of  Heat,  is  the  passage  of  heat  through  different  bodies 
with  different  degrees  of  velocity.  This  has  led  to  the  division  of  bodies 
into  Conductors  and  No?i-conductors  of  caloric ;  the  former  includes  such 
as  metals,  which  allow  caloric  to  pass  freely  through  their  substance,  and 
the  latter  comprise  those  that  do  not  give  "an  easy  passage  to  it,  snch  as stones,  glass,  wood,  charcoal,  etc. 

The  velocity  of  cooling,  other  things  being  equal,  increases  with  the  ex- 
tent of  surface  compared  with  the  volume  of  substance  ;  and  of  two  bodies 

of  the  same  material,  temperature,  and  form,  but  differing  in  volume. 
Transmission  of  Heat,  is  the  passage  of  heat  through  different  bodies 

with  different  degrees  of  intensity.  Gaseous  bodies  and  a  vacuum  are  the 
highest  in  the  order  of  transmitters. 

Evaporation  or  Vaporization,  is  the  conversion  of  a  fluid  into  vapor. 
Evaporation  produces  cold,  because  heat  is  absorbed  to  form  vapor. 

Distillation,  is  the  depriving  of  vapor  of  its  latent  heat. 
Heat  is  developed  by  water  when  it  is  violently  agitated. 
Heat  is  developed  by  the  percussion  of  a  metal,  and  it  is  greatest  at  the first  blow. 
The  quantities  of  heat  evolved  are  nearly  the  same  for  the  same  sub- 

stance, without  reference  to  the  temperature  of  its  combustion. 
Latent  Hkat. — A  pound  of  water,  in  passing  from  a  liquid  at  212°  to 

steam  at  212°,  receives  as  much  heat  as  would  be  sufficient  to  raise  it 
through  9GG.6  thermometric  degrees,  if  that  heat,  instead  of  becoming 
latent,  had  been  sensible. 

If  §y2  lbs.  of  water,  at  the  temperature  of  32°,  be  placed  in  a  vessel,  communicating with  another  one  (in  which  water  is  kept  constantly  boiling  at  the  temperature  of 
212°),  until  the  former  reaches  the  temperature  of  the  latter  quantity,  then  let  it  be 
weighed,  and  it  will  be  found  to  weigh  G>£  lb-;.,  showing  that  1  lb.  of  water  has  been 
received  in  the  form  of  steam  through  the  communication,  and  reconverted  into  wa- 

ter by  the  lower  temperature  in  the  vessel.  Now  this  pound  of  water,  received  in 
the  form  of  steam,  had,  when  in  that  form,  a  temperature  of  212°.  It  is  now  con- 

verted into  the  liquid  form,  and  still  retains  the  same  temperature  of  212°;  but  it 
has  caused  5)^  lbs.  of  water  to  rise  from  the  temperature  of  32°  to  212°,  and  this without  losing  any  temperature  of  itself.  Now  this  heat  was  combined  with  the 
steam,  but  as  it  is  not  sensible  to  a  thermometer,  it  is  termed  Latent. 

The  quantity  of  heat  necessary  to  enable  ice  to  resume  the  fluid  state  is 
equal  to  that  which  would  raise  the  temperature  of  the  same  weight  of 
water  140°  ;  and  an  equal  quantity1-  of  heat  is  set  free  from  water  when  it assumes  the  solid  form. 

Sensible  and  Latent  Heat  of  Steam. — (liegnault). 
Temp. Latent 

Heat. 
Sum  of 
Sensible and  Latent. 

Temp. Latent 
Heat. 

Sum  of Sensible 
and  Latent. 

Temp. Latent Heat. 
Sum  of 
Sensible and  Latent. 

Deg. Deg. Deg. Deg. Deg. Deg. Deg. Deg. Deg. 

32 1092.6 1124. G 212 966.6 1178.6 802 901.8 1203.8 
104 1042.2 1146.2 230 952.2 1182.2 338 874.8 1212.5 
140 1017 1157 248 936.6 1187.6 374 849.6 

1223.6 
176 991.8 11G7.8 266 927. 1193. 410 822.6 1232.6 

If  to  a  pound  of  newly-fallen  snow  were  added  a  pound  of  water  at  172°, 
the,  snow  would  !»o  melted,  and  32°  will  be  the  resulting  temperature. 
When  a  body  is  fusing,  no  rise  in  its  temperature  occurs,  however  great 

Hi-  additional  quantity  of  heat  may  bo  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. 
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Latent  Heat  of  various  Substances  for  a  Unit  of  Weight. 
Alcohol   364°  !  Ether   163°      Phosphorus  .     9°      Tin   500° 
Ammonia....  860°    Ice   142.6°    Spermaceti..  14S°      Water   966.6° 
Beeswax          175°    Lead  162°      Steam   966.6°    Zinc   493° 
Bismuth   22°  |  Mercury. ..  157°      Sulphur   17° 

Specific  Hi: at. — Every  substance  has  a  specific  heat  peculiar  to  itself, 
whence  a  change  of  composition  will  be  attended  by  a  change  of  its  ca- 

pacity for  heat. 
The  specific  heat  of  a  body  varies  with  its  form.  A  solid  has  a  less  capaci- 
ty for  heat  than  the  same  substance  when  in  the  state  of  a  liquid;  the  specific 

heat  of  water,  for  instance,  being  9  in  the  solid  state,  and  10  in  the  liquid. 
The  specific  heat  of  equal  weights  of  the  same  gas  increases  as  the 

density  decreases ;  the  exact  rate  of  increase  is  not  known,  but  the  ratio 
is  less  rapid  than  the  diminution  in  density. 

Change  of  capacity  for  heat  always  occasions  a  change  of  temperature. 
Increase  in  the  former  is  attended  by  diminution  of  the  latter,  and  con- trariwise. 
The  specific  heat  multiplied  hy  the  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 :  The  atomic  weights  of  lead  and  copper  are  respectively  1294.5 
and  395.7,  and  their  specific  heats  are  .031  and  .095.  Hence  1294.5  X 
.031  =  40.129,  and  395.7 X  .095  =  37.591. 

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  different 
temperatures,  and  noting  the  temperature  of  the  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 
40°  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  measures,  the 
fact  i3  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  the  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  1  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  the  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. 

Specific  Heat  of  various  Substances.    (Air  as  Unity.) 

Air  
Hydrogen . 

Equal Equal Equal Equal Volumes. Weights. Volumas. Weights. 
1. 1. 

.976 .885 
.903 12.34 

Water  as  Unity. 
Equal Weights. 

Water  1. 
Air  2G7 
Alcohol ...  .7 
Bismuth  ..  .023 
Brick  2 
Charcoal  . .  .241 
Coke  and  ) 

Clay.,  J 
Copper  095 

.202 

.216 

Equal Weights. 
Cast  iron. .  .13 
Carbonic  ) 
acid. . .  ) 
Ether  517 
Gold  032 
Glass  198 
Hydrogen.  3.405 Ice  504 
Iron  115 

Equal Weights. 
Lead  031 
Lime  217 
Linseed  oil.  .53 
Mercury  . . .  .033 
Oxvgen  ...  .218 Olive-oil ...  .31 
Petroleum  .  .468 
Phosphorus  .189 Platinum  . .  .034 

Equal Weights. 
Steam*  ....  .475 
Steel  116 
Sulph.  acid  .  .335 Silver   057 

Spts.  Turp'e  .467 Sulphur  203 Tin  056 
Woods  54 
Zinc  095 

*  Steam  under  a  constant  volume,  that  is  confined,  is  estimated  at  365. 
Y  Y 
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Illustration  If  1  lb.  of  coal  will  heat  1  lb.  of  water  to  100°,  —  —  =         of  a .033  30.3 
lb.  will  beat  1  lb.  of  mercury  to  100°. 
To   Compute  tlie Temperature   of  a, 

S  uibstarLces. 
JVIixtrure   of  lilve 

WT +  wt :  t: w  (t  —  0 
=w w  (t'  —  f) 

■jr  f  ==  T.   W  representing  the 
W  +  w   ~ "  '     T—  t  '  W weight  or  volume  of  a  substance  of  the  temperature  T,  w  the  weight  or  volume 

of  a  like  substance  of  the  temperature  t,  and  t!  the  temperature  of  the  mixture 
W  +  w. 

Illustration. — When  5  cubic  feet  of  water  at  a  temperature  of  150°  is  mixed 
with  7.5  cubic  feet  at  50°  (£),  what  is  the  resultant  temperature  of  the  mixture  ? 

5  X  150°  +  7.5  X  50°  __1125_ ~  12.5  ~ 

=  90° 

5 -f- 7.5 
2.  How  much  water  at  (T)  100°  should  be  mixed  with  30  gallons  (w)  at  G0°,  the 

temperature  required  being  S0°  ? 
30  (30°  — 60°)     600     nn  77 

1000-80°   =~ 20-=  30 To  Compute  tlie  Temperature  of  a  jVTlxture  of  TJiidihce 
Substances. 

ws(t'—t') t'  (WS  +  ws)  —  w  s  t 
W  and 

WS  + w s   ~  \S{T-t)         '  WS w  representing  the  weights,  and  S  and  s  the  specific  heat  of  the  substances. 
Illustration — To  what  temperature  should  20  lbs.  iron  (W)  be  heated  to  raise 

150  lbs.  (w)  of  water  at  a  temperature  (t)  of  50°  to  60°  ? 
s  =  l,  and  S  =  .  114. 

60°  (20  X  .1144-150x1)  — 150  X  1  X  80°  _  1G36.8_ 
20  X  .114  ~  2.28  " 

Capacity  for  Heat — When  a  body  has  its  density  increased,  its  capacity  for heat  is  diminished.  The  rapid  reduction  of  air  to  one  fifth  of  its  volume  evolves 
heat  sufficient  to  inflame  tinder,  which  requires  550°. 

Relative  Capacity  for  Heat  of  various  Bodies.    (Water  as  Unity.) 

=  718°. 

Equal Weights. Equal Volumes. Equal Weights. Equal Volumes. Equal Equal Weights. Volumes. 
Water. . 1. i: Gold..  . .05 

.966 Mercury 
.030 Brass  . . .116 .971 Ice  

.9 
Silver  . .082 .833 

(Jopper. .114 1.027 Iron  . . . .120 .993 
Tin  . . . 

.06 
Glass  . . .1S7 .44S Lead  .. .043 .487 Zinc. . . .102 

The  rule  for  ascertaining  by  calculation,  combined  with  experiment 
the  relative  capacities  of  different  bodies,  is  as  follows  : 

Multiply  the  weight  of  each  body  by  the  number  of  degrees  of  temper- 
ature lost  or  gained  by  the  mixture,  and  the  capacities  of  the  bodies  will 

be  inversely  as  the  products. 
Or,  if  the  bodies  be  mingled  in  unequal  quantities,  the  capacities  of  the 

bodies  will  be  reciprocally  as  the  quantities  of  matter,  multiplied  into  their 
respective  changes  of  temperature. 

If  1  lb.  of  water  at  150°  is  mixed  with  1  lb.  of  mercury  at  40°,  the  re- 
sultant temperature  is  152°. 

Thus,  1  x  1 5G°-152°  =  4°,  and  1 X 40°f>J152or=  112°.  Hence  the  capacity 
of  water  for  heat  is  to  the  capacity  of  mercur}T  as  112°  to  4°,  or  as  28  to  f. 
Radiation  of  Caloric. — Radiation  is  affected  by  the  nature  of  the 

surface  of  the  body ;  thus,  black  and  rough  surfaces*  radiate  and  absorb more  heat  than  light  and  polished  surfaces.  Bodies  which  radiate  heat 
best  absorb  it  best. 
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Blackened  tin.  1. 
Bright  lead  ...  .19 
Clean  tin  12 
Copper  12 

Radiating  Power  of  various  Bodies. 
.9     Lamp-black. .  1. .12   Lead  45 
.85   Mercury  2 .S3   Polished  iron.  .15 

Glass  
Gold  
Ice  
India  ink . . . 

Silver  
Tin  1 
Water   1 . 
Writing-paper  1. 

12 

Loss  by  Radiation. 
To  Compute  tlie  Loss  of  Heat  per  Sqtiare  Foot. 

1.7  Z  (T —  t) 
dv 

Tin  S 
Tinfoil  85 

"   with  Mer'y  .14 

-  =  R.   T  representing  temperature  of  pipe,  which  is  assumed  to  be  Jjj 
less  than  that  of  the  steam  ;  t  temperature  of  the  air ;  I  length  of  the  pipe  in  feet ; 
d  diameter  in  inches ;  v  velocity  of  the  heat  in  feet  per  second;  and  R  radiation  in 
degrees  per  second. 
Reflection  of  Hkat  is  the  converse  of  Radiation;  the  one  increases 

as  the  other  diminishes. 
Reflecting  Power  of  various  Substances. 

Brass  1.     j  Glass  1  I  Silver  .. 
Glass,  waxed)    0-   Lamp-black  0  Steel  . . . 

or  oiled ....  j   ,u  I  Lead  6| 
Conduction  or  Convection  of  Hkat. — Air  and  gases  are  very  im- 

perfect conductors.  Heat  appears  to  be  transmitted  through  them  almost 
entirely  by  conveyance,  the  fteated  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  the  lowest  part.  The 
advantage  of  double  windows  for  the  retention  of  heat  depends,  in  a  great 
measure,  upon  the  sheet  of  air  confined  between  them,  through  which  heat 
is  very  slowly  transmitted. 

The  Convection  of  heat  refers  to  the  transfer  and  diffusion  of  heat  in  a 
fluid  mass,  by  means  of  the  motion  of  the  particles  of  the  mass. 

Relative  Conducting  Power  of  various  Bodies. 
Bismuth  061  j  Fire-cliy  Oil   Marble  .. . Cast  iron  359  Gold  9sl   Mercury  . 
Copper,  rolled.  .845  j  Iron,  wrought .  .436  Platinum. 
Fire-brick  Oil  '  Lead  18  Porcelain. 

Water. 
Ash . . . 

Woods  {with  Water  as  Unity). 
I  Apple  28  I  Kim  
|  Ebony  22  |  Lime  

024 
Silver    . . ,  1. 

.677 Steel  .... 
 397 M Tin 
.30P, 012 

.  .641 

32 
.39  39 

Of  Fluids. Alcohol  0232  |  Mercury   1.  |  Water  0357 
Various  Substances  compared  with  each  other. 

Air  570  I  Charcoal  937  I  Hare's  fur. . .  1.315  i  Silk,  raw  ....  1.281 
Ashes  (wood) .    .927  j  Cotton   1.046    Lamp-black  .  1.117   Silk,  sewing. .  .917 

Silk, 

Beaver's  fur. .  1.2'„G  |  Eider-down. .  1.305  |  Lint   1.032  |  Wool. 
Various  Substances  compared  with  Slate. — (J.  Hutchinson.) 

.  1.118 

Substance. Conducting 
Power. 

Cooling 
Power. Substance. 

Conducting 
Power. 

Cooling 

Power. 

Slate  1. 1. Hair  and  lime. . . 1.09 
.33 

Lath  and  plaster  . .20 
.75 

.23 
.69 

.45 
1.00 Plaster  

.19 

.63 
.0 .97 

.75 

.95 

Relative  Power  of  various  Substances  to  Transmit  Heat. 
All  bodies  capable  of  transmitting  heat  are  more  or  less  transparent, 

though  their  powers  of  transmitting  heat  and  light  are  not  in  the  same 
relative  proportions. 
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Air   I-     I  Flint-glass  67  |  Rock-crystal  ..  .62  I  Sulphuric  ether  .21 Alcohol  15   Gypsum  2     Rape-seed  oil  .  .3     Turpentine  31 Crown-glass . .    .49  |  Nitric  acid  15  |  Sulphuric  acid  .17  |  Water  11 
Weight  of  Steam  Condensed  by  various  Substances  per  Square  Foot  per  Hour. 

In  Air. Tempera- ture. Steam in  Lbs. In  Air. Tempera- ture. 
Steam in  Lbs. 

59° 

.36 Tin-plate  

59° 

.21 

59° 

.28  • 

59° 

.35 In  Water. 
Plate  iron  

59° 

.36 

72° 

21.5 

Practical  Deductions  from  above  and  preceding  Results. 
Asphaltum  is  the  best  composition  for  resisting  moisture,  and,  being  a 

slow  conductor  of  heat,  it  is  best  adapted  where  economy  of  heat  and  dry- ness are  required. 
Slate  is  a  very  dry  material,  but,  from  its  quick  conducting  power  it  is 

not  adapted  for  the  retention  of  heat. 
Cements.  Plaster  of  Paris  and  Woods  are  well  adapted  for  the  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  therefore  well  adapted  for  the  lining 
of  fire-places,  furnaces,  etc. ;  while  contrariwise,  Iron,  being  a  high  con- 

ductor of  heat,  is  one  of  the  worst  of  substances  for  this  purpose. 
Common  brick  is  not  a  very  slow  conductor  of  heat ;  it  is  1.8  times  higher 

in  the  scale  than  oak  wood,  and  about  .027  lower  than  fire-brick. 

Relative  Transmitting  Powers  of  Various  Substances. 
Air  1.       Glass  .67.       Alcohol  .15.       Water  .11.       Ice  .06. 

The  heat  which  passes  through  one  plate  of  glass  is  less  subject  to  ab- 
sorption in  passing  through  a  second  and  a  third  plate.  Of  1000  rays,  451 

were  intercepted  by  4  plates  as  follows  : 
1st,  381.       2d.  43.       3d.  18.       4th.  9. 

Evaporation  proceeds  only  from  the  surface  of  fluids,  and  therefore, 
other  things  equal,  must  depend  upon  the  extent  of  surface  exposed. 
When  a  liquid  is  covered  by  a  stratum  of  dry  air,  evaporation  is  rapid, 

even  when  the  temperature  is  low. 
As  a  large  quantity  of  heat  passes  from  a  sensible  to  a  latent  state  during 

the  formation  of  vapor,  it  follows  that  cold  is  generated  by  evaporation. 
Fluids  evaporate  in  a  vacuum  at  from  120°  to  125°  below  their  boiling 

point. 
Distillation  is  the  depriving  vapor  of  its  latent  heat,  and,  though 

it  may  be  effected  in  a  vacuum  with  very  little  heat,  no  advantage  in  re- 
gard to  a  saving  of  fuel  is  gained,  as  the  latent  heat  of  vapor  is  increased 

proportionate!}"  to  the  diminution  of  sensible  heat. 
A  temperature  of  70°  is  sufficient  for  the  distillation  of  water  in  a  vessel exhausted  of  air. 
Congelation  and  Liquefaction. — Freezing  water  gives  out  140°  of 

heat.    All  solids  absorb  heat  when  becoming  fluid. 
The  particular  quantity  of  heat  which  renders  a  substance  fluid  is  termed 

its  caloric  of  fluidity,  or  latent  heat. 
Fluids  boil  in  a  vacuum  with  less  of  heat  than  when  under  the  pressure  of 

the  atmosphere.  On  Mont  Blanc  water  boils  at  187°;  and  in  a  vacuum 
water  boils  at  98°  to  100°.  according  as  it  is  more  or  less  perfect. 
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Water  may  be  reduced  to  5°  if  confined  in  tubes  of  from  .003  to  .005  incli 
in  diameter  :  this  is  in  consequence  of  the  adhesion  of  the  water  to  the  sur- 

face of  the  tube,  interfering  with  a  change  in  its  state.  It  may  also  be  re- 
duced in  its  temperature  below  32°  if  it  is  kept  perfectly  quiescent. 

Effect  upon.  Various  Bodies  "by  Heat. 
Wedgewood's  zero  is  1077°  of  Fahrenheit,  and  each  degree  =  130°. 
In  the  designation  of  degrees  of  temperature,  the  symbol  +  is  omitted  when  the 

temperature  is  above  0  ;  but  when  it  is  below  it,  the  symbol  —  must  be  prefixed. 

Degrees. Acetification  ends   SS 
Acetous  fermentation  begins   73 Air  Furnace   3300 
Ambergris  melts   145 Ammonia  boils  ....    140 
Ammonia  (liquid)  freezes   —40 
Antimony  melts   051 Arsenic  melts   305 
Beeswax  melts    151 
Bismuth  melts   470 
Blood  (human),  heat  of   98 

"            freezes   25 
Brandy  freezes   —7 Brass  melts   1900 
Cadmium  melts   600 
Charcoal  burns   800 
Coal  Tar  boils   325 
Cold,  greatest  artificial   —166 

"    greatest  natural   —56 Common  fire   790 
Copper  melts   2548 Glass  melts   2377 
Gold,  fine,  melts   2590 
Gutta-percha  softens   145 
Heat,  cherry  red   1500 

"         "        (Daniell)   1141 
11    bright  red   1860 
"    red,  visible  by  day   1077 "    white   2900 

Highest  natural  temperature,  Egypt  117 Ice  melts   32 
India-rubber  and  Gutta-percha  vul- canize  293 
Iron  (cast)  melts   3479 

,k    (wrought)  melts   3980 
"   bright  red  in  the  dark   752 
"   red  hot  in  twilight   884 

Degrees. Ether  90  to  104 
Alcohol,     sp.  grav.  813   173.5 
Nitric  Acid,    "        1.5   210 "  "        1.42   248 
Sea  Salt   224.3 
Common  Salt   226 
Sulphuric  Acid,  sp.  grav.  1.848. . .  600 
"  "        1.3    ...  240 

Degrees. Lard  melts   95 
Lead  melts   5  >4 
Mercury  boils   662 

"      volatilizes   6S0 
"      melts   -39 Milk  freezes   30 

Naphtha  boils   ISO 
Nitric  Acid  (sp.  grav.  1.424)  freezes  —45 Nitrous  Oxide  freezes  —150 
Olive-oil  freezes   36 
Petroleum  boils   300 
Phosphorus  melts   108 

"       boils   500 
Pitch  melts   91 
Platinum  melts   3080 
Potassium  melts   135 
Proof  Spirit  freezes   -7 
Saltpetre  melts   600 
Sea-water  freezes   28 
Silver,  fine,  melts   1250 
Snow  and  Salt,  equal  parts   0 
Spermaceti  melts   112 
Spirits  Turpentine  freezes   14 Steel  melts   2500 

"    polished,  blue   580 "        u       straw  color   460 
Strong  Wines  freeze   20 
Sulphur  melts   226 
Sulph.  Acid  (sp.  grav.  1.641)  freezes  —45 
Sulphuric  Ether  freezes   —46 <k    boils   98 
Tallow  melts   97 
Tin  melts   421 
Vinegar  freezes   28 Vinous  fermentation  60  to  77 
Water  in  vacuo  boils   98 
Zinc  melts   740 

Degrees. Pectified  Petroleum   310 
Oil  of  Turpentine   304 
Phosphorus   554 
Sulphur   570 Linseed  Oil   640 
Sweet  Oil  412 
Sea- water   213.2 
Water,  distilled   212 

Boiling  ^Points  of  "V^arioxis  I^lxiicls. 

Volume  of  several  Liquids  at  tlieir  Boiling  Point. 
Steam.  I  Steam. 

1  Water   1700    1  Ether   29S 
1  Alcohol   528  I  1  Turpentine   193 

Yy* 
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For  boiling  point  of  salt  water,  see  Water,  p.  541.  Water  may  be  heat* 
ed  in  a  Digester  to  400°  without  boiling. 
Boiling  Points  corresponding  to  A  Ititades  of  the  Barometer  between  26  and 31  Inches. 
Barom. Boiling  Point. Barom. Boiling  Point Barom. Boiling  Point. Barom. Boiling  Point. 
26. 204.91° 27.5 

207.55° 

29. 

210.19° 

30.5 

212. 8S° 
26.5 205.79° 

2S. 

208.43° 

29.5 

211.07° 

31. 

213.76° 

27. 
206. GT° 

2S.5 
2^9.31° 

30. 

212.° 
Melting  iPoint  of*  Alloys. 

Lead  2,  Tin  3,  Bismuth  5. 

212° 
210° 
240° 
286° 
336° 334° 

Tin  8,  Bismuth  1    392° 
Lead  2,  Tin  1  (solder)   475° 

"  1, 

Zinc  1, Lead  1, 
"  1, 

Lead  2,    "  3  
For  Alloys  and  Fusible  Compounds,  see  pp.  627  62S. 

2  (soft  solder)   360° 
1   399° 
1   368° 
1,  Bism'h  4,  Cadm'm  1  155° 

FrigorifLc  HVlixt-nres. 
Mixtures. 

Nitrate  of  Ammonia. . 
Water  
Phosphate  of  Soda   9  parts  } 
Nitrate  of  Ammonia   6    "     V  . 
Dilute  Nitric  Acid   4    "  j 
Sulphate  of  Soda   8  par Muriatic  Acid   5 

1  part  ? i  «  r 

rts| 

,rts| 

nef;:Ll?M       Temperature  falls 

Snow   
Muriate  of  Lime   3 

2  parts| 

Snow   8  parts) 
Dilute  Sulphuric  Acid   10    "    /  ' Snow   3  parts) 
Potash  fused   4    "    j  ' 
Sulphate  of  Soda   3  parts) 
Diluted  Nitrous  Acid   2    "    j  " 
Phosphate  of  Soda   9  parts) 
Diluted  Nitrous  Acid   4    "    /  ' 

46° 

50° 

to 

4n 

71°. 

50° 

to 
-21° 50°  .. . .  From 50"  to 

0° 

53° 

-15° 

to 

-68° 
22°, 

-68° 
to 

-90° 83°  .. . .  From 

32° 

to 
-51° 

53° 

..  From 

50° 

to 

-3° 

62° 

59° 

to 

—  12° To  Compute  the  Expansion  of  a  Substance  in  Parts  of  Us  Length. 
Divide  1.  by  the  decimal  given  in  the  following  Table  (omitting  the  unit  of  1),  and 

the  quotient  will  give  the  proportion. 

To  Compute  the  Expansion  for  any  Number  of  Degrees  under  180°. 
Divide  the  decimals  given  in  the  folloAving  Table  by  the  number  of  degrees,  and 

the  quotient  will  give  the  expansion  for  the  degrees  required. 

EXPANSION  OR  DILATATION  OF  SOLIDS. — {Faraday.) 
Lineal. 

At  212°,  the  length  of  the  bar  at  32°  =  1. 
Bismuth . 
Brass  . . . 
Cast  iron 
Cement  , 
Copper  . . Fire-brick 

1.0013908 
1.00.19062 
1.0011112 
1.001435 
1.001745 LOO04928 

Glass   1.0008545 

Gold   1.001495 
Granite.....  1.0007894 
Lead   1.0028426 
Marble  ....  1.0011041 
Pavements.  1.0008985 
Platinum  ..  1.0009542 
.Sandstone..  1.001743 

Silver   1.00201 
Slate   1.0011436 
Stock  brick.  1.0005502 
Steel   1.0011899 
Tin   1.002 
Wrou<''tiron  1.0012575 
Zinc   1.002942 



HEAT. 

To  Compute  the  Volume  of  a  G-as,  at  any  Temperature, its  Volume  at  32°  being  known,  and.  the  Pressure  toeing 
constant. 
Rule. — Divide  the  difference  between  the  number  of  degrees  in  temper- 

ature and  32°  bv  490.  Add  the  quotient  to  1  if  it  is  above  32°,  and  sub- 
tract 1  if  it  is  below  32°.  Multiply  the  volume  of  the  gas  at  32°  by  the 

resulting  number,  and  the  product  will  give  the  number  required. 
Example.— What  volume  will  1000  cubic  feet  of  air  at  32°  acquire  by  being  heated 

to  1000°  ? 
1000°—  32C=96S°,  which  -=- 490  =  1.9755,  to  which  add  1  —  2.9755. 
Then,  1000  x  2.9755  =  2975.5  cubic  feet. 

Expansion  of*  .A-ir.— (Dalton.) 
Temp. Expan- sion. Temp. Expan- sion. 

Temp. 
Expan- sion. 

Temp. 
Expan- sion. 

Temp. 
Expan- 
sion. 

Temp. 

Expan- 
sion. 

32°  .. i. 40°  . 1.021 60°  . .  1.066 80°  . .  1.110 

100°. 

.  1.152 
392°  . 

.  1.739 
33°  . 1.002 45°  . 1.032 65°  . .  1.07T 85°  . .  1.121 

200°. 
.  1.354 4S2°  . 

.  1.912 
34°  . 1.004 50°  . 1.043 70°  . .  1.0S9 90°  . .  1.132 

212°. 
.  1.370 

6S0°  . 
.  2.028 

35°  . 1.007 55°  . 1.055 75°  . .  1.099 95°  . .  1.142 
302°. 

.  1.558 572°  . .  2.312 

Expansion  of  "Water.- (Dalton.) 
Temperature. Expansion. Temperature. Expansion. Temperature. Expansion. 

12° 
1.00236 

82° 

1.00312 

152° 

1.01934 
22 1.0009a 92 

1.00477 162 
1.02245 

32 1.00022 102 1.00672 172 1.02575 *40 1. 112 1.008S0 
182 

1.02916 52 1.00021 122 1.01116 192 1.03205 62 1.00083 132 1.01367 
202 1.03634 

72 1.00180 142 1.01638 212 1.04012 

Hence,  at  72°,  water  expands  —^—  =  555. 55th  part  of  its  original  hulk. 

Expansion  of  Fluid ©.—(XJkk.) 
At  212°,  the  volume  at  32°  =  1. 

Air    1.376  !  Ether   1.07  I  Mercury   1.02 
Alcohol   1.11    I  Oil   1.08  I  Water   1.04012 
The  ratio  of  Expansion  for  Solids  and  Liquids  increases  with  the  temperature; 

that  of  the  Gases  is  uniform  for  all  temperatures. 

To  Compute  the  Temperature  to  which  a  Substance  of 
a  -iven  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  the  Length  is  to  be  increased. 

-\-  t  =  T.    L  representing  the  whole  length  of  the  substance  when  in- 
creased, and  I  the  primitive  length  of  it  in  like  denominations.    T  and  t  the 

temperatures  of  L  and  /,  and  C  the  expansion  of  the  substance  for  each  de- 
gree of  heat. 

Illustration.— A -copper  rod  at  32°  is  100  feet  in  length;  to  what  temperature must  it  be  subjected  to  increase  its  length  1.1633  ins.  ? 
The  expansion  for  a  unit  of  length  of  copper  for  180°  is  .001745.  Hence  .001745  ~ 180  =  .000009694  for  each  degree. 

100  X  12  + 1.1633  -100X  12     _9  _  1-1633  oc>0 

.000009694  X  100  X  12  .Ulltw 
*  Water  is  held  to  be  at  its  greatest  density  when  at  39.83.° 
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When  the  Length  is  to  be  reduced. 
L-l -  T=  t. 

/(l+C(T-0)=L;anClITIJiT_r, Illustration.    Take  the  elements  of  the  preceding  case.    Then,  to  ascertain  h 
Jon?  X  -O00OU9694  X  (132-32))  =  1200  X  1  +  .0009694  =  1200  X  1.0009694  = 1201.  lbdo  ins. 

To  Compute  tlie  Expansion  of  Janids  in  Volume. 
Rule.— Proceed  by  the  preceding  formulae  for  computing  the  length  of a  substance.    Substitute  V  and  v  for  the  volume,  instead  of  L  and  /  the length. 
Illustration.— A  closed  vessel  contains  6  cubic  feet  of  water  at  a  temperature  of 40  ;  to  what  height  will  a  column  of  it  rise  in  a  pipe  1.152  ins.  in  area,  when  it  is  ex- posed  to  a  temperature  of  130°  ?  1 
1.152  ins.  •—  .008  square  feet.    C  for  water 
6  (l  +  .00023325  (130  —  40))  —  6.12595,  and  6 

00023325. 

6.12595- .00S :  15.744  lineal  feet. 

TEMPERATURE  BY  AGITATION. 
Results  of  Experiments  with  Water  inclosed  in  a  Vessel  and  violently  Agitated.— 

Temperature  of  Air,  60.5°  ;  of  Water,  59%°. Duration Increase Duration Increase 
of  Agitation. of  Temperature. of  Agitation. of  Temperature. 

Hours. Hours. .5 

10.  ° 
2 

19,5° 

1. 

14.5° 
3 

29.5° 

Duration 
of  Agitation 

Hours. 
5 
6 

Increase 
of  Temperature. 

39.5° 
42.5° 

jVE  ean  Temperatures  of  various  Xjocalities 
London   51°  I  Rome  60° 
Edinburgh...  41°  |  Equator  82° 

Poles   -18°  I  Polar  Regions. .  36° 
Torrid  Zone. .     75°  |  Globe  50° 

T^ine  ofPerpetual  Congelation,  or  Snow  Line. Latitude. Height. 
Feet. 

10° 
14T64 

20° 
13478 

Latitude. Height,  1 Latitude. Height. 
Feet. Feet. 

30° 

11484 

50° 

631-4 

40° 

9000  J 

60° 

3818 

Latitude. Height, 
Feet. 

70° 

1278 

80° 

451 

At  the  Equator  it  is  15260  feet;  at  the  Alps,  8120  feet;  and  in  Iceland, 3084  feet.   At  the  Polar  Regions  ice  is  constant  at  the  surface  of  the  earth! 

To  Reduce  the  Degrees  of  a  Fahrenheit  Thermometer  to  those  of  Reaumur and  the  Centigrade,  and  contrarhuise. 
Fahrenheit  to  Reaumur.— If  above  the  freezing  point.— Subtract  32  from 

the  number  of  degrees ;  multiply  the  'remainder  b}-  4,  and  divide  the product  by  9. 
Thus,  212°-  32°  =  180°,  and  180°  x  4  ~  9  =  80°. 
If  below  the  freezing  point.—  Add  32  to  the  number  of  degrees  ;  multiply the  remainder  by  4,  and  divide  the  product  by  9. 
Thus,  -  40°  +32°  ==  72°,  and  72c  x  4     9  =  -  32°. 
Reaumur  to  Fahrenheit. -^Multiply  the  number  of  degrees  by  9,  and  di- vide the  product  by  4.  Then,  when  they  are  above  the  freezing  point,  add 32  to  the  quotient,  and  when  they  are  below,  subtract  32. 
Thus,  80°  x  9     4     180,  and  180  +  32  =  212°. 

"     —  32°  x  9     4  =  72,  and  72  -  32  =  40°. 
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Fahrenheit  to  Centigrade.— If  above  the  freezing  point.— Subtract  32  from 
the  number  of  degrees;  multiply  the  remainder  by  5,  and  divide  the 
product  by  9. 

Thus,  212°  -  32°  x  5-^  9  =  180  x  5  ~  9  =  100°. 
If  below  the  freezing  point.—  Add  32  to  the  number  of  degrees ;  multiply 

the  remainder  by  5,  and  divide  the  product  by  9, 
Thus,  -  40°  +  32°  x  5  -h  9  =  72  x  5     9=  -  40°. 
Centigrade  to  Fahrenheit —Multiply  the  number  of  degrees  by  9,  and  di- 

vide the  product  by  5.  Then,  when  they  are  above  the  freezing  point,  add 
32  to  the  quotient,  and  when  they  are  below,  subtract  32. 

Thus,  100°  x94-5  =  180,  and"l80  -f  32  =  212°. ^     -  10°  X  9  -r-  5  =  18,  and  18nj32  =  14°, 

Reaumur  to  Centigrade.— Multiply  by  .25,  and 'add  the  product;  or  di- vide by  4,  and  add  that  product. 
Thus,  80°  X  .25  =  20,  and  20  -f  80  =  100°. 
Or,  80°  -r-  4  =  20,  and  20  +  80  =  100°. 
Centigrade  to  Reaumur.— Divide  by  5,  and  subtract  the  product. 
Thus.  100°  -7-  5  =  20,  and  20ool00  -  80°. 

Corresponding  Degrees  upon  the  Three  Scales. 
Fah.  | 

|  Cent. 
[  Reaum.  || Fah I  Cent. 1  Reaum. 11    Fah  , 

Cent. 
1  Reaam. 

212 
|  100 1    80  1 32 

I  0 
1  o 

1  -40  1 

-40 

1  -32 

Temperature  of  the  Earth. — The  ratio  of  increase  in  its  temperature  is 
directly  as  the  depth  from  the  surface,  being  about  1°  for  every  65  feet. 

WARMING  BUILDINGS  AND  APARTMENTS. 
By  Low  Pressure  Steam  (1%  to  2  lbs.)  or  Hot  Water. 

One  square  foot  of  plate  or  pipe  surface  will  heat  from  40  to  100  cubic 
feet  of  inclosed  space  to  75°  in  a  latitude  where  the  temperature  ranges 
from  —10°,  or  10°  below  zero. 

The  range  from  40  to  100  is  to  meet  the  conditions  of  exposed  or  corner 
buildings,  of  buildings  less  exposed,  as  the  intermediate  ones  of  a  block, 
and  of  rooms  intermediate  between  the  front  and  rear. 

As  a  general  rule,  1  square  foot  will  heat  75  cubic  feet  of  air  in  outer  or 
front  rooms  and  100  in  inner  rooms. 

By  High  Pressure  Steam. 
When  steam  at  a  pressure  exceeding  2  lbs.  per  square  inch  is  used,  the 

gpibe  heated  by  it  will  be  in  proportion  to  its  increase  of  temperature  above 
that  pressure,  less  the  increased  radiation  of  heat  in  its  course  to  the  place 
of  application. 

One  cubic  foot  of  water  evaporated  is  required  for  every  2000  cubic  feet 
of  inclosed  space. 

By  Hot  Water  of  Low  or  High  Temperatures. 
(P  —  t)  (T  —  t) 

 ,j  X  005  V—  square  feet  of  surface  of  plrte  or  pipe.  P  rep- 
resenting temperature  of  plate  or  pipe,  T  and  t  the  requv,  ed  temperature  and 

that  of  the  external  air,  and  V  the  volume  or  cubic  feet  of  inclosed  space. 
"Ventilation. 

Each  person  requires  from  3  to  4  cubic  feet  of  air  per  minute.  Win* 
dows,  as  ordinarily  constructed,  will  admit  about  8  cubic  feet  per  minute. 
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LIGHT. 

Light  is  similar  to  Heat  in  many  of  its  qualities,  being  emitted  in  the 
form  of  ra}Ts,  and  subject  to  the  same  laws  of  reflection. 

It  is  of  two  kinds,  Natural  and  Artificial;  the  one  proceeding  from  the 
Sun  and  Stars,  the  other  from  heated  bodies. 

Solids  shine  in  the  dark  only  at  a  temperature  from  600°  to  700°,  and 
in  daylight  at  1000°. 

The  Intensity  of  Light  is  inversely  as  the  square  of  the  distance  from  the luminous  body. 
The  Velocity  of  the  Light  of  the  Sun  is  192  500  miles  per  second. 
The  Standard  of  Intensity  or  of  comparison  of  light  between  different 

methods  of  Illumination  is  a  Sperm  Candle  "  short  6,"  burning  120  grains per  hour. 
Loss  of  Light  by  Use  of  Shades.  —  (F.  II.  Storer.) 

Glass,  etc. Thick- ness. 
Loss. Glass,  etc. Thick- 

ness. Loss. 

Porcelain  transparency  . . 

Ins. 
M 
% 
% 
% 
& 

PerCent. 51.23 
13.  OS 
8. 01 
6.15 

97.68 

Window,  double,  Eng.  . . 
"          u  G-eraian. u  single, 

u         u  ground.. 

Ins. 
% 
Ac 
As 
i/ 

/is 

PerCent 9.39 13. 
4.27 

G5.75 S1.95 

ILLUMINATION. — GAS,  LAMPS,  AND  CANDLES. 
Comparison  of  several  Varieties  o  f  Lamps,  Fluids,  and  Candles  with  Coal* 

Gas,  deduced  from  Reports  of  Com.  of  Franklin  Institute,  and  of  A.  Frye, 
M.D.,  etc.,  etc. 

Lamp  and  Fluid. 
Intensity 

Light. 
Ratio 

of  Cost 
per  Hour. 

Light 
at  Equal 

Cost. 

Time  of Burning 

1  Pint  of 
Oil. 

Relative 
Cost3  for 

Equal Lights. Camphene  Hours. 
$  Cts. 

1.75 .57 3.08 9.31 .32 
Carcel,  Sperm  oil,  maximum  2.15 1.22 1.8 6.32 .56 "  mean  1.22 .86 1.35 9.87 .74 "  minimum  .69 

.67 
1.2 

14.6 .83 

"     Lard  oil  .77 .76 .97 11.3 1.03 
Gas  

1. 
1. 

1. 1. 
Semi-solar,  Sperm  oil  1.15 1.25 

.93 6.75 
1.07 

1.76 1.09 1.55 8.42 

OA 

Diaphane   Palm  oil  
Spermaceti,  short  6's  
Tallow,  short  6's,  single  wick. "  "       double    "  . 
Wax,  short  6's  

"    long  4's  

Bums. 
Intensity 

[  of 

Light.f 
Light at  Equal 
Costs. 

Cost  with 

Equal Light. Cost  com-* pared  with Gas  for 
Equal  Light. 

Hours. 6.6 .7 
.5 

2.08 15.1 6.6 
.  7 

.77 1.32 10.5 8. .8 

.54 2.16 
16.2 

6. 
.58 .85 

1. 
7.5 5.5 1. 1. 1.46 7.1 

9. .8 .61 1.96 
14.4 

13. 

*  City  of  Philadelphia. 
f  Compared  with  a  fish-tail  jet  of  Edinburgh  gas,  containing  12  per  cent,  of  condensable  matter and  consuming  1  cubic  foot  per  hour. 



LIGHT. 535 

Dimensions,  Consumption,  and  Comparative  Intensity  of  Light  of  Candles. Consumption 
per  Hour. 

an  .e. No.  in  a 
Pound. Diame- ter. 

.Length. 
■ T Inches. 

Wax  3 
1. 

12 
3 % 

15 
G 

.8 
9 

3 
.9 15 4 

.8 

13^ 

0 .84 Tallow  1. 

12X 

3 

.9 

15  ~ 

4 .8 

13% 

Grains. 

135 
15G 

2C4 

.09 

.09 

.06  to  .03 

The  illuminating  power  of  coal  gas  varies  from  4.4  to  1.6  times  that  of 
a  tallow  candle  G  to  a  pound  ;  the  consumption  being  from  2.3  to  1.5  cubic 
feet  per  hour,  and  the  specific  gravity  from  .58  to  .42. 

The  higher  the  flame  from  a  burner  the  greater  the  intensity  of  the  light, 
the  most  effective  height  being  5  inches. 

English Cannel  coal  produces  the  greatest  quantity  and  the  best  qualitv 
of  coal  gas.    Scotch  Parrot  coal  is  next  in  order. 
Water  absorbs  its  own  volume  of  carbonic  acid  gas. 
The  greater  the  proportion  of  hydrogen,  and  the  less  oxvgen  and  sul- 

phur, the  better  the  coal  is  adapted  for  generating  gas. 
Pino-wood  gas  will  give  when  burning  4.G  cubic  feet  per  hour— a  light  equal  to 

1S.3  sperm  candles  per  hour;  and  Oak-wood  gas,  under  like  conditions,  will  give  a light  equal  to  19.17  candles. 
Philadelphia  City  gas  is  equal  to  17.5  sperm  candles.  2472  lbs.  pine  wood  pro- 

duced 123 SO  cubic  feet  of  gas,  4G.8  bushels  charcoal,  and  4.5  gallons  coal  tar. 
A  mean  of  Coal  and  Mineral  Oils  gave  an  expenditure  of  l.G  galls,  oil  for  1000  cu- 

bic feet  of  gas  at  .6  the  intensity  of  the  light,  and  2.6  galls,  gave  an  equal  light  of  1000 
cubic  feet  of  gas  per  hour.  l.S  galls.  Burning  Fluid  gave  .15  the  intensity  of  a  gas- 

light for  1000  cubic  feet  of  gas,  and  for  equal  light  there  was  required  11.7  galls,  for 1000  cubic  feet  of  gas. 
In  the  combustion  of  oil  in  an  ordinary  lamp,  a  straight  or  horizontally  cut  wick 

'  gives  great  economy  over  an  irregular  cut  wick. 
lielative  Intensity  of  H»ignt  from  different  Candles. 
Candles. Gas  =  L Burned  during  Flow of  1000  cub.  feet  of  Gas. Giving  equal  Light  to 1000  cub.  feet  of  Gas. 

Amount  burned 
for  equal  Light. 

Lbs. Lbs. 
Parnffine  .098 3.5 35.5 103 

.005 3.9 41.1 120 Adamantine  . . .108 5.1 47.2 137 
Tallow  .074 5.1 53.S 155 

Intensity  of  T^iglit  -witli   Eqnal  Volumes   of  G-as  from different  Burners. 

Burners. 
Expenditure  in  Cubic  Feet  per Hour. 

At  most Effective 
Height  of Flame. 1. 

2. 
3. 

4. Single  jet,  1  foot  =  candles*  2.0 
100. 

Fish-tail  No.  3,  1  foot  =  candles. 3.5 
4. 4.2 

138. 

Bats'-wing  1   u    —  " 3. 4.1 4.3 4.5 135. 

Argand,  16  holes,l  "    =  " .32 1.0 3 .  o 
3.8 

Argand,  24  holes, 1   "    =      "  • 
183.5 

Argand,  28  holes, 1   "    —  " .34 2.3 
3.5 

5.8 183. 

Argand,  42  holes,!   "    =  u 
182.3 

*  Spermaceti  candle  burning  120  grains  per  hour. 
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Volume  of*  G-as  in.  Cutoic  Feet  required  to  ZProdu.ee  tlie Liglit  of  One  Spermaceti  Candle. 
Expenditure  in  Cubic  Feet  per  Hour. 

Argand,  26  holes 
Fish-tail  No,  1* . . 

"  No.2f.. .37 .37 
.28 
.28 

.3 

.16 

Relative  Intensity,  Consumption,  and  Cost  of*  various Modes  of  Illumination. 

Oil  at  11  cents  per  lb.  Tallow  at  14  cents  per  lb.  Wax  at  52  cents 
p<jr  lb.  Stearine  at  32  cents  per  lb.  100  cubic  feet  coal  gas  at  14  cents. 
100  cubic  feet  of  oil  gas  at  52  cents. 

Illuminator. Intensity. Consumption of  Material 
per  Hour. 

Illumination. Carcel  Lamp =100. Actual Cost  per 
Hour. 

Cost  per  Hour for  equal Intensity. 

Cents. 
Carcel  Lamp  100. 42. 100. .87 

.87 

Lamp  with  inverted reservoir  90. 
43. 57.8 .89 .99 

31. 
26.7 

48.7 .56 1.78 

6.65 8. 
33.6 .16 2.49 

Wax  Candle  6  to  lb. 14.6 9.6 61.6 
.92 

6.31 
Stearine  "      5  " 14.4 9.3 66.6 

.59 4.13 
Tallow     "      6  " 

10.7 
8.5 54. .25 2.34 

Sperm     "     6  " 16. 8.8 67.5 
.89 5.7 

Cubic  feet. 
127. 8.7 

1.16 .91 127. 2.4 
1.26 .73 

1000  cubic  feet  of  13-candle  coal  gas  is  equal  to  7.5  gallons  sperm  oil,  52.9  lbs.  mold 
candles,  and  44.  G  lbs.  sperm  candles. 

GAS. 
A  retort  produces  about  600  cubic  feet  of  gas  in  5  hours  with  a  charge 

of  about  \%  cwt.  of  coal,  or  2800  cubic  feet  in  24  hours. 
In  estimating  the  number  of  retorts  required,  )^th  should  be  added  for 

being  under  repairs,  &c. 
Purifiers. — Wet  purifiers  require  1  bushel  of  lime  mixed  with  48  bushels of  water  for  10000  cubic  feet  of  gas. 
Dry  purifiers  require  1  bushel  of  lime  to  10000  cubic  feet  of  gas,  and  1 

superficial  foot  for  every  400  cubic  feet  of  gas. 
A  cubic  foot  of  good  gas,  from  a  jet  of  an  inch  in  diameter  and  height 

of  flame  of  4  inches,  will  burn  for  65  minutes. 
Internal  lights  require  4  cubic  feet,  and  external  lights  about  5  cubic 

feet  per  hour.  When  large  or  Argand  burners  are  used,  from  6  to  10  cubic 
feet  will  be  required. 

The  pressure  with  which  gas  is  forced  through  pipes  should  seldom  exceed  2% 
inches  of  water  at  the  Works,  or  the  leakage  will  exceed  the  advantages  to  be  ob- tained from  increased  pressure. 
When  pipes  are  laid  at  an  inclination  either  above  or  below  the  horizon,  a  correc- 

tion will  have  to  be  made  in  estimating  the  supply,  by  adding  or  deducting  j-j  |(  of 
an  inch  from  the  initial  pressure  for  every  foot  of  rise  or  fall  in  the  length  of  the  pipe. 

*  Fully  spread  at  85  inch  pressure  ni  1.4  cubic  feet  per  liour. +  "         .9  "  2.4        "  " 
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In  Winter  the  average  of  duration  of  internal  lights  per  da}'  is  5.08 
hours  ;  in  Summer  it  is  2.83 ;  in  Spring  it  is  3.41 ;  and  in  the  Fall,  4.16. 

Street-lamps  in  the  city  of  New  York  consume  3  cubic  feet  of  gas  per hour.  In  some  cities  4  and  5  cubic  feet  are  consumed.  Fish-tail  burners 
for  ordinary  coal  gas  consume  from  4  to  5  cubic  feet  of  gas  per  hour. 

The  standard  of  gas  burning  is  a  15-hole  Argand  lamp,  internal  'diameter .44  inch,  chimney  7  inches  in  height,  and  consumption  5  cubic  feet  per 
hour,  giving  a  light  from  ordinary  coal  gas  of  from  10  to  12  candles,  with 
Cannel  coal  from  20  to  24  candles*  and  with  the  rich  coals  of  Virginia  and Pennsylvania  of  from  14  to  16  candles. 

In  Philadelphia,  with  a  fish-tail  burner,  consuming  4.26  cubic  feet  per 
hour,  the  illuminating  power  was  equal  to  17.9  candles,  and  with  an  Ar- 

gand burner,  consuming  5.28  cubic  feet  per  hour,  the  illuminating  power was  20.4  candles. 
Gas,  which  at  the  level  of  the  sea  would  have  aValue  of  100,  would  have 

but  60  in  the  city  of  Mexico. 
Loss  of  Light  by  Glass  Globes. 

Clear  glass,  12  per  cent.  |  Half  ground,  35  per  cent.  |  Full  ground,  40  per  cent. 
Resin  Gas— Jet  g^,  flame  5  inches,  1%  cubic  feet  per  hour. 
1  Chaldron  Newcastle  coal,  3136  lbs.,  will  furnish  8G00  cubic  feet  of  gas at  a  specific  gravity  of  .4,  1454  lbs.  coke,  14.1  gallons  tar,  and  15  gallons ammoniacal  liquor. 

Volumes  ofGas  obtained  from  a  Ton  of  Coal,  Resin,  etc. 

Boghead  Cannel....^ 
Wigan  Cannel  j 
Cannel  j Cape  Breton,  "Cow) 

Bay,"  etc  j" Cumberland  
English,  mean  
Newcastle  | 

Cubic 
Specific Feet. Gravity. 

13  334 .42 
15426 .73 8960 .42 15  000 .58 
9  500 

11  000 .24 

0  5' 10 A 10  000 

.5 

Oil  and  Grease  
Pictou  and  Sidney. 
Pine  wood  
Pittsburg  
Resin  
Scotch  
Virginia . Western  
Walls-end  

Cubic 
Specific Feet. 
Gravity. 

23  000 .07 
8  000 

11 800 
.66 9  520 

15600 

.66 
10  300 

.55 15000 .64 8  060 
9  5!)0 12  000 .42 

Australian  Coal  is  superior  to  Welsh  in  the  furnishing  of  gas. 
1  lb.  Peat  will  supply  gas  for  1  hour's  light.    1  ton  Wigan  Cannel  ha? produced  coke,  1326  lbs. ;  gas,  338  lbs.  ;  tar,  250  lbs. ;  loss,  326  lbs. 

To  Compute  tlie  Volumes   of  G-as  discharged  through IPipes.— (Clegg.) 

13,0  ,V^  = ^  _  V.   d  representing  diameter  of  the  pipe  and  h  the  height 
of  the  water  in  inches,  denoting  the  pressure  upon  the  gas.  I  length  of  pipe  in yards,  g  specific  gravity  of  the  gas,  and  V  the  volume  in  cubic  feet  per  hour, g  may  be  assumed  for  ordinary  computation  at  .42. 
Volumes  of  Gas  discharged  per  Hour  under  a  Pressure of  Half  an  Inch  of  Water,  Specific  G-ravity  of  G-as  .42. Diameter 
of  Opening. Volume. Diameter 

of  Opening. Volume. Diameter 
of  Opening. 

Volume. Diameter 
of  Opening. Volumes 

Ina. •H 
•M 

Cubic  Feet. 80 
321 

Ins. 
1. 

Cubic  Feet. 
723 128T 

Ina. Cubic  Feet. 1625 2010 
Ins. 

5. 

Cubip  Feet. 28S5 
46150 

Zz 
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GAS  PIPES. 
Flow  of  Gas  in  Pipes. 

The  flow  of  Gas  is  determined  by  the  same  rules  as  govern  that  of  the 
flow  of  Water.  The  pressure  applied  is  indicated  and  estimated  in  inches 
of  water. 

Diameter   and  Length,   of  Gas-pipes   to  transmit  given 
Volumes  of  Gas  to  Branch  Pipes.-(Dr.  Ure.) 

Volume 
per  Hour. Diam- eter. Length. Volume 

per  Hour. Diam- eter. Length. Volume 

per  Hour. Diam- eter. 
Length. 

Cub.  Feet. Ins. Feet. Cub.  Feet. Ins. 
Feet. 

Cub.  Feet. IllS. 
Feet. 

50 
.4 100 1000 3.16 1000 

2000 7. 6000 
250 1. 200 151)0 3.8T 1000 6000 7.75 1000 
500 1.9T 600 2000 5.32 2000 6000 9.21 2000 
TOO 2.G5 1000 2000 6.33 

4000 
8000 8.95 1000 

The  volumes  of  gases  of  like  specific  gravities  discharged  in  equal  times 
by  a  horizontal  pipe,  under  the  same  pressure  and  for  different  lengths, 
are  inversely  as  the  square  roots  of  the  lengths. 

The  velocity  of  gases  of  different  specific  gravities,  under  like  pressure, 
are  inversely  as  the  square  roots  of  their  gravities. 

By  experiment,  30  000  cubic  feet  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; 

and  852  cub.  feet,  specific  gravity  .398,  were  discharged,  under  a  head  of 
3  ins.  of  water,  through  a  main  4  ins.  in  diameter  and  6  miles  in  length. 

The  loss  of  volume  of  discharge  by  friction,  in  a  pipe  6  ins.  in  diameter 
and  1  mile  in  length,  is  estimated  at  95  per  cent. 

In  distilling  56  lbs.  of  coal,  the  volume  of  gas  produced  in  cubic  feet 
when  the  distillation  was  effected  in  3  hours  was  41.3,  in  7  hours  37.5,  in 
20  hours  33.5,  and  in  25  hours  31.7. 

For  Rules  and  Results  of  Velocities,  etc.,  see  Appleton's  Dictionary  of  Mechanics 
and  Engineering,  and  Hughes's  Treatise  on  Gas  Works.  London. 

GAS  ENGINES. 
In  the  Lenoir  engine,  the  best  proportions  of  air  and  gas  are,  for  common 

gas,  8  volumes  of  air  to  1  of  gas,  and  for  cannel  gas,  11  of  air  to  1  of  gas. 
The  time  of  explosion  is  about  the  27th  part  of  a  second,  and  the  result- 

ant temperature  2474°. 
An  engine,  having  a  cylinder  4%  ins.  in  diameter  and  8%  ins.  stroke  of 

piston,  making  185  revolutions  per  minute,  develops  a  power  of  half  a horse. 
Services  for  Lamps. 

Lamps. Length from  Main. Diameter of  Pipe. Lamps. Length from  Main. 
Diameter of  Pipe. Lamps. Length 

from  Main. 
Diameter of  Pipe. 

No. Feet. Ins. No. Feet. Ins. No. Feet. Ins. 
2 40 % 10 

100 % 25 180 

IK 

4 40 
Yi 

15 
130 1 

30 
200 

6 50 % 
20 

150 

IK 

Average  Composition  of  London  Gas  by  Volume. 

Aqueous  vapor 
<  $arbof}fc  lipid  . Carbonic  oxide 
Hydrogen  

Common Gas. Cannel 
Gas. Common Gas. 

2. 2. 
Light  enrb'd  hyd. . . 33.5 

.7 
.1 

.5 

7.5 6  8 3.8 40. 27.7 
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ComTbtistioi-i,  Temperature,  and  !Power  of  G-ases. 

Alcohol  
Caniphene  
Cannel  gas  Carbon   
Carbonic  oxide . . . 
Common  coal  gas 
Ether  
Hydrogen  
Marsh  gas  
Olefiant  gas  .... 
Paraffine  
Rape  oil  
Sperm  oil  
Spermaceti  
Stearine  
Sulph.  hydrogen. . Wax  
Wood  spirit  

of  Gas. Water  Heated  1  Degree. Temp,  of Combustion. Air Heated 
1  Degree Oxygen Per  lb.  of Per  Cub.  Ft. 

Open used. Flame. 
Cub.  Feet. Lbs. 

Lbs. Deg. 
Cub.  Feet. 

24.6 12929 1597 4S31 
3S.9 1S573 7134 5026 

31. 20140 7G0 5121 365S5 
31. 14544 — 3026 — 
6.7 4S25 320 535S 

15403 ST. 5 210G0 650 522S 
31299 30.9 13219 3217 5150 — 

93.4 62080 329 5744 1583T 
47.2 23543 996 

4762 
.  4794'5 

40.5 213-14 15S5 5217 76290 40.5 21327 5239 33.7 17752 50S7 
3S.7 17230 4937 
37. 175S9 4413 34.4 1S001 

5095 1G.7 7414 671 438S 37.7 15S09 4122 25.3 9547 819 4641 

negotiation  of  the  Diameter  arid  Extreme  Length.  ofTrih- 
ing  and  Number  of  Burners  permitted.. 

Diameter 
of Tubing. Length. 

Number 
of Burners. 

Capacity 

of Meters. 
Number  i 

of Burners. 
Diameter 

of Tubing. Length. 
Number 

of Burners. 
Capacity 

of Meters. 
Number 

of 
Burners. 

Ins. Feet. Light. Ins. Feet. Light. s 
1  G 

1 3 6 1 
70 35 

45 

90 
% 20 3 5 10 m 100 

60 

60 120 
30 6 

10 20 150 100 100 200 
% 40 

12 
20 40 2 200 

200 
50 

20 

30 60 
Temperature  of  Gases. — The  combustion  of  a  cubic  foot  of  common  gas 

will  heat  G5  gallons  of  water  1°. 

WATER. 

Fresh  Water.    The  constitution  of  it  by  weight  and  measure  is 
Bv  Weight.  By  Measure.  I  By  Weight.  By  Measure. 

Oxygen   88.9  1      j  Hydrogen...    11.1  2 

One  cubic  inch  of  distilled  water  at  its  maximum  density  of  39°.  83. 
the  barometer  at  30  inches,  weighs  252.G937  grains,  and  it  is  828.5 
times  heavier  than  atmospheric  air. 

A  cubic  foot  weighs  998.0G8  ounces,  or  G2. 37925  lbs.  avoirdupois. 
Note — For  facility  of  computation,  the  weight  of  a  cubic  foot  of  water  is  taken  at 1000  ounces  and  62.5  lhs. 
2.  By  the  British  Imperial  Standard,  the  weight  of  a  cubic  foot  of  water  at  62°, the  barometer  at  30  ins.  =  998. 224  ounces. 

At  a  temperature  of  212°  its  weight  is  59.G75  lbs.  Below  39°. 83 
its  density  decreases,  at  first  very  slow,  but  progressing  rapidly  to  the 
point  of  congelation,  the  weight  of  a  cubic  foot  of  ice  being  but  5*7.25  lbs. 
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It  expands.  089  =  of  its  bulk  in  freezing.  From  40°  to  12°  it  ex- 
pands .00236  of  its  bulk;  and  from  40°  to  212°  it  expands  .04012,  — 

.00023325  for  eveiy  degree,  giving  an  increase  in  volume  (from  40°  to 
212°)  of        s=  1  cubic  feet  in  24.92  feet. 

Height  of  a  column  of  water  at  (  1  .    ,    .     _  „„„ 
60°  (62.4491  lbs.),  equivalent  to  th  J  *  lb'  ?er  square  inch,  is  2.306/ee*. 
pressure  of  . .    (the  atmosphere  is  .... .  33.949  " 

35.84  cubic  feet  of  water  weigh  a  ton. 
39.13        "  ice        u  " 

When  water  is  pure  it  will  not  become  turbid,  or  produce  a  precipitate  with  any of  the  following  Re-agents. 
Baryta  Water,  If  a  precipitate  or  opaqueness  appear,  Carbonic  Acid  is  present. 
Chloride  of  Barium,  Indicates  Sulphates. 
Nitrate  of  Silver,  Indicates  Chlorides. 
Oxalate  of  Ammonia,  Indicates  Lime  salts. 
Sulphide  of  Hydrogen,  slightly  acid,  Indicates  Antimony,  Arsenic,  Tin,  Copper, Gold,  Platinum,  Mercury,  Silver,  Lead,  Bismuth,  and  Cadmium. 
Sulphide  of  Ammonium,  solution  alkaloid  by  ammonia,  Indicates  Nickel,  Cobalt, Manganese,  Iron,  Zinc,  Alumina,  and  Chromium. 
Chloride  of  Mercury  or  Gold  and  Sulphate  of  Zinc,  Indicate  organic  matter. 
Mineral  Waters  are  divided  into  5  groups,  viz. : 
1.  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.,  etc. 
3.  Chalybeate,  containing  carbonate  of  iron— as,  Hampstead,  Tunbridge,  Chel- 

tenham, and  Brighton,  England ;  Spa,  Belgium  ;  Ballston  and  Saratoga  N.  Y. ;  and Bedford,  Penn. 
4.  Alkaline,  containing  carbonate  of  soda— these  are  rare,  as,  Vichy,  Ems. 
5.  Saline,  containing  salts— as,  Epsom,  Cheltenham,  and  Bath,  England;  Baden- 

Baden  and  Seltzer,  Germany;  Kissingen,  Plombieres,  France ;' Seidlitz,  Bohemia; Lucca,  Italy;  Yellow  Springs,  Ohio;  Warm  Springs,  N.  C. ;  Congress  Springs,  N.  Y. ; and  Granville,  Ky. 

Brief  Rules  for  the  Qualitative  Analysis  of  Mineral  Waters. 
The  first  point  to  be  determined,  in  the  examination  of  a  mineral  water,  is  to which  of  the  above  classes  does  the  water  in  question  belong. 
1.  If  the  water  reddens  blue  litmus  paper  before  boiling,  but  not  afterward,  and the  blue  color  of  the  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  sulphurous. 

_  3.  If,  after  the  addition  of  a  few  drops  of  hydrochloric  acid,  it  gives  a  blue  p"e» 
dpitate,  with  yellow  or  red  prussiate  of  potash,  the  water  is  a  chalybeate. 

4.  If  it  restores  the  blue  color  to  litmus  paper  after  boiling,  it  is  alkaline. 
5.  If  it  possesses  neither  of  the  above  properties  in  a  marked  degree,  and  leave* a  large  residue  upon  evaporation,  it  is  a  saline  water. 
River  or  canal  water  contains      \    <. .,       ,  . 

Spring  or  w«ll  water      «       ft  ]  °f  lts  Volume  of  ̂SG0US  matte* 

Sea-Water.    A  cubic  foot  of  it  weighs  64.3125  lbs. 
Height  of  a  column  of  water")                        .    .    .     K  n 

at  60°  rspccific  gravity,  1029  \  I  \      Per  scP&rB  inch'  18  2-239  feet' 

equivalent  to  the  pressure  of...  j  thc  atmosphere  is   32.966  « 34. 83  cubic  feet  weigh  a  ton. 



WATER. 541 

Sea-water  contains  from  4  to  5}.<  ounces  of  salt  in  a  gallon  of  water. 
Saline  Contents  of  Sea-Water  from  several  Localities. 

British  Channel   35.5 
Mediterranean   39.4 
Equator   33.42 

Baltic   6.6 
Black  S^a   21.6 
Arctic   2S.3 

South  Atlantic  41.2 
North  Atlantic   42.6 
Dead  Sea  385. 

There  are  62  volumes  of  carhonic  acid  in  1000  of  sea-water. 

Destructive  Effect  of  Sea-Water  upon  Metals  and  Alloys  per  Square  Foot. 
Steel. 
Iron  . 

Grains. 
.  40 
.  38 Copper. Zinc  . . . 

Grains. .  9 
.  S 

Galvanized  Iron. . Tin  
Grains 1.5 

Sea-water,  according  to  the  analysis  of  Dr.  Murray,  at  the  specific  grav- 
ity of  1.029,  contains 

Muriate  of  soda   220.01  I  Muriate  of  magnesia   42.08 
Sulphate  of  soda   33.10  j  Muriate  of  lime   7.84 

303. 09 
Or,  1  part  sea-water  contains  .030309  parts  of  salt=  ̂   part  of  its  weight. 
Boiling  IPoints  at  different  Degrees  of  Saturation. 

Salt,  by  Weight, in  100  Parts  of  Sea- water. 
Boiling 
Point 

3.03  =5\ 
213.2° 6.06 
214.4° 9.09  =Jj 
215.5° 12.12  =  4* 
216.7° 

Salt,  bv  Weight, 
in  100  Parts  of  Sea- vv  ate  r. 

Boiling 

Point. 
Salt,  bv  Weight, 

in  100  Parts  of  Sea- water. 

Boiling 

Point. 

15.15=353- 18.18=3% 
21-  22=/3 

24.25=383 

217.9° 
219.  ° 
220.2° 
221.4° 

27.28=3% 
30.31=Jf 

33.34=ii 

*36.37=J§ 
222.5° 
223.7° 
224.9° 
226.  ° 

Deposits  at  different   Degrees  of  Saturation   and  Tern- 
perature. 

When  1000  Parts  arc reduced  by  Evaporation. 
Volume  of  Sea-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. 
WAVES  OF  THE  SEA. 

Arnott  estimated  the  extreme  height  of  the  waves  of  an  ocean,  at  a  dig- 
tance  from  land  sufficiently  .m*eat  to  be  freed  from  any  influence  of  it  upon 
their  culmination,  to  be  20  feet. 

The  French  Exploring  Expedition  computed  waves  of  the  Pacific  to  be 
22  feet  in  height. 

The  average  force  of  the  waves  of  the  Atlantic  Ocean  during  the  sum- 
mer months,  as  determined  by  Thomas  Stevenson,  was  Gil  lbs.  per  square 

foot;  and  for  the  winter  months  2086  lbs.  During  a  heavy  gale  a  force 
of  6983  lbs.  was  observed. 

By  the  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    M         "       5  and  6        "  "  5  " 
20    "         "  3  "  "  4  " 
Tidal  Waves.— Professor  Airey  declares  that  when  the  length  of  a  wave 

U  not  greater  than  the  depth  of  the  water,  the  velocity  depends  only  upon 
its  length,  and  is  proportionate  to  the  square  root  of  its  length. 

*  Saturated. 

Z  z* 
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When  the  length  of  a  wave  is  not  less  than  1000  times  the  depth  of  the  water,  the velocity  of  it  depends  only  upon  the  depth,  and  is  proportionate  to  the  square  root 
of  it ;  the  velocity  being  the  same  that  a  body  falling  free  would  acquire  by  falling through  a  height  equal  to  half  the  depth  of  the  water.  The  diurnal  and  other  tidal 
waves,  so  far  as  they  are  free,  may  be  all  considered  as  running  with  the  same  veloci- 

ty, but  the  column  of  the  length  of  the  wave  must  be  doubled  for  the  diurnal  wave. 
Length  of  Wave  in  Feet. 

10 100 1000 10000 100  000 

Velocity  per  Second  in  Feet. 
1 10 

100 
1000 

10000 

2.26 
2.26 

5.34 
T.15 
T.15 

5.6T 
16.88 22.62 
22.62 

17.92 53.19 
71.54 
71.54 

17.93 56.67 
168.83 
226.24 

56.71 179.21 533.9 

The  wave  produced  by  the  action  of  the  sun  and  moon  is  termed  the 
Free  Tide  Wave.  The  semi-diurnal  tide  wave  is  this,  and  has  a  period of  12  hours  244-  minutes. 

Serjai-Dinriaal  Free-Tide  "Wave. 
Depth of  Water. 

Velocity 
per  Second. Length. Space  described 

per  Hour. 
Depth of  Water. 

Velocity 

per  Second. 
Length. Space  described 

per  Hour. Feet. Feet. Miles. Miles. Feet. Feet. Miles. Miles. 1 5.7 47.9 3.9 
100 

56.7 429.5 38.7 
4 11.3 95.9 7.7 400 113.4 

959. 
77.3 10 17.9 151.6 12.3 800 160.4 1356. 109.4 20 25.4 214.4 17.3 1000 179.3 1516. 122.3 

40 35.9 303.2 24.5 2000 
253.6 2144. 

172.9 60 43.9 371.4 29.9 4000 358.7 3032. 244.5 

GUNNERY. 

A  heavy  body  impelled  by  a  force  of  projection  describes  a  parabola,  the 
parameter  of  which  is  four  times  the  height  due  to  the  velocity  of  the  pro- 
jection. 

It  has  been  ascertained  by  experiment  that  the  velocity  of  a  shot  pro- 
jected from  a  gun  varies  as  the  square  root  of  the  charge  directly,  and  as 

the  square  root  of  the  weight  of  the  shot  reciprocally. 

To  Compute  tlie  "Velocity  of  a  Sliot  or  Shell. 
Rule.— Multiply  the  square  root  of  treble  the  weight  of  the  powder  in 

pounds  by  1G00 ;  divide  the  product  by  the  square  root  of  the  weight  of 
the  shot;  and  the  quotient  will  give  the  velocity  in  feet  per  second. 
Example.— What  is  the  velocity  of  a  shot  of  196  lbs.,  projected  with  a  charge  of 9  lbs.  of  powder? 

y/9xE=  5.2,  and  ̂ 196  — 14.    Then,  5.2xl600-r-14  =  594/eef. 
To  Compute  tlie  Range  for  a  Cliarge,  or  tlie  Charge  for a  liange. 

When  the  Range  for  a  Charge  is  given. — The  ranges  have  the  same  pro- 
portion as  the  charges  of  powder ;  that  is,  as  one  range  is  to  its  charge,  so 

is  any  other  range  to  its  charge,  the  elevation  of  the  gun  being  the  same 
in  both  cases.  Consequently, 
Rule  1.  To  Compute  the  Range. — Multiply  the  range  determined  by 

tlie  cliarge  in  pounds  for  the  range  required,"  and  divide  the  product  by the  given  charge ;  the  quotient  will  give  the  range  required. 
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Ritlr  2.  To  Compute  the  Charged Multiply  the  given  range  by  the 
charge  in  pounds  for  the  range  determined,  divide  tbe  product  by  the  range 
determined,  and  the  quotient  will  give  the  charge  required. 
Example.  If,  with  a  charge  of  9  lbs.  of  powder,  a  shot  ranges  4000  feet,  how 

far  will  a  charge  of  G.T5  lbs.  project  the  same  shot  at  the  same  elevation? 
4000  X  6.75     9  =  3000  feet. 

Ex.  2.— If  the  required  range  of  a  shot  is  3000  feet,  and  the  charge  for  a  range  of 
4000  feet  has  been  determined  to  be  9  lbs.  of  powder,  Avhat  is  the  charge  required  to 
project  the  same  shot  at  the  same  elevation  ? 

S000X9  -r-  4000  =  6.75  lbs. 

To  Compvite  tlie  Pfcange  at  one  Elevation,  "Wlieix  tlie Range  for  another  is  given. 
Role.— As  the  sine  of  double  the  first  elevation  in  degrees  is  to  its 

range,  so  is  the  sine  of  double  another  elevation  to  its  range. 
Example.  —If  a  shot  range  1000  yards  when  projected  at  an  elevation  of  45°,  how 

far  will  it  range  when  the  elevation  is  30°  1G',  the  charge  of  powder  being  the  same  ? 
Sine  of  45°-f-2  =  100  000 ;  sine  of  30°  10' X  2  =  87  064. Then,  as  100  000 :  1000  : :  S7  0G4  :  870.64 feet. 

To  Compute  tlie  Elevation  at  one  Range,  "Wlien  tlie  Ele- vation for  another  is  given. 
Rule. — As  the  range  for  th<b  first  elevation  is  to  the  sine  of  double  its 

elevation,  so  is  the  range  for  the  elevation  required  to  the  sine  for  double 
its  elevation. 
Example  If  the  range  of  a  shell  at  45°  elevation  is  3750  feet,  at  what  elevation must  a  gun  be  set  for  a  shell  to  range  2S10  feet  with  a  like  charge  of  powder  ? 

Sine  of  45°  X2  =  10:)  000. 
Then,  as  3750:  100  000  : :  2S10  :  74  933  —  sine  for  double  the  elevation  =  24°  16'. 

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. 
Arms  and  Ordnance. Projeetile. 

Pow- der 
Initial Velocity. Pow der. 

Time  of 
Flight. Eleva- 

tion 
Range. 

Description. Weight. 
Grains. Grains. Feet. Lbs. Sec. 

o  / 

Yards. 
Rifle  Musket  Elongated. 510 60 

903 
Musket,  1841  Round. 412 110 1500 Lbs. Lbs. 6.15 2. 1741 1.25 3. 

2 800 6  "   
6.15 

1.25 
5 1523 

12  "   12.:) 4. 1826 2.5 L75 1 575 
24  "   u 24.25 

8. 1870 
6. 

2 1147 
32  "   32.3 

8. 
1640 

8. 
1 

713 42  "   42.5 
10.5 

1 775 
42  "   42.5 lo.5 5 1955 
8-inch  Columbiad.. 

65. 
10. 14.19 15 

3224 

10    "  tt 127.5 
15. 14.32 

15 

3281 

10    "  " (( 127.5 20. 39  15 5054 
10    "    Mortar,,  ., Shell. 98. 10. 

3G. 45 4250 
13   "  "   200. 20. 

45 
4325 

15    11  Columbiad.. 302. 
40. 

7 1948 
15    "  " 315. 

50. 
23.29 

25 
4680 

RIFLED. 
10-pounder  Farrott. 

9.75 
1. 

21. 
20 5000 

20      "  " 19. 2. 17.25 

15 

4400 
30       "  " 29. 3.25 

27. 

25 
6700 

60       «  " Elongated. 00. 
6. 

100  " 100. 10. 
29. 25 

6910 
100      "  " Shell. 101. 10. 1250 28. 

25 
6820 

200       "  M 150. 16. 4 2200 
12-inch  Rodman 50. 1154 

40 8  inch. 
16. 

47 1720 
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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. 
PENETRATION  OF  SHOT  AND  SHELL. 

Expsriments  at  Fort  Monroe,  1S39,  and  at  West  Point,  1853. Mean  Penetration. 

Ordnance. 
3 
o 

c 
Q 

SB 

§ 

'5 

6 o 
ll 

32-Pounder  
Lbs. 
8. 11. 

10.5 
7. 

6. 
12. 18. 
18. 

Shot. Yds. 880 Feet. Ins. 
Ins. 

Ins. 
15.25 Ins. 12. 

Ins, 
3.5 Ins. Ins 

32  "   100 
100 

100 

880 200 
114 
100 

60. 
54.  T5 
40.75 

63.5 56.75 

42  »   u 187 4. 

42  «   Shell. 

Shell. 
Shot. 
Shell. 

42  "   
42  "   
8-incli  Howitzer  . . . 
8   "  Columbiad.. 

10   "  « 
10  " 15   "           «  .. 

8 

33 

8.5 
44? 

4.5 

1. 

T.75 

24 

EIFLED. 
10-pounder  Pairott. 20 
30  " 60      "  " 
100  " 200 
12-inch  Rodman  

55. 
Shot. 

1 

400 

1T;K 

4.* 

The  solid  shot  broke  against  the  granite,  but  not  against  the  freestone  or  brick, 
and  the  general  effect  is  less  upon  brick  than  upon  granite. 

The  shells  broke  into  small  fragments  against  each  of  the  three  materials. 
The  penetrations  in  other  kinds  of  earth  are  found  bv  multiplying  the 

above  by  .63  for  sand  mixed  with  gravel;  bv  .87  for  earth  mixed  with 
sand  and  gravel,  weighing  125  lbs.  per  cubic  foot;  by  1.09  for  compact 
mold  and  fresh  earth  mixed  with  sand,  or  half  clay ;  bv  1.44  for  wet  pot- 

ter's clay  ;  by  1.5  for  light  earth,  settled ;  and  by  1.9  for'light  earth,  fresh. The  penetration  in  other  kinds  of  earth  and  stone  may  be  obtained  by 
using  the  coefficients  given  for  the  other  tables.  For  woods,  use  for  beech 
and  ash  1,  for  elm  1.3,  for  white  pine  and  birch  1.8,  and  for  poplar  2. 

Penetration  in  Ball  Cartridge  Paper,  NoA. 
Musket,  with  134  grains,  at  13.3  yards   653  sheets. 
Common  rifle,  92  grains,  at  13.3  yards   500  sheets. 

Experiments — England. — (Holl,  e  y  . ) Ordnance. Charge. Projectile. Weight Velocity. Range 
Target  and  Effects 

11-inch  U.  S.  Navy.. 
Lbs. 
30 Shot. Lbs. 169 

Feet. 
1400 yards 50 Iron  plates,  14  ins. — 

15-inch  Rodman. . . . 
RlFLED. 

7-inch  Whitworth  . . 
10.5-inch  Armstrong 
13-inch  44 

60 

25 45 
90 

Shot. 

400 

150 307 
344.5 

14S0 

1241 
1228 
1760 

53 

200 200 
2U0 

loosen*  d. 
Iron  plates  6  ins. — destroyed. 

Inglis'sf — destroyed U  U 
Solid  plates,  11  ins. thick —destroyed. 

*  Passed  through.  f  8-in.  vertical  and  5-in.  horizontal  slabs,  and  7-in  vertical  ami  5-in. horizontal  slabs,  9X5  in.  ribs  and  8-ln.  ribs.  J  steel. 
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Penetration  of  Lead  Balls  in  Small  Arms. 
Experiments  at  Washington  Arsenal  in  1S39,  and  at  West  Point  in  1837. 

Arm. Diam. Charge. Distance. Ball. 
Penetration. 

of  Ball. Powder. White  Oak. White  Pine. 

Inch. 
i  at 

(.04 

/  ~ 

Grains. 
134 
144 
100 92 

100 
70 

Yards. 9 
Grains. 
397.5 397  5 
219 

Inches. 1.6 
3. 
2.05 
1.8 
2. 

Inches. - 

Q 
5 

- 
- 

Hall's  rifle  

(  ~ 

219. 
219. 

- 

I  - 

9 
.6 

Hall's  carbine,  musket  cal- 

■r 

70 
SO 

90* 

5 
5 
5 

219. 1.7 .8 
1.1 

Pistol  
p 

100* 

51 
5 
5 219. 1.2 .725 

.5775 200 500. 11. 

.685 
60 

200 730. 10.5 
.5775 

70 
200 500. 9.83 

.5775 40 200 
450. 5.75 

.55 60 30 463. 
7.17 

.55 
55 

30 
350. 6.15 

The  musket  discharged  at  9  yards  distance,  with  a  charge  of  134  grains,  1  ball 
and  3  buckshot,  gave  for  the  ball  a  penetration  of  1.15  in.,  buckshot,  .41  in. 

Weight  and.  Dimensions  of  Leaden  Balls. 
Number  of  Balls  in  a  Pound,  from  l^ths  to  .237  of  an  Inch  Diam. 

Diam. No. Diam. No. Diam. No. Diam. No. Diam. 

No. 

Diam. 
No. 

Inch Inch. Inch. Inch. Inch. Inch. 1.67 1 .75 11 ..57 
25 

.388 
80 

.301 170 .259 
270 

1.326 2 .73 12 
.537 30 .375 88 .295 180 .250 

280 
1.157 3 .71 13 .51 35 .372 

90 .29 190 .252 

290 

1.051 4 .693 14 .505 36 .359 
100 

.285 200 
.249 

300 
.977 5 .677 15 .488 40 .348 110 .281 210 

.247 310 
.919 6 .662 16 .469 

45 
.338 120 .276 220 .244 320 

.873 7 .65 
17 .453 50 .329 130 

.272 
230 

.242 330 .835 8 .637  • 18 .426 
60 

.321 
140 .268 

240 

.239 

340 .802 9 .625 19 .405 
70 

.314 150 
.205 

250 .237 
350 

.775 10 .615 20 .395 75 .307 160 .262 260 

The  decimals  for  the  dimensions  in  the  division  of  an  inch  are 
1.3125  I 

,  .9375 
.875  I 
.8125 ..  .6875 ..  .5 

.4375  \ 

•3125  %.. .25 
Heated  shot  do  not  return  to  their  original  dimensions  upon  cooling,  but  retain  a 

permanent  enlargement  of  about  .02  per  cent,  in  volume. 

Loss  of  Force  by  Windage  (24-  Pounder  Gun). 
Initial  Velocity  of  Ball  in  Feet  per  Second. 

Powder. Ball Without Windage, Windage, 
Windage, 

Windage. .135  Inch. .245  Inch. .355  Inch. 
Lbs. Lbs. Feet. Feet. 

Feet. Feet. 4 24  25 1631 1450 1332 1197 
6 24.25 1963 1702 1596 1465 

A  comparison  of  these  results  shows  that  4  lbs.  of  powder  give  to  a  ball  without 
windage  nearly  as  great  a  velocity  as  is  given  by  6  lbs.  to  a  ball  having  .14  inch 
windage,  which  is  the  true  windage  of  a  24-pound  ball;  or,  in  other  words,  this 
windage  causes  a  loss  of  nearly  one  third  of  the  force  of  the  charge. 

*  Charges  too  great  for  service. 
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Vents.— Experiments  show  that  the  loss  of  force  by  the  escape  of  gaa from  the  vent  of  a  gun  is  altogether  inconsiderable  when  compared  with the  whole  force  of  the  charge. 
The  diameter  of  the  Vent  in  U.  S.  Ordnance  is  in  all  cases  .2  inch. 
Guns  and  Howitzers  take  their  denomination  from  the  weights  of  their solid  shot  in  round  numbers,  up  to  the  42-pounder;  larger  pieces,  rifled guns,  and  mortars,  from  the  diameter  of  their  bore. 

Effect  of  different  Descriptions  of  Wadding  with  a  Charge  of  11  Grains 
of  Powder. 
Wad.  I  Velocity  of  Ball   per  Second. 

Feet 
1308 1377 
1346 
1482 
1132 
1200 
1100 

Ball  wrapped  in  cartridge  paper,  crumpled  into  a  wad. . 
1  felt  wad  upon  powder  and  1  upon  ball  
2  felt  wads  upon  powder  and  1  upon  ball  
1  elastic  wad  upon  powder  and  1  upon  ball  
2-pasteboard  wads  upon  powder  2  elastic  wads  upon  powder  
The  felt  wads  were  cut  from  the  body  of  a  hat,  weight  3  grains. 
The  pasteboard  wads  were  .1  of  an  inch  (fcick,  weight  8  grains. 
The  cartridge  paper  was  3x4.5  inches,  weight  12.82  grains. 
The  elastic  wads  were  u  Baldwin's  indented,"  a  little  more  than  .1  of  an  inch thick,  weight  5. 121  grains. 
The  most  advantageous  wads  are  those  made  of  thick  pasteboard,  or  of the  ordinary  cartridge  paper. 
Number  of  Pellets  i 
A  A   40 
A   50 

B  B   58 
B.  ...   75 

No.  1   82 

an  Ounce  of  Lead  Shot  of  the  different  Sizes. 
No.  2   112  • 3   135 
4   177 
5   218 
6   280 

No.  7   341 
8   600 
9   984 
10   1726 
12    2140 

No.  14   3150 

Proportion  of  Powder  to  Shot  for  the  following  Numbers  of  Shot,  as  de- termined by  Experiment. 
No. Shot. Powder. No. Shot. Powder. 

|  No. 

Shot. Powder. 

2  * 
3 

Oz. 2. 
1.75 

Drams. 
1.5 
1.625 

4 
5 

Oz. 1.5 
1.375 

Drams. 

2>i 

6 
7 

Oz. 
1.25 1.125 

Drams. 

Note.  -  2  oz.  of  No.  2  shot,  with  1.5  drams  of  powder,  produced  the  greatest  effect. The  increase  of  powder  for  the  greater  number  of  pellets  is  in  consequence  of  the increased  friction  of  their  projection. 
Numbers  of  Percussion  Caps  corresponding  with  the  Birmingham  Numbers 6 7 8 9 24 10 

11 

IS 
12 13 

14 

Birmingham  1  43 44 
46 

48 49 to 51  and  52 53  and  54 55  and 56 

57 

53 Where  there  are  two  numbers  of  the  Birmingham  sizes  corresponding  Avith  only 
one  of  Eley*s,  it  is  in  consequence  of  two  numbers  being  of  the  same  size,  varying only  in  the  length  of  the  caps. 

GUNPOWDER. 
Gjnpcwrder  is  distinguished  as  Musket,  Mortar,  Cannon,  Mammoth,  and  Sporting powder;  it  is  all  made  in  the  same  manner,  of  the  same  proportions  of  materials, and  differs  only  in  the  size  of  its  grain. 
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Bursting  or  Explosive  Energy— By  the  experiments  of  Captain  Rodman,  U.  S. 
Ordnance  Corp.-,  a  pressure  of  45  000  lbs.  per  square  inch  was  obtained  with  10  lbs. 
of  powder,  and  a  ball  of  43  lbs. 

Also,  a  pressure  of  1S5  000  lbs.  per  square  inch  was  obtained  when  the  powder  was 
burned  in  its  own  volume,  in  a  cast-iron  shell  having  diameters  of  3.85  and  12  ins. 

Properties  and  Results  of  Gunpowder,  determined  by  Experiments  of  Captain 
A.  Mokdecai,  U.  S.  A. 

24-Poundek  Gun. 
Weight  of  ball  and  wad          24.25  lbs. 

"      "  powder   6.  " Windage  of  ball  135  inch. 

Musket  Pendulum. 
Weight  of  ball   307.5  grains. 

"       "  powder   120.  " Windage  of  ball  09  inch. 

^  O  to •  *  -~ Composition. Manufacture. 

°  S 

In  .=  eS £  »  fcb 

•  -  i  - 
•§'•3 

•~  -0  -2 

|  go 

5 
.5  o 

Salt- 
petre. 

Char- coal Sul- 
phur. 
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Cannon,  large  . . 
"  small.. 

Musket  
Rifle  
Rifle  
Musket  
Rifle  
Cannon,  uneven. 

"      large  . . 
Sporting  
Blasting,  uneven Rifle  
Sporting  . 
Rifle  

Comparison  of  tlie  Force  of  a  Charge  in  various  -A^rnas. 

Ordinary  rifle  . 

X  Hall's  rifle  t  Haifa  c;iibine  . . 
X  Jenks's  carbine . 
Cadet's  musket. . . Pistol  

Lock. 
Powder, 

A  5. 
Windage. Weight 

of  Ball. 
Velocity. 

Grains. Inch. Grains. Feet. Percussion. 100 .015 219 2018 
70 

.015 
219 1755 

Flint. 70 

.0 

219 1490 Percussion. 

70 
.0 

219 1240 

70 
.0 

219 1G87 
Flint. 70 .045 

219 1690 Percussion. 
35 

.015 218.5 947 

Deductions  of  Captain  Mordecai. 
Proof  of  Powder. — The  common  eprouvettes  are  of  no  value  as  instruments  for 

determining  the  relative  force  of  different  kinds  of  gunpowder. 
In  tlie  proof  of  gunpowder  a  cannon  pendulum  should  be  used. 
In  a  24  pounder  gun,  new  cannon  powder  should  give,  with  a  charge  of  6  lbs.,  an 

Initial  velocity  of  not  less  than  1600  feet  to  a  bull  of  medium  weight  and  windage. 
For  the  proof  of  powder  for  small  arms,  a  small  ballistic  pendulum  is  be  t  adapted. 
The  initial  velocity  of  a  musket  ball  (18  to  the  pound),  of  .05  inch  windage,  with 

a  charge  of  120  grains,  should  be, 
With  new  musket  powder,  not  less  than  1500  feet. 
With  new  rifle  powder,  not  less  than  1600  feet. 
With  fine  sporting  powder,  not  less  than  18i)0  feet. 

Manufacture  of  Powder  — The  powder  of  greatest  force,  whether  for  cannon  or 
small  arms,  is  produced  by  incorporation  in  the  u cylinder  mill--." 

*  Glazed. 
f  Rough. X  Loaded  at  the  breach. 
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Effect  of  Wads. — In  the  service  of  cannon,  heavy  wads  over  the  ball  are  in  all  re- spects injurious. 
For  the  purpose  of  retaining  the  ball  in  its  place,  light  grornmets  should  be  used. 
On  the  other  hand,  it  is  of  great  importance,  and  especially  so  in  the  use  of  small 

arms,  that  there  should  be  a  good  wad  over  the  powder  for  developing  the  full  force 
of  the  charge,  unless,  as  in  the  rifle,  the  ball  has  but  very  little  windage. 

Effect  of  the  Size  of  the  Grain.— Within  the  limits  of  the  difference  in  the  size  of 
grain,  which  occurs  in  ordinary  cannon  powder,  the  granulation  appears  to  exercise 
but  little  influence  upon  the  force  of  it,  unless  the  grain  be  exceedingly  dense  and  hard. 

Effect  of  Glazing.— Glazing  is  favorable  to  the  production  of  the  greatest  force, and  to  the  quick  combustion  of  the  grains,  by  affording  a  rapid  transmission  of  the 
flame  through  the  mass  of  the  powder. 

Effect  of  using  Percussion  Primers.— The  increase  of  force  by  the  use  of  primers, 
which  nearly  closes  the  vent,  is  constant  and  appreciable  in  amount,  yet  not  of  suf ficient  value  to  authorize  a  reduction  of  the  charge. 

Bore,  Weight  of  Chaises,  and  Ranges  for  V.  S.  Small  Arms, 
Arm. Bore. Windage  of  Ball. Powder. Ball. 

Inch. Inch. Grains. 
Musket  .69 

k  .05 
120 397.5  grains. Wad,  10.2  grains. 

.69 f  .04 110 
470.2  " 

"    10.2  " 
Eifle       ; .' 

.54 .015 
75 218.5  " 

"     8.4  " Pistol  .54 .015 35 
218.5  " 

"     5.5  " .54 .015 
30 

218.5  " 
"     5.5  " 

Ranges  for  Small  Arms.— Musket.  With  a  ball  of  17  to  the  pound,  and  a  charge 
of  110  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  Avill  pass  through  a  pine  board  1  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,  etc. 

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. 

IProof  of  Powder. 
Ordinary  Proof  of  Powder.— One  oz.  with  a  24-lb.  ball.  The  mean  range  of  new, 

proved  at  any  one  time,  must  not  be  less  than  250  yards ;  but  none  ranging  below 225  yards  is  received. 
Powder  in  magazines  that  does  not  range  over  ISO  yards  is  held  to  be  unserviceable. 
Good  powder  averages  from  2S0  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  the 

quantity  of  moisture  absorbed  does  not  exceed  7  per  cent.,  it  is  sufficient  to  diy  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. 

Dimensions  of  Powder  Barrels  for  100  lbs.  of  Powder 
Whole  length   20.5  ins.    Interior  diameter  at  the  bilge 
Length,  interior  in  the  clear. . .  18.  u  Thickness  of  staves  and  hi  ads 
Interior  diameter  at  the  head. .  14.     "      Weight  of  barrels  about  

Diameter  of  Holes  in  Sieve  to  determine  the  Class  of  Powder. 
Musket  powder,  No.  1,  .03  in  ;  No.  2,  .06  in.  I  Cannon  powder,  No.  4,  .25 in. ;  No.  5,  .35m. 
Mortar      "     No.  2,  .06 in.;  No.  3,  .10 in.  | Mammoth  "     No.  6,. 6  in.;  No.  7,  .9 In. 
Musket  Powder.— None  should  pass  through  sieve  No.  1 ;  all  through  No.  2. 
Mortar  Powder.— None  should  pass  through  sieve  No.  2;  all  through  No.  3. 
Cannon  Powder.— None  should  pass  through  sieve  No.  4  ;  all  through  No.  5. 

. .  16.  ins. 

.o  .5  " 

..  25  lbs. 

»  .05679  lbs.,  or  18  to  the  pound. 
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Table  of  Gradients,  Rise  per  Mile,  and  Resistance  to  Gravity. 

90 
Gradient  of  1.  in. . . 20 25  |  30 35|  40  |  45 

50 
60 

70 
Rise  in  ft,  per  mile 
Resistance  in  lbs. 

per  ton  of  train . . 

264 

112 

211  176 

89.6,74.7 

151  132  1117 

64j  56  50 

106 

14.8 

88 

37.3 
75 

32 

100 

~53~ 

Resistance  due  to  gravity  upon  any  inclination 
2240 

rate  of  grad, 

59 

24.8  22.4 

hz  lbs.  per 

ton  of  train. 
Resistance  of  Trains  upon  a  Level  at  different  Speeds. 

V2 —  -f  8  ==  R.  Y  representing  velocity  in  miles  per  hour,  and  R  resistance 
in  lbs.  per  ton  of  train. 

The  resistance  of  curves  ma}-  be  taken  at  1  per  cent,  for  each  degree  of the  curve  covered  by  a  train. 
Irregularities  of  roads  vary  from  5  to  40  per  cent.  Strong  side  wind^s resist  20  per  cent. 

Velocity  of  train  per  hour 10 15 20 30 
40 

50 60 

70 Resistance  upon  straight 
Lbs. Lbs. Lbs. Lbs. 

Lbs. Lbs. Lbs. Lbs. 

line  per  ton  
Ditto,  with  sharp  curves 

m 29 
and  strong  wind* 

13 14 20 
26 34 55 

i  tons, To  Compute  the  Weight  of  Kails. 
J2  —  w-    L  represent  mo  greatest  load  upon  one  driving  wheel  in  t and  V  weight  of  rail  in  lbs.  per  yard. 

Sectional  area  of  rail  in  inches  x  10.08  =  weight  of  rail  in  lbs.  per  vard Weight  of  rail  in  lbs.  per  yard  x  1.571  =  weight  of  rails  per  mile  of  sin- gle line  in  tons. 

Points  and  Crossings,  Ordinary  Crossing,  Narrow  Gauge. 
Length  from  point  to  crossings  75  feet. 
Total  length  from  point  to  points  165  " Radius  =  600  " 
Angle  of  crossing  rr  1  in  10. 
Length  of  inner  switch  —  10  feet. 

Length  of  outer  switch  =  15ieet. 
Throw  of  outer  switch  at  point  =  4  ine. 
Clearance       "  "        —  3>£<ins. Length  of  guard  rail  =  8  feet. 
Clearance  of  ditto  =  l#ins. 

Railway  Sidings,  etc. 

d.r  ~  (2  d)2—L.  d  representing  distance  between  centres  of  lines  of tidmg  in  feet,  r  radius  of  curves,  and  L  length  over  the  points. 
Coefficients  of  Adhesion  of  Locomotives  per  Ton  upon  the  Driving  Wheels. 
When  the  rails  are  very  dry,, . .  670 
When  the  rails  are  very  wet. . .  600 

Tn  misty  weathar   350 
In  frost  or  snow   200 

In  coupled  engines  the  adhesion  is  due  to  the  load  upon  all  the  wheels coupled  to  the  drivers. 
The  adhesion  must  exceed  the  traction  of  an  engine  upon  the  rails otherwise  the  wheels  will  slip. 

*  Equal  to  50  pe/  cent,  added  to  resistance  upon  a  straight  line. 3  A 
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(4  lbs. 

|6  " 

To  Compute  the  Load,  which  a,  Locomotive  will  draw 
np  an  Inclination. 

T  . 
^  ̂   —  W  =  L.  T  representing  tractive  power  of  locomotive  in  lbs.,  r  re- 

sistance due  to  gravity,  and  r'  resistance  due  to  assumed  velocity  of  train  in lbs.  per  ton,  W  weight  of  locomotive  and  tender,  and  L  load  the  locomotive 
can  draw  in  tons,  exclusive  of  its  own  weight  and  tender. 

Coefficient  of  Traction  of  Locomotive 

Railroads  in  good  order,  etc'  , 
Railroads  in  ordinary  condition   8 

Tredgold  estimates  the  resistance  to  a  train  from  concussions,  at  a  ve- 
locity of  10  miles  per  hour  and  above  this,  at  %  the  velocity. 

To    Compute    tlae   Traction,  detraction,  and.  Adhesive 
3?ower  of  a  Locomotive  or  Train. 

a  s  P  _ 
When  upon  a  Level.      ̂     =  T.    a  representing  area  of  one  cylinder  in 

sq.  iris. ,  s  stroke  of  piston  in  feet,  P  mean  pressure  of  steam  in  lbs.  per  sq.  in., 
D  diameter  of  driving  wheels,  and  T  traction  in  lbs. 

C  to  —  A.  C  representing  coefficient  in  lbs.  per  ton,  w  iveight  of  locomotive 
upon  driving  wheels  in  tons,  and  A  adhesion  in  lbs. 

When  upon  an  Inclination. D -rwh~T.    r  representing  resistance 
per  ton  of  locomotive,  and  li  height  of  rise  in  feet  per  100  feet  of  road, 

r  w  h  —  R,  representing  retraction  in  lbs. 
Cwb 
j^qq  =  A.   b  representing  base  of  inclination  in  feet  per  100  feet  of  road. 

When  the  Velocity  of  a  Train  is  considered. 
When  upon  a  Level,  W  (c  +-/V)  =  R ;  When  upon  an  Inclination, 

W  (r  h  -\-  c  -f  V  V)  =  R.    V  representing  velocity  of  train  in  miles  per  hour. 
Illustration. — A  train  weighing  300  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.  S  per  mile  ==  1  in  100  feet  =  r  =  22. 4  lbs.    C  a=  5. 
200  (22.4x1  +  8 +V16)— 200x22^+9  =  62S0  lbs. 
The  resistance  to  traction  upon  a  level  is  doubled  by  a  radius  of  curve 

of  400  feet,  and  13  lbs.  per  ton  is  the  additional  friction  upon  a  curve  of 300  feet. 
By  the  experiments  of  Mr.  Gooch  with  a  Dynamometer,  the  resistances  of  a  train were  determined  to  be  as  follows  : 

Engine  and  Tender  50  tons.    Train  100  tons. 
Velocity  per Hour. 

Resistance  in lbs.  per  Ton. 
Cars. 

Engine  and Cars. Engine  and Tender. Atmosphere for  Cars. Oscillation  of 
Cars. 

Miles. 
13.1 20  2 
45  3 
56 . 6 
61.8 

Lbs. 
r.56 
8.19 

14-36 21.8 
19.8 

LjMk 9.04 12.28 
21.84 
31.16 
32.  S6 

Lbs. 

11.97  ' 

20.43 
3T.36 
46.11 
50.68 

Lbs. 
.62 1.47 

7.87 
11.53 
13.52 

Lbs. .87 

1  .35 3.02 3.77 
4.0D 

The  atmospheric  resistance  per  bulk  of  cars  alone  is  estimated  aa  equal  to  the 
product  of  .00002  the  bulk  of  the  cars  in  cubic  feet,  and  their  velocity  in  miles  per hour  squared. 



RAILWAYS  AND  ROADS. 551 

The  oscillating  resistance  to  cars  alone  is  estimated  at  the  quotient  of  the  product 
of  the  weight  of  the  cars  and  their  velocity  in  miles  per  hour,  divided  by  1.5. 
The  resistance  of  the  engine  and  tender  alone,  is  estimated  by  the  sum  of  .5  the 

velocity  in  miles  per  hour,  added  to  5  for  the  friction  of  the  axles  and  parts.  To  this 
sum  add  the  product  of  .00004  times  the  square  of  the  velocity  and  the  weight  of  the cars,  and  multiply  their  sum  by  the  weight  of  the  engine  and  tender  in  tons. 
IixirsTRATiON.— Assuming  a  train  of  150  tons  (engine  and  tender  50  tons,  cars 100),  at  a  velocity  of  55  miles  per  hour  and  a  bulk  of  cars  of  18000  cubic  feet. 
Then,  .000^-2x13000x552  =1089.    lbs.  atmospheric  resistance, 100  x  55  1 
— —  =  306. 6  "    oscillating  resistance. 
55x.5  +  5  +  5ji*x.UOUU4xiuOX50  =  2230.     «    engine  and  tender, 
IMXti  —  000.     "  friction  of  cars. 

4285.6  " 42S5  6 
Hence  ^  =  2S.57  lbs.  per  ton  of  the  train. 
Experiment  gave  a  resistance  of  29.  lbs.  per  ton. 
Grades  of  200,  and  even  250  feet,  can  be  advantageously  overcome. 

To  Compvite  the  Maximum  Load  that  can  toe  drawn  \>y 
an  Engine,  xxp  the  Maximum  G-rade  that  it  can  attain, 
the  Weight  and.  G-rade  being  given. — (Major  McClellan,  U.  S.  a.) 

.2  A  .2A-8L  v 

.4242  G  + 8  ~      a  — 4242  L    =       A  representing  the  adhesive weight  of  the  engine  in  lbs., G  the  grade  in  feet  per  mile,  and  L  the  Load  in  tons. 
Note.— When  the  rails  are  out  of  order,  and  slippery,  etc.,  for  .2  A,  put  .143  A. 2.  With  an  engine  of  4  drivers,  put  . G  as  the  weight  resting  upon  the  drivers: with  6  drivers  the  entire  weight  rests  upon  them. 
Illustration.— An  engine  weighing  30  tons  has  6  drivers;  what  are  the  maxi- mum loads  it  can  draw  upon  a  level,  and  upon  a  grade  of  250  feet,  and  what  is  its maximum  grade  for  that  load  ? 
.2X2240X30      13440      ̂ a%M  t 
.4942  j  8    =  024^  ~  t0TlS  Up0n  a  levcL 
.2x2240x30       13440      '■;  _ 

•  4_52x250  +  8  T  114705  = 114 ' 8  t0US  Up  a  grade  f  *f*M' .2x2240x30  —  8x117.8     12497  a 
 38Sxijt8  =iT^=250-1  tons' The  adhesion  of  a  4- wheeled  locomotive,  compared  with  one  of  G  wheels,  is  as  5  to  S. 

Regulations  for  Railways—  {English  Board  of  Trade). 
Cast-iron  girders  to  have  a  breaking  weight  —  3  times  the  permanent  load,  added to  o  times  the  moving  load. 
Wmught-iron  bridges  not  to  be  strained  to  more  than  5  tons  per  square  inch. Minimum  distance  of  standing  work  from  the  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,  G  feet. 
Stations — Minimum  width  of  platform,  G  feet.  Minimum  distance  of  columns from  edge  of  platform,  6  feet.  Steepest  gradient  for  stations,  1  in  300.  Ends  of  plat- forms to  be  ramped  (not  stepped).    Signals  and  distant  signals  in  both  directions. 
Carriages,— Minimum  space  per  passenger  20  cubic  feet.  Minimum  area  of  glass per  passenger,  GO  superficial  ins.  Minimum  width  of  seats,  15  ins  Minimum breadth  of  seat  per  passenger,  16  ins.    Minimum  number  of  lamps  per  carriage,  2. Requirements.— .Joints  of  rails  to  be  fished.  Chairs  to  be  secured  by  iron  spikes. Fang  bolts  to  be  used  at  the  joint3  of  flat-bottomed  rails. 

Friction  of  Railway  Carriages. 
The  least  resistance  in  parts  of  the  weight,  as  determined  by  experiments,  is  the 5S8  part,  and  the  greatest  resistance  the  T\=  part,  equal  to  a  resistance  of  7.48  lbs and  of  20.2  lb3.  per  ton. 
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The  average  resistance  of  a  great  number  of  experiments  being  the  part,  equal 
to  8.63  lbs.  per  ton. 

By  the  experiments  of  Mr.  Geo.  Rennie,  he  determined  that  the  resistance  of  an 
axle  was  directly  as  its  diameter,  and  but  one  half  in  the  terms  of  its  length ;  alsc 
that  the  length  of  the  bearing  should  be  twice  its  diameter,  and  that  the  area  of  the 
bearing  surface  should  not  be  subject  to  a  greater  insistent  weight  than  90  lbs.  per square  inch. 

The  resistance  to  the  leading  car  of  a  train  is  about  12  lbs.  per  ton,  and  of  the  in- termediate cars,  8  lbs. 
The  friction  of  locomotive  engines  is  about  9  per  cent.,  or  2  lbs.  per  ton  of  weight. 
Case-hardening  of  wheel-tyres  reduces  their  friction  from  .14  to  .08  part  of  the  load. 
The  resistance  of  the  atmosphere  to  a  train  is  as  the  square  of  its  velocity,  being 

X  lb.  per  square  foot  for  a  velocity  of  10  miles  per  hour,  1  lb.  for  20  miles,  etc. 
Roads. 

Relative  Capacities  of  different  Roads. 
Plank  road   25. 
Stone  track   33. 
Railwa}T   51. 

Load  upon  horse's  back   1. Inferior  gravel  or  earth  roads ...  3. 
Macadamized  road   9. 

Coefficients  of  Friction  in  proportion  to  Load  upon  Road  Surfaces. 

Gravel  road,  new  Sand  road  
Broken  stone,  rutted  

"         fair  order. 
"       perfect  order Macadamized  road  

Earth,  good  order  

Per  100. Per  Ton  | Per  100. Per  Ton. 
.083 186 Pavement,  street  .015 

34 

.003 141 
.01 

22 
.052 111 "         very  smooth. .006 

13 

.028 63 
Plank  .01 

22 .015 34 Stone  track.  .05 
112 .033 

74 Railway  .0036 8 
.025 56 Common  road,  bad  order 

.07 
157 

For  other  elements,  see  Friction,  pp.  347-349. 

Rise. 
1  in  a  100 
1  in  50  .. 
1    in  44  . . 

Resistance  of  Gravity  at 
Rise.  Load 
1    in  40  72 
1    in  30  64 
1   in  26  54 

"event  Inclinations. 
Load. 

,  .9 
.81 

Load. Rise. 1    in  24  . . 
1    in  20  4 
1    in  10  25 

Inclination  of  Roads. — The  limit  of  practicable  inclination  varies  with the  character  of  the  road  and  the  friction  of  the  vehicle.  For  the  best  car- 
riages on  the  best  roads,  the  limit  is  1  in  35. 

To  secure  effective  drainage  of  a  road,  it  should  incline  1  in  125  in  the 
direction  of  its  length.  The  transverse  section  of  a  Macadamized  road 
should  have  an  inclination  of  1  in  50. 

In  the  construction  of  Roads  the  advantage  of  a  level  road  over  that  of 
an  inclined  one,  in  the  reduction  of  labor,  is  superior  to  the  cost  of  an  in- 

creased length  of  road  in  the  avoiding  of  a  hill. 
In  the  construction  of  a  Macadamized  road  none  but  cubes  of  stone 

should  be  used,  and  none,  the  longest  diameter  of  which  exceeds  2)£  ins., 
and  when  the  stone  is  very  hard  this  may  be  reduced  to  1%  and  \%  ins. 

The^ dimensions  of  a  hammer  for  breaking  the  stone  should  be,  head 
f>  ins.  in  length,  weighing  1  lb.,  handle  18  ins.  in  length;  and  an  average 
laborer  can  break  from  Y%  to  2  cubic  yards  per  day. 

The  thickness  or  depth  of  the  stones,  i.  e.  the  metaling,  should  be  6 
ins.,  in  2  layers  of  3  inches,  laid  at  an  interval,  enabling  the  first  layer  to 
be  fully  consolidated  before  the  second  is  laid  on. 

A  horse  can  draw  upon  a  plank  road  three  times  the  load  that  he  can 
Upon  an  ordinary  broken  stone  or  Macadamized  road. 
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To  Compute  the  Tractive  Power  of  a  Horse  Team. 
When  upon  a  Level.    L  (c-\-t/Y)  =  T  ;  L  representing  Load  in  tons,  and  c  co- 375 

efficient  as  before.   =  T;  d  representing-  duration  of  travel  in  hours. ,u  "  V  y/d 
,  .     m      ,    3T5      w'  h  m 

When  upon  an  Inclination.    L  (r  h  +  c  -f  V  v)  =  T>  and  y~^/d  ~  Too  "  T ;  r  rep' resenting  resistance  in  lbs.  per  to?i,  h  vertical  rise  in  100  feet,  v  velocity  in  miles  per 
hour,  and  w'  weight  of  horses  in  lbs. 

Horses  upon  Turnpike  Roads. 
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. 

Comparative  Effect  of  Horses  upon  Roads  and  Canals. 
Duty. Rate  per 

Hour. Force. Distance  per Day. Duration  per 

Day 

Effect. 

Miles. Lbs. Miles. Hours. 
Railroad  125 

20 

8. 

2500 
Turnpike  10 42 13 

1.3 546 
Canal  9 133 10 1.11 1330 

CANALS. 

Resistance  of  Boats  at  Low  and  High  Velocities. 
Low  Velocities. 

Speed  per Hour. Weight  which 1  lb.  will  draw. Resistance 
per  Ton. 

Speed  per 
Hour. Weight  which 1  lb  will  draw. Resistance 

per  Ton. Miles. Lbs. Lbs. Miles. Lbs. Lbs. 4 200 11.2 3 
474 

4.73 
243 9.22 

819  • 

2.73 
299 

7.5 
2 1600 1.4 

Speed  per  Hour. 

High  Velocities. 
Resistance  per  Ton. 

Maximum  Load. Minimum  Load. Average  Load. 
Miles. 
4 8% 

10fc 

Lbs. 
7.1 

49.8 
50.8 

13.1 
74.9 92. S 

Lbs. 
9.2 

58.53 72.45 

SEWERS. 

Sewers  are  classed  as  Drains,  Sewers,  and  Culverts. 
Drains  are  the  small  courses,  as  from  one  or  more  locations  leading 

to  a  sewer. 
Sewers  are  the  courses  from  a  series  of  locations. 
Culverts  arc  the  courses  that  receive  the  discharge  of  sewers. 
The  greatest  fall  of  rain  is  2  inches  per  hour  =  54308.6  galls,  per  acre. 

Drainage  of  Lands  "by  Pipes. 
Soils. 

Coarse  gravel  eanrl  . . . 
Light  sand  with  gravel 
Light  loam  
Loam  with  clay  

Depth Distance 
of  Pipes 

apart. Ft  Ins. Feet. 
4  0 

60 4 

50 
3  c> 33 
3  2 21 

Loam  with  gravel  . 
Sandy  loam  Soft  clay  
Stiff  clay  

3  A* 

Depth of  Pipes Distant 

apart. Ft.  Ins. Feet. 
3  3 

27 

3  9 

40 
2  9 

21 
2  G 

15 
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SEWERS. 

Circular.  55  y/x  x  2/  —  v,  and  vxa  ~V ;  x  representing  area  of  sewer 
-4-  the  wetted  perimeter,  f  inclination  of  do.  per  mile,  and  v  velocity  of  flow  in 
feet  per  minute ;  a  area  of  flow  in  square  feet,  and  V  volume  of  discharge  in 
Gubic  feet  per  minute. 

D  2D 
Egg-     g-  —  w,  -g-  =  w  ,  and  D  =  r.   D  representing 

j  height  of  seiuer,  w  and  w'  width  at  bottom  and  top,  and r  radius  of  sides. 
In  culverts  less  than  6  feet  in  depth,*  the  brick.; 

work  should  be  9  ins.  thick.  When  they  are  above 
6  feet  and  less  than  9  feet,  it  should  be  14'ins.  thick. If  the  diameter  of  top  arch  =  1,  the  diameter  of  in- 

verted arch  =  .5,  and  the  total  depth  =  the  sum  of  the 
two  diameters,  or  1.5  ;  then  the  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. 
Oval.    Top  and  bottom*  should  be  of  equal  diameters.    The  diameter 

.70  depth  of  culvert;  the  intersections  of  the  top  and  bottom  circles,  as  n, 
Fig.  14,  p.  168,  form  the  centres  for  striking  the  courses  connecting  the 
top  and  bottom  circles. 

The  inclination  of  sewers  should  not  be  less  than  1  foot  in  240. 

Dimensions,  Areas,  and  Volume  of  Work  per  Lineal  Foot  of  Egg-shaped  Sewers 
of  d/fl'erent  Dimensions. Internal  Dimensions. Volume  of  Bricks york. 

Diameter  of Diameter Area, AH  Inch 9  Inch 13M  Inch Depth. Top  Arch. of  Invert. Thick. Thick. Thick. 
Feet. Feet. Feet. Sq.  Feet. Cub.  Feet. Cub.  Feet. Cub.  Feet. 

3. 
1.5 .75 

2.53 2.81 2. 
1. 

4.5 3.56 B.% 2.5 1.25 7.03 
4.31 9. 50 3. 

1.5 10.12 5.06 
10.87 

3.5 1.75 13.78 5.  SI 12.75 
6. 4. 

2. 

IS. 6.56 14.25 4.5 2.25 22.78 
7.31 15.75 24.75 

5. 2.5 28.12 17.06 27. 
5.5 2.75 34.03 18. 28.41 9. 6. 

3. 
40.5 19.69 

30.84 

In  laying  large  sewers  through  quicksands,  cast-iron  inverts  are  some- 
times employed,  and  with  success,  to  connect  the  foundation  of  the  whole 

work  together. 
Area  of  Surface  from  which  Circular  Sewers  will  discharge  Water  equal  in  Volume 

to  One  Inch  in  Depth  upon  surface  per  Hour,  including  ordinary  City  Drainage. 
Inclination Diameter  of  Sc wers  in  Feet. 
in  Feet. 2 3 4 5 6 

Acres. Acres. Acres. Acres. Acres. Acres. 
None  

38X 
G7X 

120 
277 

570 1020 
1  in  4S0   43 75 135 308 

630 1117 
1  in  240   50 

87 155 
355 735 131 S 

1  in  100  63 113 203 460 
950 

1092 
1  in  120   78 143 

257 
590 1800 

2180 
1  in  80   

DO 
165 295 570 1388 24S0 1  in  00   125 1S2 313 

730 
15.0 

2075 

*  Internal  dimension*. 
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ARCHES  AND  ABUTMENTS. 
Approximate  Rnles  and.  Tables  for  the  Deptli  of  Arches 

and.  Thiclzness  of*  .AJontmLeiits. 
C  Vr  ~  D.  C  representing  coefficient,  r  radius  of  arch  at  crown,  t  thick- 

ness of  abutment,  h  height  of  abutment  to  spring,  and  D  depth  of  crown  in 
feet. 

In  single  arches,  Stone  C  =  .3,  Brick  .4,  and  Rubble  .45. 
Depths  required  for  the  Crowns  of  Arches. 

Radius 
of Curve. 

Stone. Brick. 
Radius of 
Curve. Stone. Brick. 

Radius 
of Curve. 

Stone. Brick. Radius 

'  of 

Curve. Stone. Brick. 
Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. 2 .42 .56 10 .95 1.26 24 

1.47 
1.96 80 2.68 3.58 2^ .47 .63 11 t 1.33 

25 
1.5 2. 

85 

2.77 

3.69 3 .52 .69 12 
1.04 1.3S 30 

1.64 
8.19 

90 

2.85 
3.8 1% .56 .75 13 1.08 

1.44 
35 

1.7S 2.37 95 2.92 3.9 
4 .6 .8 14 1.12 

1.5 40 1.9 2.53 100 
3. 

4. 
4# 

.64 .85 15 1.16 1.55 
45 

2.01 
2.  OS 110 3.15 4.2 

5 .67 .9 
16 1.2 1.6 50 2.12 2.S3 120 3.29 4.3S .71 .94 

17 
1.23 1.65 55 

2.22 
2.97 

130 3.42 
4.56 6 .74 .98 IS 1.27 1.7 

60 
2.33 3.1 

140 
3.55 

4.73 

7 .8 1.06 19 1.31 1.74 
65 

2.42 
3.22 

150 3.67 
4.9 8 .85 1.13 20 1.34 1.79 70 

2.51 
3.35 160 

3.8 5.06 
9 .9 1.2 22 1.41 l.SS 

75 

2.6 3.46 170 4.13 5.22 

Minimum  Thickness  of  Abutments  for  Arches  of  120°,  where  their  Depth 
does  not  exceed  3  Feet.    Computed  from  the  Formula — 

Height  of  Abutment  to  Spring  in  Feet. 
7.5 10 

|  20 

30 
Radius  Height  of  Abutment  to  Spring  in  Feet. 
Arch. 

Feet. 
4. 
4.5 
5. 
6. 
7. 

10. 
11. 

Feet. 3.7 
3.9 
4.2 
4.5 4.T 
4.9 5. 1 5.3 
5.5 

Feet. 
4.2 4.4 
4.9 4.7 
5.2 
5.5 5.8 6. 

Feet. 
4.3 
4.6 
4.8 
5.2 5.5 5.8 
6.1 6.4 

Feet. 4.6 
4.9 5.1 
5.6 
6. 6.4 6.7 
7.1 
7.3 

Feet. 4.7 
5. 
5.2 5.7 
6.1 
6.5 6.9 
7.3 
7.6 

Feet. 12. 15. 
20. 25. 
30. 35. 40. 
45. 
50. 

Feet. 5.6 
6. 

6.5 6.9 

7.2 7.4 
7.6 7.8 
7.9 

Feet, 6.4 
7. 

7.7 
8.2 
9.7 

9.1 
9.4 9.7 

10. 

Feet. 

6.9 
7.5 
8.4 
9.1 0.7 

10.2 10.6 11. 
11.4 

Feet. 

7.6 8.4 9.6 
10.5 
11.1 
11.8 12.8 13.4 
14. 

Feet. 

7.9 8.8 
10. 11.1 12. 
12.9 13.6 
14.3 15. 

Note.— The  abutments  ars  arsumed  to  be  without  counterforts  or  wing  walls. 
KEYSTONES. 

To   Compute   tlie   Deptli.   of  Keystones   for  Segmental 
•A^rclies  of  Stone.— (Tuautwink.) 

First  Class  of  Arch.    .36  V  of  the  radius  at  the  crown. 
Second  Class  of  Arch.    .4  V  of  the  radius  at  the  crown. 
Brick  or  Rubble.    .45  V  of  the  radius  at  the  crown. 
In  Viaducts  of  several  Arches.    Increase  the  above  units  to  .42,  .46. and  .51. 

RAILWAY  BRIDGES. 
For  Spans  between  25  and  70  feet. 
Ri$e,  |  of  the  span.    Depth  of  Arch,  .055  of  the  span. 
Thickness  of  Abutments,  from  }{  to  J  of  the  Span.   Batter,  1  in.  per  foot. 
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COST  OF  TUNNELS  PRIOR  TO  1855. — {Major  McClellan,  U.  S.  A.) 
Location. 

Black  Rock,  U.  S.,  greywacke  J slate  j 
Blaisley,  France,  lined  
Blisworth,  Eng. ,  blue  clay,  lined 
Blue  Kidge,  U.  S  

$  Cts. 6.60 
3. IS 1.55 4. 

England,  freestone,  marble,  ) 
clay,  etc.,  lined  jj 

Lehigh, U.  S.,  hard  granite  
Schuylkill,  U.  S.,  slate  
Union,  U.  S.,  slate  

$  Cts. 3.46 
4.36 
2. 

Railway  Tunnels. 
In  soft  sandstone,  U.  S.,  without  lining,  per  lineal  yard  $  88. 
In  loose  ground,  thick  lining,  per  lineal  yard  710. 
Ordinary  brick  lining,  including  centering,  per  cubic  yard   8.50 

Shafts. 
Blaisley  Tunnel,  clay,  chalk,  and  loose  earth,  per  yard  in  depth  $139.11.  Deejv- est  646  feet. 
Black  Rock,  7  feet  in  diameter  and  139  in  depth,  hard  slate,  per  yard  in  depth 

$79.50,  or  per  cubic  yard  $13.72. 
The  time  required  to  drive  the  heading  of  the  Black  Rock  Tunnel  for  1782.5  feet 

was  2387  turns  of  12  hours  each. 

iron  works  (england). 
Temperature  of  hot  blast   600° 
Density  of  blast  and  of  refining  furnace  . . .  2^  to  3  lbs.  per  sq.  inch. 
Revolutions  of  puddling  rolls  per  minute,  60  ;  rail  rolls,  100 ;  rail  saw 800. 

Horse-power  (Indicated)  required  for  different  Processes. 
Blastfurnace   60    Rail  rolling  train   250 
Refining  "    26    Small  bar  train   60 
Puddling  rolls  with  squeezers  )  gQ    Double  rail  saw   12 

and  shears  J         Straightening   7 
ROLLING-MILLS. 

10  tons  bar  iron  per  day   80  |  Plates,  for  each  sq.  foot  rolled  ...  5 

'  FLOUR  MILLS,  SAW  MILLS,  WOOD-WORKING  MACHINERY. 
Flour  Mills. 

For  each  pair  of  4-feet  stones,  with  all  the  necessary  dressing  machinery,  etc.,  there 
is  required  15  horse's  power. 
One  pair  of  4-feet  stones  will  grind  about  5  bushels  of  wheat  per  hour.  Each 

bushel  of  wheat  so  ground  per  hour  requires  .87  actual  or  1.11  indicated  horses' power,  exclusive  of  dressing  and  other  machinery. 
Stones,  4  feet  dram.',  120  to  140  revolutions  per  minute. 
Dressing  Machines,  21  ins.  diam.,  450  to  500  revolutions  per  minute. 
Creepers,  \\V>  ins.  pitch,  75  revolutions  per  minute. 
Elevator,  IS  ins.  diam.,  40  revolutions  per  minute. 
Screen,  10  ins.  diam.,  300  to  350  revolutions  per  minute. 
788  cubic  feet  of  water,  discharged  at  a  velocity  of  1  foot  per  second,  arc  necessary 

to  grind  and  dress  1  bushel  of  wheat  per  hour  =  1,49  horses'  power  per  bushel. 
2000  feet  per  minute,  for  the  velocity  of  a  stone  4  feet  in  diameter,  may  be  con- sidered a  maximum  speed. 
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Saw-rtiill. 
Ga?ig  saw,  30  sq.  feet  of  dry  oak,  or  45  sq.  feet  of  dry  pine,  per  hour. .  1  horse-power. 
Circular  saw,  2.5  feet  in  diam.,  270  revolutions  per  minute,  40  sq. 

feet  of  oak,  or  70  of  dry  spruce  1  « 
300  revolutions  per  minute.  1.33  square  feet  of  dry  pine  per  minute,  kerf  ̂  

inch  and  G  ins.  deep,  requires  the  power  of  1  horse  for  the  saw  alone ;  and  1  square 
foot,  kerf  %  inch  and  1  foot  in  depth,  requires  a  like  power. 

4.5  feet  in  diameter,  kerf  %,  and  1  foot  in  depth,  requires  1  horse's  power  for  1.33 feet  per  minute. 
Oak  requires  nearly  one  half  more  power  than  pine. 
"With  a  kerf  of  %  inch,  1  horse's  power  will  saw  2. €6  square  feet  per  minute. The  speed  of  the  periphery  should  be  about  50  feet  per  minute. 

Velocities   of  Wood-working   IVTacliiiaery-   in   Feet  or 
R,e volutions  per  jVXin^ite. 

Circular  saws,  at  periphery,  G000  to  7000  feet. 
Band  saw,  2500  feet. 
Gang  saws,  20  in.  stroke,  120  strokes  per  minute. 
Scroll  saws,  3C0  strokes  per  minute. 
Planing-machine  cutters  at  periphery,  4000  to  6000  feet. 
Work  undo1.'  planing  machine,  s^yth  of  an  inch  for  each  cut. Molding-machine  cutters,  3500  to  4000  feet. 
Squaring-up-machine  cutters,  7000  to  8000  feet. 
Wood-carving  drills,  5000  revolutions. 
Machine  augers,  \y£  diam.,  900  revolutions. 
Machine  augers,  %  diam.,  12()0  revolutions. 
Gang  saws  require  for  45  super,  feet  of  pine  per  hour,  1  horse  power. 
Circular  saws  require  for  75  super,  feet  of  pine  per  hour,  1  horse  power. 
In  oak  or  hard  wood,  %ths  of  the  above  quantity  require  1  horse  power. 

Sharpening  Angles  of  Machine  Cutters. 
AdziDg  soft  wood  across  the  grain. . .  30°  I  Gouges  and  ploughing  machines  ...  40" 
Planing  machines,  ordinary  soft  wood  35°  |  Hard-wood  tool  cutters  50°  to  55° 

MINING  AND  BLASTING. 
MINING. 

Z3 

In  ordinary  Soil,  —  =  charge  of  powder  in  pounds,  I  representing  half  the  depth 
of  the  line  of  least  resistance. 

In  Masonry,  P  X  C_ charge  in  pounds;  C  representing  a  coefficient  depending upon  the  structure. 
In  a  plane  Wall,  C  =  .15,  in  one  with  counterforts  =2,  and  under  a  foundation when  it  is  supported  upon  two  side.s  =:  .4  to  .6. 

BLASTING. 

In  small  blasts  1  lb.  of  powder  will  loosen  about  A.%  tons. 
In  large  blasts  1  lb  of  powder  will  loosen  about  2%  tons. 
50  or  00  lbs.  of  powder,  inclosed  in  a  resisting  bag,  hung  or  propped  up  against  a gate  or  barrier,  will,  demolish  any  ordinary  construction. 
One  man  can  bore,  with  a  bit  1  inch  in  diameter,  from  50  to  100  ins.  per  day  of  10 hours  in  granite,  or  300  to  400  ins.  per  day  in  limestone. 
Two  strikers  and  a  holder  can  bore  with  a  bit  2  inches  in  diameter  10  feet  in  a day  in  rock  of  medium  hardness. 
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PROJECTION  OF  WATER. 

Heights   to  wh.icli  Water  may  "be  Projected,  through. Engine  Pipes  under  Pressure. 
Pressure 

per  Square Inch. 
Equivalent Head of  Water. 

Height 
of  Jet. 

Ratio  of 
Compression of  Air  in Air-chamber. 

Pressure 
per  Square Inch. 

Equivalent Head of  Water. 
Height 
of  Jet. 

Ratio  of 
Compressio* of  Air  in Air-chamber, 

Lbs. Feet. Feet. Lbs. Feet. Feet. 
30 OS 

33 .5 90 

204 
165 

.17 
45 102 

66 .33 105 
233 198 

.14 GO 135 99 .25 120 272 
231 .125 

75 170 132 .2 150 340 
297 

.1 
Power  required,  to  raise  Water  from  "Wells  "by-  a  Double- acting  hifting-pump. 

Pump. 

2 
3 
4 

Volume 

per 
Hour. 

Gallons. 
265 420 
620 
830 1060 

Depth  from  which  this  Volume  can  be  raised  by  each  Unit of  Power. 
Man  turning 

Donkey 
Horse One  Horse- a Crank. working  a  Gin. working  a  Gin. power  Engine. Feet. Feet. Feet. Feet. 80 160 
560 880 50 100 
350 550 

35 
70 

245 
385 

25 50 
175 

275 
s  20 40 140 

220 

WATER POWER. 
To  Compute  Water-power. g9§  HP 

.00189  V  h  =:  horse's  power,  and  "  ̂ —  =  V;  V  representing  volume  of  water, in  cubic  feet,  per  minute,  and  h  head  of  water  from  race  in  feet. 
Effective  Horse-power  for  different  Motors. 

Theoretical  power  1. 
 =  .2 
 =  .5 

Undershot  wheels  . 
Poncelet's  undershot  wheel  . . . 
Breast  wheel  (high)  

"  (low)  
Overshot  wheel  

±=  .4 
—  .6 
=  .55 
=  .6 

_  (.84 
-  1  .64 

Reaction  wheel. . . 
Impact  wheel  
Turhines  
Tremont  turbine  . 
Hydraulic  ram. .  . .79 

=  .6 

HYDRAULIC  RAM. 
882  HP 
— - —  =V,  .00113  V  A  =  HP;  V  representing  volume  of  water  in  cubic  feel  per 

minute,  h  head  of  water  in  feet,  and  IIP  actual  horse  power. 
JET  PUMP. 

The  greatest  effect  of  a  Jet  Pump  is  when  the  depth  from  which  the  water  is 
drawn  through  the  supply  or  suction  pipe  is  .9  of  the  height  from  which  the  water fell  to  give  the  jet. 

The  How  up  the  suction-pipe  being  .2  of  that  of  the  volume  of  the  jet;  hence,  the 
effect— -.9  X  2  =  .18. 

Imperial  Gallons. 
G.2355  Gallons  in  a  Cubic  Foot. 

WAVES. 
The  undulations  of  waves  are  performed  in  the  same  time  as  the  oscillations  of  a 

pendulum,  the  length  of  which  is  equal  to  the  breadth  of  a  wave,  or  to  the  distance 
between  two  neighboring  cavities  or  eminences. 
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DAMS  AXD  TUNNELS. 

DAMS  (Earthwork). 
Width  at  top  in  high  dams  from  7  to  20  ft.  |  Breast  slopes   —  3  to  1 
Width  at  top  in  low  dams  . .  —  height.     |  Back  slopes   —  2  to  1 Height  above  surface  of  water  not  less  than  3.5  feet. 

Proportion  of  Laborers  in  Bank,  Fillers,  and.  "Wheelers 
in  different  Soils,  Wheelers  "being*  Estimated  for  a  Dis- tance of  oO  Yards. 

In  loo  e  earth,  sand,  etc. 
In  compact  earth  
In  marl  

Get- Fill- Wheel- ters. ers. era] 
1 1 1  1 
1 2 2 
1 2 

2  I 
In  hard  clay  
In  compact  gravel  .... In  rock  

Get- Fill- 

Wheel 
ters. 

ers. 
1 

~vk~ 

1 1 i 
1 i 

Masonry. 
Width  at  bottoms  .7  height ;  at  middle  =  .5  height ;  and  at  top  = 

TUNNELS. — (From  actual  practice  in  Brick-work). 
Purpose 

>  height. 

Canal  
Canal  
Thames  Tunnel. 
Railway  

Canal  . 

Various  
Clay  Clav  
Chalk   
Various  
Shale  
Greenland  
Freestone  
Chalk  and  earth. . 

Extreme 
Height 

Feet.  Ins. 
10  2 21 22 
26 27 

30 30 

36 

39 

Feet.  Ins. 
17 
20 37  6 
27 
27 

30 
30 30 
05  0 

Feet  Ins. 
1  3 1  0 
2  0 1  0 1  10# 

1  10>.< 
2  3 
2  3 
1  2 

WIND-MILLS. —  (Molcsworlh.) 
To  Compute  the  Angles  of  tlie  Sails. 

230  ^7-  —  angle  of  the  sail  with  the  plane  0/ motion  at  any  part  of  the  sail ; r  representing  radius  of  sail  in  feet,  and.d  distance  of  any  part  of  the  sail  from  the axis. 
Axis  of  Shaft  of  Wind-mill  with  Horizon. 

8°  upon  level  ground. 
Breadth  of  whip  at  axis,  ̂   length  of  whip. 
Depth        "  " 
Breadth  of  whip  at  end,  ̂   M 
Depth  " Width  of  sail 

Divided  by  the  whip  in  the  proportion  of  5  to  3,  the  narrow  portion  being  nearest  to the  wind. 
Width  of  sail  at  axis,  i  length  of  whip;  distance  of  sail  from  axis,  iih  length of  whip. 
Cross-bars  from  10  to  18  inches  apart. 

877 

STRENGTH  OF  ICE. 
Thickness,  2  in3.  will  baar  infantry. 

u       4  u  cavalry  or  light  gun?. 
0         u  heavy  field-guns. 

"       8         "         upon  sledges,  a  weight  not  exceeding  1000  lbs  per  sq.  ft 
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STIFFNESS  OF  BEAMS. 

Stiffness  of  Beams.- (Tredgold.) 
s  /PWC  Z2WC 

— - —  —  d ;  — ^—  —h;  b  representing  breadth,  and  d  depth  in  inches,  I  length 
in  feet,  and  W  load  in  lbs.  upon  the  middle. 

C  =  Pine  .01,  Ash  .01,  Beech  .013,  Elm  .015,  Oak  .13,  Teak  .008. 
"When  the  beam  is  uniformly  loaded,  put  .625  W  instead  of  W. 

Irtesi stance  to  Detrusion. 
When  one  beam  is  let  in,  at  an  inclination  to  the  depth  of  another,  so  as  to  bear 

in  the  direction  of  the  fibres  of  the  beam'  that  is  cut,  the  depth  of  the  cut  at  right 
angles  to  the  fibres  should  not  be  more  than  i  of  the  length  of  the  piece,  the  fibres 
of  which,  by  their  cohesion,  resist  the  pressure. 
To  Compute  the  Tjengtli  necessary  to  resist  a  given  Hor- 

izontal Thrust,  as  in  the  Case  of  a  Ttafter  let  into  a  Tie- 
Beam. 

4T  ' .  -{\  *~j&xtixteih&  Si*r"1' - —  —  l  ;b  representing  the  breadth  of  the  beam  in  inches,  T  the  horizontal  thrust o  c 
in  lbs.,  c  the  cohesive  resistance  of  the  material  in  lbs.  per  sq.  inch,  and  I  the  length in  inches. 

REVOLVING  DISC. 
To  Compute  the  Power. 

Rule. — Multipfy  one  half  the  weight  of  the  disc  by  the  height  due  to 
the  velocity  of  its  circumference  in  feet  per  second. 

Example. — A  grind-stone  3%  feet  in  diameter,  Aveighing  2000  lbs.,  is  required 
to  make  362^  revolutions  per  minute  ;  what  power  must  be  communicated  to  it? 

Circum.  of  3%  =  10.6  feet,  which  X  3G2.25  and  -f-  60  =  04  feet  per  second.  Then 
2000^-2  X  64=64000  lbs.  raised  1  foot. 
Note.— If  the  revolving  disc  is  not  an  entire  or  solid  wheel,  being  a  ring  or  annu- 

lus,  it  must  first  be  computed  as  if  an  entire  disc,  and  then  the  portion  wanting 
must  be  computed  and  deducted. 

Power  Concentrated,  in  IVIoving  Bodies. 
Simple  power  is  force  multiplied  by  its  velocity.  Power  concentrated  in  a  moving 

body  is  the  weight  of  the  body  multiplied  by  the  equate  of  its  velocity ;  and  the  prod- 
uct divided  by  the  accelleratrix,  or  the  power  concentrated  in  a  moving  body,  is 

equal  to  the  power  expended  in  generating  the  motion. 

SHRINKAGE 
Iron,  small  cylinders   =  Xq  m-  Per  ffc- 

"    Pipes    =y8 
u  Girders,  beams,  etc.  =  y&  in  15  ins. 
"    Large,    cylinders,  \ 

the  contraction  >  =  %  per  foot. of  diam.  at  top.  ) 
u   Ditto  at  bottom   —      Per  ̂ oot- 

OF  CASTINGS. 
Ditto,  in  length  =  Y&  in  16  ins. 
Brass,  thin  =  %  in  9  ins. 
Brass,  thick  =  %  in  10  ins. 
Zinc  =  ̂   in  a  foot. 
Lead  =:  ̂   in  a  foot. 
Copper  =  '%.  in  a  foot. Bismuth  =:  ryg  in  a  foot. 

VERNIER  SCALE. 
The  Vernier  Scale  is  divided  into  10  equal  parts;  so  that  it  divides  a  scale 

of  lOths  into  lOOths  when  the  lines  meet  in  the  two  scales. 
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Measurement  arid  Coixipntatioix  of  tlie  Tomaago  of  Ves- 
sels under  tlie  ̂ ct  of  Congress  of*  6tli  May,  1864. 

Measurements  are  expressed  in  feet  and  decimals  of  afoot,  and  tonnage in  tons  and  hundredths  of  a  ton. 
The  Tonnage  Length"  is  the  length  along  the  middle  line  of  the  ves- sel upon  the  under  side  of  the  tonnage-deck  plank,  but  for  convenience  is measured  upon  the  top  of  the  deck,  and  is  the  length  between  these  ex- 

tremities, which  is  divided  into  a  number  of  parts,  according  to  the  classi- fication under  the  law. 
The  depths  are  perpendicular  and  the  breadths  horizontal;  the  upper breadth,  which  in  every  case  passes  through  the  top  of  the  tonnage  depth, being  at  a  distance  below  the  deck,  at  its  middle  line,  equal  to  one  third of  the  spring  of  the  beam  at  that  point,  and  thus  passing  through  the  deck upon  each  side  ;  and  the  lower  breadth,  which  is  at  the  bottom  of  the  ton- 

nage deptn,  being  at  a  distance  above  the  upper  side  of  the  floor  timber at  the  inside  of  the  limber-strake.  equal  to  the  average  thickness  of  the ceiling,  and  thus  passing  through  the  keelson. 
The  -1  spring  of  the  beam"'  is  the  perpendicular  distance  from  the  crown of  the  tonnage  deck  at  the  centre  to  a  line  stretched  from  end  to  end  of  the beam,  and  must  be  ascertained  at  each  point  where  it  is  to  be  used  in  the measurement. 
The  Register  of  every  vessel  expresses  her  length  and  breadth,  together with  her  depth,  and  the  height  under  the  third  or  spar  deck  is  ascertained m  the  following  manner:  The  tonnage  deck,  in  vessels  having  three  or more  decks  to  the  hull  is  the  second  deck  from  below  ;  in  all  other  cases the  upper  deck  of  the  hull  is  the  tonnage  deck.  The  length  from  the  fore part  of  the  outer  planking,  upon  the  side  of  the  stem,  to  the  after  part  of the  main  stern-post  of  screw  steamers,  and  to  the  after  part  of  the  rudder- post  of  all  other  vessels,  measured  upon  the  top  of  the  tonnage  deck,  is  ac- 

™T  1  V6SSel  5  .length'    The  breadth  of  the  broadest  part  upon  the outride  of  the  vessel  is  accounted  the  vessel's  breadth  of  beam.  A  meas- ure  from  the  under  side  of  tonnage-deck  plank,  amidships,  to  the  ceiling of  the  hold  (average  thickness),  is  accounted  the  depth  of  hold.  If  th? vessel  has  a  third  deck,  then  the  height  from  the  top  of  the  tonnage-deck 
MKfer  the fspar^eck  uPPer-deck  plank  is  accounted  as  the  height 
«ruK  re£'*ter  tonnage  of  a  vessel  is  her  internal  cubical  capacity  in  tons of  100  cubic  feet  each,  to  be  ascertained  as  follows  :  From  the  inside  of the  inner  plank  (average  thickness)  at  the  side  of  the  stem  to  the  inside 
<  hi  l  J  fi  iUP.011  lQ  8t6r?  timbers  (ave™ge  thickness),  deducting  from this  length  what  is  due  to  the  rake  of  the  bow  in  the  thickness  of  the  deck, 
5*  I       i  1Si        °  .the  Jake  0f  the  stern  timber  'm  the  thickness  of  the 
of  tho  ,nvin  Vti  ̂   !S  due  t0  tIlC  rake  of  the  stern  timbe1'  in  one  third oi  the  spnng  of  the  beam. 

Classes. 

a^rCi'iuw88?18  of, which  the  tonnage  length  is  50  feet  or  under. 
a  n      If'  and  ,not  exceeding  100  feet  in  length. 
a  n      i1??  5eCt'  U,KJ  not  deeding  150  feet  in  length. 
R   n      Inn         a,H  n0t  exceeding  200  feet  in  length. 
r   n      o^Jeet'.aiid  not  ceding  250  feet  in  length. 6.  Over  2o0  feet  in  length.  8 

*2L there  ll  a  ̂'eak'  a  p00Pl  or  anF  other  Permanent  closed-in  spaca  upon  the  unner 
KmwlZnVf  It 8pal' deCk'  aVaiUbl?  for  cai  ̂   or  etor^  or  fo'the  Knng  or  ac- commodation of  passengers  or  crew,  the  tonnage  of  such  space  is  computed. 

^^tokl^p^  01'  8Pa1'  d6Ck' thG  t0nnage  °f  thG  8paCe  b"  ifc  a"d 
to  forT^*^i^i0SSag^0f  °pan  Ve83el8'  the  "PPer  edSe  of  th«  "PPer  *trake  is to  t,rm  the  Dound.iry-hne  of  measurement,  and  the  depth  shall  be  taken  from  an 3  B 
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athwart-ship  line,  extending  from  the  upper  edge  of  said  strake  at  each  division  of the  length. 
The  register  of  a  vessel  expresses  the  number  of  decks,  the  tonnage  under  the 

tonnage  deck,  that  of  the  between  decks,  above  the  tonnage  deck ;  also  that  of  the 
poop  or  other  inclose  dspaces  above  the  deck,  each  separately.  In  every  registered 
U.  S.  vessel  the  number  denoting  the  total  registered  tonnage  must  be  deeply  carved 
or  otherwise  permanently  marked  upon  her  main  beam,  and  shall  be  so  continued  ; 
and  if  it  at  any  time  cease  to  be  so  continued,  such  vessel  shall  no  longer  be  recog- 

nized as  a  registered  U.  S.  vessel. 
Recapitulation  of  Measurements. 

Register  Length. — Length  at  the  middle  of  the  2d  deck  from  below,  in  vessels  of 
two  or  more  decks,  and  in  all  other  vessels  of  the  upper  deck,  measured  from  the 
fore  part  of  the  outer  planking  upon  the  side  of  the  stem,  to  the  after  part  of  the  main 
stern-post  of  single  screw  propeller  steamers,  and  to  the  after  part  of  the  rudder-post 
of  other  vessels,  measured  upon  the  top  of  the  tonnage  deck. 

Tonnage  Length.— Length  at  uppt  r  side  of  tonnage-deck  beams,  from  the  inside 
of  the  inboard  plank,  at  its  average  thickness  at  the  side  of  the  stein  to  the  inside  of 
the  plank  upon  the  stern  timbers  at  its  average  thickness,  deducting  from  this  length 
that  which  is  due  to  the  rake  of  the  bow  in  the  thickness  of  the  deck,  and  of  the 
stern  timber  in  the  thickness  of  the  deck,  and  one  third  the  spring  of  the  beam. 

Breadth  of  Beam  At  the  broadest  part  of  the  outside  of  the  vessel. 
Depth  of  Hold.— Height  measured  from  the  under  side  of  tonnage-deck  plank 

amidships  from  a  point  at  a  distance  of  one  third  the  spring  of  the  beam  to  the  ceil- ing of  the  hold  at  its  average  thickness. 
Height  under  Spar  Deck. — The  mean  height  from  top  of  tonnage -deck  plank  to the  under  side  of  the  upper-deck  plank. 
Open  Vessels.— The  upper  edge  of  the  upper  strake  is  to  be  the  boundary -line  of 

measurement  of  length,  and  the  depth  is  to  be  measure  1  from  a  line  running  athwart- 
ships  from  the  upper  edge  of  the  upper  strake  at  each  division  of  the  length. 

By  an  Act  of  Congress  of  2Sth  February,  1865,  the  preceding  rule  of  admeasure- ment was  amended  as  follows  :  No  part  of  any  ship  or  vessel  shall  be  admeasured 
or  registered  for  tonnage  that  is  used  for  cabins  or  state-rooms,  and  constructed  en- 

tirely above  the  first  deck,  which  is  not  a  deck  to  the  hull. 
9  U  '  \  t  I   A  Ik carpenters'  measurement. 

For  a  Single-deck  Vessel. 
Rule. — Multiply  the  length  of  keel,  the  breadth  of  beam,  and  the  depth  of  the  hold 

together,  and  divide  by  95. 
For  a  Double-deck  Vessel. 

Rule  — Multiply  as  above,  taking  half  the  breadth  of  beam  for  the  depth  of  the 
hold,  and  divide  by  95. 

BRITISH  MEASUREMENT. 
Dirfie  the  length  of  the  upper  deck  between  the  after  part  of  the  stem  and  the  fore  part  of  the 

stern-post  into  6  equal  parts,  and  note  the  foremost,  middle,  and  aftermost  points  of  division.  Meas- ure the  depths  at  these  three  points  in  feet  and  tenths  of  a  foot,  also  the  depths  from  the  under  side  of the  upper  deck  to  the  ceiling  at  the  limber-strake  ;  or,  in  case  of  a  brenk  in  the  upper  deck ,  from  a line  stretched  in  continuation  of  the  deck.  For  the  breadths,  divide  ea^h  depth  into  5  equal  parts, 
and  measure  the  inside  breadths  at  the  following  points,  viz.  :  at  .'2  and  8  from  the  upper  deck  ot  the foremost  and  aftermost  depths,  and  at  .4  and  .8  from  the  upper  deck  of  the  amidship  depth.  Take  the 
length   at  half  the  amidship  depth,  from  the  after  part  of  the  stem  to  the  lore  part  ot  the  stern-post. Then  to  twice  the  amidship  depth,  add  the  foremost  and  aftermost  depths  for  the  sum  of  the  depths  ; and  add  together  the  foremost  upper  and  lower  breadths,  3  timis  the  upper  breadth  with  the  lower 
breadth  at  the  midship,  and  the  upper  and  twice  the  lower  breadth  at  the  after  div  ision  lor  the  sum 

""'  MtllUplj^to^kher  the  sum  of  the  depths,  the  sum  of  thfl  breadths,  and  the  length,  and  divide  the product  by  :J.;>0(>,  which  will  (rive  the  number  of  tons,  or  register.  ,  lL 
If  the  vessel  has  a  poop  or  half  deck,  or  a  break  in  the  upper  deck,  measure  the  inside  mean  length, breadth,  and  height  of  such  part  thereof  as  may  be  included  within  the  bulkhead  ;  multiply  these three  measurements  together,  and  divide  the  product  by  9<2.4.  The  quotient  will  be  the  number  of tons  to  be  added  to  tha  result,  as  above  ascertained. 
For  Open  V<sseU.— The  depths  are  to  be  taken  from  the  upper  edue  of  the  upper  strake. 
For  Steam  Vessels.— The  tonnage  due  to  the  engine-room  is  deducted  from  the  total  tonnage  com- 

rUToddbo?ennine°ti>ts!  measure  the  inside  length  of  the  engine-room  from  the  foremost  to  the  aftermost bulkhead  ;  then  multiply  this  length  by  the  amidship  depth  of  the  vessel,  and  the  product  by  the  inside 
•middnp  breadth  at  .4  of  the  depth  from  the  deck,  and  divido  the  final  product  by  9'2.4. 
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General    Rxile   to   Compute   tlie  Work jVIacliine. 
done   Jiy  anjr 

Ascertain  the  distance  through  which  the  power,  P,  applied  to  the  machine  has operated  in  one  minute,  and  represent  it  by  a. 
Ascertain  the  distance  through  which  the  weight,  W,  producing  useful  work,  has operated  in  one  minute,  and  represent  it  by  b. 
Then,  a  P  —  bW —work  done  by  friction  per  minute, 

a  P  —  work  applied  per  minute, 
b  W         =  useful  work  done  per  minute. 

IVIeclianical  Laws  of  Elastic  Fluids. 
Boyle's  or  Mariotte's  Law.- The  elastic  force  of  a  gas  or  air  at  a  given  tempera- ture is  inversely  proportional  to  the  space  which  it  occupies. 
Let  p  and  P  represent  elastic  forces  of  a  gas  when  they  occupy  the  spaces  s  and  S. 

Then  ̂   =  P. 
The  elastic  force  of  any  gas  at  a  given  temperature  is  proportional  to  its  density. 

Wroxiglit  Iron  Beams. 
{Trenton  Iron  Works,  Cooper,  Hewitt,  &  Co.,  N.  Y.) 

Depth. Thick- ness of Web. 
Width 

of Flanges. 
Weight 

per  Lineal Foot. 

Load 
borne  with Safetv. 

Ins. Ins. Ins. Lbs. C  in  Lbs. 
6 u 13.3 76  000 6 

¥*
 

3¥ 
16.G 9;2  000 

7 % 20 124  01  »0 9 
3/ 
7% % 23  3 192;  0«0 9 4 

2S 
240  000 

Depth. Thick- ness of Web. 
Width 

of 
Flanges 

Weight 
per  Lineal Foot 

Load 
borne  with Safety. 

Ins. 
Ins. Ins. Lbs. C  in  Lbs. 

9 4 
30 

24G  <  00 9 
50 44S0i0 % 40 300  000 15 

% 

*M 

51.  G 
640000 15 

$% 
GG.6 

908  000 

Load  uniformly  distributed,  Beam  resting  upon  two  supports,  I  representing  length mfeet,  and  W  weight  in  pounds  b=  .3  of  breaking  or  ultimate  strain. 
Illustration.—  Wh at  is  the  weight,  uniformly  distributed,  that  may  be  borne with  safety  by  floor  beams  of  the  above  description  resting  upon  two  supports  20 feet  in  length,  9  ins  in  depth,  %  in.  width  of  web,  and  4  ins.  width  of  flange? 
C  =  240000.      ̂   =  12000  lbs. 
S«e  page  4T0  for  other  Formulae  and  Illustrations. 
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FUEL. 
With  equal  weights,  that  which  contains  most  hydrogen  ought,  in  its 

combustion,  to  produce  the  greatest  volume  of  flame  where  each  kind  is 
exposed  under  like  advantageous  circumstances.  Thus,  pine  wood  is 
preferable  to  hard  wood,  and  bituminous  to  anthracite  coal. 
When  wood  is  employed  as  a  fuel,  it  should  be  as  dry  as  practicable. 

To  produce  the  greatest  quantity  of  heat,  it  should  be  dried  by  the  direct 
application  of  heat;  as  usually  emplo}Ted,  it  has  about  25  per  cent,  of water  mechanically  combined  with  it,  the  heat  necessary  for  the  evapora- 

tion of  which  is  lost. 
Different  fuels  require  different  volumes  of  oxygen ;  for  the  different 

kinds  of  coal  it  varies  from  1.87  to  3  lbs.  for  each  lb.  of  coal.  60  cubic 
feet  of  air  is  necessary  to  furnish  1  lb.  of  oxygen ;  and,  making  a  due  al- 

lowance for  loss,  nearly  90  cubic  feet  of  air  are  required  in  the  furnace  of 
a  boiler  for  each  lb.  of  oxj'gen  applied  to  the  combustion. 

33itrvnaiiions  Coal. 
Lignite.    Brown  Coal  or  Bituminous  Wood. — Presents  a  distinct  wood}' 

structure  ;  is  devoid  of  taste,  brittle,  and  burns  readily,  leaving  a  white 
ash.    This  coal  contains  and  absorbs  moisture  in  some  cases  fully  40  per 
cent. 

Caking  Coal. — Fractures  uneven  ;  color  varying  from  a  resinous  to  a 
graj^-black,  and  when  heated  breaks  into  small  pieces,  which  afterward agglomerate  and  form  a  compact  body.  When  the  proportion  of  bitumen 
is  great,  it  fuses  into  a  pasty  mass.  This  coal  is  unsuited  where  great 
heat  is  required,  as  the  draught  of  a  furnace  is  impeded  by  its  caking. 
It  is  applicable  for  the  production  of  gas  and  coke. 

Splint  or  Hard  Coal. — Color  black  or  brown-black,  lustre  resinous  and 
glistening.  When  broken,  the  principal  fracture  appears  irregular  and 
slaty,  the  transverse  being  fine  grained,  uneven,  and  splintery.  It  kin- 

dles less  readily  than  caking  coal,  but  when  ignited  produces  a  clear  and hot  fire. 
Cherry  or  Soft  Coal. — Alike  to  splint  coal  in  its  fracture  and  appear- 

ance, but  its  lustre  is  more  splendent.  It  does  not  fuse  when  heated,  is 
very  brittle,  ignites  readily,  and  produces  a  bright  fire  with  a  clear  yellow 
flame,  but  consumes  rapidly. 

Cannel  or  Parrot  Coal. — Color  jet,  or  gray  or  brown  black,  compact 
and  even  texture,  a  shining,  resinous  lustre.  Fractures  smooth  or  flat, 
conchoidal  in  every  direction,  and  polishes  readil}r.  From  its  decrepita- 

tion when  exposed  to  heat  it  is  termed  parrot  coal. 
Experiments  upon  the  practical  burning  of  this  description  of  coal  in 

the  furnace  of  a  steam-boiler  give  an  evaporation  of  from  6  to  10  lbs  of 
fresh  water,  under  a  pressure  of  30  lbs.  per  square  inch  for  1  lb.  of  coal  ; 
Cumberland  (Md.,  U.  S.)  coal  being  the  most  effective,  and  Scotch  the least. 

('o  ils  that  contain  sulphur,  and  are  in  progress  of  decay,  are  liable  to  spontaneous combination. 
The  limit  of  evaporation  from  212°  for  1  lb.  of  the  best,  assuming  all of  the  heat  evolved  from  it  to  be  absorbed,  would  be  14.9  lbs. 

.A-iitliracite  Coal. 
Anthracite  or  Glance  Coal,  or  Culm. — Is  hard,  compact,  lustrous,  and 

sometimes  iridescent,  the  most  perfect  being  entircl}'  free  from  bitumen ; 
it  ignites  with  difficulty,  and  breaks  into  fragments  when  heated. 

The  evaporative  power  of  this  coal,  in  the  furnace  of  a  steam-boiler  and 
Under  pressure,  is  from  7V£  to  9%  lbs.  of  fresh  water  per  lb.  of  coal. 

Coals  from  one  pit  will  vary  6  per  cent,  in  evaporative  value. 
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Coke. 
Coke—  Coking  in  a  close  oven  will  give  an  increase  of  yield  of  40  per 

cent,  over  coking  in  heaps,  the  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  30 
per  cent,  in  bulk  and  lose  36.5  per  cent,  in  weight. 

The  relative  costs  of  coal  and  coke  for  like  results,  as  developed  by  an 
experiment  in  a  locomotive  boiler,  are  as  1  to  2.4. 

Its  evaporative  power,  in  the  furnace  of  a  steam-boiler  and  under  press* 
ure,  is  from  ~}A  to  8){  lbs.  of  fresh  water  per  lb.  of  coke. 

C  harcoal. 
Charcoal— 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,  about  5.5  per 

cent,  of  water,  Oak  absorbing  about  4.28,  and  Pine  8.9. 
Its  evaporative  power,  in  the  furnace  of  a  boiler  and  under  pressure,  is 

5)^  lbSu  of  fresh  water  per  lb.  of  coal. 
The  volume  of  air  chemically  required  for  the  combustion  of  1  lb.  of 

charcoal  is  293.5  cubic  feet. 
138  bushels  charcoal  and  432  lbs.  limestone,  with  2612  lbs.  of  ore,  will 

produce  1  ton  of  pig  iron. 
Produce  of  Charcoal  from  various  Woods. 

Apple Ash  . 
Beech 

23.  S 26.7 
21.1 

Birch. Elm. 
24.1  j 
25.1 Oak. 22.  S5  I 33.  B 

20.5 

Bed  Bine  
White  Bine  . Willow  

23. 
23.5 
1S.6 Maple   22.9  |  Poplar 

The  produce  of  charcoal  by  a  slow  process  of  charring  is  very  nearly 
50  per  cent,  greater  than  by  a  quick  process. 

Wood. 
Weights  and  Comparative  Values  of  different  Woods. 

Woods. 

Shell-bark  Hickory  . . 
Bed -heart  Hickory  . . White  Oak  
Bed  Oak   
Virginia  Bine  
Southern  Bine  
Hard  Maple  

Cord. Value. Woods. Cord. Value 

Lbs. Lbs. 
4469 

1. 
New  Jersey  Bine  

2137 .54 
G705 .81 

1904 .4o 0821 .SI 1868 
.42 3254 .69 
.7 

26S3 
.52 3375 .44 2S78 .6 

The  evaporative  power  of  1  cubic  foot  of  pine  wood  is  equal  to  that  of 
1  cubic  foot  ©f  fresh  water;  or,  in  the  furnace  of  a  steam-boiler  and  under 
pressure,  it  is  4%  lbs.  fresh  water  for  1  lb.  of  wood. 

Northern  Wood. — One  eord  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  steam- 
boats is  equal  in  evaporative  qualities  to  12  bushels  (9G0  lbs.)  of  Pittsburg coal. 

0  cords  cotton,  ash,  and  cypress  wood  are  equal  to  7  cords  of  yellow 
pine. 

The  solid  portion  Qignin)  of  all  woods,  wherever  and  under  whatever 
circumstances  of  growth,  are  nearly  similar,  the  specific  gravity  being  as 
1.46  to  1.53. 

3B* 
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The  densest  woods  give  the  greatest  heat,  as  charcoal  produces  greate* 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  space. 

Trees  in  the  early  part  of  April  contain  20  per  cent,  more  water  than 
the}r  do  in  the  end  of  January. 

Ash. 
Proportion  of  Ash  in  100  lbs.  of  several  Woods. 

Woods. Wood. Leaves. Woods. 

WTood. 

Leaves. 

Ash  
Per  Cent. 

.5 

Per  Cent. Per  Cent. 1.8S 
.21 
.25 

Per  Cent 
11.8 4. 

.35 
5.4 Oak  

Birch  .34 5. Pitch  Pine  3.15 

Peat. 

Peat. — The  proportion  of  ash  in  peat  varies  very  much,  ranging  from 
1.25  per  cent,  in  grass  peat  to  18.47  per  cent,  in  other  varieties,  the  mean 
of  Irish  peat  being  about  3.5  per  cent. 

The  distillation  of  peat  produces,  upon  an  average,  Water  31  parts, 
Tar  3,  Charcoal  29,  and  Gas  37. 

In  the  distillation  of  peat,  the  following  products  have  been  obtained : 
Charcoal,  41.1  per  cent.;  Watery  Liquor,  19.3;  Tar,  .6;  and  Gaseous 

matter,  39, 
Its  evaporative  power,  in  the  furnace  of  a  steam-boiler  and  under  press- 

ure, is  from  3>£  to  5  lbs.  of  fresh  water  per  lb.  of  fuel. 
Average  Composition,  of  Fuels. 

Bituminous  Coals. 
Welsh  
Duffryn  
Newcastle  
Scotch  
Derbyshire  
Lancashire  
Sydney,  S.  W  
Borneo   
Formosa  Island  
Vancouver's  Island  Chili,  Conception  Bay  . . 
u  Chiriqui   Patagonia  

V.  Diemen's)  S.  Cape  . . 
Land  /  Adv'teB. . Cannel,  Wigan  

Cumberland   
Anthracite  
Oak  
White  Bine  
Birch  
Charcoal,  Oak  

"  Bine  
"  Maple  Peat,  dense  

Patent,  Wurlich'a  **  Wylam's  

fcpecmc 
Grav- 
ity. Carbon. 

Hydro- 

gen. 

Nitro- 

gen. 
Sul- 
phur. 

Oxy- 

gen. 

Ash. Percent- 
age of 

|  Coke. 1.32 83.78 4.79 .98 1.43 4.15 4.91 72.6 1.33 S8.26 4.66 1.45 1.77 .6 
3.26 

84.3 
1.26 82.24 

5.42 1.61 1.35 6.44 2.94 
60.67 

1.26 78.53 5.61 1. 1.11 9.69 4.03 54.22 
1.29 79.85 4.84 1.23 .72 10.96 2.4 59  32 
1.28 78. 5.23 1.32 1. 8.75 

5.69 60.22 82.39 5.32 1.27 

'  .07 

8.32 
2.04 58. 

1.2S 64.52 4.74 
.8 

1.45 20.75 
7.74 1.24 78.26 5.7 .64 .49 10.95 3.96 66.93 

5.32 1.02 
2.2 

S.7 
15.83 1.29 70.55 5.76 .95 

1.98 13.24 
7.52 38.98 

4.01 .5S 6.14 13.38 36.91 62.25 5.05 .63 1.13 17.54 13.4 
63.4 2.89 1.27 

.9S 
1.01 

30.45 80.22 3.(15 1.36 1.9 4.S 8.67 1.23 79.23 6.08 

1.18, 

1.43 7.24 4.84 
60.33 

93.81 1.82 
2.77 1.6 1.5 

88.54 .52 8.67 48.13 5.25 44.5 1.3 
49.95 6.41 43.65 

.31 
48.12 6.37 

45. 

.48 87.68 2.83 6.43 3.06 
71. 36 5.95 

22,19* .3 
70.07 

4.61 

24.89* 
.43 61.02 

5.77 .SI 32.4 
1.15 90.02 

5 .56 

L62 
2.91t 

85*1 

1.1 79.91 5.69 1.68 1.25 6.63 4.S4 65.8 

*  Including  Nitrogen. t  Including  Oxygen. 
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Weiglits,  Evaporative   Powers    per  "Weiglit   arid.   B  villi, 
etc.,  of  different   jB^vxels.— (W.  R.  Johnson  and  others.) 

Fuel. Spec. Grav. 
Weight 

per 

Cubic  Foot 
Steam  from  1 Water  at  Clinker 
212°  by  1  lb.  from  100  lbs. of  Fuel. 

Cubic  Feet 
required to  Stow  a Ton. 

Bituminous. Lbs. Lbs. Lbs. 
No. Cumberland,  maximum. . . . 1.313 52.92 10.7 2.13 42.3 14  minimum  1.33T 54.29 9.44 4.53 41.2 1.326 53.22 10.14 — 42.09 1.23 48.3 

7.7 46.37 1.324 53.05 9.72 3.4 
42.2 1.2S3 45.72 S.94 3.33 49. 1.294 54.04 8.29 8.82 41.4 1.257 50.82 8.66 

3.14 

44. 1.318 49.25 8. 41 6.13 45. 
1.252 46.81 

8.2 

.94 
47.  S 1.338 47.44 

7.99 2.25 
47.2 

1.262 47. 8S 
7.84 1.S6 46.7 

1.2S5 45.49 7.6T 3. 86 49.2 1.2T3 47.65 
7.34 1.64 

47. 
1.519 51.09 7.  OS 5.63 43.3 Chili  — 

5.72 
— 

1.231 48.3 — — — 
ANTHRACITE. 

1.464 53.79 10.11 3.03 41.6 1.477 
53.66 10.06 .81 41.7 

1.554 
5619 

9  88 Q 
39.8 1.421 

48.89 
9>9 

l'.24 

45.8 1.375 
58.25 

9.46 3S.45 1.61 
54.93 

9.21 1.01 40.7 
1 .59 

55. 32 
8.93 1.08 40.5 

1.15 69.05 10.36 32.44 
Coke. 

1.323 46.64 8.47 5.31 48.3 
32.7 8.63 10.51 

6S.5 31.57 8.99 8.55 
70.9 24. 

5.5 104. 
Peat  30. 5. 75. 

Wood. 
Pine  wood,  dry  21.01 4.69 106.G 

(Sib  H.  de  la  Bechk  and  Dr.  Lyon  Playfair,  1851.) 
(Averages  of  all  Experiments.) 

Fuels. 
Rate  of  Evap- oration or  lbs. 
Evaporated 
per  Hour. 

Weight 

per 

Cubic  Foot. 

Steam  from 
Water  at  218° 

by  1  lb.  of Fuel. 
Lbs. Lbs. Lbs. 

Coal.  Welsh  448 53.1 9.05 
411 49.8 

8.37 

448 
49.7 

7.94 
Scotch  431 50. 7.7 

433 
47.2 7.53 

Patent  Fuel.  Warlich's  453 
69. 

10.36 
Livingstone's  

484 65.6 10;03 

409 
61.1 9.5S 

419 
65. 

8.9 
Bell's  549 65.3 S.53 

10  lbs.  fresh  water  have  been  evaporated  in  a  tubular  boiler  by  1  lb.  of  anthracite coal. 
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Relative   Evaporating   Rower  of  different  Fuels and  Total  Heat  of  Combustion. 

Anthracite  coal  
Bituminous  coal  

u  caking  u  cannel  
Coke,  natural  
u  artificial  Pine  wood  Teat  

Patent  fuel,  Warlich's,  maximum. 
"        Bell's,  minimum  

Water 
Evaporated 
from  21-2°. 

Evaporate 
Power. 

Total  Heat 
Thermal  Units. 

Lbs. 
9 . 5 

1. 
15225 

8.75 .92 14  TOO 
15  837 
15  080 9. .95 13G20 

8.5 .89 
12  760 

4.35 
.45 7  215 5.5 
.58 9  660 

10.36 
1.09 8.53 
.89 

Relative  "Values  of  different  Rxiels. 

Description  of  Coal,  etc. 

Anthracites. 
Peach  Mountain,  Pa.  . . 
Beaver  Meadow,  No.  5  . Bituminous. 
Newcastle  
Pictou  (Cunard's")  Liverpool  
Cannelton,  Ind  
Scotch  

Pine  wood,  dry. 

rai
sed

  fro
m 

Wat
er 

 
at 

 2
12°

 
Fah

r. 
 by 
 1  
lb. 

of 
 

Fue
l. Rel

ati
ve 

 Eva
po-

 
rativ

e Pow
er  for
 

equ
al 

 Wei
ght

s 

of 
 

Coa
l. 

Rel
ati

ve 
 Eva
po-

 
rativ

e Pow
er  

for
 

equ
al 

 Bul
ks 

 
of 

Coa
l. 

Rel
ati

ve 
 Rap
idi

- 
tie

s  of 
 

Ign
iti

on.
 

Rel
ati

ve 
 

Fre
e- 

dom 
from

 
Was

te.
 Rel
ati

ve 
 

Com
- 

pleteness of
 

Com
bus

tio
n. 

Rel
ati

ve 
Wei

ght
s. 

10.7 
t .505 .633 

.725 
.945 

9.88 .923 .9S2 .207 
.748 

.6 

1. 

8.66 .809 .776 .595 .S87 
.346 

.904 
8.4S 

.792 
.738 .588 .418 1. 

.876 

7.S4 .733 .663 
.581 i. 

.333 
.852 7.34 .686 .616 1. .9S4 .57S 
.848 

6.95 .649 .625 .521 .499 .649 .909 4.69 .436 .175 16.417 

Destructive  Distillation  of  various  Coals. 

Coke. Tar. Water. Ammo- nia. 
Carbon. Acid. 

Sulph. 

Hydro- 

gen. 

defiant Gas  and 

Hydro- 
carbon. 

Other Gases 

Inflam- 
mable. 

92.9 
2.S7 

.2 
.06 .04 3.93 

79.8 5.86 3.39 .35 .44 
.12 

.27 9.77 
83.1 2.  OS 3.58 .08 1.6S .09 .31 4.08 
83.69 1.22 4.07 .08 3.21 .02 .43 7.28 

Anthracite  
Oldcastle  Fiery  Yein 
Binea  Coal  
Llangennach  

Miscellaneous. 
One  pound  of  anthracite  coal  in  a  cupola  furnace  will  melt  from  5  to  10  lbs.  of  cast 

iron;  8  bushels  bituminous  coal  in  an  air  furnace  will  melt  1  ton  of  cast  iron. 
Small  coal  produces  about  %  the  effect  of  large  coal  of  the  same  description. 
Experiments  by  Messrs.  Stevens  at  Bordentown,  N.  J.,  gave  the  following  results : 
Under  a  pressure  of  30  lbs.,  1  lb.  pine  wood  evaporated  3.5  to  4.75  lbs.  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  the  effects  are  alike  for  equal  costs. 
limitation  from  Fuel. — The  proportion  which  the  heat  radiated  from  incandes- 

cent  fuel  beara  to  the  total  heat  of  combustion  is, 
From  Wood  29  |  From  Charcoal  and  Peat  5 
The  least  consumption  of  coal  yet  attained  is  \y,  lbs.  per  indicated  horse-power. It  Usually  varies  in  different  engines  from  2  to  8  lbs. 
The  bulk  of  pine  wood  is  about  5''..'  times  as  great  as  its  equivalent  bulk  of  bltu- m incus  coal. 
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Experiments  undertaken  by  the  Baltimore  and  Ohio  R.  R.  Co.  determined  the 
evaporating  effect  of  1  ton  of  Cumberland  coal  (2240  lbs.)  equal  to  1.25  tons  of  anthra- 

cite, and  1  ton  of  anthracite  to  be  equal  to  1.75  cords  pine  wood;  also  that  2000  lbs. 
Lackawanna  coal  were  equal  to  4500  lbs.  best  pine  wood. 

Relative  Evaporation  of  several  Combustibles  in  IPotTiids 
of  Water,  Heated  1°  L>y  1  Lb.  oftlxe  Material. 

Alcohol  S12 
Bituminous  Coal . . 
Carbon  
Coke  
Hydrogen  (mean) . 
Cak  wood,  dry  

Composition    j  Water 

(Hyd.  .12) 
\<Jarb.  .451' (Hyd.  .041 
(Carb.  .75/ 
Carb.  .84 
(Hyd.  .06) 
\Carb.  .53/ 

Lbs. 
8120 
9S30 

14220 902S 
50854 
G01S 

Combustible, 

Oak  wood,  green. . . 
Olive  Oil  
Peat,  charred  "  dry  
Pine  wood,  dry  
Sulphuric  Ether.  .7 
Tallow  

Composition. 

/Hyd.  .13) \Carb.  .77/ 
Carb.  .4 

(Hyd.  13) \Carb.  .6/ 

Lbs. 5602 
145G0 

5620 
3900 3G18 
8GS0 

14560 
1  lb.  Hydrogen  will  evaporate  62. G  lbs.  water  from  212°=:60.509  lbs.  heated  1°. 
1  lb.  Carbon  "  14.6  lbs.        u        212°,  or  raise  12  lbs.  water  at 

60°  to  steam  at  120  lbs.  pressure. 
A  pound  of  Oxygen  will  generate  the  same  quantity  of  heat  whether  in  combus- 

tion with  hydrogen,  carbon,  alcohol,  or  other  combustible. 
Areas  and.  Productions  of  Coal  Fields. 

State.  [Sq.  Miles.  I  State  |Sq.  Miles.  State. Sq.  Miles. Illinois  
Virginia  
Pennsylvania* Kentucky  

44000 21000 
15437 
13500 

Ohio  , 
Indiana. . . . 
Mi—omit. . 
Michigant . 

11900 
7700 6000 
5000 

Tennessee  . 
Alabama  . . 
Maryland. . 
Georgia  , . . 

4300 
3400 550 
150 

Countries. Area Coal  raised  j in  1845 Countries. Area. 
Coal  raised 

in  1845. 

Great  Britain  
Belgium  

Sq.  Miles. 11  859 
529 

133  132 

Tons  1 
31  500  000 4960977 
4  400  000 

Sq.  Miles. 
1729 

Tons. 
4111  017 
3  500  000 
659  340 United  States  

COMBUSTION. 

Combustion  is  one  of  the  many  sources  of  heat,  and  denotes  the  com- 
bination of  a  body  with  any  of  the  substances  termed  Supporters  of  Com- 

bustion ;  with  referenced  the  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%  of  its  weight  of  oxygen.  In  its  combustion, 1  lb.  of  it  produces  sufficient  heat  to  increase  the^emperature  of  14  500  lbs. of  water  1°. 
Hydrogen  exists  in  a  gaseous  state,  and  combines  with  8  times  its  weight 

of  oxygen,  and  1  lb.  of  it,  in  burning,  raises  the  heat  of  50000  lbs.  of  water  1CJ 
An  increase  in  the  rapidity  of  combustion  is  accompanied  by  a  diminu- tion in  the  evaporative  efficiency  of  the  combustible. 
*  Bituminous  and  Anthracite. t  Anthracite. X  Mean  effect. 
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COMBUSTION  OF  FUEL. 

The  constituents  of  coal  are  Carbon,  Hydrogen,  Azote,  and  Oxygen. 
The  volatile  products  of  the  combustion  of  coal  are  hydrogen  and  car bon,  the  unions  of  which  (relating  to  combustion  in  a  furnace)  are  Car buretted  hydrogen  and  Bi-carburetted  hydroyen  or  Olefiant  gas,  which  upon combining  with  atmospheric  air,  becomes  Carbonic  acid  or  Carbonic  Oxide 

Steam,  and  uncombined  Nitrogen.  ! 
Carbonic  oxide  is  the  result  of  imperfect  combustion,  and  Carbonic  acid that  of  perfect  combustion. 
The  perfect  combustion  of  carbon  evolves  heat  as  15  to  4.55  compared with  the  imperfect  combustion  of  it,  as  when  carbonic  oxide  is  produced. 
1  lb  carbon  combines  with  2.66  lbs.  of  oxygen,  and  produces  3.66  lbs.' of  carbonic  acid. 
Smoke  is  the  combustible  and  incombustible  products  evolved  in  the  combustion of  fuel  winch  pass  off  by  the  flues  of  a  furnace,  and  it  is  composed  of  such  portions of  the  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  Car- bonic  acid ;  the  Hydrogen  so  passing  away  is  invisible,  but  the  Carbon,  upon  being separated  from  the  Hydrogen,  loses  its  gaseous  character,  and  returns  to  its  element- aiy  state  ot  a  black  pulverulent  body,  and  as  such  it  becomes  visible. 
The  bituminous  portion  of  coal  is  converted  into  the  gaseous  state  alone,  the  car- 
comSble  int°       S0Hd  StatG"    U  iS  Partly  combustible  aud  P^ly  in- 
To  effect  the  combustion  of  1  cubic  foot  of  coat  gas,  2  cubic  feet  of  oxygen  are  re- quired; and,  as  10  cubic  feet  of  atmospheric  air  are  necessary  to  supply  this  volume of  oxygen,  1  cubic  foot  of  gas  requires  the  oxygen  of  10  cubic  feet  of  air. 
In  furnaces  with  a  natural  draught,  the  volume  of  air  required  exceeds that  when  the  draught  is  produced  artificially. 
An  insufficient  supply  of  air  causes  imperfect  combustion  :  an  excessive supply,  a  waste  of  heat. 
The  quantity  of  atmospheric  air  that  is  chemically  required  for  the  com* bustion  of  1  lb.  of  bituminous  coal  is  150.35  cubic  feet.  Of  this  44  64* cubic  feet  combine  with  the  gases  evolved  from  the  coal,  and  the  remain- ing lUo.71  cubic  feet  combine  with  the  carbon  of  the  coal. 
The  combination  of  the  gases  evolved  by  combustion  gives  a  resulting volume  proportionate  to  the  volume  of  atmospheric  air  required  to  furnish the  oxygen^ as  11  to  10.  Hence  the  44.64  cubic  feet  must  be  increased  in this  proportion,  and  it  becomes  44.64  +  4.46  ==  49.1. 
The  gases  resulting  from  the  combustion  of  the  carbon  of  the  coal  and the  oxygen  of  the  atmosphere,  are  of  the  same  bulk  as  that  of  the  atmos- pheric air  required  to  furnish  the  oxygen,  viz.,  105.71  cubic  feet.  The total  volume,  then,  of  the  atmospheric  air  and  gases  at  the  bridge  wall flues,  or  tubes,  becomes  105.71  +  49.1  =  154.81  cubic  feet,  assuming  the temperature  to  be  that  of  the  external  air.  Consequently,  the  augment- ation of  volume  due  to  the  increase  of  the  temperature  of  a  furnace  is  to be  considered  and  added  to  this  volume  in  the  consideration  of  the  capaci- ty of  the  flue  or  the  calorimeter  of  a  furnace. 
There  is  required  then,  to  be  admitted  through  the  grate  of  a  furnaoe for  the  combustion  of  1  pound  of  bituminous  coal  as  follows  : 
Coal  containing-  80  per  cent,  of  carbon,  or  .7047  per  cent  of  coke 1  lb.  coalx44.64  cubic  fret  of  gas  =z  41.04 .7047  lb.  carbonxl50  cubic  feet  of  air  =  105.71 150.35  cubic  feet. 

^ute&eftetSf  a!?/66'  °f  ̂  ̂   eVOlV°d  f''°m  1  Ib'  °f  bitumi»°"s  ™>> 
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For  anthracite,  by  the  observations  of  W.  R.  Johnston,  an  increase  of  30 
per  cent,  over  that  for  bituminous  coal  is  required  —  195.45  cubic  feet. 

Coke  does  not  require  as  much  air  as  coal,  usually  not  to  exceed  108 
cubic  feet,  depending  upon  its  purity. 

The  heat  of  an  ordinary  furnace  may  be  safely  considered  at  1000° ; 
hence  the  air  entering  the  ash-pit  and  die  gases  evolved  in  the  furnace 
under  the  general  law  of  the  expansion  of  permanently  elastic  fluids  of 
-jy^ths  of  its  volume  (or  .002087)  for  each  degree  of  heat  imparted  to  it, 
the  154.81  is  increased  in  volume  from  100°  (the  assumed  ordinary  tem- 

perature of  the  air  at  the  ash-pit)  to  1000°  =  y00°  ;  then  900  X  .002087  = 
1.8783  times,  or  154.81  +  154.81  x  1.8783  =  445.59  cubic  feet. 

If  the  combustion  of  the  gases  evolved  from  the  coal  and  the  air  was 
complete,  there  would  be  required  to  give  passage  to  the  volume  of  but 
445.59  cubic  feet  over  the  bridge  wall  or  through  the  flues  of  a  furnace ; 
but  by  experiments  it  appears  that  about  one  half  of  the  oxygen  admitted 
beneath  the  grates  of  a  furnace  passes  off  uncombined,  the  area  of  the 
bridge  wall,  or  the  flues  or  tubes,  must  consequent]}'  be  increased  in  this proportion,  hence  the  445.59  becomes  891.18. 

The  velocity  of  the  gases  passing  from  the  furnace  of  a  proper-propor- 
tioned boiler  ma}-  be  estimated  at  from  30  to  36  feet  per  second.  Then 891.18 

60"  x  607'  X  36  •  QQ687  square  feet,  or  .99  square  inches,  of  area  at  the 
bridge  wall  for  each  pound  of  coal  consumed  per  hour. 

A  limit,  then,  is  here  obtained  for  the  area  at  the  bridge  wall,  or  of  the 
flues  or  tubes  immediately  behind  it,  below  which  it  must  not  be  de- 

creased, or  the  combustion  will  be  imperfect.  In  ordinary  practice  it  will 
be  found  advantageous  to  make  this  area  .014  square  feet,  or  2  square 
inches  for  every  pound  of  bituminous  coal  consumed  per  square  foot  of 
grate  per  hour,  and  so  on  in  proportion  for  any  other  quantity. 

The  quantities  of  heat  evolved  are  very  nearly  the  same  for  the  same 
substance,  whatever  the  temperature  of  the  combustible. 

Relative  Volumes  of  Air  required  for  Combustion  of  Fuels. 
LbH.  I  Lbs.    |  IJJS. 

Charcoal   11.16    Anthracite  Coal...  12.13    Peat,  dry   7  08 
Coke   11.28  I  Bituminous   U   ...  10. OS  |  Wood,  dry   6. 

The  volume  of  air  chemically  required  for  the  combustion  of  different woods  in  cubic  feet  is  as  follows : 
Pine  158  j  Birch   153  j  Beech   152.9  |  Oak  154.4 

Relative  Volumes  of  Cases  or  Products  of  Combustion  per  Pound  of  Fuel. 

S2° 
104° 

Supply  of  Air  per  lb.  of  Fuel. 
12  lb.-. Volume 
per  lb. Cub.  Feet. 
150 
161 
172 

18  lbs. 
Volume 
per  lb. Cub.  Feet. 225 
241 258 

24  lbs. 
Volume 

per  lb. Cub.  Feet. 300 
322 344 

Supply  of  Air  per  lb.  of  ] Temp. 
12  lbs. 
Volume 

per  lb. 

212° 
392° 
572° 

Cub.  Feet. 205 

259 
314 

IS  lbs. 
Volume, 

per  lb. 
Cub.  Feet. 307 

389 471 

24  lbs. 
Volume 

per  lb. Cub.  Feet. 

409 519 
028 

The  perfect  combustion  of  1  lb.  of  carbon  requires  12  lbs.  air;  hence  the weight  =  12x1.  The  total  heat  of  combustion  of  1  lb.  carbon  or  char- 
coal is  14500  thermal  units;  the  mean  specific  heat  of  the  products  of combustion  is  .2:58,  which,  multiplied  by  13  as  above  =  3004,  and  14500* 

*  Mean  of  all  experiments  13  9C4. 
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£  !°94  ̂.  4689°  ̂ mperature  of  a  furnace,  assuming  every  atom  of  oxygen that  was  ignited  in  the  furnace  entered  into  combination. 
If,  however,  as  in  the  case  in  ordinary  furnaces,  twice  the  volume  of  air 

enters,  then  the  products  of  combustion  of  1  lb.' of  coal  will  be  25  lbs which,  multiplied  by  its  specific  heat  as  before,  and  if  divided  into  14  500 
the  quotient  will  be  2437°,  which  is  the  temperature  of  an  ordinary  furnace! If  18  lbs.  air o  per  lb.  of  coal  are  furnished,  as  per  blast  or  artificial draught,  then  3207°  is  the  resultant  temperature. 
Volumes  ofProducts  ofCombustion  at  different  Tem- peratures of  Comonstion. 

Supply  of  Air  per  lb. A  Carbon Supply  of  Air  per  Jb  of  Carbon 

Tfeisnpera- ture. 
12  lbs 
Volume 

18  lbs. 
Volume. 

24  lbs. 
Volume Tempera- ture. 

12  lbs. 
Volume. 

IS  lbs. 
Volume. 

24  lbs. 

Volume. 

32° 
6S° 104° 

212° 
392° 
752° 

Cub  feet. 
150 161 
172 205 
259 
309 

Cub  feet. 225 
241 
253 307 
389 
553 

Cub  feet 
300 
322 344 
409 
519 
738 

1112° 
1472° 1832° 
2500° 
3275° 
4640° 

Cub  feet. 
479 5S8 
697 906 

1136 
1551 

Cub  feet 718 
882 

1046 
1359 
1704 

Cub  feet. 957 
1176 
1395 
1812 

Ratio  of  Combustion.— The  quantity  of  fuel  burned  per  hour  per  square feet  of  grate  varies  very  much  in  different  classes  of  boilers.  In  Cornish 
boilers  it  is  3>£  lbs.  per  square  foot  ;  in  Land  boilers,  10  to  20  lbs.  -  (En- glish) 13  to  14  lbs. ;  in  Marine  boilers  (natural  draught),  10  to  18  lbs  • (blast)  30  to  60  lbs. ;  and  in  Locomotive  boilers,  80  to  120  lbs. 
The  volumes  of  air  and  smoke  for  each  cubic  foot  of  water  converted into  steam,  is  for  coal  and  coke  2000  cubic  feet,  and  for  wood  4000  cubic feet ;  and  for  each  lb.  of  fuel  as  follows  : 
Coal         207.    Cannel  coal  . .  315.    Coke  216.    Wood  173. 

To  Compute  tlie  Consumption  ofFuel  in  a  S  team-Engine. 
B^*— Compute  ,tlie  7olume  of  the  cylinder  to  the  point  of  cutting  off  the  steam. Multiply  the  result  by  the  number  of  cylinders,  by  twice  the  number  of  revolutions of  the  engine  and  by  60  (minutes),  and  divide  the  product  by  the  density  of  the steam  at  its  pressure  in  the  cylinder,  and  the  quotient  will  give  the  number  of  cubic teet  of  water  expended  in  steam. 
Multiply  the  number  of  cubic  feet  by  64.3125,  divide  the  product  by  the  evapora- tion of  the  boiler  per  lb.  of  fuel  consumed,  and  the  quotient  will  give'the  consump- tion m  pounds  per  hour.  * 

JtejS  comPutjnf1th3  evaporation  of  water  by  the  boiler  of  an  engine,  or  the 
sideved  W  dlsPlacement  of  the  P^on  to  its  course  is  alone  con- 
Example  The  cylinder  of  a  marine  engine  is  95  ins.  in  diameter  by  10  feet  stroke of  piston;  the  pressure  of  the  steam  in  the  steam  chest  is  15.3  lbs.  per  square  inch cut  off  at  X  stroke ;  the  number  of  revolutions  14#,  and  the  evaporation  estimated at  8  lbs.  of  salt  water  per  lb.  of  coal;  what  is  the  consumption  of  coal  per  hour? Volume  of  steam  at  above  pressure,  compared  with  water  (15  34-  14  7)  —  ftsq Area  of  95  ias.=^T088.2v  which -M^^=  49.22  cubic  feet. 

_  ESS  f  ;7fti^7ff  5  fef*  «id  49.22X5XJ45^2  (strokes  ofpiston)XG0  (mmutes\ 428  J14  cubic  feet  —  volum  e  of  steam  per  hour. 
uttfnSi  n  I  ̂rf«f  =^?r*"&etr  fWater  grated  per  hour,  and  4S4.95 .  X  04.3125  lbs.=  31188,  which  -4-  S  —  3898.5  lbs.  coal  per  hour. 
Note.  The  elements  given  are  those  of  one  engine  of  the  Steamer  Arctic,  and m  consumption  of  fuel  for  a  run  of  12  days  (one  engine)  was  3SJ0  lbs.  per  hour. 
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STEAM. 

Steam,  arising  from  water  at  its  boiling  point,  is  equal  to  the  press- 
tire  of  the  atmosphere,  which  is  1-4.72322  lbs.  at  G0°  upon  a  square inch. 

In  all  calculations  concerning  steam,  it  is  necessary  to  have  some 
or  all  of  the  following  elements,  viz.  : 

Its  Pressure,  which  is  termed  its  tension  or  elastic  force,  and  is  ex- 
pressed in  pounds  per  square  inch. 

Its  Temperature,  which  is  the  number  of  degrees  of  heat  indicated 
by  a  thermometer  immersed  in  it. 

Its  Density,  which  is  the  weight  of  a  unit  of  its  volume  compared with  that  of  water. 
Its  Relative  volume,  which  is  the  space  occupied  by  a -given  weight 

or  volume  of  steam,  compared  with  the  weight  or  volume  of  the  water that  produced  it. 
Steam  in  contact  with  water  is  at  its  maximum  density. 
Each  augmentation  of  1  degree  of  Fahrenheit  in  the  temperature 

of  steam  will  produce  an  increase  of  .00202  of  the  volume  occupied  bv 
the  fluid  at  the  temperature  of  32°. 
Under  the  pressure  of  the  atmosphere  alone,  the  temperature  of 

water  can  not  be  raised  above  its  boiling  point. 
The  Expansive  force  of  the  steam  of  all  fluids  is  the  same  at  their boiling  point. 
A  cubic  inch  of  water,  evaporated  under  the  ordinary  atmospheric 

pressure,  is  converted  into  1700*  cubic  inches  of  steam,  or,  in  a  unit of  measure,  very  nearly  1  cubic  foot,  and  it  exerts  a  mechanical  force 
equal  to  the  raising  of  2120.14  lbs.  1  foot  high. 

27.2222  cubic  feet  of  steam  at  the  pressure  of  the  atmosphere  weigh 1  lb.  avoirdupois. 
A  pressure  of  1  lb.  upon  a  square  inch  will  support  a  column  of 

mercury  at  a  temperature  of  60°  2.037G  inches  in  height;  hence  it will  raise  a  mercurial  siphon  gauge  one  half  of  this,  or  1.0188  inches. 
A  column  of  mercury  1  inch  in  height  will  counterbalance  a  press- ure of  .400774  lbs.  upon  a  square  inch. 
The  Velocity  of  steam,  when  flowing  into  a  vacuum,  is  about  1550 

feet  per  second  when  at  an  expansive  power  equal  to  the  atmosphere, when  at  10  atmospheres  the  velocity  is  increased  to  but  1780  feet; and  when  flowing  into  the  air  under  a  similar  pressure  it  is  about  G50 
feet  per  second,  increasing  to  1G00  feet  for  a  pressure  of  20  atmos- pheres. 

The  Boiling  Points  of  Water,' corresponding  to  d  i  If  ere  nt  heights  of  the barometer,  is  given  under  Heat,  page  530. 
The  elasticity  of  the  vapor  of  alcohol,  at  all  temperatures,  is  about  2  125 times  that  of  steam. 
Thus,  the  volume  of  a  cubic  foot  of  water  evaporated  into  steam  is  1700 cubic  foot;  hence  1  -  1700  =  .00058823,  which  represents  the  density  or specific  gravity  of  steam  at  the  pressure  of  the  atmosphere. 

*  Pole's  Formula  makes  it  1T12. 3  C 
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The  Specific  Gravity  of  steam,  compared  with  air,  is  as  the  weight  of  a 
cubic  foot  of  it  compared  with  an  equal  volume  of  air.  Thus  the  weight 
of  a  cubic  foot  of  steam  at  the  pressure  of  the  atmosphere  is  257.353  grains, 
and  the  weight  of  a  like  quantity  of  air  at  34°  is  527.04  grains.  Hence 
257.353  -f-  527.04  =  .4883,  the  specific  gravity  of  steam  compared  with  air and  with  water  it  is  .00058823. 

The  volumes  here  given  are  from  the  results  of  experiments,  and  accord 
very  nearl}-  with  the  results  deduced  by  the  formulas  of  Pambour,  and also  with  that  of  Pole  and  Tate,  which  is, 

m  +  n  P«  =  V.    m  =  12.5,  n  —  20570,  and  a  =  —  .9301. 
In  the  following  table  and  calculations,  the  unit  of  measure  is  1700 cubic  inches. 

Elastic   Force,  Temperature,  "Volume,  and.  Density of  Steam. 

From  a  Temperature  o/32°  to  387.3°,  and  from  a  Pressure  of  .2  to  408 Inches  of  Mercury. 

Temper- ature. 
•  Elastic  Force  per 

Square  Inch. Volume, Density. Temper- ature. 
Elastic  Force 

per  Square  Inch. Volum o  ume. 
ensi  y. 

In  Mer- cury. 
In 

Pounds. In  Mer- 
cury. 

1  ̂ n 

Pounds. 
Deg Ins. Lbs. Cub  Ft Deg. 

Ins. 
Lbs. Cub.  Ft. 

32 ' 

.098 187407 .0000053 214.5 31.62 15.5 1618 OOOA 1 7 
c5 10S 170267 .0000058 216.3 32. 64 16. 1573 OOOAQK .UUUOOO 
40 1  OQ 144529 .0000069 218. 33.66 16.5 1530 OOOfi^Q .UUUOQD 
45 .316 121483 .00!  10082 219.6 34.68 

17. 
1488 O00A79 

50 .375 1  Q  1 103350 .0000096 221.2 35.7 17.5 
1440 

OOOfiQd. 
55 .443 01  7 8S388 .0000113 222.7 36.72 18. 1411 000708 
CO .524 

.257 
75421 .0000132 224.2 37.74 IS. 5 

1377 00079A 
65 .616 

,302 
64762 .0000154 225.6 38.76 

19. 
1343 0007ztzt 

.  UUU  I  4-* 70 .721 
.353 

55862 .0000179 227.1 39.78 
19.5 1312 0007A9 •  UUUtOja 75 .851 

.417 
47771 000090Q 228.5 40.8 

20. 
19S1 

00078 
80 1. 

.49 

41031 .0000244 22;  1.9 41.82 20.5 

1"53 

0007QS 
85 1.17 573 35393 231.2 42  84 

21 1295 
OOOQ1 .UUUol 

90 1.36 

'666 

30425 0000390 232.5 43.'S6 21.5 1199 OOOQQJ 
95 1.58 

.774 
26686 .0000375 233.8 44.38 22. 1174 .000S51 

100 1.86 
.911 

22373 .0000437 2,5.1 45.9 
22.5 

1150 .O00S69 103 2.04 
1. 

20958 .0000477 236.3 46.!i2 23. 1127 .000885 105 2.18 
1.06S 

19693 .00005 237.5 
46.94 23.5 

1105 .000!!04 
110 2.53 

1  24 
16667 .00  :059 238.7 48.96 24. 1134 .000922 

115 2.93 1  431 14942 .000066 239.9 
49.98 24.5 1064 .0:  0939 

120 3.33 
1.632 

13215 .000  >75 241. 51. 25. 
1044 .000957 

125 3.79 1.857 
11723 .000085 243.3 

53  04 26. 1007 

.00091-3 130 4.34 2  129 
10328 .000096 245.5 

55.08 27. 
973 .001027 

135 
5. 

2.45 
9036 .00011 247.6 57  12 28. 941 

.001062 
140 5.74 2.813 

7933 .000125 249.6 
59.16 

29. 911 
.001097 

145 6.53 
3.1 7040 .000142 251.6 

61.2 30. 
8S3 .001132 

150 7.42 
3.636 

6243 .00016 253.6 63.24 31. 857 .001106 
155 8.4 

4.116 5559 .000179 255.5 65.2$ 32. 833 
.0012 100 9.46 4  635 4976 .0002 257.3 67.32 

33. 

S10 .0(11234 
105 10.68 

5.23 
4443 .000225 259.1 69.36 34. 

788 
.0012439 

170 12.13 5.94 3943 .000253 260.9 71.4 35. 767 .001304 
115 13.62 6  67 3538 .0H02S2 

262.6 73.44 36. 
748 .001337 

ISO 15.15 
7.42 

3208 .000311 
264.3 75.48 37. 

729 .001371 185 17 8.33 2379 .000347 265.9 77.52 
38. 

712 
.001404 

11)0 19. 
9.31 

2595 .000385 £67.5 79.56 39. 

695 
.001438 

195 21.22 10.4 2342 ;0O0426 260.1 81.6 40. 
679 

.001472 200 23.64 11.58 2118 .000-172 2  0.6 83.64 41. 
664 .001506 

205 26.13 12.8 1932 .000517 272.  1 85.68 42. 649 .00154 
210 28.84 14.13 176:; .000567 27i!.  6 sr.  72 

43. 
635 .001574 211 29.41 14.41 1730 .000578 275. 80.76 44. 
622 .001007 212 30. 14.7 1700 .000588 276.4 91.8 45. 610 

.001639 212.8 30.0 15. 1669 .0005  9 277.8 113.84 45. 59S .001672 
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Elastic  Force Elastic  Force 
Temper- per Square  Inch. Volume. Density. 

Temper- per Squa 
e Inch. \  olume. 

ensi  y. 

ature. In In ature. 
In 

In 
Mercury.  Pounds. Mercury. Pounds. 

Deg- Ins. Lbs. Cub.  Ft. Deg. 

314 
Ins. Lbs. Cub  Ft. 

279.2 95.SS 47. 586 Aft-t  7(\(* .VvLl uo 159.14 78 370 002703 
2S0.5 07.92 4S. OiD 001739 314.9 161. 18 79. 366 .002732 
2S19 99.96 49. 564 001773 315.8 163.22 SO 362 

.002762 
283.2 102. 50. 554 AA-I  QAK •UU loUO 316.7 165.26 SI 35S .002793 
2S4.4 104.04 51. 001 S38 317.6 167.3 82. 354 .002S24 
2S5.7 106.03 52. 

OO-l 001ST'2 
31S.4 169.34 83 

350 009 Q9Q 286. 9 103.12 53. 5^5 001  qoj. 319.3 171.38 S4 
346 .00289 

288. 1 110.16 54. 516 320.1 173.42 
85. 

342 
.002923 

289.3 112.2 55. 503 324.3 1S3.62 90. 
325 

.003076 
290.5 114.24 56. 500 .002 32S.2 193.82 95. 

310 .003225 
291.7 116.28 57. 492 00^032 332. 203.99 

100. 292 
.0033S9 

292.9 118.32 53. AQA 335. 8 214.19 105 
282 

.0035-10 120.36 53. A77 O090QA 339. 2 224  39 110. 
271 

.00369 
295  6 122.4 60. 470 0021^7 342.7 234.59 115. 259 .003861 
236  9 124.44 61. 463 002 1 59 345.  S 244.79 120. 

251 

.003984 
208  1 126.48 62. 002192 349.1 954  QQ 125 

240 
.0u4106 

299  2 128.52 63. A  Ad 352.1 205.19 130. 
233 

.004291 
300  3 130.56 64. 

AA<\ 002257 355. 275  39 135 
224 

.004464 
301.3 132.6 65. A^.7 357  9 2^5  59 140 

218 
.004587 

134.64 66. 
■±.>1 

00232 360  6 295  79 145 210 .004761 
303  4 136.63 67. 425 363  4 306 

150 
205 

.004S79 
133.72 63. 419 00^386 QAA ODO. olU.  1,' 

155 1  OQ l.'o 00505 
305  4 140.76 69. 00^415 363  7 3^0  39 160 193 0051 8 1 
303  4 142.8 70. 403 .002451 Of  1.1 336.59 

165.' 

1C7 lO  i .\JUOO'±  t 307.4 144.84 71. 403 .0024S1 373.6 346.79 
170. 183 .005464 

308.4 146.8S 72. 398 .002512 376. 357. 175. 
178 

.005617 
309.3 148.92 73. 393 .002544 378.4 

367.2 ISO. 174 .005747 
310.3 150.96 74. 388 .002577 330.6 377.1 185. 169 .005919 311.2 153.02 75. 383 .00261 3S2.9 387.6 190. 166 .006024 312.2 155.06 76. 379 .002633 334.1 397.8 1:5. 

161 

.006211 313.1 157.1 77. 374 .002673 387.3 408. 200. 158 .006329 
The  Temperatures  of  steam,  as  deduced  from  the  experiments  of  the  Comm.  of 

the  Franklin  Institute,  range  somewhat  different  from  those  given  in  the  above  table. 
Thus,  at  the  pressure  of  the  atmosphere,  the  temperatures  are  alike,  viz.,  212° ;  but 

at  6.4  atmospheres  =  192  inches  of  mercury,  they  are  320°  and  327.5°. 
To  Compute  the  Pressure  of  Steam. 

When  the  Height  of  the  Column  of  Mercury  it  will  Support  is  given. 
Rul'e. — Divide  the  height  of  the  column  of  mercury  in  inches  by  2.037G, and  the  quotient  will  give  the  pressure  per  square  inch  in  pounds. 
Example.— The  height  of  a  column  of  mercury  is  203.76  inches;  what  pressure per  square  inch  will  it  contain  ? 

203.76-^-2.0370  =  100  lbs. 
To  Compute  the  Temperature  of  Steam. 

Rijlk. — Multiply  the  6th  root  of  its  force  in  inches  of  mercmy  by  177, 
and  subtract  100  from  the  product,  the  remainder  will  give  the  tempera- 

ture in  degrees. 
Example.— When  the  elastic  force  of  steam  is  equal  to  a  pressure  of  49  inches  of mercury,  Avhat  is  its  temperature  ? 
Note.— To  extract  the  6th  root  of  a  number,  ascertain  the  cub3  root  of  its  square root. 

V  of  49  =  7,  and  v/of7  =  1.9129.    Hence  1.9129x177  — 100  =  23S°.58. 
To   Compute  the  Pressure   of  Steam   iix   Inches  of Mercury. 
When  the  Temperature  is  given.  Rule. — Add  100  to  the  temperature, 

divide  the  sum  by  177,  and  the  Gth  power  of  the  quotient  will  give  the 
pressure  in  inches  of  mercury. 
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Example.— The  temperature  of  steam  is  132°  ;  what  is  its  pressure  9 100  +  312  n 
— ~ —  =  2.32T7,  and  2.3277s  =  15D  ins* 

Note — To  involve  the  Gth  power  of  a  number,  square  its  cube. 

To  Compute  tlie    Specific  Gravity  of  Steam  comparc-J vvitli  .A^ir. 

Rulk.— Divide  the  constant  number  830.11  (1700x.4883)  by  the  volume of  the  steam  at  the  temperature  of  pressure  at  which  the  gravity  is  re- quired. 
Example.— The  pressure  of  steam  u  GO  lbs.,  and  the  volume  of  it  is  470;  what  is its  specific  gravity? 

830. 11 -f-  470  — 1.766. 
Note — The  specific  gravity  of  steam  compared  with  water  =  .00058323. 

To  Compute  the  Volume  a,  Cuoic  Foot  of  Water  occupies in  Steam. 

When  the  Elastic  Force  and  Temperature  of  the  Steam  are  given. Rulk.— To  459  add  the  temperature  in  degrees,  and  multiply  the  sum  by 76.5  ;  divide  the  product  by  the  elastic  force  of  the  steam  in  inches  of  mer. 
cury,  and  the  quotient  will  give  the  volume  required. 
Note.— When  the  force  in  inches  of  mercury  is  not  given,  multiply  the  pressure in  pounds  per  square  inch  by  2.0376. 

1-|-  .00202  X  U  -  32)  oooo °r'   ~   18329  =  volume ;  p  representing  the  pressure  of  the 
steam  per  square  inch,  and  t  the  temperature. 

This  formula  is  based  upon  the  discovery  of  Gay-Lussac,  viz.,  that  if  the  tempera ture  of  a  given  weight  of  any  elastic  fluid  be  made  to  vary,  its  tension  being  the same,  it  will  receive  augmentation  of  volume  exactly  proportional  to  the  augmenta- tion of  temperature,  and  for  every  increase  of  1°,  will  be  produced  an  increase  of .00202  of  the  volume  occupied  by  the  fluid  at  a  temperature  of  32°. 
Example  —The  temperature  of  a  cubic  foot  of  water  evaporated  into  steam  is  370°, and  the  elastic  force  is  Ii57  inches;  what  is  its  volume? 

453 -f  37G  X  76.5     63877.5  H  — — — =178.93  cubic  feet. 

To  Compute  tlie  Density  or  Speciiic  Gravity  of  Steam under  different  ^Pressures. 

When  the  Volume  is  given.    Rule.— Divide  1  by  the  volume  in  cubic 
feet,  and  the  quotient  will  give  the  density  required. 
Example.— The  volume  is  210  ;  what  is  the  density? 1-f- 210  =  .004761; 

When  the  Pressure  is  given.—  Take  the  temperature  due  to  the  press- 
ure, and  proceed  as  by  the  foregoing  rule  to  compute  the  volume,  which, when  obtained,  proceeds  as  above. 

To  Compute  tlie  Volume  of  Water  contained  in  n  given Volume  of  Steam. 

When  its  Density  is  given.    Rulk.— Multiply  the  volume  of\he  steam 
by  its  density,  and  the  product  will  give  the  volume  of  the  water  in  cubic feet. 
Hence,  To  Compute  the  weight  of  thz  water  in  pounds,  Multiply  the  product  by 62.5. 
Example.— The  density  of  a  vobime  of  17000  cubic  feet  of  steam  is  .0011765;  what is  the  weight  of  it  in  pounds? 

17000  X  .0011765=:  20  —  volume  of  water,  and  20  X  62.5=1250  pounds. 
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To  Compute  tlie  Volume  of  Steam  required,  to  raise  a 
Crimen  Volume  of  Water  to  any  Griveii  Temperature. 
Rule, — Multiply  the  water  to  be  heated  by  the  difference  of  tempera- 

tures between  it  and  that  to  which  it  is  to  be  raised,  for  a  dividend ;  then 
to  the  temperature  of  the  steam  add  966°. 6,  and  from  that  sum  take  the 
required  temperature  of  the  water  for  a  divisor  ;  the  quotient  will  give  the volume  of  steam  in  the  same  terms  as  the  water. 
Example — What  volume  of  steam  at  212°  will  rai&e  100  cubic  feet  of  water  at SO0  to  212°  ? 

100x212°  — 8U°        13200  '„„ )0  .   77X5  =  nor  ,.  — 13.C0  cubic  feet  of  water  formed  into  steam,  oc- 212°  +  Ubb  .b —  212°     1)00.0  ^  t 
cupying  (13.GGX1T00)  232  22  cubic  feet. 

To  Compute  tlie  "Velocity  with  which  Steam  Flows  into a  Vacuum. 

Rule. — To  the  temperature  of  the  steam  add  the  constant  459,  and 
multiply  the  square  root  of  the  sum  by  60.2;  the  quotient  will  give  the 
velocity  in  feet  per  second. 
To  Compute  tlie  Number  of  Cubic  Indies  of  Water,  at 
any  Cfiven  Temperature,  that  must  "be  mixed,  with,  a Cubic  Foot*  of  Steam  to  raise  or  reduce  the  jVEixture  to 
any  Required  Temperature. 

Rolk. — From  the  required  temperature  subtract  the  temperature  of  the water ;  then  ascertain  how  often  the  remainder  is  contained  in  the  re- 
quired temperature  subtracted  from  1178°.G,  and  the  quotient  will  give  the quantity  required. 

The  sum  of  the  Sensible  and  Latent  Heats  for  several  temperatures  will  be  found under  Heat,  p.  524. 
Example.  — The  temperature  of  the  condensing  water  of  an  engine  is  S0°,  and 

the  required  temperature  100° ;  what  i3  the  proportion  of  condensing  water  to  that evaporated  ? 

100-  SO  -20.    Then,  117S^~ 100  =  53.93  cubic  inches  to  1. 
Or,  let  w  represent  temperature  of  condensing  water,  t  the  required  temperature^ and  S  the  sum  of  sensible  and  latent  heats. S  I 
Then  —  volume. I  —w 

When  the  Temperature  of  the  Steam  is  given. 
l  +  T-t 
t_w  ~  volume  ;  I  representing  the  latent  heat,  and  T  the  temperature  of  the steam  in  the  cylinder. 

Example.— The  temperature  of  the  steam  in  a  cylinder  is  230°,  and  the  other  ele- 
ments the  same  as  in  the  preceding  example ;  required  the  volumes  of  injection  water. 

Sum  of  sensible  and  latent  heat  of  steam  at  230°  =  1182.2. 
1182.2—230-f-230  —  100     10S2.2     tfA  „ 

loo^su  =  ~w  =  54- 11  volumes- 
To  Compute  tlie  Temperature  of  Water  in  the  Condenser 

or  Trteservoir  of  a  Steam-engine. 
l+T+Txw  .  ... 

 y_|_l  =  t ;  V  representing  volume  of  injection  water. Example — The  elements  the  same  as  in  the  preceding  example. 
052°.  2 +  230 +  54.1  IX  SO  _  5511 

54.H+1        ~5b.n~  • 
*  The  exact  volume  is  assumed  to  be  1700  cubic  ins.  Hence,  when  accuracy  is required,  the  result,  as  determined  by  the  rule,  must  be  X172S,  and  -hl700. 

3C* 
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Elastic  Force  and  Temperatures  of  tlie  Yapors  of  AA~ 
coliol,  Snlplinric  Etlier,  Sulphuret  of  Carbon,  3?etro« 
letim,  and.  Turpentine. 

Force  in Force  in Force  in Force  in 
Temp. Inches  of Temp. Indies  of 

Temp. 
Inches  of 

Temp. Inches  of 
Mercury. Mercury. Mercury. Mercury. 

Alcohol. 

\16° 

30. 

94° 

24.70 

279.5° 

300. 

32° 

.4 
18) 34.73 96) 

30. 
347. 606. 

50 .86 200 53. 

104/ 

60 1  23 212 67  5 120 
39.47 Petroleum. 

70 1.T6 220 78.5 
150 

67.6 

316° 

30. 

SO 2.45 240 111.24 
212 

178. 345 44.1 
90 3.4 264 168.1 Sulphuret  of 375 

64. 

100 4.5 (  !arho\. 
120 8.1 .Ltiiee. 

53.5° 

7.4 Oil  of  Turpentine. 
130 10.6 

w 
6.2 72.5 12.55 

304° 

30. 140 13.9 15.3 110. GO. 
349 47.78 160 22.6 

74 
16.2 212. 126. 

362 62.4 

Loss  of  Pressure  of  Steam  in  an  Engine  by  Imperfect  Condensation. 
Temp. 

60° 
80° 

Square  Inch. 
Temp. 

Square  Inch. 

]  Temp. 
Square  Inch. Lbs. Lbs. Lbs. 

.26 

100° 

.93 

140° 

2. 83 
.5 

120° 

1.65 

Velocity  of  Flow  of  Steam  into  the  A  tmospkere  per  Second. 
Pressure  above 
Atmosphere. Velocity. Pressure  above 

Atmosphere. 
Velocity. Pressure  above 

Atmosphere. 
Velocity 

Feet. Lbs. Feet. Lbs. Feet. 482 10 1241 

50 

1791 791 20 
1504 

70 1S77 973 30 1643 100 1957 

Lbs. 
1 
3 
5 

Mechanical  Equivalent  of  Heat  contained  in  Steam. 

1  lb.  water  heated  from  32°  to  212°,  requires  as  much  heat  as 
would  raise  180  lbs.  1°.  Hence  

1  lb.  water  at  212°,  converted  into  steam  at  212°  (14.7  lbs.),  ab- sorbs as  much  heat  for  its  conversion  as  would  raise  966.0  lbs. 
water  1°.  Hence  

180 

This  number,  1146.6,  is  a  constant,  and  expresses  the  units  of  heat  in 
1  1  ).  of  steam  from  32°  up  to  the  temperature  at  which  the  conversion takes  place. 

Tims,  1  lb.  water  heated  from  32°  to  332°,  requires  as  much  heat 
as  would  raise  300  lbs.  1°.    Hence   300° 

And  1  lb.  water  at  332°,  converted  into  steam  at. 882?  (100  lbs. \ absorbs  as  much  heat  for  its  conversion  as  would  raise  846.6 
lbs.  water  1°.    Hence   846°. G 

1140°. 6 
(  The  Mechanical  Equivalent,  or  maximum  theoretical  duty  of  this  quan- 

tity of  boat,  as  contained  in  1  lb.  of  steam,  is  772  lbs.Xll46.6  units  of  heat 
885175.2  lbs.  raised  lfoot  higl. 
The  amount  of  duly  realized  in  the  production  and  use  of  l  ib.  of  steam 

falls  far  short  of  t  his  theoretical  computation. 
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MIXTI'EK  OF  AIR,  AND  STEAM. 
Water  contains  a  portion  of  air  or  other  uncoa demisable  gaseous  matter,  and  when  it 

is  converted  into  steam,  this  air  is  mixed  with  it,  and  when  the  steam  is  condensed 
it  is  left  in  a  gaseous  state.  If  means  were  not  taken  to  remove  this  air  or  gaseous 
matter  from  the  condenser  of  a  steam-engine,  it  would  fill  it  and  the  cylinder,  and 
obstruct  their  operation;  but,  notwithstanding  the  ordinary  means  of  removing  it 
(by  the  air-pump),  a  certain  quantity  of  it  always  remains  in  the  condenser. 20  volumes  of  water  absorb  1  volume  of  air. 

STEAM  ACTING  EXPANSIVELY. 
To  CompntQ  tlie  mean  Pressxire  of  Steam  upon  a  ZPiston 

"by  Hyperbolic  Logarithms. 
Bulk. — Divide  the  length  of  the  stroke  of  a  piston,  added  to  the  clear- 

ance in  the  cylinder  at  one  end,  by  the  length  of  the  stroke  at  which  the 
steam  is  cut  off,  added  to  the  clearance  at  that  end,  and  the  quotient  will 
express  the  relative  expansion  of  the  steam  or  number. 

Find  in  the  table  the  logarithm  of  the  number  nearest  to  that  of  the 
quotient,  to  which  add  1.    The  sum  is  the  ratio  of  the  gain. 

Multiply  the  ratio  thus  obtained  by  the  pressure  of  the  steam  (including 
the  atmosphere)  as  it  enters  the  cylinder,  divide  the  product  by  the  relative 
expansion,  and  the  quotient  will  give  the  mean  pressure  required. 

Ta"ble  of*  Hyperbolic  Liogarithms. No.  j Log. No.  | Log. No. Log.  1 No. 
Log. 

No. 

Log. 

1.05  ! .049 2.65 .975 4.25 1.447 5.8 1.758 7.4 2.001 
1.1 .095 2.66 .978 4.3 1.459 5.85 1.766 7.45 

2.008 
1.15 .14 2.7 .993 4.33 1.465 5.9 1.775 

7.5 
2.015 

1.2 .182 2.75 1.012 4.35 1.47 5.95 1.783 7.55 2.022 
1.25 .223 2.8 1.03 4.4 1.482 

6. 
1.792 7.6 2.028 

1.3 .262 2.85 1.047 4.45 1.493 6.05 

1.8 
7.65 2.035 

1.33 .285 2.9 1.065 4.5 
1.504 6.1 1.808 7.66 2.036 

1.35 .3 2.95 1.082 4.55 1.515 6.15 1 .816 7.7 
2.041 

1.4 .333 
3. 1.099 

4.6 
1.526 6.2 1.824 7 .75 2.048 

1.45 .372 3.05 1.115 4.65 1.537 0.25 1.833 7.8 2.054 
1.5 .405 3.1 1.131 4.06 1.54 

6.3 1.841 7.85 2.061 
1.55 ,  .438 3.15 1.147 4.7 

1.548 0.33 
1.845 7.9 

2.067 
1.6 .47 3.2 1.163 4.75 1.558 6.35 1.848 7.95 2.073 
1.65 .5 3.25 1.179 

4.8 
1.569 6.4 1.856 

8. 2.079 
1.66 .506 3.3 1.194 4.85 1.579 6.45 1.804 8.05 2.086 
1.7 .531 3.33 1.202 4.9 1.589 

6.5 1.872 8.1 2.092 
1.75 .56 3.35 1.209 4.95 1.599 

6.55 1.879 8.15 
2.098 

1.8 .588 3.4 1.224 1.609 
6.6 

1.887 
8.2 

2.104 
1.85 .612 3.45 1.238 

I'm 

J. 619 0.05 
1.895 8.25 2.11 

1.9 .642 3.5 1.253 5.1 1.029 
1  .639 0.00 

1.896  - 
8.3 

2.116 
1.95 .668 3.55 1.267 5.15 

6.7 
1.902 8.33 2.119 

2. .693 3.6 1.281 5.2 1.049 0.75 1.91 
8.35 2.122 

2.05 .718 3.65 1.295 5.25 1.658 0.8 1  .917 8.4 
2.128 

2.1 .742 3.66 1.297 
5.3 

1.668 6.85 1.924 
8.45 2.134 

2.15 .765 3.7 1.308 5.33 1.073 
0.9 1.931 

8.5 
2.14 

2.2 .788 3.75 1.322 5.35 1.077 
0.95 

1.939 8.55 2.146 
2.25 .811 3.8 1.335 5.4 1.080 

7 . 
1.946 8.0 

2.152 
2.3 .833 3.85 1.348 5.45 1.090 7.05 

1.953 8.05 
2.158 

2.33 .845 3.9 1.361 5.5 
1.705 

7.1 
1.96 8.06 

2.159 
2.35 .854 3.95 1.374 5.55 1.714 

7.15 

1.967 8.7 2.103 
2.4 .875 4. 1.386 

5.6 
1.723 

7.2 

1.974 

8.75 
2.169 

2.45 .896 4.05 1 .399 5.65 
1.732 

7.25 

1.981 

8.8 

2.175 
2.5 .916 4.1 1.411 5.66 

1.733 

7.3 

1.988 8.85 2.18 
2.55 .936 4.15 1.423 

5.7^ 

1.74 
7.33 

1.991 
8.9 2.186 2.6 i  .956 

1  4.2 
1  1.435 5.75 

1.749 
7. 35 

1.995 8.95 2.192 
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Note.— The  Hyp.  Log.  of  any  number  not  in  the  table  may  be  found  by  multinly, 
ing  a  common  log.  by  2.802585053,  usually  by  2.3.  "uiujuj 
Example.— Assume  steam  to  enter  a  cylinder  at  a  pressure  of  34.7  lbs  per  square inch,  and  to  be  cut  off  at  %  the  length  of  the  stroke  of  the  piston,  the  stroke  b»in<* 10  feet ;  what  will  be  the  mean  pressure  ? 
10  feet  -f  .5  for  clearance  =  120.5  ins.,  stroke  10  4-  4  +  .5  for  clearance  =  30  5  ins Then  120.5-^-30.5  =  3.95,  the  relative  expansion. 
Log.  of  number  3.95  =  1.314,  which  -j-  1  =  2.3T4. 

2.3T4  X  34.7  82.3778 

When  the  Relative  Expansion  or  Number  falls  between  two  Numbers  in the  Table,  Proceed  as  follows.  Take  the  difference  between  the  logs  of 
the  two  numbers.  Then,  as  the  difference  between  the  numbers  is  to'the difference  between  these  logs.,  so  is  the  excess  of  the  expansion  over  the least  number,  which,  added  to  the  least  log.,  will  give  the  log.  required. Illustration — The  expansion  is  4.81,  the  logs,  for  4.8  and  4.S5  are  1.5G9  and 1.5 < 9,  and  their  difference  .01.  Hence,  as  4.S5  co  4.S :  .05  :  1  579  co  1  569  =  01  •  • 
4. 84  —  4.8  =  .04  :  .008,  and  1.5G9  -j-  .00S=1.577  =  the  log.  required. 

Effect  of  Expansion  with  Equal  Volumes  of  Steam. 
The  theoretical  economy  of  using  steam  expansively  is  as  follows.    A  like  volum& of  steam  being  expended  in  each  case,  and  expanded  to  fill  the  increased  spaces. Point 

of  Cutting Off. 
Expansion Number. 

Mean Pressure 
of  Steam. 

Gain 
per  Cent, in  Power. 

Point of  Cutting 
Off. 

Expansion Number. Mean Pressure 
of  Steam. 

Gain 

per  Cent, 
in  Power. 

•  ,1 10. 3.302 230. 

.5 
2. 1.693 69.3 .125 

8. 
3.079 208. .6 1.66 1.507 50.7 .166 

6. 
2.791 179. .625 1.6 1.47 47. 

.2 5. 
2.609 161. .666 

1.5 
1.405 40.5 .25 4. 2.386 139. .7 1.42 
1.351 

35.1 
.3 3.33 2.203 120. 

.75 
1.33 1.285 

22.3 

.333 
3. 2.099 110. 

.8 
1.25 1.223 20.5 

.375 2.66 1.978 97.8 .875 1.143 1.131 13.1 

.4 2.5 1.916 91.6 

.9 

1.11 1.104 10.4 

In  this  illustration,  no  deductions  are  made  for  a  reduction  of  the  tem- 
perature of  the  steam  while  expanding  or  for  loss  by  back  pressure.  * The  same  relative  advantage  follows  in  expansion  as  above  given, whatever  may  be  the  initial  pressure  of  the  steam. 

Gain  in  Fuel,  and  Initial  Pressure  of  Steam  required,  when  A  ding  Ex- pansively, compared  with  Non-Expansion  or  Full  Stroke. 
Point 

of  Cutting Off. 
Gain in  Fuel. 

Initial  Pressure 
required. Point 

of  Cutting 
Off. 

Gain 
in  Fuel. 

Initial  Pressure 
required. Cutting 

Off. Full Stroke. 

Cutting 
Off. 

Full 
Stroke. 

Stroke. Per  Cent. 
Lbs. Lbs. Stroke. Per  Cent. Lbs. 

Lbs. 
% 11.7 1.01 

1. 
% 49.6 

1.32 1. 

% 22.4 1.03 1. 
k 58.2 

1.67 
1. 

% 32. 1.09 1. 67.6 2.6 1. 

XA 

41. 1.18 1. 
The  Relative  Effect  of  Steam  during  Expansion  is  obtained  from  the 

preceding  rule. 
The  Mechanical  Effect  of  Steam  in- a  cylinder  is  the  product  of  the  mean 

pressure  in  lbs.,  and'  the  distance  through  which  it  has  passed  in  feet. 
The  Pressure  at  the  End  of  a  Stroke,  or  at  any  Given  Point  of  the  Stroke, 

is  obtained  by  dividing  the  initial  pressure  by  the  portion  of  the  stroke performed  when  the  steam  is  cut  off. 
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The  Per  Cent,  of  Gain  by  Expansion  is  obtained  by  multiplying  the 
relative  expansion  by  100. 

The  Back  Pressure  is  the  force  of  the  uncondensed  steam  in  a  cylinder, 
consequent  upon  the  impracticability  of  obtaining  a  perfect  vacuum,  and 
is  opposed  to  the  course  of  a  piston.  It  varies  from  3  to  5  lbs.  per  square inch. 
Iltxstkations.  The  initial  pressure  of  steam  admitted  to  a  cylinder  having  a 

stroke  of  9  feet,  is  50  Ids.  per  square  inch,  cut  off  at  }4  the  stroke,  the  back  pressure 
being  2  lbs. ;  what  is  the  relative  effect  of  the  steam,  its  mechanical  effect,  its  mean 
pressure  upon  the  piston  at  the  end  of  the  stroke,  at  %  of  the  stroke,  and  the  gain 
per  cent.  ? 

The  back  pressure  is  assumed  at  2  lbs. 
(Hyp.  log.  9-^3)  +  1  =  2.099  relative  effect. 
q       x  50-^-3  —  2=30.73  lbs.,  and  9  X  30.78  =  277.02  lbs.  mechanical  effect. 
50-^-3  -2  =  14.66  lbs.  at  the  end  of  Vie  stroke,  50 -=-2  —  2  =  23  lbs.  at  %  the  stroke. 
1.099  X  100  =  109.9  per  cent. 
There  is  an  economy  in  the  use  of  super-heated  steam  when  commixed 

with  steam  of  about  10  per  cent. 
When  the  pressure  of  steam  flowing  full  strolce  is  given.  Its  initial  press- 

ure can  be  ascertained  by  multiplying  the  unit  in  the  last  column  of  the 
preceding  table  by  the  pressure  of  the  steam. 

The  Results  there  given  are  theoretical.  In  practice,  from  the  resistance 
to  expansion  of  the  back  pressure  in  a  cylinder,  from  the  loss  of  tempera- 

ture by  cooling  and  from  the  friction  of  the  passages,  these  results  are 
materially  reduced. 

Grain,  in.  Fuel. 
When  steam  is  cut  off  before  the  termination  of  the  stroke  of  a  piston, 

—  ure  effected  by  it,  for  the  portion  at  which  it  flowed  for  full  stroke, 
is  represented  by  1,  and  the  pressure  exerted  afterward  by  the  result  due 
to  the  relative  expansion,  and  the  total  pressure  or  work  effected  is  rep- 

resented by  the  sum  of  these  units. 
Upon  the  other  hand,  if  the  steam  had  flowed  for  the  full  stroke  of  the  piston,  the 

pressure  or  work  effected  would  have  been  1  added  to  the  proportionate  distance  for 
which  the  steam  was  expended  in  the  case  of  expansion. 

ILLU8TBATION. —  What  are  the  relative  pressures  or  work  effected  in  steam  cut  off 
at  %  and  %  stroke,  and  what  at  full  stroke? 

(Jut  off  at  %,  by  rule  and  table  =  1.093.  Then  1  +  1  =  2,  and  2  and  1.693  the relative  effects. 
Cut  off  at  %,  by  rule  and  table  =  1.2S5.  Then  1  +  .33  =  1.03,  and  1.33  and  1.2S5 the  relative  etfects. 
At  full  stroke  l-f-.33  (the  proportionate  distance  of  }i  in  %)=  1.33,  the  relative effect. 

To  Compute  tlie  Grain,  in  Fuel. 
Rule. — Divide  the  relative  effect  of  the  steam  by  the  number  of  times 

the  steam  is  expanded,  and  divide  1  by  the  quotient;  the  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  the  number  of  times  the  steam  is  expanded, 
and  subtract  the  quotient  from  1,  the  remainder  will  give  the  gain  per  cent, in  fuel. 

Example. — When  steam  is  cut  off  at  yz  the  stroke  of  the  piston,  what  is  the  gain in  fuel ? 
Relative  effect  =  1.003,  number  of  times  of  expansion  =  2.    1.G93  -r-  2  =  .8iG5,  and 

1  -T-  .8405  =  1.1S  initial  pressure. 
1.18-H  2  =  .59,  and  1  — .59  =  41  per  cent. 
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STEAM-ENGINE. 
The  extremes  of  proportions  here  given  are  for  the  particular  require- 

ments of  variations  in  speed,  pressures,  and  differences  in  draughts  of 
water,  etc.,  in  the  varied  purposes  of  Marine,  River,  and  Land  practice. 

CONDENSING  ENGINE. 
For  a  Range  ofPressures  of  from  lO  to  GO  llos.  (HVTercixrial 

GJ-a,nge)  per  Square  Inch,  Cut  Off  at  One  Half  t  lie  Stroke, and.  for  from  1£5  to  GO  Revolutions  per  Minute. 
Piston  Rod.  Its  diameter  .1  that  of  the  cylinder  or  air-pump  for  which 

it  is  designed.  If  of  steel,  .8  the  diameter  of  wrought  iron  ;  and  if  an  air- 
pump  rod  is  of  copper  or  brass,  .11  and  .125  the  diameter  of  pump. 

Condenser  (Jet).  The  capacity  of  it  should  be  from  .35  to  .45  that  of 
the  steam  cylinder.  {Surface.)  The  area  of  its  condensing  surfaces 
should  be  .55  to  .65  of  that  of  the  evaporating  surface  of  the  boiler,  when 
a  natural  draught  is  employed  ;  but  with  a  blower,  or  forced  draught,  this proportion  should  be  increased  to  .6  and  .75. 
When  a  Circulating  pump  is  used,  the  area  may  he  reduced  to  .45  and  .5. 
Air-pump  (Single  acting  and  direct  connection).  The  capacity  of  it should  be  from  .1  to  .2  that  of  the  steam  cylinder. 
Foot  Valve.  The  dimensions  of  it  should  give  an  area  of  from  .25  to  .5 

of  the  area  of  the  air-pump  in  inches,  the  mean  being  .375  for  37^  revo- lutions. 
Deliver?/  Valve.  When  a  solid  piston  is  used  in  the  air-pump,  its  area 

should  correspond  with  that  of  the  foot  valve ;  but  when  an  open  piston alone  is  used,  this  proportion  may  not  be  obtained. 
Out-board  Deliver?/  Valve.  The  area  of  it  should  be  from  .5  to  .8  that of  the  foot  valve. 

ct  X  s  X  r 

Steam  and  Exhaust  Valves  (Puppet),  ̂  '  =  area  for  steam,  and «  X  s X  r  axs X  r 
~2CT000~  ̂   area  f0r  exhaust>  (Slide),  -  --.area  for  steam,  and a  X  s  X  r 

22  750_  =  area  f0r  ex^iaust-  a  representing  area  of  steam  cylinder  in 
sq.  ins.,  s  stroke  of  pistons  in  ins.,  and  r  number  of  revolutions  per  minute. 

Injection  ̂   Cocks.  There  should  be  two  to  each  condenser,  the  area  of 
each  sufficient  to  supply  70  times  the  quantity  of  water  evaporated  when 
the  engine  is  working  at  its  maximum ;  and  in  all  marine  and  river  en- 

gines, there  should  be  three,  viz.,  a  Bottom,  Side,  and  Bilge. 
The  Bilge  injection  is  properly  a  branch  of  the  bottom  injection  pipe, 

and  may  be  of  less  capacity. 
The  proportions  here  given  will  admit  of  a  sufficient  volume  of  water  when  the 

engine  is  in  operation  in  the  Gulf  Stream,  where  the  water  is  at  times  at  the  tem- 
perature of  84°,  and  the  volume  required  to  give  the  water  of  condensation  a  tem- 

perature of  100°  is  70  times  that  of  the  quantity  evaporated. 
Feed  Pump  (Single  acting,  Marine).  Its  volume  should  be  .007  to  .01 

that  of  the  steam  cylinder.  (River  and  Land),  or  when  fresh  water  alone 
is  used,  .0035  to  .004. 

NON-CONDENSING  ENGINE. 
For  a  Range  of  Pressures  of  from  50  to  1£>0  lbs.  (Mer- 
curia]  G-auge)  per  Square  Inch,  Cut  Off"  at  OneHalfthe ©trols:e9  and  for  :iO  to  lOO  devolutions  per  ivrinute. 
Piston  Rod.  Its  diameter  should  be  from  .125  to  .2  that  of  the  steam 

cylinder.    If  oi  steel,  .8  the  diameter  of  wrought  iron. 
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Steam  and  Exhaust  Valves  {Puppet).  Their  area  is  determined  by  the 
rule  given  for  them  in  a  condensing  engine,  using  for  divisors  30  000  and 
22  750. 
A  decrease  in  the  capacity  of  the  cylinder  is  not  attended  with  a  proportionate  de- 

crease of  their  area.  A  12-inch  cylinder  hy  4  feet  stroke  has  9  ins.  area  of  valve, 
which  is  1  inch  in  every  600  ins.  capacity ;  and  a  6-inch  cylinder  hy  1  foot  stroke 
has  2  ins.  area,  which  is  1  inch  in  every  125  ins.  capacity. 

Feed  Pump  {Single  aeting,  Marine).  Its  volume  should  be  from  .025 
to  .033  that  of  the  steam  cylinder.  {River  or  Land),  or  where  fresh  water alone  is  used  .0133  to  .014. 

GENERAL  RULES. 
Engines. 

Steam  Cylinder,  Thickness.— {Vertical.)  Multiply  its  diameter  by  the 
extreme  pressure  of  steam  in  pounds  per  square  inch  that  it  may  be  sub- 

jected to,  and  divide  the  product  by  2400 ;  the  result  will  give  the  thick- 
ness in  inches.  {Horizontal),  divide  by  2000.  {Inclined),  divide  as  above, 

in  a  ratio  inversely  as  the  sine  of  the  angle  of  inclination. 
Shafts,  Gudgeons,  etc. —  To  resist  torsion.  See  Eules  for  Torsional 

strength,  pp.  485,  487. 
Journals  of  Shafts—  Their  length  should  be  from  1.15  to  1.25  times 

their  diameter,  and  in  main  centres  they  should  be  1.5  times. 
The  bearmgs  of  driving  and  propeller  shafts  are  not  here  considered  as  journals. 
Cross  Heads,  Wrought  iron  {Cylinder).  Its  section  in  the  centre  should 

be  determined  by  the  following  formulae  : 
ax p X  I  s  s  _ 
— ^— —  —  s,  ana  v  ̂   =  a,  or  ̂   =  b ;  a  representing  area  of  cylinder  in 

ins.,  p  the  extreme  pressure  in  pounds  per  square  inch  that  it  may  be  sub- 
jected to,  I  the  length  of  the  cross  head  behceen  the  centres  of  its  journals  in 

feet,  and  s  the  product  of  the  square  of  the  depth  d,  and  the  breadth,  b,  of  the Cb  X  I 
section.    {Air-pump).  ~—  =  s,  and  as  above  for  d  and  b. 

If  the  section  of  either  of  these  cross  heads  is  C3'lindrical,  for  s  put Vs  X  1.7. 
Diameter  of  boss  twice,  and  diameter  of  end  journals  the  same  as  that 

of  the  piston  rod.    Section  at  ends  .5  that  of  their  centre. 
Steam  Pipe. — Its  area  should  exceed  that  of  the  steam  valve. 
Connecting  Rod.— Its  length  should  be  2.25  times  the  stroke  of  the  piston when  it  is  at  all  practicable  to  afford  the  space.  When,  however,  it  is  im- 

perative to  reduce  this  proportion,  it  may  be  a  little  less  than  twice  the stroke. 
The  comparative  friction  of  long  and  short  connecting  rods  is,  for  once  the  length 

of  stroke  of  piston,  12  per  cent,  additional;  twice,  3  per  cent. ;  and  thrice,  1.33. 
Neck.— Its  diameter  should  be  from  1  to  1.1  that  of  the  piston  rod. 
Centre  of  the  body  {Horizontal),  its  diameter  is  ascertained  in  the  follow- ing manner : 
Multiply  the  length  of  the  body  (between  the  necks)  in  feet  by  the  area 

of  a  neck  in  inches,  divide  the  product  by  %  the  stroke  of  the  piston  or 
the  throw  of  the  rod  in  feet,  and  the  quotient  is  the  area  of  the  centre  in 
square  inches,  from  which  the  diameter  may  be  determined.  {Vertical). The  area  deduced  by  this  rule  may  be  somewhat  less. 

Connecting  Links.—  Their  length  should  be  .5  of  that  of  the  stroke  or of  the  throw  of  their  attachments. 
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Where  a  pair  of  connecting  rods  is  used,  as  in  some  descriptions  of  en- gines, and  with  a  pair  of  connecting  links,  their  necks  should  have  an  area of  .7  to  .75  of  that  of  the  attached  rod. 
fc  When  a  second  set  of  connecting  rods  or  links  are  used,  as  with  some 

air-pump  connections,  etc.,  their  necks  should  have  an  area,  in  a  ratio  in- versely as  their  throw  to  that  of  the  first  set. 
Straps  of  Connecting  Rods,  Links,  etc.  —The  area  of  the  Strap  at  its 

least  section  should  be  .65  that  of  the  neck  of  the  attached  rod.  The  Key should  be  in  thickness  .3  the  diameter  of  the  neck,  the  width  of  Gib  and Key  combined  should  be  1.25  times,  and  the  Slot  should  be  1.35  times that  of  the  same  diameter.  The  Draft  of  keys  should  be  from  .5  to  .6 
of  an  inch  per  foot.    Distance  of  Slot  from  end  of  rod  .5  diameter  of  pin. 
Pins.  For  Cranks,  Beams,  etc,  their  area  at  their  journals  should  be  l.G 

to  1.75  times  ;  and  for  Air  pump  connections  their  area  should  be  1.5  times 
that  of  the  attached  rod;  their  length  1.3  to  1.5  times  their  diameter. 

Cranks  {Wrought  Iron}.— The  Hub,  compared  with  the  neck  of  the  shaft, should  be  1.75  the  diameter  and  1  the  depth.  The  Eye,  compared  with the  pin,  should  be  twice  its  diameter,  and  1.5  the  depth.  The  Web,  at  the 
periphery  of  the  hub,  should  be,  in  width,  .7  the  width,  and  in  depth,  .5 the  depth  of  the  hub ;  and  at  the  periphery  of  the  eve  it  should  be,  in  width 
.8  the  width,  and  in  depth,  .6  the  depth  of  the  eye". (Cast  Iron.)  The  diameters  of  the  Hub  and  Eye  should  be  respectively, twice  the  diameter  of  the  neck  of  the  shaft,  and  2.25  times  that  of  the crank  pin. 
The  Radii  for  the  fillets  of  the  sides  of  the  web  should  be  one  half  of  the  width of  the  web  at  the  end  for  which  the  fillet  is  designed ;  for  the  fillets  at  the  back  of 

the  web,  they  should  be  one  half  of  that  at  the  sides  of  their  respective  ends. 
Beams,  Open  or  Trussed.  Their  length  from  centres  should  be  1.8  to  2 

the  stroke  of  the  piston,  and  their  depth  .5  their  length.  If  strapped,  the Strap  at  its  smallest  dimensions  should  have  at  least  .9  the  area  of  the 
piston  rod,  its  depth  being  equal  to  .5  its  breadth  The  end  centre  jour- 

nals should  have  each  1,  and  the  main  centre  journals  2.5  times  the  area of  the  piston  or  driving  rod. 
This  proportion  for  the  strap  is  when  the  deptli  of  the  beam  is  half  of  its  length, as  above;  consequently,  when  its  depth  is  less,  the  area  of  the  strap  must  be  in- creased ;  and  when  the  depth  of  the  strap  is  greater  or  less  than  half  its  width,  its area  is  determined  by  the  product  of  its  b  d2,  being  the  same  as  if  its  depth  was  half its  width. 
(Cast  Iron).  Area  of  Section  at  Centre.  Multiply  the  extreme  press- 

ure upon  the  piston  in  pounds  by  half  the  length  of  "the  beam,  and  divide the  product  by  500  times  the  depth  of  the  centre  in  inches. 
Their  depth  at  their  centre  should  be  .5  to  .75  the  diameter  of  the  cylin- der, and,  when  of  uniform  thickness,  should  have  a  thickness  of  not  less than  .1  of  their  depth. 
Vibration  of  End  Centres.  1^-1— Yt(l +1)*-  (s  ~  2)2=  vibration  at  each end;  I  representing  the  length  of  beam,  and  s  the  stroke  of  the  piston  in  feet. 
Plumber  Blocks  (Shaft).  Bottom  .4,  and  Binder  .45,  the  diameter  of 

the  shaft  journal.  Holding -down  Bolts.  If  two  are  used  .3  to  .33.  and  if four,  .22  to  .25,  the  diameter  of  the  shaft. 
Cocks.  The  angles  of  the  sides  of  their  plug  should  be  from  7°  to  8° from  the  plane  of  it. 
Pumps.  The  velocity  of  water  in  pump  openings  should  not  exceed oOO  feet  per  minute. 
Fly  Wheels  and  Governors.    See  Rules,  p.  423  and  598. 
Smoke  Pipes  and  Chimneys.    Their  area  at  their  base  should  exceed 

that  of  the  extremity  of  the  Hue  or  flues  with  which  they  are  connected; 
The  Intensity  of  their  draught  la  aa  the  square  root  of  their  height. 



STEAM-ENGINE. 

The  relative  volumes  of  their  draught  is  determined  hy  the  formula : 
Vh  .1  a  =  volume  in  square  feet ;  h  representing  the  height  of  the  pipe  or 

chimney  in  feet,  and  a  its  area  in  square  feet. 
When  "wood  is  consumed  their  area  should  be  1.6  times  that  for  coal. 
The  less  the  height  of  a  chimney  the  higher  the  temperature  of  its  air  is 

required. 
Chimneys.  The  diameter  at  their  base  should  not  be  less  than  from  .1 

to  .11  of  their  height. 
The  batter  or  inclination  of  their  external  surface  should  be  .35  of  an 

inch  to  the  foot,  which  is  about  equal  to  1  brick  Q/£  brick  each  side)  in 25  feet. 
The  diameter  of  the  base  should  be  determined  by  the  internal  diameter 

at  the  top,  and  the  necessary  batter  due  to  the  height. 
The  thickness  of  the  walls  should  be  determined  by  the  internal  diame- 

ter at  the  top  ;  thus,  for  a  diameter  of  4  feet  and  less,  the  thickness  may 
be  1  brick,  but  for  a  diameter  in  excess  of  that  it  should  be  1.5  bricks. 

Velocities  of  the  Current  of  heated  Air  in  a  Chimney  100  Feet  in  Height  in  Feet 
per  Second Air  at  Base  of  Chimney External  Air. 

Air  at  Base of  Chimney. 

150° 250° 350° 450° 
150° 250° 350° 

450° 

Feet. Feet. Feet. Feet Feet. Feet. Feet. Feet 24 
30 

33 35 

00° 19 

20 29 
33 22 28 31 34 

70° 

18 

25 

29 32 
20 21 

30 33 

80° 

17 
24 

2S 

32 
10° 
32° 
50° When  the  Height  of  the  Chimney  is  less  than  100  feet. — Multiply  the  ve- 

locity as  obtained  for  the  temperature  by  one  tenth  the  square  root  of  the 
height  of  the  chimney  in  feet. 

The  draught  consequent  upon  a  steam  jet  in  a  chimney  or  smoke-pipe 
is  nearly  equal  to  that  of  a  moderate  blast. 

Water  Wheels  (Arms). — Their  number  should  be  from  .75  to  .8  the 
diameter  of  the  wheel  in  feet.  (Blades)  Wood. — For  a  distance  of  from 
5  to  5.5  feet  between  the  arms,  their  thickness  should  be  from  .09  to  .1  of 
an  inch  for  each  foot  of  diameter  of  wheel. 

A  wrought  iron  blade  .025  inch  thick  bent  at  a  stress  withstood  by  an  oak  blade 3.5  inches  thick. 
Blades  (Area). — The  area  of  the  blades,  compared  with  the  area  of  im- 

mersed amidship  section  of  a  vessel,  depend  upon  the  dip  of  the  wheels, 
their  distance  apart,  the  model  and  rig  of  the  vessel. 

In  River  service,  the  area  of  a  single  line  of  blade  surface  varies  from 
.3  to  .4  that  of  the  immersed  section ;  in  Bay  or  Sound  service,  the  area 
varies  from  .15  to  .2 ;  and  in  Sea  service,  the  area  varies  from  .07  to  .1. 

Propellers  (Screw). — The  Pitch  of  it  should  vary  with  the  area  of  the 
circle  described  by  the  screw  to  the  area  of  the  midship  section  of  the  vessel. 

Area  of  disc  of  propeller  to  midship 
section  being  1  to  

Area,  Two-Bladed. 

Ratio  of  pitch  to  the  diameter  of 
propeller  is  1  to  .8 1.02 1.11 

1.2 
1.27 1.31 

1.4 1.47 

For  Four-bladed  screws,  multiply  the  ratio  of  the  pitch  to  the  diameter 
as  given  above  by  1.35.    Length,  .166  diameter. 

Slip. — The  slip  of  a  screw  propeller  is  directly  as  its  pitch. 
The  economical  effect  of  a  screw  is  inversely  as  its  pitch,  the  greater 

the  pitch  the  less  effect. 3  D 
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An  expanding  pitch  has  less  slip  than  a  uniform  pitch,  and,  consequent- ly, is  more  effective. 
Safety  Valve,—  Area  in  square  inches  .7  to  .8  area  of  grate  surface  in square  feet. 
Act  of  Congress  (U.  S  ).— For  boilers  having  flat  or  stayed  surfaces.  30  ins.  for 

every  500  square  feet  of  effective*  heating  surface;  for  cylindrical  boilers,  or  cylin- drical flued,  24  square  inches. 
Locked  Safety  Valves.—  Effective  heating  surface,  less  than  700  square  feet,  valve 

•2  ins.  in  diameter;  less  than  1500,  3  ins.  in  diameter;  less  than  2000,  4  ins.  in  diam- eter ;  less  than  2500,  5  ins.  in  diameter;  and  above  2500,  0  ins.  in  diameter. 
Memoranda. 

The  saving  of  fuel  by  a  fresh-water  condenser  may  be  safely  estimated 
at  from  15  to  20  per  cent.,  added  to  an  increased  speed  of  engine  of  from 
3  to  4  per  cent. 

The  loss  of  power  in  condensing  engines  by  the  cooling  of  the  cylinder 
from  exposure  to  the  air,  is  .01 ; 'and  in  non-condensing  engines,  about  .015. 

Friction  Clutch,  5  ins.  face,  driven  by  a  belt  14  ins.  wide,  broke  a  cast- 
iron  shaft  6%  ins.  in  diameter. 

A  condensing  steam-engine  in  river  service,  43 \  inches  in  diameter  of  cylinder,  with  a  stroke  of piston  of  10  feet,  pressure  of  steam  25  lbs.,  revolutions  -25,  broke  one  of  a  pair  of  cast-iron  water-wheel shafts  11  ins.  in  diameter. — Steam-boat  Utica. 
A  condensing  steam-engine  in  river  service,  55  ins.  in  diameter  of  cylinder,  with  a  stroke  of  piston of  10  feet,  pressure  of  steam  25  lbs.,  revolutions  26,  broke  one  of  a  pair  of  cast-iron  water-wheel  shafts 11  38  ins.  in  diameter.— Steam-toat  New  Philadelphia. 
A  non  condensing  engine,  driving  a  rolling  mill,  cylinder  13  ins.  in  diameter,  with  a  stroke  of  piston of  6  feet,  pressure  of  steam  75  lbs.,  revolutions  30,  broke  a  single  cast-iron  shaft  of  11  ins.  in  diameter. 

Soft  Iron. 
A  condensing  steam-engine  in  river  service,  65  ins.  in  diameter  of  cylinder,  with  a  stroke  of  piston of  10  feet,  pressure  of  steam  12  lbs.,  revolutions  25,  broke  one  of  a  pair  of  cast-iron  water-wheel  shafts, 12J^  ins.  in  diameter. — Steam-boat  De  Witt  Clinton. 
Two  steam  cylinders,  50  ins.  in  diameter,  by  10  feet  stroke  of  piston,  having  one  air  pump  disabled, both  engines  worked  by  the  remaining  one,  30  ins.  in  diameter  by  4.75  feet  stroke,  pressure  of  steam 25  lbs.,  cut  off  at  half  the  stroke  :  vacuum  25     ins. — Steamer  Sonora. 

Radial  and  ITeatliering  Water  "Wheels. 
Radial. — The  loss  of  effect  is  the  sum  of  the  loss  by  the  oblique  action  of  the  wheel 

blades  upon  the  water,  their  slip,  and  the  thrust  and  drag  of  the  ai  ms  and  blades  as 
they  enter  and  leave  the  water. 

The  loss  by  oblique  action  is  computed  by  taking  the  mean  of  the  square  of  the 
sines  of  the  angles  of  the  blades  when  fully  immersed  in  the  water. 

The  loss  by  the  oblique  action  of  the  blades  of  the  water-wheels  of  the  steamer 
Arctic  (for  details  of  which  see  p.  63S),  when  her  wheels  were  immersed  7  feet  9  ins. 
and  5  feet  9  ins.,  was  25^  and  18^  per  cent.,  which  was  the  loss  of  useful  efft  ct  of  the 
portion  of  the  total  power  developed  by  the  engines,  which  was  applied  to  the  wheels. 

Feathering. — The  loss  of  effect  is  confined  to  the  thrust  and  drag  of  the  arms  and blades  as  they  enter  and  leave  the  water. 

Comparative  Effects. 
In  two  wheels  of  a  like  diameter  (26  feet,  and  6  feet  immersion),  like  number  and 

depth  of  blades,  etc.,  the  losses  are  as  follows: 
Racial   25.0  per  cent.  |  Feathering   15.4  per  cent. 
The  loss  of  effeofc  by  thrust  and  drag  in  a  feathering  wheel,  having  these  elements 

and  included  in  the  above  given  loss,  is  computed  at  2  per  cent. 
The  relative  loss  of  effect  of  the  two  wheels  is,  approximately,  for  ordinary  immer- 

sions, 20  and  15  per  cent,  from  the  circumference  of  the  wheel. 
The  Centre  of  Pressure  of  an  immersed  wheel  blade,  when  the  upper  or  inner 

erlge  is  level  with  the  surface  of  the  water,  is  yz  from  the  bottom  or  lower  eftgd. 
*  By  a  rule  of  the  Inspectors,  tlie  fire  surface  from  tlie  grate  bars  to  the  water  line  (deductim;-  half the  flu<;  or  tube  surface  only)  is  alone  computed  as  effective.  This  construction  of  (he  law  is  altogether arbitrary  upon  the  part  of  the  Inspectors,  us  all  surfaces  are  more  or  less  effective. 
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To  Compute  tlie  Centre  of  Pressure  of  Water-wlieel Blade  wlieii  Immersed. 

Rulk. — Divide  the  difference  of  the  cubes  of  the  depths  of  the  blade  be- 
low the  surface  of  the  water  by  the  difference  of  their  squares,  and  %  the 

quotient  will  give  the  distance  of  the  centre  of  pressure  below  the  sur- 
face, from  which  subtract  the  depth  of  the  upper  edge  of  the  blade,  and 

the  remainder  will  give  the  position  of  the  centre  of  pressure  required. 
In  tlie  cases  here  given,  the  centres  of  pressure  are  as  follows : 
Radial  wh  el   6.4  ins.  from  the  bottom  edge. 
Feathering  wheel   8.5         "  " 

SLIDE  VALVES. 
All  Dimensions  in  Inches. 

To  Compiite  howmuch  Lap  must  be  given  on  tlie  Steam 
Side  of  a  Slide  "Valve,  to  cut  off  tlie  Steam  at  awy  given 3?art  of  tlie  Stroke  of  tlie  IPiston. 

Role.— From  tlie  length  of  stroke  of  piston  subtract  the  length  of  the 
stroke  that  is  to  be  made  before  the  steam  is  cut  off;  divide  the  remain- 

der by  the  stroke  of  the  piston,  and  extract  the  square  root  of  the  quotient. 
Multiply  this  root  by  half  the  throw  of  the  valve,  from  the  product  sub- 

tract half  the  lead,  and  the  remainder  will  give  the  lap  required. 
Example.— Having  stroke  of  piston  60  ins. ;  stroke  of  valve  1G  ins.,  lap  upon  ex- haust side  in.  =  of  valve  stroke,  lap  upon  steam  side  3}^  ins.,  lead  2  ins.,  steam to  be  cut  off  at  %  the  stroke ;  what  is  the  lap? 

60-?  of 00:=  10.  jj^.lGG.  V-166=.403.  .408x^=^004,  and  3.204-?=, 
2.264  ins.  or  the  lap  —  half  the  lead. 

To  Compute  tlie  Lap  required  on  tlie  Steam  Side  of  a 
"Valve,  to  Cut  tlie  Steam  oif  at  various  Portions  of  tlie Strolie  of  tlie  IPiston. 

Valve  without  Lead. 
Distance  of  the  piston  from  the  end  of  its  stroke  whan  the  steam  is cut  off,  in  parts  of  tlie  length  of  its  stroke. 

3 

1 A  1 7 

1  1 

l l l l a 12  1 2-i 

4  | 

0 0 
12 

.354 

.323  | 
.286 .21 

.25  | 

.22S .204 .ITT .144 .102 
Lap  in  parts  of the  stroke 

Illustration — Take  the  elements  of  the  preceding  case. 
Under  %  is  .204,  and  .204  X  10  =  3.204  ms.  lap. 
When  the  Valve  is  to  have  Lead — Subtract  half  the  proposed  lead  from  the  lap ascertained  by  the  table,  and  the  remainder  will  be  the  proper  lap  to  give  to  the 
If,  therefore,  as  in  the  last  case,  the  valve  was  to  have  2  ins.  lead  then  2  —  2  — 3  264  r=  2.204  ins. 

To  Compute  atwhatPart  of  tlie  Strolre  of  tlie  Piston  any given  Lap  on  tlie  Steam  Side  will  cut  off  tlie  Steam. 
R,  lk._To  the  lap  on  the  steam  side  add  the  lead;  divide  the  sum  by half  the  length  of  throw  of  the  valve.  From  a  table  of  natural  sines  (p. aOtt  find  the  arc,  the  sine  of  which  is  equal  to  the  quotient;  to  this  arc add  90°,  and  from  their  sum  subtract  the  arc.  the  cosine  of  which  is  equal to  the  lap  on  the  steam  side,  divided  by  half  the  throw  of  the  valve.  Find 

the  cosine  of  the  remaining  arc,  add  1  to  it,  and  multinlv  the  sum  by  half 
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the  stroke  of  the  piston,  and  the  product  will  give  the  length  of  that  part of  the  stroke  that  will  be  made  by  the  piston  before  the  steam  is  cut  off. 
Example — =Take  the  elements  of  the  preceding  case. 

2'lQ^2=' 53125 '  Sia'  -53125=32°5';  32°  5' +  90°  =  122°  5';  2.25 -f- 8  =  .2S125 
—  cos.  of  T3°  40' ;  then  122°  5'  —  73°  40'  =  48°  25' ;  cos.  +  1  =  1.66371,  which  X  — 
—  50  ins.,  or  y^th  stroke. 
Portion  of  tlxe  Stroke  of  a  Piston  at  whicli  tlie  Exhansting Port  is  closed,  and.  opened. 

Lap  on  the  Exhaust  Side  of  the  Valve  in  Parts  of  its  throw. 
Portion  of  Stroke  at  which  the  Steam  is  cut  off. 

Lap. 1 3 7 24 4 5 24 l o l 8 l 12 l 24 
A 
% .178 .161 .143 .126 .109 .033 .074 .053 .13 .118 

.1 
.085 .071 .058 .043 .027 .113 .101 .085 .069 .053 .043 .033 .024 0 .092 .0S2 .067 .055 .041 .033 .022 .011 

B 

XA 
.033 .026 .019 .012 .008 .004 .001 .001 

X/ /is .06 .052 .04 .03 .022 .015 .008 .002 
% .073 .066 .051 .043 .033 .023 .013 

.004 
0 .(.92 .082 .067 

.055 .041 .033 .022 .011 

The  units  in  the  columns  of  the  table  marked  A  express  the  distance  of  the  pis,- 
Jon,  in  parts  of  its  stroke,  from  the  end  of  the  stroke  when  the  exhaust  port  in  ad- 

vance of  it  is  closed;  and  those  in  the  columns  of  the  table  marked  B  express  the 
distance  of  the  piston,  in  parts  of  its  stroke,  from  the  end  of  its  stroke  when  the  ex- haust port  behind  it  is  opened. 
Illustration.— A  slide  valve  is  to  cut  off  at  %  from  the  end  of  the  stroke  of  the 

piston,  the  lap  on  the  exhaust  side  is  %  of  the  stroke  of  the  valve  (16  ins.),  and  the 
stroke  of  the  piston  is  60  inches.  At  what  point  of  the  stroke  of  the  piston  will  the 
exhaust  port  in  advance  of  it  be  closed  and  the  one  behind  it  opened  ? 
Under  %  in  table  A,  opposite  to  ̂ ,  is  .053,  which  X  00,  the  length  of  the  stroke 

=  3.18  ins.;  and  under  %  in  table  B,  opposite  to  }4,  is  .033,  which  x  60  =  1.98  ins. 
If  the  lap  on  the  exhaust  side  of  this  valve  was  increased,  the  effect  would  be  to 

cause  the  port  in  advance  of  the  valve  to  be  closed  sooner  and  the  port  behind  it 
opened  later.  And  if  the  lap  on  the  exhaust  side  was  removed  entirely,  the  port  in 
advance  of  the  piston  would  be  shut,  and  the  one  behind  it  open,  at  the  same  time. 

The  lap  on  the  steam  side  should  always  be  greater  than  that  on  the  exhaust  side, 
and  the  difference  greater  the  higher  the  velocity  of  the  piston. 

In  fast-running  engines  alike  to  locomotives,  it  is  necessary  to  open  the  exhaust 
valve  before  the  end  of  the  stroke  of  the  piston,  in  order  to  give  more  time  for  the escape  of  the  steam. 

To  ̂ Vscer/tain  the  Preadtli  of  the  Ports. 
Half  the  throw  of  the  valve  should  be  at  least  equal  to  the  lap  on  the  steam  side, 

added  to  the  breadth  of  the  port.    If  this  breadth  does  not  give  the  required  area  of 
port,  the  throw  of  the  valve  must  be  increased  until  the  required  area  is  attained. 

To  Compute  the  Strolce  of  a  Slide  Valve. 
Rule. — To  twice  the  lap  add  twice  the  width  of  a  steam  port  in  inches, and  the  sum  will  #ive  the  stroke  required. 
Expansion  by  lap,  Avith  a  slide  valve  operated  by  an  eccentric  alone,  can  not  be 

extended  beyond  %  of  the  stroke  of  a.  piston  without  interfering  with  the  efficient 
operation  of  the  valve;  with  a  link  motion,  however,  this  distortion  of  the  valve  is 
somewhat  compensated.  When  the  lap  is  increased,  the  throw  of  the  eccentric 
should  also  be  increased.  • 
When  low  expansion  is  required,  a  cut-off  valve  should  be  resorted  to  in  addition to  the  main  valve. 
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To  Compute  tlie  Distance  of  a  3?iston  from  the  End.  of*  its EStrohe,  Allien  tlie  Lead,  produces  its  Effect. 

Rdlk. — Divide  the  lead  by  the  width  of  the  steam  port,  both  in  inches, 
and  term  the  quotient  sine  ;  multiply  its  corresponding  versed  sine  by 
half  the  stroke,  and  the  product  will  give  the  distance  of  the  piston  from 
the  end  of  its  stroke,  when  steam  is  admitted  for  the  return  stroke  and 
exhaustion  ceases. 
Example.— The  stroke  of  a  piston  is  48  ins.,  width  of  port  2%  ins.,  and  the  lead 

Yi  in.  :  what  will  be  the  distance  of  the  piston  from  the  end  of  its  stroke  when  ex- 
haustion commences '? V  48 

.5  ~  2.5  =  .2  —  sine,  and  versed  sine  of  .2  =  .0202.    Then  .0202  X     = -484S  iiis. 

To  Compute  tlie  Lead,  "When  tlie  Distance  of  a  iPiston from  tlie  End  of  its  Stroke  is  giveru 

Rule. — Divide  the  distance  in  inches  by  half  the  stroke  in  inches,  and 
term  the  quotient  versed  sine ;  multiply  the  corresponding  sine  by  the 
width  of  the  steam  port,  and  the  product  will  give  the  lead. 

Example. — Take  the  elements  of  the  preceding  case. 
.484SH- 24  =  .0202  =  versed  sine,  and  sine  of  versed  sine  .0202  =  .2. Then  .2x2.5  =  .5  ins. 

To  Compute  the  Distance  of  a  Piston  from  tlie  End  of  its 
Strohe,  when  Steam  is  admitted  for  its  return  Strohe. 
PtULi:. — Divide  the  width  of  the  steam  port,  and  also  that  width  less  the 

lead,  by  half  the  stroke  of  the  slide,  and  term  the  quotient  versed  sines 
first  and  second.  Ascertain  their  corresponding  arcs,  and  multiply  the 
Versed  sine  of  the  difference  between  the  first  and  second  by  half  the 
stroke,  and  the  product  will  give  the  distance  required. 

To  Compute  tlie  Eap  and  Lead  pf  Locomotive  Valves. 
.22  t  —  lap  in  ins.,  and  .07  t  =  lead  in  ins.;  t  representing  the  stroke  of  the valve. 

G-ifFard's  Injector.* 
Maximum  Temperature  of  the  Feed-water  Admissible  at  different  Pressures  of Steam. 

Pressure  per  square  inch  . 
Temperature  of  feed  

Lbs. Lbs. Lbs. Lbs. Lbs. 
Lbs. 

10 

20 

30 40 
50 100 

145° 
138° 

130° 124° 120° 
110° 

The  capacities  of  Injectors  are  denoted  by  tlie  diameters  of  their  throats  in  milli- 
meters ;  thus,  No.  4  has  a  diameter  of  4  millimeters  =  4  X  .0394  =  .1576  ins. 

The  expenditure  of  steam  increases  with  the  proportionate  pressure  in  the  boiler. 
To  Compute  tlie  Diameter  of  TLroat  and  IVTean  Volume 

of  Discharge. 
/  V   a .077    /  —  —  d.     12.9  d  iJP—V;  d  representing  diameter  of  throat  in  ins.,  V 

V  Vp lolume  of  water  required  per  hour  in  cubic  feet,  and  P  pressure  of  steam  in  pounds 
per  square  inch. 

Illustration.— The  pressure  of  the  steam  is  GO  lbs.,  and  the  volume  of  water  re- 
quired to  be  delivered  per  hour  is  50  cubic  feet. 

Then  .077  ;  / —  .077  X  2.54  =  .190  ins.  cliam.  of  throat  =         =  5,  or  No. 
V  y/GO  J  .0394 

5  ;  and  12.9x.19G2  ̂ /Q0  =  G.45  X  7.75  =  50  cubic  feet. 
*  Made  bv  Wni.  Sellers  &  Co.,  Philadelphia. 

3  D* 
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INDEPENDENT  STEAM  FIRE  AND  BILGE  PUMPS. 

II.  11.  Wortliington's. 
Single  Pumps. Duplex  Pumps 

Diameter Diameter Length 
Displace- Diameter Diameter Length 

Displace- No. of  Steam of  Water 
of 

ment  per of  Steam of  Water 
of 

ment  per 
siagle  Stroke. Cylinder. Plunger. Stroke. single  Stroke. Cylinder., Plungers. Stroke. 

Inches. Inches. Inches. Gallons. Inches. Inches. Inches. Gallons. 
1 

3M 
3 .054 

2M 

4 .22 2 5 3 6 .19 6 4 6 .68 3 

G% 
4^ 

9 .64 

4^ 

10 1.44 4 12 6 9 1.1 
10 

6 

10 

2.55 
5 16 7 9 1.56 14 7 

10 
3.4S 6 

18% 
9 3.36 

14 

iok 

10 7.46 7 16 14 9 6.27 16 

10H 

10 7.46 3dT 14 9 6.27 14 14 10 14. 

Woodward's. 

No. 

Dia
met

er 
of 

 
Ste

am 
Cyl

ind
er.

 
Length  

of 

Stroke. 

i 
Capacity 

per  Minute. 
No. Dia

met
er 

of 
 

Ste
am 

Cyl
ind

er.
 

Dia
met

er 
of 

 
Wat

er 
Cyl

ind
er.

 

Length  
of 

Stroke. 

Capacity 

per  Minute. 
Ins. Ins. Ins. Galls. 

Ins. Ins. Ins. Galls. 
1 4 2 3 8  to  12 7 16 9 8 414  to  518 2 5 

2# 

6 26  to  39 8 18 

12 

8 736  to  900 
3 7 

3>£ 
6 52  to  7S 9 20 

14 
9 000  to  1200 

4 9 5 6 85  to  120 
10 

22 
16 

9 1500  to  1800 5 
12 7 6 167  to  240 

11 
24 

18 

10 
1700*  to  2000 6 12 9 6 276  to  331 12 

26 20 10 
2000  to  2500 

No.  0,  Steam  Cylinder  2jJ£  ins.,  discharge  3  to  5  gallons  per  minute. 

W.  S.  Cameron  &  Co.'s. 
Diameter Diameter Stroke pischarge Diameter Diameter Stroke Discharge 

No. of  Steam of  Water of 
per  Revo- 

No. of  Steam of  Water of 

per  Revo- 
Cylinder. Cylinder. Piston. lution. 

Cylinder. Cylinder. Piston. lution. 
Ins. Ins. Ins. Galls. Ins. Ins. 

Ins. 
Galls. 0 

IX 

3 .04 4 
10 

5 

10 

2 
1 

±y> 
5 .16 5 12 7 10 4 

2 6 3 6 
.33 

6 14 9 
12 

8 
3 7 S .75 7 

16 

iox 

14 

11 

8 4 S 1. 8 
IS 12 

16 
16 

"Wm.  Sewell's. 
Diameter Diameter Stroke Discharge Diameter Diameter Stroke 

Discharge 
No. of  Steam of  Water of 

per  Revo- 
No. of  Steam of  Water 

of per  Revo- 
Cylinder. Cylinder. Piston. lution. Cylinder. Cylinder. 

Piston. lution. 

Ins. Ins. Ins. Galls. Ins. Ins. Ins. Galls. 1 6 

.2 

5 
12 

7 7 2.33 
2 6 3 6 .33 6 12 9 7 

5. 

3 7 

3^ 

6 .5 7 
16 

11 9 7.5 
8 4 7 S 

18 

12 12 

12. 

4 10 4 7 i.V 

Steam  Siplion.    An  Independent  Lifting  Pump. 
Capacity  for  a  Discharge  Pipe  2  ins.  in  Diameter. 

Height  of Water  raised. 
Pressure  of 

Steam. 
Discharge 

per  Minute. 
Height  of 

Water  raised. 
Pressure  of Steam. 

Dit  charge 

per  Minute Feet.  Ins. Lbs. Gallons. Feet.  Ins. Lbs. Callous. 
14  6 30 63.54 13  2 

60 
119.68 

13  2 40 
85.71 

13  2 

70 

138.44 

13  2 5) 
100. 13  2 

80 157.47 
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Land,  a^d  !Porta"ble  Steam  E1agi11.es  and  Boilers. 
LAXO.     (VARIABLE  CUT-OFF.)  [  PORTABLE. 

Power.  Cylinder. 

0  r- Act-  I  ~  ft ual.*i  3  g. 

j  Ins. 15    25.6  8x24 
25    40.  I  10X24 
30    57.6  12X24 
40    7S.4"1  14X24 50    94.5  19X36 
60  109.  1 16X32 
80  136.  1SX36 

100  1 168.  20X36 125  1220.2 1  22X42 
150  276.4!  24X48 

Ins. 
6x10 
SX13 
9X15 
9X17 
12X18 
10X20 14X25 
15X25 
10X33 
20X40 

2? Weight 

com- plete. E.&B. 

Lbs. 
13S50 
15025 
16650 
19330 
2S530 
26000 40560 
40600 
4SS60 60  [66070 

Xom-  Act- inal.  ual. 

4.7 

7.3 10.5 14.3 
19.2 24.3 
30.9 36.3 
43.2 5S.S 

Cylinder. 
3  % 

Ins. 

4X10 
5X10 6X10 
7X10 
8X12 
9X12 10X16 
nxis 
12X18 
14X18 

Face  of  the  fly  wheels  turned  for  a  belt, 
whee's,  or  driving  pulleys. 

X  8 X  9 
xio 
xio 
X12 X14 All  the  portable  engines 

*  Computed  at  GO 

Ins. 
2XX  6 3x7 
3%X  7 
3MX  8 4 
5 
6 
6 
6 
7 

Weight 

com- plete. 
E.&  B. 

175 
175 

175 175 
150 
150 
116 

loo 
100 100 

have 
lbs.  pre 

Lbs. 2800 
3200 
4200 4900 
6100 
6900 

11200 12300 
13S00 
16700 

two  fly 

ssure. 
BOILERS. 

Natural  Draught. 
Boilers  {Land)  should  be  set  at  an  inclination  of  .5  inch  in  10  feet. 
Grates  (Coal).  They  should  have  a  superficial  area  of  1  square  foot  for 

every  15  lbs.  of  coal  required  to  be  consumed  per.hour,  at  a' rapid  rate  of combustion,  and  they  should  be  set  at  an  inclination  toward  the  bridge 
wall  of  1  inch  in  every  foot  of  length.  When,  however,  the  rate  of  com- 

bustion is  not  high,  in  consequence  of  the  low  velocity  of  the  draught  of 
the  furnace,  or  tbe  fuel  being  insufficient,  this  proportion  must  be  increased 
to  1  square  foot  for  every  12  lbs.  of  fuel. 

With  Wood  as  the  fuel,  their  area  should  be  1.25  to  1.4  that  for  coal. 
The  width  of  the  bars  should  be  the  least  practicable,  and  the  spaces 

between  them  from  .5  to  .75  of  an  inch,  according  to  the  fuel  used. 
Ash-pit. — The  transverse  area  of  it,  for  a  like  combustion  of  15  lbs.  of 

coal  per  hour,  should  be  .25  the  area  of  the  grate  surface  for  bituminous 
coal,  and  .33  for  anthracite. 

The  velocity  of  the  current  of  air  entering  an  ash-pit  may  be  estimated 
at  12  feet  per  second. 

Furnace  or  Chamber  {Coal). — The  volume  of  it  should  be  from  2.75  to 
3  cubic  feet  for  every  square  foot  of  its  grate  surface.  {Wood.)  The  vol- ume should  be  4.6  to  5  cubic  feet. 

Combustion  is  the  most  complete  with  firings  or  charges  at  intervals of  from  15  to  20  minutes. 
The  volume  of  air  nnd  smoke  for  each  cubic  foot  of  water  converted  into  steam  U 

from  coal  17S0  to  1950  cubic  feet,  and  for  Avood  3900. 
Bridge-wall  {  Chip  hollers).  The  cross  section  of  the  flues  or  tubes  should 

have  an  area  of  1.7  to  2  square  inches  for  each  lb.  of  coal  consumed  per 
hour,  or  from  22.5  to  2G  square  inches  for  each  square  foot  of  grate,  for  a 
combustion  of  13  lbs.  of  coal  per  hour;  the  difference  in  the  area  depend- 

ing upon  the  character  of  the  conformation  of  the  section  of,  and  the  length 
of  the  passage  of  the  gases;  the  area  being  inversely  with  the  diameter, 
and  directly  as  the  length  of  the  flues,  tubes,  or  spaces  between  them. 
Thus,  in  Horizontal  tubular  boilers,  the  area  should  be  increased  to  27.5 
and  31  square  inches ;  in  Vertical  tubular,  to  32.5  and  36  square  inches  ; 
and  when  a  Blast  is  used,  the  area  may  be  decreased  to  15.5  and  20.5  square inches. 

The  temperature  of  a  furnace  is  about  1000°,  and  the  volume  of  air  required  for 



the  combustion  of  1  lb.  of  bituminous  coal,  together  with  the  products  of  combustion, 
is  15481  cubic  feet,  which,  when  exposed  to  the  above  temperature,  makes  the  vol- 

ume of  heated  air  at  the  bridge  wall  from  450  to  470  cubic  feet  for  each  lb.  of  coal 
consumed  upon  the  grates. 

Hence,  at  a  velocity  of  the  draught  of  about  36  feet  per  second,  the  area  over  a 
bridge  wall,  required  to  admit  of  this  volume  being  passed  off  in  an  hour,  would  be .5  of  a  square  inch,  but  in  practice  it  should  be  2  square  inches. 
When  13  lbs.  of  coal  per  hour  are  consumed  upon  a  square  foot  of  grate,  13  X 2=26 

square  inches  are  required,  and  in  this  proportion  for  other  quantities. 
The  temperature  of  the  heated  air  at  the  end  of  the  flues  should  be  about  500°, and  their  area,  and  that  of  the  base  of  the  chimney,  should  be  .75  of  that  over  the 

bridge  wall,  or  1.5  square  inches  for  each  pound  of  coal  consumed  per  hour. 
When  the  area  of  the  flues  is  determined  upon,  and  the  area  over  the  bridge  Avail is  required,  it  should  be  taken  at  from  .7  to  .8  the  area  of  the  lower  flues  for  a  nat- 

ural draught,  and  from  .5  to  .6  for  a  blast. 
m  Flues.—  Their  area  should  decrease  with  their  length,  but  not  in  propor- 

tion with  the  reduction  of  the  temperature  of  the  heated  air,  their  area  at 
their  termination  being  from  .7  to  .8  that  of  their  calorimeter  or  area  im- 

mediately at  the  bridge  wall. 
Large  flues  absorb  more  heat  than  small,  as  both  ths  volume  and  intensity  of  the heat  is  greater  with  equal  surfaces. 
The  temperature  of  the  base  of  the  chimney,  or  the  termination  of  the 

flues  or  tubes,  is  estimated  at  500°  ;  and  the  base  of  the  chimney,  or  the calorimeter,  should  have  an  area  of  1.33  square  inches  for  every  pound  of 
coal  consumed  per  hour.  With  tubes  of  small  diameter,  compared  to 
their  length,  this  proportion  may  be  reduced  to  1  inch. 

The  admission  of  air  behind  a  bridge  wall  increases  the  temperature  of 
the  gases,  but  it  must  be  at  a  point  where  their  temperature  is  not  below 
800°. 

Evaporation. — 1  square  foot  of  grate  surface,  at  a  combustion  of  13  lbs. 
coal  per  hour,  will  evaporate  2  cubic  feet  of  salt  water  per  hour. 

A  square  foot  of  heating  surface,  at  the  above  combustiou  of  fuel,  will 
evaporate  from  4.33  to  5.33  lbs.  of  salt  water  per  hour;  and  at  a  combus- 

tion of  40  lbs.  coal  per  hour  (as  upon  the  Western  rivers  of  the  U.  S.),  from 
10  to  11  lbs.  fresh  water,  exclusive  of  that  lost  by  blowing  out  from  the boilers. 

12  to  15  square  feet  of  surface  will  evaporate  1  cubic  foot  of  salt  water 
per  hour  at  a  combustion  of  13  lbs.  coal  per  hour  per  square  foot  of  grate. 

Note  —The  boilers  of  the  Steamer  Arctic,  of  N.  Y.,  vertical  tubular,  having  a  surface  of  33,^  to 1  of  grate,  consuming  13  lbs.  of  coal  per  square  foot  of  grate  per  hour,  evaporated  8.56  lbs.  of  salt 
water  per  lb.  of  coal,  including  that  lost  by  blowing  out  of  saturated  water. 

The  relative  evaporating  powers  of  iron,  brass,  and  copper  are  as  1,  1.25,  and  1.56. 
Water  Surface. — At  low  evaporations,  3  square  feet  are  required  for 

each  square  foot  of  grate  surface,  and  at  high  evaporation  4  to  5  square  feet. 
TTeating  Surfaces. 

Healing  Surfaces  (Sea  Water). — The  grate  and  heating  surfaces  should be  increased  about  .07  over  that  for  fresh  water. 
Relative  Value  of  Heating  Surfaces. 

Horizontal  surface  above  the  flame  —  1.    I  Horizontal  beneath  the  flame  =  .1 
Vertical  =  .5  |  Tubes  and  flues  =.56 

A  scale  one  sixteenth  of  an  inch  in  thickness  will  affect  a  loss  of  14.7  per  cent,  of  fuel. 
One  square  foot  of  fire  surface  is  computed  to  be  as  effective  as  three 

of  heating  surface. 
When  the  combustion  in  a  furnace  is  complete,  the  tubes  ma}-  be  shorter 

than  when  it  is  incomplete. 
Tubes  should  always  be  set  in  vertical  rows,  and  the  spaces  between 

them  should  be  increased  with  their  number. 
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Boilers  Avitli  Internal  Furnaces. 

For  Coal,  13  lbs.  per  Hour  per  Square  Foot  of  Grate.    (Natural  Draught.) 
Pressure  of  Steam  20  lbs.  (Mercurial  Gauge),  and  20  Revolutions  of  the  Engine 

per  Minute. 

Fire  and  Flue  Surface*  (Arches  or  Flues  and  Return  Flues.) — For 
ever}'  cubic  foot  of  steam  to  be  expended  in  the  steam  cylinder,  for  a  sin- 

gle stroke  of  the  piston  (computed  only  to  the  point  of  cutting  off),  the 
length  of  the  flues  and  steam  chimney  not  exceeding  45  or  50  feet,  there 
should  be  from  48  to  54  square  feet. 

(Arches  or  Flues,  and  Tubes,  or  Return  Tubes.)  Horizontal  Return. — 
The  length  of  the  tubes  and  steam  chimney  not  exceeding  30  or  35  feet, 
there  should  be  from  58  to  04  square  feet. 

Vertical  Water  Tubes. — From  64  to  70  square  feet. 
Grates.— -For  every  cubic  foot  of  steam  as  above,  there  should  be  from 1.75  to  2.1  square  feet. 

For  Coal,  30  lbs.  per  Hour  per  Square  Foot  of  Grate.     (Blast  or Exhaust.) 

Pressure  of  Steam  30  lbs.  (Mercurial  Gauge),  and  20  Revolutions  of  the  Engine 
per  Minute. 

Fire  and  Flue  Surface*  (Arches  or  Flues  and  Return  Flues.)— Wat every  cubic  foot  of  steam  to  be  expended  in  the  steam  cylinder,  for  a 
single  stroke  of  the  piston  (computed  only  to  the  point  of  cutting  off), the  length  of  the  flues  and  steam  chimney  not  exceeding  55  or  60  feet, there  should  be  from  24  to  28  square  feet. 

(Arches  or  Flues  and  Tubes.)  Horizontal  Return.— The  length  of  the tubes  and  steam  chimney  not  exceeding  30  or  35  feet,  there  should  be from  29  to  32  square  feet. 
Vertical  Water  Tubes.— From  32  to  35  square  feet. 
Grates.— For  every  cubic  foot  of  steam  as  above,  there  should  be  from 1.15  to  1.35  square  feet. 
Boilers  with.  External  Furnace  and  Internal  Flues. (Cylindrical  Flue.) 

For  Coal,  20  lbs.  per  Hour  per  Square  Foot  of  Grate,  or  for  Wood  at  40  lbs. (Natural  Draught.) 
Pressure  of  Steam  100  lbs.  (Mercurial  Gauge),  and  20  Revolutions  of  the  Engine per  Minute. 
_m  Fire  and  Flue  $urface.\— For  every  cubic  foot  of  steam  to  be  expended in  the  steam  cylinder,  for  a  single  stroke  of  the  piston  (computed  only to  the  point  of  cutting  off),  the  length  of  the  flues  and  steam  chimney  not exceeding  55  to  60  feet,  there  should  be  from  100  to  108  square  feet. 

Grates.—  For  every  cubic  foot  of  steam  as  above,  there  should  be  from 3.8  to  4.  square  feet. 
Western  Boilers.— In  the  boilers  upon  the  Western  lakes  and  rivers of  the  United  States,  where  the  coal  consumed  is  of  the  very  best  quality and  the  smoke  pipes  are  carried  to  a  great  height,  the  combustion  of  coai per  square  foot  of  grate  per  hour  readily  reaches  40  lbs. 
IX  cords  of  Western  wood  have  been  burned  per  hour  upon  48  square feet  of  grate. 
In  this  case,  the  units  above  given  may  be  reduced  to  50  and  54  for heating  surface,  and  the  grate  surface  decreased  to  1.85  and  2. 

*  Estimated  from  above  the  grate  bars,  including  steam  chimney,  and  for  sea  wateT 
water  '*  bars' includin*'  steam  chimney,  where  one  exists,  and  for  frosh 
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Boilers  witli  External  TTixmace  and.  Flue.    (3?lain  Cylin- drical.) 

For  Coal,  20  lbs.  per  Hour  per  Square  Foot  of  Grate,  or  for  Wood  at 40  lbs.    (Natural  Draught.) 
Pressure  of  Steam  100  lbs,  (Mercurial  Gauge),  and  20  Revolutions  of  the  Engine per  Minute. 

Fire  and  Flue  Surface*— Fox  every  cubic  foot  of  steam  to  be  expended in  the  steam  cylinder,  for  a  single  stroke  of  the  piston  (computed  only  to the  point  of  cutting  off),  the  length  of  the  flues  and  steam  chimnev  not 
exceeding  30  feet,  there  should  be  from  85  to  92  square  feet. 

Grates.—  For  every  cubic  foot  of  steam  as  above,  there  should  be  from 3.8  to  4.  square  feet. 
All  of  these  units  are  based  upon  the  volume  of  furnace,  area  of  bridge- 

wall,  or  cross-section  of  flues  or  tubes,  etc.,  as  given  in  the  preceding  rules. The  ranges  given,  of  from  48  to  54,  24  to  48,  etc.,  are  for  the  purpose  of  meeting  the ordinary  differences  of  construction,  thickness  of  metal,  etc. 
When  a  heater  is  used,  and  the  temperature  of  the  feed-water  is  raised  above  that 

obtained  in  a  condensing  engine,  the  proportions  of  surfaces  may  be  correspondingly 
reduced.  to 

Steam  Room. — There  should  be  from  2.5  to  3.5  times  the  volume  of 
steam  room  that  there  are  cubic  feet  of  steam  expended  in  the  cylinder 
for  each  single  stroke  of  the  piston  for  25  revolutions ;  or  the  volume  of 
it  should  be  from  5  to  7  times  the  volume  of  the  cylinder,  increasing  in proportion  with  the  number  of  revolutions. 
When  there  are  two  engines,  or  an  increased  number  of  revolutions,  these  propor- tions of  steam  room  must  be  increased. 
Felt  covering  to  a  boiler  and  steam  pipes  effects  a  very  material  saving in  fuel. 
Notes  —Four  copper  boilers,  with  a  natural  draught  and  bituminous  coal,  flues  40  feet  in  length, including  steam  chimney,  with  14  square  feet  of  fire  and  fine  surface,  and  .6  of  a  square  foot  of  grate surface,  for  every  cubic  foot  in  the  cylinders,  furnished  steam  at  20  lbs  pressure,  cut  off  at  k  of  the stroke  of  the  piston,  for  18.5  revolutions. 
The  mean  of  four  cases,  with  iron  boilers  and  anthracite  coal,  with  a  blast,  flues  50  feet  in  length, gave,  with  12.5  square  feet  of  fire  and  flue  surface,  and  .5  of  a  square  foot  of  grate  surface  for  everv 

cubic  foot  in  the  cylinders,  steam  at  35  lbs.  pressure,  cut  off  at  %  of  the  stroke  of  the  piston  for  2-J revolutions 
The  space  in  the  steam  room  of  the.  boilers  and  chimney  was  about  5  times  that  of  the  cylinders  in the  preceding  cases. 

To  Compute  the  Heating  ancl  G-rate  Surface  required  for a  given  Evaporation,  or  Volume  of  Cylinder  and  Revo- lutions. 

Operation. — Reduce  the  evaporation  to  the  required  volume  of  cylin- 
der, number  of  revolutions  of  engine,  pressure  of  steam,  and  point  of  cut- 
ting off;  then  reduce  these  results  to  the  range  of  consumption  of  fuel 

per  square  foot  of  grate,  pressure  of  steam,  and  number  of  revolutions 
given  for  the  several  cases  at  pp.  593  and  594,  and  multiply  them  by  the 
units  given  for  the  surfaces  required. 

Illustration. — There  is  required  an  evaporation  of  492.24  cubic  feet  of  salt 
water  per  hour,  under  a  pressure  of  steam  of  17.3  lbs.  per  square  inch,  stroke  of  en- 

gine 10  feet,  cutting  off  at  %  stroke,  revolutions  15  per  minute,  and  consumption  of 
fuel  (coal)  13  lbs.  per  square  foot  of  grate  per  hour,  in  a  marine  boiler  having  inter- nal furnaces  and  vertical  tubes. 

Volume  of  steam  at  this  pressure  compared  with  water,  833. 
41)2.24  X  833 -i- 60  £=6833.93  cubic  feet  of  cylinder  per  minute. 
6833.93-^- 15  X  2  =  221.79  cubic  feet  of  cylinder  at  half  stroke. 

*  These  proportions  are  for  the  evaporation  of  fresh  water,  if  sea  water  is  used,  the  surface must  be  increased  .066. 
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Then 227.73  X  17.3 
=  107.04  cubic  feet  at  17.3  lbs.  pressure,  and 

197.04  X  15 
20  —  20 14<.iS,  winch  X  66,  the  unit  for  heating  surface  for  a  vertical  tubular  boiler  at  20 lbs.  pressure  and  20  revolutions  z=  9753  4S  square  feet. 

And  147.73  x  2  =  the  unit  for  grate  under  like  condition  =  295.56  square  feet. 
Note  -The  steamer  Baltk-  has  developed  all  the  elements  here  given,  and  the  sur- faces ot  her  boilers  and  grates  (for  one  engine)  were  9742  and  293.9  square  feet. 

To  Compute  trie  Consumption  ofFuel  in  tlie  Fviriiace  of a  Boiler. 

The  Dimensions  of  the  Cylinder,  the  Pressure  of  the  Steam,  the  Point  of t  utting  Off,  the  Revolutions,  and  the  Evaporation  of  the  Boilers  per  Pound of  Fuel  per  Minute  being  given.  ™ 
nlv  Sr'f  •T.Ascer.ta1i»  ̂ e  V0l1um?  of  water  expended  in  steam,  and  murti- ph  it  bj  the  weight  of  a  cubic  foot  of  the  water  used ;  divide  the  product by  the  evaporating  power  of  the  .fuel  in  the  boiler  under  computation  in pounds  of  water,  and  add  thereto  the  loss  per  cent,  by  blowing  off. 

BOILER  PLATES,  BOLTS,  AND  JOINTS. 
Boiuck  Platks  and  Bolts.— The  tensile  strength  of  Iron  plates  and 
SaW££S£ t0  02  500  lbs- being  ™d  —  -WW 

The  mean  tensile  strength  of  Copper  plates  and  bolts  is  33  000  lbs.,  being 
ritnu  °  1sll,)J?St?d  t0  a  temperature  exceeding  120° :  at  212°  beinl 32  000  lbs.,  and  at  550°  but  25  000  lbs.  fe 

Bursting  and  Collapsing  Pressure* 
For  use  in  salt  water,  computation  for  iron  plates  or  bolts,  without  refer- ence  to  the  riveting,  should  be  based  upon  a  strength  of  two  fifths thai of he  ultimate  strength  of  the  metal,  and  for  use  in  fresh  water  upon  one 

tion  tlnpur^^  Strength*  C°I)r,er  °ne  Mi  is  a The  resistance  to  collapse  of  a  flue  or  tube  is  much  less  than  the  re- sistance  to  bursting;  the  ratio  can  not  be  determined,  as  the  resistance  of a  flue  decreases  with  its  length,  or  that  of  its  courses.  re&lstan^  ot \\  ith  an  ordinary  cylindrical  boiler,  4  feet  in  diameter,  single  riveted 20  feet  in  length,  with  flues  15}4  inches  in  diameter,  shell  l^ths  thick flues^  in,  the  relative  strengths  are  :  Bursting,  350  lbs. ;  follapsrog! 

l^t^S  32  oX.^  a  tGnSlle  Stre^th  °f  ™  of  ̂  

ro  Compute  the  Thicknesses,  Maximum  Working  puu.. lire,  and  Diameter  of  an  Iron  Boiler  or  Fine* For  Service  in  Salt  Water. 

Thickness     R u l k     Multiply  the  diameter  in  feet  by  the  working  press- ure in  lbs.;  divide  the  product  by  1200  for  square  riveting,  1170 \rstaa 
Uien!  SmfJ  '  qU°tient  ̂   giVC  the  ̂kness  in  St 

Workma  Pressure.  Rulk ̂ -Multiply  the  thickness  by  1260,  1170  or 000  as  before  given  ;  divide  the  product  by  the  diameter  in  feet  and  the quotient  will  give  the  pressure  in  pounds.  ' 
Diameter.  RoilK.-Multiply  the  thickness  by  1260,  1170,  or  900  as  be- 

will  SKS  tneSet  Pnfeef  *  ̂  ̂   ̂   and  the  JjjKfc 
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Example. — The  diameter  of  a  single-riveted  iron  boiler  is  4  feet,  and  the  thickness 
of  the  plates  ̂ ths ;  what  will  be  its  maximum  working  pressure  ? 

%  =  .mt,    -3125  X  900^3^ 
For  Service  in  Fresh  Water. — The  preceding  units  are  increased  one 

fourth,  viz.,  1575,  1460,  and  1125. 
To  Compute  tlie  Diameter  of  Stay  Bolts. 

Rule. — Multiply  the  distance  between  their  centre  in  ins.  by  the  square 
root  of  the  quotient  of  the  maximum  working  pressure,  divided  by  5530 
for  salt  water  and  6900  for  fresh,  for  iron  bolts,  and  by  5000  for  copper 
bolts,  and  the  quotient  will  give  the  diameter  in  inches. 

Salt  Water. — The  strength  of  iron  stay  bolts  should  be  computed  at 
one  seventh  of  the  ultimate  strength  of  the  metal. 

Fresh  Water. — The  strength  of  iron  stay  bolts  should  be  computed  at 
one  sixth  of  the  ultimate  strength  of  the  metal. 

The  strength  of  copper  bolts  may  be  taken  at  one  fifth  the  strength  of 
the  metal  for  either  salt  or  fresh  water. 

P^xamtle. — The  maximum  working  pressure  of  an  iron  boiler,  for  use  in  salt  wa- 
ter, is  70  lbs.,  and  the  distance  apart  of  the  bolts  is  8  ins. ;  what  should  be  their diameter  ? 

S  X  v /4L^  S  X  V-012G6  =  S  X  .1125=  .0  in. 

To  Compute  the  Distance  Apart  of  Stay  Bolts. 

Rulk. — Multiply  the  square  root  of  the  quotient  of  5530  for  salt  water 
and  6900  for  fresh  water,  for  iron  bolts,  and  by  5000  for  copper  bolts ; 
divided  by  the  maximum  working  pressure,  by  the  diameter  of  the  bolts, 
and  the  product  will  give  the  distance  in  inches. 
Example. — The  maximum  working  pressure  of  an  iron  boiler  for  use  in  salt  water 

is  70  lbs.,  and  the  diameter  of  the  stay  bolts  is  .9  in.  ;  what  should  he  their  dis- 
tance  apart  ? /5530  ft 

^y-^-X  .9  =  V79  X  .9  =  8  ms. 
Note. — Where  stays  are  secured  by  keys,  their  ends  should  he  \}i  times  the  di- 

ameter of  the  stay,  the  depth  of  the  slot  1.6  diam.  of  stay,  and  the  width  .3. 

To  Compute  tlie  Thickness  of  Flat  Surfaces  in  a  Boiler. 

Salt  Water.  Rulk. — Multiply  the  maximum  working  pressure  by  the 
square  of  the  distance,  or  the  area  of  the  surface,  between  the  centres  of 
the  stays  in  inches ;  divide  the  product  by  45  700,  and  the  square  root  of 
the  quotient  will  give  the  thickness  in  inches. 

Example. — Take  the  elements  of  the  preceding  case. 

Thenv/w=^-098=-313  ,re- 
For  fresh  water  take  57000,  and  for  copper  41300. 

Stay  Bolts. — Iron  stay  bolts,  %  ins.  in  diameter,  screwed  into  a  Copper 
plate  %ths  thick,  drew  at  a  strain  of  18  260  lbs. 

A  like  stay  bolt,  screwed  and  riveted  into  an  Iron  plate,  drew  at  a  strain 
of  28  760  lhsr. 
A  like  stay  bolt  of  Copper,  screwed  and  riveted  into  a  Copper  plate, drew  at  a  strain  of  16  265  lbs. 
Hence,  Stay  bolts  when  screwed  and  riveted  are  %  stronger  than  when xrewed  alone. 
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Flat  Surfaces. 
The  resistance  of  a  flat  surface  decreases  in  a  higher  ratio  than  the 

space  between  the  stays. 
Iron  plates  %  in.  thick,  with  stay  bolts  5  ins.  apart  (from  centres),  gave 

way  with  a  strain  of  9000  lbs.,  and  with  stay  bolts  4  ins.  apart  at  16  000  lbs. 
Tliiclziaess  of  Boiler  Iron  required,  and  Pressures  allowed. 

»t>y  the'Laws  ol'tlie  TJ.  S. 
Pressure  equivalent  to  the  Standard  for  a  Boiler  42-m.  in  Diameter  and  }£  inch  thick. Diameter. Wire 

Gauge. 
No. 1 
2 
3 
4 
5 

5 
4^ 

4 
S% 

3 

34  Inches.  36  Inches.  38  Inches  40  Inches.  42  Inches.  44  Inches.  46  Inch 
Lbs. 
1(39.9 
158.5 
147. 2 
135.9 
124.5 
113.2 
101.9 

Lbs. 
160.4 
149. T 
139.1 
128.3 117. G 
106.9 
96.2 

Lbs. 
152. 141.8 131.8 121.6 
111.4 101.3 
91.2 

Lbs. 
144.4 134.7 
125.1 
115.5 
105.9 
96.2 
86.6 

Lbs. 137.5 
12S.3 119.2 
110. 
100.8 
91.7 

Lbs. 
131.2 122.5 
113.7 
105. 96.2 
87.5 
78.7 

Lbs. 

125.5 
117.2 
108.8 
100.4 
92.1 83.7 
75.3 

Riveted  Joints. 
Forms  and  Proportions  of  Riveted  Jomts.—(\y.  Fairbnirn.) 

Thick- ness of Plate 
Diameter 

of Rivets. Multi- 
Length 

of Rivets. Multi- 
Centre 

to  Centre 
Multi- 

Lap 

in Multipliers. 

plier. plier. of 
plier. 

Single Single 
Double Rivets. Joints. Joints. Joints. 

Ins. Ins. Ins. Ins. Ins. y* 2. if 4.5 
6.5 m 6.8 11.1 

% 
X, 

H 
2. 4.5 

6. 

i% 

6. 10. 
% 

2. 

4.5' 

5.2 

i% 

6. 
10. 

% % 
2. 

4.5 
4.7 

2 5.3 
8.8 

i&/ 
1.5 4.5 2 

4. 

2M 

4.5 7.5 % % 1.5 4.5 
3 

4. %% 

4.4 7.3 1.5 4.5 
4. 

3X 

4.3 7.2 
The  Length  of  a  rivet,  alike  to  a  bolt,  is  measured  from  inside  of  its  head. 
The  Multipliers  are  for  computing  the  Diameter,  Length,  and  Distance between  centres  of  the  rivets;  also  for  the  Laps  for  Single  and  Double Joints,  by  multiplying  the  thickness  of  the  plate  by  the  Multiplier  for  the element  required. 
In  Riveted  Joints  exposed  to  a  tensile  strain,  the  area  of  the  rivets 

should  be  equal  to  the  areas  of  the  section  of  the  plates  through  the  line of  the  riyets,  running  a  little  in  excess  up  to  %  in.,  and  somewhat  less beyond  that  diameter  of  rivet. 

Relative  Strength  of  Riveted  Joints  per  Square  Inch  of  Single  Plate. 
Single  Lapped—  Machine  riveted.  Rivets  3  diameters  from  centres 2o  000  lbs. 
Hand  riveted.    Rivets  3  diameters  from  centres,  24000  lbs. 
Rivets  set  u  staggered,"  and  equidistant  from  centres,  30  500  lbs. Abut  Joints.— Hand  riveted.  Rivets  not  "staggered,"  and  equidistant from  centres,  single  cover  or  strip,  30  000  lbs. 
Rivets  sot  "  square,"  single  cover  or  strip,  42  000  lbs. ;  double  covers  or strips,  5o  000  lbs. 

Relative  Mean  Strength  of  Riveted  Joints  compared  to  that  of  the  Plates, Allowances  being  made  for  Imperfections  of  Rivets,  etc. 
Plates,  100;  Double  or  "  square"  rivets, Single  rivets,  .5. 3  E 

" :  "  Staggered"  rivets,  .Go ; 
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LOCOMOTIVE  ENGINE. 
Proportion  of  Parts  based  upon  Diameter  of  Cylinder. 

Crank  Shaft  diameter  .4 
Connecting  Kod,  end   "  .16 u  middle...  "  .21 
Piston  Kod   u  .15 

Depth  of  Piston  28 
Blast  Pipe,  diameter  3 
Area  Steam  Port  ,  ̂ 2  x  .08 

u    Exhaust  Port   d2  x  .28 
H    H2 

.0022  Xj  =  w.    21.2  V'tog  =  H.    .0022  —  m'p ;  H  and  g  representing 
areas  of  heating  and  grate  surfaces  in  square  feet,  and  w  volume  of  water 
evaporated  in  cubic  feet  per  hour. 

Heating  Surface. — 70  to  85  times  that  of  the  grate  surface. 
Grate  Surface. — Area  .011  of  heating  surface  when  coke  is  used,  and .010  when  bituminous  coal  is  used. 
Area  of  Tube  surface  10.5  times  that  of  the  furnace  surface. 
Steam  Room. — 6  to  7  cubic  feet  per  square  foot  of  grate  surface. 
The  Evaporation  of  water  in  a  locomotive  boiler  is  from  8.5  to  9.5  lbs, 

water  from  212°  per  lb.  of  coke  consumed. 
Memoranda. 

1192  square  feet  of  heating  surface  and  74  feet  of  grate  in  a  locomotive 
boiler  (tubular  direct),  gave  identical  results  with  a  plain  cylindrical 
boiler  having  1184  feet  of  heating  surface  and  96  feet  of  grate. 

The  mean  results  of  an  experiment  with  a  passenger  train  was  18  lbs. 
coke  expended  per  mile  run,  and  26.3  lbs.  per  mile  at  a  speed  of  24.5 miles. 

There  is  an  increase  of  effect  with  large  drums  over  small. 
.76  cubic  feet  of  water  evaporated  per  hour  will  produce  1  horse  power. 
In  the  Soemmering  locomotive,  a  power  of  4.2  horses  has  been  attained 

per  ton  of  engine  and  tender;  and  1  lb.  of  wood  has  raised  13  600  lbs. 
1  foot  in  height  per  minute  =  14.6  lbs.  wood  per  horse  power;  and  in  a 
Freight  locomotive,  Northwestern  Railway,  No.  227  (Eng.),  a  power  of 
3.55  horses  has  been  attained  per  ton  of  engine  and  tender. 

With  two  locomotives  of  R.  Stephenson  &  Co.,  cj^linders  14  ins.  in  diam. 
and  22  ins.  stroke,  driving  wheels- 3.5  feet,  locomotives  secured  togethei 
and  operated  as  one,  weight  50  tons,  150  tons  were  elevated  a  grade  of  1 
in  36  at  15  miles  per  hour. 

Speed,  of  Trains. 
60.     minutes  in  running  1  mile  =  miles  per  hour. 

3600      seconds        "      *"  1  mile  =    "  " 
Railway  Train.— At  a  speed  of  33  miles  per  hour,  a  distance  of  57  yards is  required  within  which  a  train  can  be  arrested;  and  at  a  speed  of  63 

miles  per  hour,  a  distance  of  273  yards  is  required. 
Brakes. — The  resistance  of  brakes,  as  determined  by  experiments,  is about  129  lbs.  per  ton  of  train. 

GOVERNOR. 

187.5  /187.5\ 2     ,  _ 
~y/T~~n'     \    n    J       '      representing  vertical  height  from  plane  of 

revolution  to  point  of  suspension  in  inches,  and  n  number  of  revolutions  per minute. 
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ID ixty  of  Steam  Engines. 
The  conventional  duty  of  an  engine  is  the  number  of  pounds  raised  by 

it  1  foot  in  height  by  a  bushel  of  bituminous  coal  (112  lbs.). 
Cornish  Engine.—  Average  dutv  70  000  000  lbs.  :  the  highest  dutv  rang- 

ing from  47  000  000  to  101  900  000*lbs.  * 
An  actual  horse-power  per  hour,  in  a  condensing  marine  engine,  work- 

ing with  steam  at  15  lbs.  (mercurial  gauge),  cut  off  at  %  stroke,  will  re- quire 2.07  lbs.  bituminous  coal. 
Evaporation  10.5  lbs.  water  per  lb.  of  Welsh  coal  consumed. 
Portable  Engine.— Cylinder  6%  ins.  in  diam.  by  4  foot  stroke  of  piston, 

revolutions  115  per  minute,  consumption  of  anthracite  coal  17.28  lbs.  per hour,  steam  cut  off  at  34  stroke. 
Pumping  Engine  (Condensing).— The  engine  of  the  Brooklvn  Water- 

works, X.  Y.,  elevated  Gil  114  lbs.  water  1  foot  in  height  per  minute,  with 
a  consumption  of  1  lb.  anthracite  coal.  Friction  of  engine  between  cvlin- 
der  and  pumps  7.4  per  cent.  ;  loss  of  action  in  pumps  1.69  per  cent, 

This  operation  is  in  excess  of  all  previous  essays. 
The  Leegh water  engine,  in  the  Harlaem  Meer,  elevated  1192G642  lbs. 1  foot  in  height  per  minute. 

Helative  Cost  of  various  Engines  for  Equal  Effects. 
In  Pounds  of  Coal  per  Horse-power  per  Hour. 

A  theoretically  perfect  steam-engine   J36 A  Cornish  condensing  steam-engine   V  2.38 
Ericsson's  air  engine  3  8G 
A  marine  condensing  steam-engine                     V  to-  6*. 
WEIGHTS  OF  STEAM-ENGINES  AND  WHEELS  OR  PROPELLERS. 

Side  Wheels.— American  Marine  {Condensing). No.  of       Volume  of    Weight  per 
Cylinders.      Cylinders.    Cubic  Feet  Service. 

Vertical  beam  . . 
do. 
do. do. 

Steeple   
Oscillating  do  
Overhead  direct 
Inclined  direct. . do. 
Side  Lever  
Horizontal  

Wood.* 
Wood.* 
Wood.* 
Wood.* Iron. 
Iron. 
Iron. 
Iron. 
Iron. 
Iron. 
Iron. 
Wood. 

Water 
Wheels.  Cv 

Wood. 
Wood. 
Iron. 
Iron. 
Iron. 
Iron. 
Iron. 
Iron. 
Iron. 
Iron. 
Iron. WTood. 

Cub.  feet. 63. 
210. 
530 . 
725. 12.8 

10D0. 
261. 3 
534.5 
534.5 

Lbs. 
1100 10491 

1500 ios:)t 
3800 
760* 

1400 1100 
1316 
1390 

River. 
Coast. 
Sea. Ssa. 
River  and  Coast. 
Sea. Sea. 
Sea  (Gorgon). IT,  S.  Navy. U.  S.  Navy. 
U.  S.  Navy. 
River. 

English,  per  Nominal  Horse-power. 
Side  Lever. 

Engines  and) 
Wheels  j*  ' '  • Boilers  ̂ tubular). 

Coal  Bankers  
Water  in  boilers  . 

Lbs. 
1540. 
79S. 
77. 3 

515. 

Oscillating. 

T,     .  L'os. Engines   5Go Wheels   246 Boilers   431 Coal  Bunkers  
Water  in  Boilei'S  

224 

*  Without  frame. f  With  frame  11C9. 
%  Single  frame. 
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Screw  Propellers. — Marine.  {Condensing.) 

Vertical  direct  
do  
do  

Oscillating  
Trunk   
Inclined  direct  
Horizontal  back-action 

No.  of  • 
Cylinders. 

Volume  of 
Cylinder. Cubic  feet. 12.5 09. 
33. 

193. 

OS. 

Non-condens  ing . 

Lbs. 
5G0O 
4000 
3650 
2080 
42G0 

Sea. 
Sea. Coast. 
Sea. 
Sea. 

Sea. 

Engines. No.  of 
Cylinders. 

Volume  of 
Cylinder. 

Weight  per 
Cubic  Feet. Service. 

Cubic  feet. Lbs. 
2 3.9 4990 River. 
2 7.6 5500 Sea. 1 9.3 

7800 Coast. Inclined  direct  Coast. 
Land.  Engines — {Non-condensing.) 

Vertical  beam,  IS  ins.  X  4  feet, u 
Horizontal,  14  ins.  X  2  feet  

Engine  and 
Spur  Wheel. 

Lbs. 
103  040 
1050 

Lbs. 
20  S80 

Sugar  Mill Complete. 
Lbs. 89  000 

Engine >er  Cub.  Ft. 
if  Cylinder. Lbs. 

9000 

4000 

Relative  Space  occupied  and.  "Weiglit  of  different  Forms 
of  Marine  Engines,  omitting  "Water  "Wlieels,  Shafts, 
and  Cranks,  "being  common  to  all.— (Horatio  Allen.) 

Spr 
ce. Wei 

ght. 

Engine.— Equal  Volume  of  Cylinder  of  315 Cubic  Feet. Total. Per  Cubic 
Foot  of 

Cylinder. 
Total. 

Per  Cubic" 

Foot  of 
Cylinder. 

Vertical  beam  (overhead),  1  cylinder. . . . 

Oscillating  1  u   

Cub.  Feet. 
14  000 
12  000 
SOOO 

Cub.  Feet. 
44.4 
38. 25.4 

Lbs. 
2S0  000 
295  000 
220  000 

Cub.  Feet 
885 935 
g:;t 

Double  cylinder,  inclined  at  right  angles, "} volume  of  high  pressure  or  full  stroke  > 
cylinders  150  cub.  ft. — (A.  G.  Stimkrs.)  j 

10  000 IT. 418  000 
TOO 

The  spaces  include  all  passages  about  the  engine;  but  with  the  vertical  beam, 
that  portion  of  the  frame  and  engine  which  is  above  the  spar  deck  is  not  included. 

Proportionate  Weights,  Space  occupied,  and  Cost  of  English  Side-wheel 
Engines,  Boilers,  Wheels,  or  Screw  Propeller,  etc.,  per' Nominal  Horse- power. — (Admiralty.)    (Mean  of  18  cases.) WEIGIITS. 

Lbs. 
Engines   5SS 
Boilers  and  Appendages   330 Water  in  do   224 
Wheels  or  Propeller   112 

Lb?. 
Extra  pieces.   84 
Coal  Bunker  for  1680  lbs.  per  horse-* power  
Total   142S 

84 

Space  occupied  by  Engines  alone,  exclusive  of  boilers,  coal  bunkers,  and  passage- 
ways, may  be  taken  at  %  of  a  square  foot  per  horse-power,  and  for  Boilers  alone  at 1  square  foot. 
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cost  (1S56). 

601 

Engines   $120 Boilers   63 
Coal  Bunkers   10 

Wheels  $12.50 
Extra  pieces   12.50 
Total  $215. 

"WEIGHTS  OF  BOILERS. 
Weights  of  Iron  Boilers  (including  Doors  and  Plates,  and  exclusive  of  Smoke 

Pipes  and  Grates)  per  Square  Foot  of  Heating  Surface. 
Measured  from  Grates  to  Top  of  Steam  Chimney  or  Base  of  Smoke  Pipe. 

Description  of  Boiler.  or 

Single Do. 
Drop 
Do. 
Do. 
Single 
Do. 

Horizontal  return, 
Do.  do. 
Do.  do. 

Vertical  do. 
Do. 

water  bottom, 
do.  ... 

water  bottom. 

Double  return,  Flue*   water  bottom. Single     do.       do.t    do.  ... do.  do    
do.       do.  f   
do.       do.,  and  over  furnace, do.       do.  do. 
do.       do.,  Multifluet  
do.       do.  do  

Tubulari  water  bottom. 
do.t    — 
do.t   !   — 
do.t    water  bottom. 
do.,i  back  of  furnace  do. 

Horizontal  direct,  Tubulart   water  bottom. 
Do.        do.        do.t    — 

Cylindrical,  external  furnace, §  36  ins.  in  diam.,  X  hi.  thick 
Do.        Flue    do.  §30  to  42    do.       &  do. 

Horizontal  direct,  Tubular   Locomotive  . . . 
Vertical  Cylinder  direct,  Tubular   —  S.        24.    to  2C. 

Note. — The  range  in  the  unite  of  weight  here  given  arises  from  peculiarities  of 
construction,  consequent  upon  the  proportionate  number  of  furnaces,  thicknesses  of 
metal,  volume  of  boilers  compared  with  heating  surface,  character  of  staying,  etc. 

2.  The  boiler  of  the  British  Admiralty  i*  a  Horizontal  return  Tubular,  with  water 
bottom,  and  its  weight  varies  from  28  to  33  lbs.  per  square  foot  as  above. 
Consumption  of  Fuel  per  Square  Foot  of  Grate  per  Hour  for  several  Marine Boilers. 

31.5  to  33.3 
25.6  to  32.9 
24.  to  30. 
30.4  to  40.8 29.    to  38. 
2T.    to  36. 
2T.    to  45. 
25.  to  43. 
22.5  to  35. 
21.    to  33. 
17. T  to  26. T 
18.5  to  26.5 
25.    to  31.2 
19.8  to  23.8 
17.    to  21. 23.5  to  24. 
18.1  to  18.0 

Natural  Draught. Lbs. 

"Costa  Rica,"  anthracite   11. 
"Wyoming,"  do  

8. 

"Adriatic,"  do  ••'•Wabash,"  do  
12.56 

"Arctic,"           bituminous  coal 13. 
Western  steamboats,  do. 

40. 

Blast. 

"  San  Jacinto,"  anthracite. 
"Metropolis,"  do.  ... 
"Princeton,"  do.  ... 
"  Daniel  Drew,"  do.  . . . 
"  Mary  Powell,"  do. Locomotive,  bituminous. . . 

20.9 

SATURATION  IN  MARINE  BOILERS. 
Sea  water  contains  3.03  parts  of  its  weight  in  saline  matter,  and  is  sat- 

urated when  it  contains  36.37  parts. 
Blowing  OfT. 

To  Compute  the  Loss  of  Heal  by  the  Blowing  Off  of  Saturated  Water  from  a Steam-boiler. 
S-TxE+* 

 —proportion  of  heat  lost,  S  —  T  xE  =  degrees  of  heat  rc- 
*  Section  of  furnace  square.    Shell,  top  arched,  bottom  square. 
t  Section  of  furnace  square.    Shell  cylindrical.  %  Section  of  furnace  and  shell  square. §  Wrought  iron  heads,  %\hn  thick,  flues  \  in.,  and  surface  computed  to  half  diameter  of  hliell 

3  E* 
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quired  from  the  fuel  for  the  water  evaporated,  and    .  =  ioss  0f 
S-TxE+<  J heat  per  cent.  S  representing  sum  of  sensible  and  latent  heats  of  water  evap- orated, T  temperature  of  feed  ivater,  t  difference  in  temperature  of  water 

blowed  off  and  that  supplied  to  the  boiler,  E  volume  of  water  evaporated, pr op or donate  to  that  Mowed  off,  the  latter  being  a  constant  quantity  and represented  by  1. 
Values  of  E  at  the  following  degrees  of  saturation,  viz.  : 
1.25  1.5  1.75      _     2     •      2.25     wto*  2.5 
-^—.25;  ̂   =  .5;   IT  =  ̂   J  g2  =  1 5  ~W=^o:  W  =  l,b* 

2.75    ■  >       3      ,    3.25        ft  3.5 
"3F=1'75    32  =  25  -32"  =  2.2a;  3^  =  2.5,  etc. 

Thus,  when  the  water  in  a  boiler  is  maintained  at  a  density  of      1  vol- /,  •  •  ^2 
ume  of  it  is  evaporated,  and  an  equal  volume,  or  1,  is  blowed  off.  Hence 
1  +  1  —  1  —  1  =  ratio  of  volume  evaporated  to  the  volume  blowed  off:  and 1  25 
when  it  is  maintained  at  .25  volumes  of  it  are  evaporated,  and  1 
blowed  off.    Hence  1     .25  =  4  volumes  bloived  off, 

2 
Illustrations.— The  point  of  blowing  off  is  -,  the  piessure  of  the  steam  15.3 

lb.3.  mercurial  gauge,  and  the  density  of  the  feed  water  i. 

5  =  1202°,  T=rl00°,  *  =  temp.  of  15.3  X  14.T  =  251.6° —  100  =  151.0°,  E  =  l. 
1202  —  100  x  1  +  151.6  nntr 

Then  1516   =8.2T  =  proportion  of  heat  Lost 

1202  — 100xl  +  151.6°=1253.6°  =  *otaZ  heat  required  from,  the  fuel;  and  151'6° 2  1253.6° =  12.093  per  cent  loss  by  Mowing  off  at  —  at  the  temperatures  given. 
Note — If  the  temperature  of  the  feed  water  in  this  case  had  been  150°,  the  loss would  have  bean  but  8. SI  per  cent. 

To  Compute  the  Degree  of  Saturation  to  Contain  x  Parts  of  Saline  Matter. 
The  quantity  of  saline  matter  entering  and  the  quantity  blowed  off  m  the 

same  time,  will  be  equal  when  3,03  (s  4-  b)=xb  .  hence  3  -  ~  b  and 3.03  s  a?— 3.03 ——^^-3.03. 6  ,nol! 
Illustration.— The  volume  of  water  used  for  steam  in  an  engine  is  1,  and  the volume  blowed  out  4 ,  what  is  the  degree  of  saturation  ? 
Note.— As  Saline  Hydrometers  are  graduated  to  3  parts  of  saline  matter  in  100 or  1  in  33,  it  is  preferable  to  use  3  instead  of  3.13  as  above. 
Here  x  degrees  of  saturation  =  1.25. 

ThCn  i.25x3-3  =  ls  =  4;  and  -il  =  -™>  <»' (125X3-3): 

To  Compute  the  Volume  of  Water  Blowed  Off  to  that  Evaporated.    The  Degree of  Saturation  being  Given. 

U(im<:.—  Divide  1  by  the  proportionate  volume  of  water  evaporated  to that  blowed  oil;  or  the  value  of  E  as  above,  for  the  degree  of  saturation 
given,  and  (lie  quotient  will  ̂ ive  tiie  number  of  volumes  blowed  off  to  that evaporated. 
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Illustration*.—  The  degree  of  saturation  in  a  marine  boiler  is        ;  what  is  the 
32 

volume  of  water  blowed  off? 
Value  of  E  1.25.    Then  -L  =  .8  bio  wed  off. 

To  Compute  the  Economy  attained  by  the  Use  of  Fr,zsk  Water  in  a  Marine  Boiler compared  ivith  the  Use  of  Sea  Water 
TG6.G  T  —  t  —  r,  or  ratio  of  increase  of  temperature  to  which  feed  water  must  be subjected. 
F — E=zzV,  or  vOiUme  to  be  blowed  off. 
V-=-r=r,  or  volume  of  water  which  could  be  converted  into  steam  by  the  temper- ature lost  by  blowing  off 
Hence  v  X  the  pounds  of  fuel  necessary  to  evaporate  a  cubic  foot  of  water  will  give the  amount  of  fuel  economized. 
T  and  t  representing  temperature  of  fresh  water  due  to  the  pressure  of  the  steam, 

and  the  mean  temperature  of  feed  water,  and  F  and  E  the  volumes  of  feed  water  and that  evaporated. 
Note.— This  economy  is  exclusive  of  the  loss  of  heat  consequent  upon  the  incrust- ation upon  the  heating  surfaces  of  a  boiler  when  sea  Avater  is  used. 

HOESE  POWER. 

As  this  is  the  universal  term  used  to  express  the  capability  of  first movers,  of  magnitude,  it  is  essential  that  the  estimate  of  it  should  be uniform. 
Its  estimate  is  the  elevation  of  33  000  pounds  avoirdupois  one  foot 

in  height  in  one  minute,  and  it  is  designated  as  being  Nominal  Indi- cated, or  Actual. 
The  first  designation  being  adopted  and  referred  to  by  Manufac- 

turers of  steam-engines  in  order  to  express  the  capacity  of  an  engine, the  elements  thereof  being  confined  to  the  dimensions  of  the  steam 
cylinder,  and  a  conventional  pressure  of  steam  and  speed  of  piston  ; the  second  to  designate  the  full  capacity  of  an  engine,  as  developed  in operation,  without  any  deduction  for  friction;  and  the  last  referring to  its  actual  power  as  developed  by  its  operation,  involving  the  ele- 

ments of  the  mean  pressure  upon  "the  piston,  its  velocity,  and  a  just deduction  for  the  friction  of  the  operation  of  the  machine. 
In  reviewing  the  various  modes  for  the  computation  as  submitted  by engineers  and  Manufacturers,  there  is  no  proper  formula  that  presents  the essential  element  of  being  in  conformity  with  any  other,  and  as  conformity in  a  rule  for  this  purpose,  if  based  upon  an  assimilation  to  the  capacity or  an  engine,  is  all  that  is  requisite,  it  would  have  been  preferable  to  have adopted  an  existing  formula  to  the  introduction  of  a  new  one,  had  it  been practicable  to  have  done  so.  It  occurs,  further,  that  there  is  not  only  a want  of  conformity  in  the  various  rules  essaved  by  authors,  but  they  have neither  reached  the  cases  of  both  condensing  and  non-condensing  engines nor  have  they  properly  approached  to  the  actual  power  of  an  enSne^  and as  the  practice  of  operating  engines  since  the  adoption  of  existing  formula; has  materially  altered  both  in  an  increase  of  pressure  and  velocity  of piston,  the  following  rules  are  submitted. 

Nominal  Horse's  Power, (.Condensing  Engine.) 

mii)^  horse  s  Vower:  d  representing  diam.  of  cylinder  in  inches,  and  v 
the  velocity  of  the  piston  infect  per  minute 

This  is  alike  to  the  rule  of  the  British  Admiralty,  substituting  3000  foi 
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6000,  and  it  is  based  upon  a  uniform  steam  pressure  of  10  lbs.  per  square 
inch  (steam  gauge,  or  above  the  pressure  of  the  atmosphere),  cut  off  at 
one  half  the  stroke,  deducting  one  fifth*  for  friction  and  losses,  with  a 
mean  velocity  of  piston  of  250  feet  per  minute  for  an  engine  of  long 
stroke,  and  of  200  feet  for  one  of  short  stroke. 

The  rule  of  the  British  Admiralty  is  based  upon  a  uniform  and  effective 
pressure  of  7- lbs,  per  square  inch  at  full  stroke,  and  a  mean  velocity  of 
piston  of  205  feet  per  minute  ;  viz.,  170  feet  for  a  stroke  of  2.5  feet,  and  240 
feet  for  a'  stroke  of  8  feet. 

Non-co7idensing  Engine. 
d2  v 
— —     horses^  power. 

This  is  based  upon  a  uniform  steam  pressure  of  60  lbs,  per  square  inch 
(steam  gauge),  cut  off  at  one  half  the  stroke,  deducting  one  sixth  for 
friction  and  losses,  with  a  mean  velocity  of  piston  of  250  feet  per  minute. 

ISTominal  Horse  IPower  of  several  Non-condensing 
Engines. d2  v 

Computed  from  Formula  -—  =HP. 

Horses' Power. 
Diameter and  Stioke 

of  Cylinder 
Revo- lutions Horses* Power 

Diameter 
an  i  Stroke 
of  Cylinder Revo- lutions. 

Horses* 
Power 

Diameter 
and  Stroke 
of  Cylinder 

Revo 
lutions. 

No. Ins Feet Min No Ins. Feet. 
Min. No. Ins 

Feet. 
Min 9. oxi. 125 461 12X4.5 32 159.7 22X5.5 
30 9.2 0 1.5 85 55.3 14 

3. 47 
160.7 22 

6. 
28 

12.2 7 
1, 

125 56.3 14 3.5 
41 

163.6 22 
6.5 

26 
12.5 T 1.5 85 5S. 14 4. 

37 169.4 
22 

7. 

25 

29 10.3 8 1.5 
85 

60. 14 4  5 
34 

183  7 24 
5.5 1G.9 8 1.T5 

75 
60.  S 14 

5. 
30 

193.5 

24 6. 28 

21.1 9 1.5 87 64.8 
15 3. 

48 194.7 

24 

6.5 26 

21.3 9 1.75 75 66.1 15 3.5 42 193.5 

24 

7. 

24 

21.4 9 2. 
66 

66.6 15 4. 37 198.7 24 7.5 

23 

21.5 9 2.5 53 66.8 15 4.5 
33 

227.1 26 6. 

28 

2G.1 10 1.5 
87 

67.5 15 5. 
30 

228.5 

26 6.5 

16 26.6 10 1  75 76 77.1 
16 

3.5 
43 227.1 

26 

7. 

24 

2T.2 10 
2. 68 

77.8 16 4. 
3S 

233.2 

28 
7.5 

2T.5 10 2.5 
55 

78.3 
16 

4.5 

34 
237.9 

26 S. 

22 28.2 10 3. 
47 

79.4 
16 5. 

31 
266. 

2S 6.5 
26 28  7 10 3.5 41 81.7 

16 
5.5 

2.) 
274.4 

2S 

7. 

•25 

28.  S 10 
4. 36 S2.9 16 

6. 

27 
270.5 

2S 

7.5 

23 

33.9 11 2. 70 99.1 18 4.5 34 275.8 28 

8. 22 33.3 11 2  5 55 103.7 18 5. 32 279.9 

2S 

8  5 21 

33.4 11 
3. 

40 103.4 18 5.5 29 
304.2 30 65 26 

33.9 11 3.5 40 105. IS 
6. 

27 
315. 30 7. 25 

34.9 11 4. 36 128. 20 
5. 32 324. 

30 
7.5 

24 

39.2 12 
2. 

68 127.6 
20 5.5 29 331  2 

30 

8. 

23 

3D.  (J 12 2.5 55 129.6 
20 

6. 

27 336.6 

30 
8.5 22 

40.6 12 3. 47 130. 20 
6  5 

25 
340.2 

30 

9. 
21 

41.3 12 3,5 41 134.4 
20 

7. 

24 350.1 
30 

9  5 
21 

41.5 12 4. 36 154.9 22 5. 
32 36a 

30 
10. 

20 

Indicated  Horse  JPower. 
Tins  is  the  gross  power  exerted  by  an  engine,  without  any  deduction 

for  friction,  the  mean  pressure  upon  the  piston  being  determined  by  an 
Indicator,  or  by  a  computation  based  upon  the  actual  initial  pressure  in the  cylinder 

*  The  friction  and  losses  in  a  marine  engine  may  he  taken  at  1.  5  to  2  lbs  per  square  inch  for  work inc  the  engine,  and  5  to  1\u  per  cent  upon  tlie  remainder  for  Hie  friction  of  the  load. 
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Actual  or  Effective  Power. —  Condensing  Engine. 
Ax  P*-fjx2sr  B 

33TmjO  "  =  horse's  power.    A  representing  area  of  cylinder  in 
square  inches,  P  mean  effective  pressure  upon  cylinder  piston  in  lbs.  per 
square  inch,  inclusive  of  the  atmosphere,  f  the  friction  of  the  engine  in  all  its 
parts,  added  to  the  f  riction  of  the  load  in  lbs.  per  square  inch,  s  stroke  of piston  in  feet,  and  r  number  of  revolutions  per  minute. 

The  Power  required  to  work  the  air-pump  of  an  engine  varies  from  .7  to 
9  lbs.  per  square  inch  upon  the  cylinder  piston. 
Illustration. — The  diameter  of  cylinder  of  a  marine  steam-engine  is  60  ins.,  the stroke  of  its  piston  10  feet,  its  revolutions  15  per  minute,  and  the  pressure  of  the staam  per  gauge,  cut  off  at  one  fourth  the  stroke,  is  20  lbs.  per  square  inch, 
A  =  25-27.4  sq.  vis.  P  (per  Ex.,  p.  5S0)  20.355*  lbs.  f=  1.5+  20.S55—  1.5  X  .05 

=  Thea  '^-^  *  IXjg^MEM  norses'  paWe, From  which  is  to  be  deducted  in  Marine  Engines  the  power  necessary  to  discharge the  water  of  condensation  at  the  level  of  the  load-line,  which  is  determined  by  the pressure  due  to  the  elevation  of  the  water,  the  area  of  the  air-pump  piston,  and  the velocity  of  its  discharge  in  feet  per  second. 
Non-condensing  Engine. 

AxP-(/H14.7)x2*r  7 
WoOO  =  Worse's  power. The  sum  of  these  resistances  i£  from  12%  to  20  per  cent.,  according  to the  pressure  of  the  steam,  being  least  with  the  highest  pressure. 

Illustration. —The  diameter  of  cylinder  of  a  non-condensing  engine  is  10  ins., the  stroke  of  the  piston  4  feet,  its  revolutions  45  per  minute,  and  the  mean  pressure of  the  steam  in  the  cylinder  (per  steam  gauge)  is  60  lbs.  per  square  inch. 
A  =  78.54  sq.  vm,     P  60  +  147  =  74,7  lbs.    f= 2. 5  +  (00  + 14. 7  -  2. 5)  x . 075 

T  92  /»*.  r^l^^^-J^)^^^^ 
Note.— The  power  of  a  non-condensing  engine  is  sensibly  affected  by  the  charac- £  a  ̂Xh"ust»  as  to  whether  it  is  into  a  heater,  or  through  a  contracted  pipe,  to afford  a  blast  to  combustion.  v  ' 
Note  2.  If  an  Indicator  is  not  used  to  determine  the  pressure  of  the  steam  in  a 
^A\^SS^  expansively,  is  .9  of  the  fall  pressure, 

To  Compute  tlie  Horses  Power  ofan  Engine  necessary to  raise  Water  to  any  G-iven  Height. 
Kllk.— Multiply  the  weight  of  the  column  of  water  by  its  velocity  in feet  per  minute,  and  divide  the  product  by  33  000. 

w^f^T1-  5l  rer!"ired  t0  raise  a  coIun™  of  fresh  water,  16  inches  in  diameter by  oQ  feet  in  height,  with  a  velocity  of  128  feet  per  minute ;  what  power  is  necessary? 
*  *|V*  vaTlue  18  be"t  stained  by  an  Indicator:  when  one  is  not  used,  refer  to  rule  and  table lit  A  >  v  ,h     fStmiat,ng  the  vaJue  of  ,P>  *dfl  14  7  lbs.,  for  the  atmospheric  pressure  to  that  indl'- 

fo?tfc?iU&f  be  "-feI?  e"?,",.ftad  in  en2ine*  of  magnitude  at  1.5  to  2  lbs  per  square  inch, 
%tl!To?Z  remain?n\f presrure1  ̂   fnCti°"  °f  the  ̂   ■*  be  ̂  *  5  to  f£ The  sum  of  these  resistances  in  ordinary  marine  engines  is  from  10  to  20  Der  cent    according  tn 
Z  Ett£1t!H'1VJt?fE  °f  P°Wer  Veq"1,ed  t0  deHver  the  wa^rXoXnSil me  level  ot  the  load-line  *or  the  pressure  representing  the  friction  for  dim-rent  d<-i«-ns  and  on. pacifies  of  engines  as  estimated  by  Knirlish  authority,  see  page  347  ^'enl  designs  and  ca- |  ̂  earance  of  piston  at  each  end  of  cylinder  is  included  in  this  estimate. 
•IfitoMiS f  .SdThJfrS.S? ,yfe,|tm|,ate.d  Ht  V  lbi-  per  Square  i,,ch  for  t,,e  friction  of  the  engine  in all  its  parts,  and  the  friction  of  the  load  may  be  taken  at  7  k  per  cent  of  the  remaining  pressure. 



STEAM-ENGINE.  HORSE  POWER. 

The  height  of  a  column  of  fresh  water  equal  to  a  pressure  of  1  lb.  per  sq  in  =  2.31. 
Then  SO     2.31  —  37.23  lbs. 
Area  of  1G  ins.  -  201.0G  ins.,  which  X  3T.23  =  74S5.4G,  and  7,185.46  X  128     33  000 

—  29.03  horses'1  power. 
To  which  should  be  added  an  allowance  of  fully  .2  for  friction,  leakages,  waste,  etc. 

To  Compute  trie  "Velocity  necessary  to  .Discharge  a  Griven Volmne  of  Water  in  any  Given  Time. 
Rule. — Multiply  the  number  of  cubic  feet  by  144,  and  divide  the  prod- 

uct  by  the  area  of  the  pipe  or  opening  in  inches. 
Example. — The  diameter  of  a  pipe  is  1G  inches,  and  the  volume  of  water  179  cubic feet  per  minute ;  what  is  its  velocity  ? 170  y  144 
Area  of  pipe  201.  OG  ins.  =  128.2  feet 201. 0G 

To  Compute  tlie  Area  of  a  req. mired.  IPipe,  the  Velocity  and. 
Volume  of  tlie  Water  being  given. 

Rule. — Proceed  as  above,  and  divide  the  product  by  the  velocity. 

To  Compute  tlie  Volume  of  Water  required,  to  "be Evaporated  in  a  Steam-engine. 
Rule. — Multiply  the  volume  of  steam  expended  in  the  cylinder  and 

steam  chests  by  twice  the  number  of  revolutions,  and  multiply  the  product 
by  the  density  of  the  steam  at  the  pressure  given. 
Example. — What  quantity  of  water  will  an  engine  require  to  be  evaporated  per revolution,  the  diameter  of  the  cylinder  being  70  ins. ,  the  stroke  of  the  piston  10  feet, 

and  the  pressure  of  steam  32  lbs.  per  square  inch,  including  the  atmosphere,  cut  off at  one  half  of  the  stroke  ? 
Area  of  cylinder=3S48.4        10x12-^2=60  ins.,  then  60  X3S4S.  4=230904  cub.  int. 
Add,  for  clearance  at  one  end  and  volume  of  nozzle,  steam  chest,  etc.,  1731S  cub.  ins. 
Then  230904 -f- 1731S  ̂ - 172Sx2  =  287.29  cub  feet,  which  X  .0012,  the  density  of steam  at  32  lbs.  pressure  (p.  574)  =  .3447  cubic  feet. 
Note.— This  refers  to  the  expenditure  of  steam  alone ;  in  practice,  however,  a 

large  quantity  of  water  (differing  in  different  case s)  is  carried  into  the  cylinder  in mechanical  combination  with  the  steam. 

To  Compute  tlie  Area  of  an  Injection  IPipe. 
Ruel. — Ascertain  the  volume  of  water  required  by  the  rule,  p.  576.  in 

cubic  inches  per  second,  multiply  it  by  the  number  of  volumes  of  water 
required  for  condensation,  by  rule,  p.  577,  and  divide  it  by  the  velocity 
due  to  the  flow  in  feet  per  second,  and  again,  by  12,  and  the  quotient  will 
give  the  area  in  square  inches, 

Example. — An  engine  has  the  following  elements  at  its  maximum  operation; 
what  should  be  the  area  of  its  injection  pipe? 

Cylinder,  70  ins.  diameter  and  10  feet  stroke  of  piston ;  revolutions,  15  per  minute ; 
steam,  17.3  lbs.,  mercurial  gauge,  cut  off  one  half. 

Volume  of  cylinder  2G7.25  cubic  feet,  cut  off  at  %  =  133. G25. 
Density  of  steam  at  32  lbs.  (17.3 -f  14.7)  =  .0012.  Velocity  of  flow  of  injected 

water  (computed  from  vacuum  and  elevation  of  condensing  water)  33  feet  per  second. 
Then  133.025  X  15  X  2  X  1728-^-60  =  115452  cubic  inches  steam  per  second,  and 115452X. 0012  =  183.54  cubic  inches  water  per  second. 
The  maximum  volume  of  water  required  to  condense  steam  is  about  70  times  the 

volume  of  that  evaporated,  which  only  occurs  in  the  Gulf  of  Mexico ;  the  ordinary requirement  is  not  one  half  of  it. 
Hence  138.54 -f- 10.39  ins.  (—7%  per  cent,  for  leakage  of  valves,  etc .)  =  148.93, 

which  X  70,  as  above,  =10  425.1  cubic  ins.,  which  -5- 33  =  315.91,  and  again  by  19 
(ins.  in  a  foot)  =  20.32  square  ins.  area,  which  . 7,  the  coefficient  for  velocity  of 
flow  of  water  in  a  pipe  under  like  conditions,  =37.G  square  ins. 

Notk. — This  is  the  required  capacity  for  one  pipe  for  navigation  in  the  Gulf  of 
Mexico.  It  is  proper  and  customary  that  there  should  be  two  pipess  to  meet  the 
contingency  of  the  operation  of  one  being  arrested. 
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To  Compute  tlie  Volume  of  Discharge  tlirongli  an Injection.  IPipe. 

Rulk.— Multiply  the  square  root  of  the  product  of  64.333  and  the  depth of  the  centre  of  the  opening  into  the  condenser,  from  the  surface  of  the external  water  in  feet,  added  to  the  height  in  feet  of  a  column  of  water  due 
to  the  vacuum  in  the  condenser,  by  the  area  of  the  opening  in  square inches  ;  and  .7  the  product  divided  by  2.4  (144  GO)  will  give  the  volume in  cubic  feet  per  minute. 
Example.— The  diameter  of  an  injection  pipe  is  5%  inf.,  the  height  of  the  external water  above  the  condenser  6.13  feet,  and  the  vacuum  24.45  ins.,  mercurial  gauge; what  is  the  volume  of  the  flow  per  minute? 

94  45  ;nc; 
Area  of  5;8X  ing.  =22.69  ins.  Vacuum  ■ ^  '  =  12  lbs.,  and  12  lbs.  X  2.23.) feat  (sea  water)  =  26. S7  feet,  and  2G.S7  -f  6.13  =  33  feet. 

V64.333X33X22.69X.T  731.82 
Then  —  —    -       —  £04.93  cubic  feet 

To  Compute  tlie  Area  of  a  Feed  Pump.    For  Sea  Water. 
Rolk.— -Ascertain  the  volume  of  water  required  in  cubic  inches  per  min- ute ;  divide  it  by  the  number  of  single  strokes  of  the  piston  of  the  pump per  minute,  and  divide  the  quotient  by  the  stroke  of  the  piston  in  inches  ; 

multiply  this  quotient  by  6  (for  waste,  leaks,  "running  up,"  etc.),  and the  product  will  give  the  area  of  the  pump  in  square  inches. 
Example.— Take  the  elements  of  the  preceding  cases. 
138'54S312iC  inCh6S  per  second  =  S312-4  Per  minute,  stroke  of  pump  0%  feet. 
Then~i5~=  554  161  ̂ hich^3-5Xl2z=13.19,  and  13.19x6  =  7d.U  square  ins 
Note.— In  fresh  water,  this  proportion  may  be  reduced  two  thirds. 

BLOWING  ENGINES. 
For  Smelting. 

The  volume  of  oxygen  in  air  is  different  at  different  temperatures.  Thus 
dry  air  at  8o°  contains  10  per  cent,  less  oxygen  than  when  it  is  at  the temperature  of  32°  ;  and  when  it  is  saturated  with  vapor,  it  contains  12  per cent.  less.  If  an  average  supply  of  1500  cubic  feet  per  minute  is  required in  winter,  1650  feet  will  be  required  in  summer. 

Manufacture  of  Pig  Iron. 
Coke  or  Anthracite  Coal.— 18  to  20  tons  of  air  are  required  for  each  ton. 
Charcoal. — 17  to  18  tons  of  air  are  required  for  each  ton. 

(1  ton  of  air  at  34°=  29  751,  and  at  60°—  31 366  cubic  feet.) 
Pressure.— The  pressure  ordinarily  required  for  smelting  purposes  is equal  to  a  column  of  mercury  from  3  to  7  inches. 
Reservoir.— The  capacity  of  it,  if  dry,  should  be  15  times  that  of  the cylinder  if  single  acting,  and  10  times  if  double  acting. 
Pipes.—  Their  area,  leading  to  the  reservoir,  should  be  .2  that  of  the blast  cylinder,  and  the  velocity  of  the  air  should  not  exceed  35  feet  Dei- second,  f 
A  smith's  forge  requires  150  cubic  feet  of  air  per  minute.  Pressure  of blast  X  to  2  lbs.  per  square  inch.  A  ton  of  iron  melted  per  hour  in  a  cu- 

ni\  o™qU1H3  5°°°  feet  of  air  per  minute.    A  finery  forge  requires 100  000  cubic  feet  of  air  for  each  ton  of  iron  refined.  A  blast  furnace  re- quires 20  cubic  feet  per  minute  for  each  cubic  yard  capacity  of  furnace 
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To  Compute  the  Power  of  a  Blowing  Engine. 

P  a  vf  =  poioer  in  lbs.  to  be  raised  1  foot  per  minute,  and 

—liorses1 power  required.  P  representing  pressure  of  blast  in  lbs.  per  square  inch  ; 
a  area  of  cylinder  in  square  inches;  v  velocity  of  piston  in  feet  per  minute ; 
/friction  of  piston  and  from  curvatures,  etc.,  estimated  at  1.25  per  square 
inch  of  piston. 

Note. — If  the  cylinder  is  single  acting,  divide  the  result  hy  2. 
To  Compute  the  Dimensions  of  a  Driving  Engine. 

Rule. — Divide  the  power  in  pounds  by  the  product  of  the  mean  effective 
pressure  upon  the  piston  of  the  steam  cylinder  in  pounds  per  square  inch, 
and  the  velocity  of  the  piston  in  feet  per  minute,  and  the  quotient  will  give 
the  area  of  the  cylinder  in  square  inches. 

2. — Divide  the  velocity  of  the  piston  by  twice  the  number  of  revolutions, 
and  the  quotient  will  give  the  stroke  of  the  piston  in  feet. 

The  quantity  of  air  at  atmospheric  density  delivered  into  the  reservoir,  in  conse- 
quence of  escape  through  the  valves,  and  the  partial  vacuum  necessary  to  produce 

a  current,  will  be  about  .2  less  than  the  capacity  of  the  cylinder. 
See  p.  620  for  dimensions  of  Furnace,  Engines,  etc. 

To  Compute  tlie  Volume  of  Air  transmitted,  "by  an  En- gine, When  the  Pressure,  Temperature,  etc.,  are  given. 

34. 5\  /  h  (  — ttTt — )  C  =  v.    h  representing  pressure  of  blast  in  inches 
of  mercury ;  t  temperature  of  blast;  H  height  of  barometer  in  inches ;  and 
v  velocity  in  feet  per  second. 

Then  a  vx60  — V  in  cubic  feet  per  minute. 
Illustration. — A  furnace  having  2  tuyeres  of  5  inches  diameter,  the  pressure  and 

temperature  of  the  blast  3  inches  and  350°,  and  barometer  30  inches ;  what  is  the volume  of  air  transmitted  per  minute? 
Coefficient  for  a  conical  opening  .94. 

34.5^3  (1  +  3°^u^)  X  .94  =  34.5x/7(gj  =         Ml XM=1S.U  feet velocity  per  second. 
Then,  area  5  ins.=  19.G35,  which  x  2  =  39.27  ins.,  and  39.2TXl5.14x60-M44=: 247.  T3  cubic  feet. 

Proportions  of  Parts.— Blades.  Their  width  and  length  should  be  at 
least  equal  to  %  or  y6  the  radius  of  the  fan. 

Openings.  The  inlet  should  be  equal  to  the  radius  of  the  fan  ;  and  the 
outlet,  or  discharge,  should  be  in  depth  not  less  than  %  the  diameter,  its 
width  being  equal  to  the  width  of  the  fan. 

An  increase  in  the  number  of  blades  renders  the  operation  of  the  fan  smoother, but  does  not  increase  its  capacity. 
When  the  pressure  of  a  blast  exceeds  .7  inch  of  mercury  per  square  inch,  .2 

,will  be  a  better  proportion  for  the  width  and  length  of  the  fan  than  that  above  given. 
The  pressure  or  density  of  a  blast  is  usually  measured  in  inches  of  mer- 

cury, a  pressure  of  1  lb.  per  square  inch  at  60°=2.037G  inches. 
When  water  is  used  as  the  element  of  measure,  a  pressure  of  1  lb.  =  27.G71  inches. 
The  eccentricit}r  of  a  fan  should  be  .1  of  its  diameter. 
By  the  experiments  of  Mr.  Buckle,  he  deduced 
1.  That  the  velocity  of  the  periphery  of  the  blades  should  be  .9  that  of 

their  theoretical  velocity  ;  that  is,  tlie  velocity  a  body  would  acquire  in 

FAN  BLOWERS. 
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falling  the  height  of  a  homogeneous  column  of  air  equivalent  to  the  re- quired density. 
2.  That  a  diminution  of  the  inlet  from  the  proportions  here  given  in- volved a  greater  expenditure  of  power  to  produce  the  same  density. 3.  That  the  greater  the  depth  of  the  blade,  the  greater  the  density  of air  produced  with  the  same  number  of  revolutions. 
The  operation  of  a  blower  requires  about  2.5  per  cent,  of  the  power  of  the  attached boiler. 

To  Compute  tlie  Density  of  a  Blast. 

\8~~O2)      939.454  =  d  in  inches  of  mercury,    v  representing  velocity  of 
periphery  of  fan  in  feet  per  second. 

Illustration. —The  velocity  of  a  blast  is  123  feet  per  second. 
123-hS.022-h  939.454  =  .25  inch. 

To  Compute  tlie  "Velocity  of  a  Blast. 
V  939.454  x  04.333  =  v  in  feet  per  second. 

Illustration. — The  required  density  of  the  air  is  1  inch. 
V 939. 454  X  64. 1*33  =  245.8  feet. 
Hence  the  velocity  of  the  periphery  of  the  fans  should  be  .9x 245. S  =  221.2  feet 

To  Compute  tlie  "Vol tune  ofWir  discharged  per  Af  invite. aXt?x60    _  . 
j^j —  =  V  ip  cubic  feet,   a  representing  area  of  discharge  in  square  ins. 

Illustration — The  area  of  the  discharge  is  40  inches,  and  the  velocity  123  feet per  second. 
40X123X00  ^  —  =  lS4o  cubic  feet. 

To  Compute  tlie  Horses'  Power. 
dxaxvxGO      _  _ 
'  2400  =a    —horses  power,  or  .000014  v2.   P  representing  pressure 

of  blast  in  lbs.  per  square  inch. 
Illustration.— The  velocity  of  air  discharged  is  123  feet  per  second,  the  area  of the  opening  40  square  inches,  and  the  density  .25  inch  of  mercury 
.25X40X123X60     Q  n7  u  .  J 

 2i7i(x|  -3.07  horses,  independent  of  the  friction  of  the  blast  in  the  pas- sages and  tuyeres. 
A  Ton  of  pig  iron  requires  for  its  reduction  from  the  ore  310000  cubic 

feet  of  air,  or  5.3  cubic  feet  of  air  for  each  pound  of  carbon  consumed. Pressure,  .7  lb.  per  square  inch. 
An  ordinary  Eccentric  Fan,  4  feet  in  diameter,  with  5  blades  10  inches 

wide  and  14  inches  in  length,  set  1%  ins.  eccentric,  with  an  inlet  opening Of  1/.5  inches  in  diameter,  and  an  outlet  of  12  inches  square,  making  870 revolutions  per  minute,  will  supply  air  to  40  tuyeres,  each  of  1%  inches 
in  diameter,  and  at  a  pressure  per  square  inch  of*. 5  inch  of  mercury. _  An  ordinary  eccentric  fan  blower,  50  inches  in  diameter,  running  at  1000  revolu- tions per  minute,  will  give  a  pressure  of  15  inches  of  water,  and  require  for  its  oper- ation a  power  of  12  horses.    Area  of  tuyere  discharge  500  square  inches. 
A  non-condensing  engine,  diameter  of  cylinder  8  ins.,  stroke  of  piston  1  foot,  press- ure of  steam  IS  lbs.  (mercurial  gauge),  and  making  100  revolutions  per  minute,  will drive  a  fan,  4  feet  by  2,  opening  2  feet  hy  2,  500  revolutions  per  minute. Such  a  blower  was  applied  as  an  exhausting  draught  to  the  ̂ moke-pipe  of  the Steamer  Keystone  State,  cylinder  SO  ins.  by  8  feet,  and  the  evaporation  was  doubled over  that  of  when  the  wind  was  calm. 3  F 



BELTS. 

BELTS. 

The  resistance  of  belts  to  slipping  is  independent  of  their  breadth,  con-  1 sequently  there  is  no  advantage  derived  in  increasing  this  dimension  be- 
yond that  which  is  necessary  to  enable  the  belt  to  resist  the  strain  it  is 

subjected  to. 
The  ratio  of  friction  to  pressure  for  belts  over  wood  drums,  is  for  leather 

belts,  when  worn,  .47;  when  new,  .5;  and  when  over  turned  cast-iron 
pulleys,  .24  and  .27. 

A  leather  belt  will  safely  and  continuously  resist  a  strain  of  350  lbs.  per 
square  inch  of  section,  and  a  section  of.  .2  of  a  square  inch  will  transmit 
the  equivalent  of  a  horse's  power  at  a  velocity  of  1000  feet  per  minute 
over  a  wooden  drum,  and  .4  of  a  square  inch  over  a  turned  cast-iron  pulley. 

A  vulcanized  India-rubber  belt  will  sustain  a  greater  stress  than  leather, 
added  to  which  its  resistance  to  slipping  is  from  50  to  85  per  cent,  greater. 

In  high  speed  belting,  the  tension,  or  the  breadth  of  the  belt  should  be 
increased,  in  order  to  prevent  the  belt  from  slipping.  Long  belts  are  more effective  than  short  ones. 

To  Compute  tlie  Stress  a  Belt  or  Cord,  is  capable  of  trans- 
mitting.— Aide  Memoire. 

Rule. - -Multiply  the  value  of  C  from  the  following  table  by  the  stress  in  pounds. 
Value  of  Coefficient  C. 

embraced  to  the  Cir cumferenee  of  the Leathe r  Belts. Cords  on  Wooden  Sheaves. 
Driving  Pulley. On  Wood  Drums. On  Iron  Pulleys. Rough. 

 &  
Polished. 

.2 
1.8 1.4 1.9 1.5 .3 2.4 1.7 

2.6 1.9 

.4 
3.3 

2. 

3.5 
2.3 

.5 4.4 2.4 4.8 2.8 .6 5.9 2.9 
6.6 

3.5 
.7 

T.9 3.4 
9. 

4.2 
C  —  the  ratio  of  the  resistance  of  a  drum  or  pulley  to  slipping  a  belt  or  cord  when the  resistance  of  the  belt  or  cord  upon  the  under  or  slack  side  is  known. 
Example.— What  is  the  stress  a  belt  is  capable  of  transmitting  when  the  arc  cm- 

braced  upon  the  surface  of  the  driving  and  wooden  drum  is  .4  of  its  circumference, 
and  the  power  or  tension  of  the  belt  is  200  lbs.  ? 

3.3  X  200  =  600  lbs. 
To  Compute  tlie  Stress  wliicli  is  transmitted  to  a  Belt 

or  Cord.. 
Rule.— Divide  the  power  in  pounds  transmitted  to  the  periphery  of  the  pulley  by 

the  velocity  of  the  surface  of  the  drum. 
Example. — A  cast-iron  pulley,  4  feet  in  diameter,  driven  by  a  power  of  4  horses, 

makes  100  revolutions  per  minute ;  what  is  the  stress  upon  the  belt  ? 
33  00^)  X  4  =  132  000  lbs.  tfoot  per  minute. 
4  X  3.1416  X  100  =  1256.64  feet  velocity. 
Then  — 105  lbs.  —  difference  of  the  stress  upon  the  belt  and  the  resistance 

S 

C-l" 

:  S,  and  S-j-s  =  P.    P  representing  the  stress  trans- 1256.64" of  the  under  side  of  it, 
mitted  by  a  belt,  s  the  resistance  of  its  under  side,  and  P  the  sum  of8  +  s,  or  the stress  and  resistance. 

Illi  stkation.—  What  should  be  the  resistance  of  the  under  side  of  a  leather  belt 
running  over  the  semi-circumference  of  a  cast-iron  pulley,  lfoot  in  diameter,  driven 
by  a  power  of  200  lbs. r =  142.85  lbs. 200 

2.4- 
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To  Compxite  trie  "Wicltli  of*  a  Leather  Belt. 
Illustration. — An  engine  of  4  horses'  power  is  to  he  transmitted  through  a  leath- 
er belt  over  a  cast-iron  pulley,  embracing  .4  its  circumference,  4  feet  in  diameter, and  making  100  revolutions  per  minute  ;  what  should  be  the  width  of  the  belt  ? 
Power,  as  per  preceding  example,  132  000  lbs. 
Telocity         11  11  125G.64  " 
S  "  «  105      "   andC  =  2. 
Then  —         — 105,  and  S  \-  s  =  P  — 105  -f-  105  —  210  lbs. 
The  resistance  or  tensile  strength  of  a  leather  belt  is  from  270  to  330  lbs.  per  square 

inch  ;  and,  assuming  the  thickness  of  it  to  be  .15  of  an  inch,  then  300  X  .15  =  45  lbs. Hence  210     45  =  4.67  inches. 
Illustration. — A  belt,  11  inches  in  width  and  .22  inch  thick,  over  a  drum  4  feet 

in  diameter,  C  — .5,  making  60  revolutions  per  minute,  is  sufficient  to  transmit  the 
power  from  an  engine  working  at  990  000  lbs.  per  minute. 

990  000         990  000     _oilo  0  ,  1313.3 

TheQ  4X3.1416XG0=  7531)S=1313-3J^-;  aDd  H=1=88"T'  *hX2  = 772. 35  lbs.    Hence,  300  X  . 22  =  66,  and  L_l_  =  11.7  ins. 
66 

India  R-Ti'bToer  Belting. — (Vulcanized.) 
Results  of  Experiments  upon  the  Adhesion  of  India  Rubber  and  Leather  Beltin* 

— (J.  H.  Cheever  ;  7 
Rubber.*  i  Leather. Lbs.  |  Lbs 

Kubber  belt  slipped  on  iron  pulley  at  90  j  Leather  belt  slipped  on  iron  pulley  at  48 
u         "  leather     11     128  "         "  leather     «*  64 

rubber     "     1S3  j  "         K  rubber     «  12S 
Hence  it  appears  that  a  Rubber  Belt  for  equal  resistances  with  a  Leather  Belt  may be  reduced,  under  the  circumstances  here  given,  respectively  46,  50,  and  30  per  cent, from  the  results  to  be  obtained  by  the  foregoing  Rule. 

Memoranda. 
Two  leather  belts,  15  ins.  in  width,  over  a  driver  6  feet  in  diameter,  running  with a  velocity  of  2128  feet  per  minute,  transmit  the  power  from  the  water-wheel  at  Rocky (xlen  Factory,  the  dimensions  of  which  are  given  on  page  441. 
A  belt,  11  ins.  in  width,  over  a  driver  4  feet  in  diameter,  running  from  1200  to 2100  feet  per  minute,  will  transmit  the  power  from  two  steam  cylinders,  6  ins  in diameter  and  11  ins.  stroke,  averaging  125  revolutions  per  minute,  with  a  pressure of  60  lbs.  per  square  inch. 
The  computations  here  given  are  based  upon  the  actual  horses1  power. 

CONSTRUCTION  OF  VESSELS. 

"Results   of  Experiments   upon   tlie   ITorm   of  Vessels. (Wm.  Bland.) 
Cubical  Models. 

Head  resistance.— Increases  directly  with  the  area  of  its  surface. 
Resistance  to  Weight.— Increases  directly  as  the  weight. 

r  Models. 

Lateral  Resistance.—  About  one  twelfth  of  the  length  of  the  body  im- mersed, varying  with  the  speed. 
The  centre  of  lateral  resistance  moved  forward  as  the  model  progressed. The  centre  of  gravity  had  no  influence  upon  the  centre  of  lateral  resistance. 

*  Manufacture  of  the  New  York  Belting  and  Packing  Co  ,  Park  Row,~n7y! 
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Length. — Increased  length  gave  increased  speed  or  less  resistance. 
Amidship  Section. — Curved  sections  gave  higher  speed  than  angled. 
Sides. — Curved  sides  with  one  fourth  more  beam  gave  equal  speeds  with 

straight  sides  of  less  beam.  Keels. — Length  of  keel  has  greater  effect  than 
depth.  Stern. — Parallel-sided  after  body  gave  greater  speed  than  a  ta- 

pered sided. 
Ttelative  Speeds. 

Form  of  Bow. Order  of  Speed. 
Isosceles  triangle,  sides  slightly  convexed  
u  u         u    right  lines  
"  u  "  slightly  concave  at  entrance  and  running out  convex  

Equilateral  triangle 
With  each  other. 

spherical  sides  

Relative  Resistance  to  Lee  Way. 
Form  of  Amidship  Section. Order  of Resistance. Form  of  Amidship  Section. Order  of Resistance. 

2.  Rectangular  section. .  . . 
1.  Semicircular  u   

1 
2 

3 
4 

No.  1  resisted  best  with  a  depth  of  keel  of  >^  an  inch ;  No.  2,  best  with  varying 
depths  of  keel  and  without  any  ;  No.  3  resisted  best  without  any  keel,  and  No.  4  had 
the  least  resistance  without  any  keel. 

Bodies  Inclined  Upward  from  Ad?nidship  Section. 
1.  Model,  with  bow  inclined  from  had  less  resistance  than  model  without  any inclination. 
2.  Model  with  a  stern  inclined  from  £5,  had  less  resistance  than  model  without 

any  inclination. Model  1  had  less  resistance  than  model  2.  Model  with  both  bow  and  stern  inclined 
from  gg,  had  less  resistance  than  either  1  or  2. 

IMMERSED   SURFACE  OF  VESSELS. 
To  Compnte  tlie  External,  or  Bottom  ciiicl  Side  Surface 

o±"  tlie   Hull   of  a  Vessel. 
Bottom  and  Side.  Rule. — Multiply  the  length  of  the  curve  of  the  mid- 

ship section,  taken  from  the  top  of  the  tonnage  or  main  deck  beams  upon 
one  side  to  the  same  point  upon  the  other  (omitting  the  width  of  the  keel) 
by  the  mean  of  the  lengths  of  the  keel  and  between  the  perpendiculars  in 
feet,  and  multiply  the  product  b}'  .85  or  .9  (according  to  the  capacity- of 
the  vessel),  and  the  product  will  give  the  surface  required  in  square  feet. 
Example. — The  lengths  of  a  steamer  an;  as  follows:  length  of  keel  201  feet,  and 

between  the  perpendiculars  210  feet,  length  of  the  curved  surface  of  the  midship  sec  - tion 7G  fret;  what  is  the  surface  ? 
Coefficient  ==  .87. 
210+201-^2  =  205.5,  and  7Gx205.5x.S7  =  135ST  square  feet. 
Note. — The  exact  surface  is  13  G50  square  feet. 
Bottom  Surface.  Rule.— Multiply  the  length  of  hull  at  the  load  line 

by  its  breadth,  and  this  product  by  the  depth  of  the  immersion  (omitting 
the  depth  of  the  keel)  in  feet;  and  this  product  multiplied  by  from  .07 
to  » 08  (according  to  the  capacity  of  the  vessel)  will  give  the  surface  re- 

quired in  square  feet. 
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Example — The  length  upon  the  load  line  of  a  vessel  is  310  feet,  the  beam  40  feet, 
the  depth  of  the  keel  1  foot,  and  the  draught  of  water  20  feet ;  what  is  the  bottom 
or  wet  surface '? 

Coefficient  —  .073. 
G10X40X20  — IX. 073  =  17 199  square  feet. 

DISPLACEMENT  OF  VESSELS. 

To  Compute  tlie  Displacement  of  a  "Vessel. 
Roltc. — Multiplply  the  length  of  the  vessel  at  the  load  line  by  the breadth,  and  the  product  by  the  depth  (from  the  load  line  to  the  underside 

of  the  garboard  strake)  in  feet,  and  this  product  by  the  unit  of  volume  or 
coefficient  of  the  mass,  and  divide  by  35  for  salt  water  and  36  for  fresh 
water ;  the  quotient  will  give  the  displacement  in  tons. 
Note.— This  rule  is  deduced  by  Mr.  S.  M.  Pook,  Naval  Constructor,  U.  S.  N.,  and he  gives  the  ranges  of  the  units  of  volume  as  follows : 
Amidship  sections  range  from  .7  to  .9  of  their  circumscribing  square  and  the  mean 

of  the  horizontal  linea  from  .55  to  .75  of  their  respective  parallelograms.  Hence 
the  ranges  for  vessels  of  the  least  capacity  to  the  greatest  are  .7x.55  =  .3S5,  and .9x.75  =  .675. 

Coefficients  or  Decimals  of  Proportionate  Volume  of Vessels. 
Merchant  Ship,  veiy  full  6  to  .7 

"         "    medium  58  to.  62 River  Steamer,  stern  wheel. . .  .6  to  .65 
Ship  of  the  Line  5  to  .6 
Naval  Steamer,  l3t  class  5  to  .6 

"         M   52  to  .58 Merchant  Steamer,  sharp  54  to  .58 
Half  Clipper  52  to  .56 
Brigs,  Barks,  etc  52  to  .56 
River  Steamer,  tug  boat,  m'd'm  .52  to  .56 

Merchant  Steamer,  medium  . .  .52  to  .54 
Clipper  5  to  .54 
Schooner,  medium  48  to  .52 
River  Steamer,  tugboat,  sharp  .45  to  .5 
River  Steamer,  medium  45  to  .5 

"       sharp  42  to  .45 Schooner,  sharp  46  to  .5 
Yachts,  sharp  4  to  .45 

"      very  sharp  36  to  .4 River  Steamers,  very  sharp  . .  .36  to  .42 

To  Compute  tlie  Elements  of  Dower  required  in  a  Steam 
Vessel,  the  Capacity  of  another  Vessel  L>eing  given. 

In  vessels  of  like  Models*         =V,    v  and  v'  representing  the  products 
of  the  volume  of  the  given  and  computed  cylinders  and  revolutions  in  cubic 
feet,  and  a  and  A,  areas  of  their  immersed  amidship  sections  in  square  feet. 

s3  =  V.  s  and  S  representing  the  speeds  of  the  given  and  required  ves- 
sels in  miles  per  hour,  and  V  the  product  of  the  volume  of  the  cylinder  and 

revolutions  of  the  required  vessel. 

r'  and  r  representing  the  revolutions  of  the  given  and  required 

V-i-2  r  =  C.    C  representing  the  cylinder  volume  in  cubic  feet. 
Illustration.  — A  steam  vessel  having  an  area  of  amidship  section  of  675  square 

feet,  lias  2  cylinders  of  533.33  cubic  feet,  and  runs  10>£  knots  per  hour,  with  15  revo- 
lutions of  her  engines.  Required  the  volume  of  steam  cylinders,  with  a  stroke  of  10 

feet,  for  a  section  of  700  feet,  and  a  speed  of  13  knots  at  14^  revolutions. 

--,533.33  X  15  =  8000  effect.    5^2^  =  8206.3  ̂ /^.    133  X  S20CS 
z  cubic  feet,  and 15  X  15745.2 

14.5  : 

675 
=  162SS.l  cubic  feet. 

*  Am  a  means  of  comparison,  if  required,  and  of  models,  tlie  elements  here  given  are  based  upon the  performances  of  the  Steamers  Arctic  and  Powhatan,  for  tlie  capacities  of  which,  see  pp.638  and 639,  and  the  area  of  cylinders  deduced  are  such  as  the  Arctic  would  have  required  at  the  i  miner, sion  given  and  speed  required. 

31* 
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16  2SS  1 
Then   ~  —  1123.3,  which -r- 2  for  the  number  of  cylinders  =  561.65,  which 14.5 

;igain  divided  by  10  for  the  stroke  =  56.165,  which -f- 12  for  the  inches  in  a  foot,  and 
X1T28  for  the  inches  in  a  cubic  foot  =  8081.76  square  inches  =  area  of  the  cylinder, 
or  a  diameter  of  cylinder  of  108.5  —  inches. 

Results  of  Experiments  upon  the  Resistance  of  Screw  Propellers,  at  high  Velocities 
and  immersed  at  varying  Depths  of  Water. 

Immersion  of Screw. Resistance.  1 Immersion  of 
Screw. Resistance. Immersion  of 

Screw. Resistance. 

Surface. 
1  foot. 

1. 5.  1 2  feet. 

7. 
7.5 

4  feet. 

5  " 

7.8 
8. 

Thrust  of  a  Screw  Propeller. 
Indicated  horse  power  1000.  Resistance  of  hull  or  thrust  of  propeller, 

20  000  lbs. 

Approximate   Rviles   to  Compute  Speed   and  Indicated. 
Horses'  Power  of  Steam-boats  and  Steamers. 

V3  A 
—  Ill  P.    C  representing  coefficient  of  vessel,  A /C  IHP  _ 

A     ~V-  C area  of  immersed  amidship  section,  and  V  velocity  of  vessel  in  knots  per  hour. 
Note. — When  there  exists  rig,  or  any  element  that  affects  the  unit  or  coefficient 

for  the  class  of  vessel  given,  a  corresponding  addition  to,  or  decrease  of  the  follow- 
ing units  is  to  he  made. 

The  Range  of  Coefficients^  as  deduced  from  Observation,  are  as  follows  : 
Side  Wlieel. 

River  Steam-boats. 
small, 

( full,  250 
<  medium,  275 
(  sharp,  300 

t>-       o,       i     ♦    C  fall,  260 River  Steam-boats,  \  me<ihim,  290 medium, 

River  Steam-boats,  ) large, 

Coast  Steam-boats, medium, 

River  Tug-boats, small, 

large,  f( 

River  Freight-boats, large, 

Sea  Steamers, 
small, 

sharp,  320 
full,  270 

<^  medium,  310 
( sharp,  350 
full,  290 
medium,  335 
sharp,  385 

Coast  Steam-boats, 
large, 

Sea  Steamers, small, 

Sea  Steamers, medium, 

Sea  Steamers, large, 

I^ropeller. full, 
250 

medium. 270 sharp, 
290 full, 
2G0 medium, 290 sharp, 
320 full, ;;oo 

medium. 
3G0 sharp, 

420 full, 

375 

medium, 450 sharp, 
&25 

Sea  Steamers, medium, 

Sea  Steamers, 
large, 

Sea  Steamers, 
auxiliary ,  thtdiu  m , 

Sea  Steamers, 
auxiliary,  large, 

full, 

320 medium, 

375 

sharp, 

425 

full, 

350 
medium, 

425 
sharp, 

500 
full, 

400 medium, 575 
sharp, 

550 
full, 

450 medium, 
530 

sharp, 

600 
full, 

445 medium, 
525 

sharp, 

615 
full, 

530 medium, 630 
sharp, 

730 full, 
410 medium, 

490 

sharp, 

570 
full, 

500 medium, 

580 

sharp, 

660 
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Relative    Capacities   of  Screw  Propellers   and.  Side 
Wheels. 

H.  B.  M.  Screw-propeller  Frigate  Arrogant  and  the  U.  S.  Mail  Side- wheel  Steamer 
Pacific  had  very  similar  dimensions,  like  draughts  of  water,  and  area  of  immersed 
amidship  sections. 

The  Pacific  was  75  fest  longer,  and,  consequently,  had  easier  lines. 
Results  of  Performances. 

Arrogant.  Pacific. 
Indicated  Horses'  power   729  190*4 Mean  speed  in  knots  per  hour   S.35  12 

509 

S.353  =  552,  and  123  — 1728.    Therefore,  1964  :  172S  :  :  729  :  GG3,  and       =  .S77. 00  3 
Hence,  the  application  of  power  in  the  Pacific  exceeded  that  in  the  Arrogant  as lto.S77. 
Peninsular  and  Oriental  Screw-propeller  Steamer  Himalaya  and  Side- wheel  Steam- 
er Atrato  had  similar  dimensions  of  immersed  section,  displacement,  and  draught 

of  wat?r,  and  ran  at  like  speeds. 
The  Himalaya  was  22  feet  longer,  and,  consequently,  had  easier  lines. 

Results  of  Performances. 
Himalaya.  Atrato. 

Indicated  Horses'  Power   2050'  3070 Mean  speed  in  knots  per  hour   13.75  13.97 
13.7&3  ==  2G16,  and  13.973  —  2726. 
Therefore,  3070  :  2726  : :  2050  :  1S20,  and        =  1.437.   Hence,  the  application  of 1620 

power  in  the  Himalaya  exceeded  that  in  the  Atrato  as  1.437  to  1. 
,     .      sp^ed  in  knots3 XIM  S         _  .  . 
Again  :   —  ̂   =  coejjicient  of  immersed  amidship  section  =  710, 

494,  and  11^  — 1.44  as  before  obtained. 494 
Slip  of  Propeller,  15  per  cent.  ;  of  Side-wheel  feathering  blades,  and  taking  axes of  blades  as  the  centre  of  pressure,  23  per  cent. 

Resistance  of  Wind  to  Steam  Vessels. — The  resistance  of  air  to  a  square 
foot  of  surface  at  right  angles  to  the  course  of  a  vessel  is  about  .33  lbs., 
and  when  the  surface  is  inclined  to  the  direction  of  the  wind,  the  pressure 
varies  as  the  sine2  of  the  angle  of  incidence. 

The  mean  of  the  angles  of  the  surface  of  a  steamer  exposed  to  the  wind 
may  be  taken  at  45° ;  hence  their  resistance  is  about  .25  lbs.  per  square foot  when  the  wind  has  a  velocity  of  10  knots  per  hour. 
Assuming  the  sectional  area  of  a  steamer's  hull  above  water  to  be  750 square  feet,  the  resistance  to  the  air  at  a  speed  of  10  knots  in  a  dead  calm 

would  be  750 x  .25  =  187.5  lbs.,  and  the  resistance  to  the  smoke-pipe,  spars, 
and  rigging  (brig  rigged)  would  be  201  lbs. 

Location  of  Masts.  -  \  llllnmali  '.li  of  ̂e  \¥*#h  of  *he  }oad 
I  Mizeamast  9  S  water  llne  from  the  stem' 

Balance  of  SdiU. — The  effect  of  the  jib  is  equal  to  that  of  all  the  sails 
upon  the  mainmast,  and  the  sails  upon  the  mizenmast  balance  those  of the  foremast. 

I^e-way. — A  full  modeled  vessel,  with  an  immersed  section  of  1  to  6  of 
her  longitudinal  section,  and  with  an  area  of  36  square  feet  of  sails  to  1 
of  immersed  section,  will  drift  to  leeward  1  mile  in  6.  A  medium  mod- 

eled vessel,  with  an  immersed  section  of  1  to  8,  and  with  like  areas  of  sail 
and  section,  will  drift  1  in  9. 

Motive  Power. — A  sailing  vessel  having  a  length  6  times  that  of  her 
breadth,  requires  for  a  speed  of  10  knots  per  hour,  an  impelling  force  of 
48  lbs.  per  square  foot  of  immersed  section. 
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Proportion  of*  Power  "Utilized,  in. V  —  z 
S tea. i n  Vessel. 

Side  Wheel.  ;0(J000259  x  rf3  x  r2  =  C.  P  representing  gross  Indicated  Horses' 
Power,  z  loss  of  effect  by  slip  and  oblique  action  of  wheel  {or  propeller),  d  diameter of  wheels  at  centre  of  effect,  r  revolutions  per  minute,  and  C  coefficient  for  the niooool 

Illustration — .The  indicated  horses'  power  of  the  engines  of  a  side-wheel  steamer is  1120 ;  the  slip  of  the  wheels  and  loss  by  oblique  action,  33.31  per  cent. ;  the  diame- 
ter of  the  centre  of  effect  of  the  wheels  is  29.5  feet,  and  the  number  of  revolutions  13.5 

per  minute ;  what  is  the  coefficient,  and  what  the  power  applied  to  propel  the  vessel  ? 
Note— The  slip  of  the  wheels  from  their  centre  of  effect  in  this  case  is  15.37  pe? 

cent.,  and  the  loss  by  oblique  action  18  per  cent.  Hence,  representing  the  total 
power  by  100, 100  _  (18  -f 15. 3T)  =  66.63  per  cent,  of  the  power  applied  to  the  wheels. As  the  assumed  power  that  operates  upon  the  wheels  in  this  case  is  taken  at  S6.12 
per  cent,  of  the  power  exerted  by  the  engines,  86.12  X  33.37  =  28. 74  per  cent,  for  the sum  of  loss  by  the  wheels. 

1120  —  (1120  x  28.74^-100)  7PS.11 -~  65.63  coefficient. 
..00000259  x  29.53  X  13.52 12.16 

Per  Cent, 
of  Power. 

The  speed  of  the  vessel  being  10  knots  per  hour=17.05  feet  per  second,  the  power 
applied  to  propel  the  vessel  at  this  speed  =  65.63  X 17. 052=  19  076.13,  and  the  horses1 .     19  076.13  X  17.05X  60  ofl 
power  exerted  =    =  591.36  horses  poiver. do  000 

Friction  of  engines  1.5  lbs.  upon  3S48  sq.  ins.  X  13.5  revolutions 
X10X2H-33  000  X  2  = 

Friction  of  load  6  per  cent,  upon  pressure  of  steam,  less  the  2  lbs. for  friction  of  engine,  as  above  = 
Oblique  action  of  wheels  = 
Slip  of  wheels  = 
Absorbed  by  propulsion  of  vessel 

Horses' 
Power. 

94.45 

3 
60. 

201  6 
172.14 
591.36 1120. 

13.88 
IS. 
15.37 
52.  S 100. 

Screw  Propeller. 

Friction  of  engines  == 
"      of  load  = 
"      of  screw  surface  and  resistance  of edges  of  blades  = 

Slip  of  screw  = 
Absorbed  by  propulsion  of  vessel 

Horses' Power. 
96.06) 81.48/ 

53.44 
205.55 
375.92 
782.45 

Auxiliary  Propeller. 
Per  Cent. Made  Per  Cent. 
of  Power. of  Power. 
18.S0 17.9 

6.83 12. 
26.27 13.7 
48.04 56.4 

100. 100. 

Area  of  Sails. 

The  Area  taken  at  Six  times  that  of  the  Immersed  Section  of  the  Vessel. 
Sails. 3  Yards  upon each  Mast. 4  Yards  upon 

each  Mast. Sails. 
3  Yards  upon 
each  Mast. 

4  Yards  upon 
each  Mast. 

Jib  .08 .295 .417 
.08 .295 .417 

.Mizenniast.  .  . . .127 .081 .14 
.06S 

Mainmast  

Proportional  Area  of  Sails  upon  each  Mast  under  above  Divisions. 
Sail. Fore. Main. Mizen. Proportion  to  1. 

Course  .115 .097 .162 .138 .3S9 
.33 .  105 .09 .149 .127 .075 .063 .358 .303 

Topgallant  sail  .075 .  063 .106 .089 .052 .045 
.253 

.215 .045 .063 .632 .152 
Spanker  (Driver)  .081 1O68 
Jib  .08 .08 = 

.'295 

.21:5 
.417 .417 

.288 .288 

1.  J 

U 
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The  areas  of  the  sails  upon  the  masts  of  a  ship  should  be  in  the  follow- 
ing proportion  : Fore   1.414.       Main   2.       Mizen   1. 

When,  therefore,  the  main  yard  has  a  breadth  of  sail  of  100  feet,  the 
fore  yard  should  nave  70.71  feet,  and  the  mizen  50  feet;  the  topgallant 
and  royal  yards  and  sails  being  in  the  same  proportion. 
Assuming  the  centre  of  lateral  resistance  to  be  in  the  middle  of  the 

length  of  a  vessel,  which  is  the  case  when  she  is  upon  an  even  keel,  the 
fore  and  after  moments  of  sails,  the  masts  and  sails  being  set  and  pro- 

portioned in  accordance  with  the  preceding  rules,  will  be  alike. 

Resistance  of  Bottoms  of  Hulls  at  a  Speed  of  One  Knot  per  Hour. 
Smooth  wood  or  paint  01   lb.  I  Copper  007  lb. 
Iron  bottom,  painted  014  "  |  Grass  and  small  barnacles.  .06  " 
To  Compute  tlie  Resistance  to  tlie  Wet  Surface  of  tlie 

Hull   of  a  "Vessel. 
C  a  v2  =  R.    C  representing  a  coefficient  of  resistance,  a  area  of  wet  sur- 

face in  square  feet,  and  v  velocity  of  hull  in  feet  per  second. 
Values  J. 007,  clean  copper.     |  .014,  iron  plate, 
of  C,    (.01,    smooth  paint.     |  .019,  iron  plate,  moderate!}-  foul. 

The  power  required  to  propel  1  square  foot  of  immersed  amidship  section  at  \.i .013  that  of  smooth  wet  surface. 

Estimate  of  Volumes  and  Weights  for  a  Cargo  and  Passenger  Steamer 
for  a  Route  of  1500  Miles. 

Cargo   

2d     "  20.. 
Engines,  boilers,  and  water 

Provisions  and  water 

Spare  space  and  weight . 

Volume. Weight. 
Cubic  feet. Tons?. 25  000 500 

6  250 2.5 
3  000 2 
7  500 150 

10  000 200 
17  500 350 2  500 

50 7  500 10 
7  500 150 
3  250 85.5 

90  000 1500 

Co.ts   of  Vessels  per  Tou  (English,  1S65  ) 
Hull,  Joiner  Work,  Equipment,  and  Fittings. 

Iron. 
Merchantman,  500  tons   $SS. 
Passenger  ship  or  steamer,  S00  ton3.  115. 
Passenger  steamer,  1500  tons   14T. 
M  "      1S00   "    122. 

Hull  (materials)  $29.50 
Labor   14  50 
Hant*  and  labor   14.50 Wood  work   12.25 
Fittings  and  launching   14.25 
Equipment    17. 
Cabins  and  passenger  fit- 

tings   20. 

$122. *  Kent,  Machi 

WOOD. 
Merchantman,  G50  tons. 

Wood  in  hull,  masts,  and  spars. . 
Yellow  metal,  iron  bolts,  and  labor Joiner  work  and  labor  
Labor  on  hull  
Boats,  etc.,  outfit  
Rope  and  sails  
Anchors,  chains,  and  tanks  
Yellow  metal  sheathing  

Steamer. 
Cabins  and  fittings,  1st  class  passn'r  $25. 

"  m  "      2d         "  12.5 Engines,  boilers,  and  machinery  com- 
plete, $225  to  $275  per  nom'l  horse-power. 

$41. 

10.3D 
5.15 

20. 12.30 8. 

4.25 4. 

$105. 

Tool«, 
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Sliip-~b-u.ilcli.ng. 
Weights. — A  man  requires  in  a  vessel  a  displacement  of  488  lbs.  pel 

month  for  baggage,  stores,  water,  fuel,  etc.,  in  addition  to  his  own  weight, which  is  estimated  at  1?5  lbs. 
A  man  and  his  baggage  alone  averages  225  lbs. 
A  sailing  ship,  150  feet  in  length,  32  feet  beam,  and  22  feet  10  ins.  in 

depth,  or  664  tons,  C.  H.  (old  measurement),  has  stowed  2540  square  and 
484  round  bales  of  cotton.  Total  weight  of  cargo  1254448  lbs.,  equal  to 
4.57  bales,  weighing  1889  lbs.,  per  ton  of  vessel.  And  a  full  built  ship  of 
1625  tons,  N.  M.,  can  carry  1800  tons' weight  of  cargo,  or  stow  4500  bales of  cotton,  New  Orleans  pressed. 

Hull  of  the  iron  steam-boat  John  Stevens — length  245  feet,  beam  31  feet,  and  hold 
11  feet:  weight  of  iron  239  440  lbs.  And  of  one — length  175  feet,  beam  24  feet,  and 8  feet  deep :  weight  of  iron  159  190  lbs. 

The  average  weight  of  a  cubic  foot  of  bottom  of  the  ship  Great  Republic  at  £g,  in- 
dependent of  decks  and  keelsons,  was  ISO  lbs. 

The  weight  of  a  square  foot  of  bottom  of  the  iron  steamer  Great  Britain  at  in- 
dependent of  deck  and  keelsons,  was  42  lbs.  =  170  cubic  inches  of  metal. 

The  weight  of  hull  of  a  vessel  with  an  iron  frame  and  oak  planking,  compared  with 
a  hull  entirely  of  wood,  is  as  8  to  15.  An  iron  hull  weighs  about  45  per  cent,  less than  a  wooden  hull. 

The  weight  of  hull  of  an  SO-gun  ship-of-the-line,  198.5  feet  in  length  by  55  feet 
beam,  is  1995  tons;  ballast,  70  tons;  crew,  equipment,  and  stores  ftTr  four  months, 
including  armament  (447  tons),  1612  tons.   Total  displacement  at  load  line,  3677  tons. 

Sails. 

That  a  vessel's  sail  may  have  the  greatest  effect  to  propel  her  forward, 
it  should  be  set  between  the  plane  of  the  wind  and  that  of  the  ship's  course, 
that  the  tangent  of  the  angle  it  makes  with  the  wind  may  be  twice  the 
tangent  of  the  angle  it  makes  with  the  ship's  course. 

Thus,  with  the  wind  abeam,  a  vessel's  sails  should  be  braced  at  an  angle 
of  54°  45;  from  the  wind,  as  the  tangent  of  this  angle  is  twico  that  of 
35°  15',  or  90°— 54°  45'. 
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PASSAGES  OF  STEAMERS  AND  SAILING  VESSELS. 
Distances  in  Geographical  Miles  or  Knots. 

STEAMERS — SIDE-WHEELS. 
1S07,  Phoenix,  of  Hoboken,  N.  J.  (John  Stevens),  New  York  to  Philadelphia.  First passage  of  a  steam  vessel  at  sea. 
1814,  Morning  Star,  of  Eng.,  River  Clyde  to  London.  First  passage  of  an  English steamer  at  sea. 
1S1T,  Caledonia,  of  Eng.,  Margate  to  Cassel,  180  miles,  in  24  hours. 
1S19,  Savannah,  of  N.  Y.,  about  340  tons  O.  ML,  Tybee  Light,  Savannah  River,  to Rock  Light,  Liverpool,  3640  miles,  in  25  clays  14  hours ;  6  days  21  hoars  of  which  were under  steam. 
1825,  Enterprise,  of  Eng.,  500  tons,  Falmouth  to  Table  Bay,  in  5T  days  •  and  to 

Calcutta,  India,  in  113  days.    First  passage  of  a  steamer  to  India.  ' 
1830,  Hugh  Lindsay,  411  tons,  SO  horse-power,  Bombay  to  Suez,  3 103  miles  in  31 days  running  time. 
1S39,  Great  Western,  of  Eng.,  Liverpool  to  New  York,  3017  miles,  in'  12  days  IS hours.  r 
1852,  Arctic,  of  N.  Y,  New  York  to  Liverpool,  301T  miles,  in  0  days  17  hours  15 
1856,  Persia,  of  Eng.,  New  York  to  Liverpool,  3017  miles,  in  9  days  1  hour  45 in.  J 
1S56,  Ocean  Bird,  of  N.Y.,  New  York  to  Havana,  1167  miles,  in  4  days  4  hours. 
1858,  Pacific,  of  Eng.,  from  St.  John's,  N.  F,  to  Galwav,  16G5  miles,  in  6  dams 1  hour.  ■>  j 
1859,  Baltic,  of  N.  Y,  Aspinwall  to  New  York,  2000  miles,  in  6  days  21  hours 1853,  Liverpool  to  New  York,  3017  miles,  in  9  days  16  hours  33  min. 
1S59,  Vanderbilt,  of  N.  Y.,  from  the  Needles  to  New  York,  3053  mile?,  in  9  days 9  hours  26  min.  1S57,  New  York  to  the  Needles,  in  9  days  8  hours;  equal  to  9 days  11  hours  to  Liverpool. 
1361,  Adriatic,  of  N.  Y.,  ran  the  measured  mile  at  Stokes's  Bay,  Eng.,  at  an  aver- age speed  of  15.9  knots  per  hour.    1S60,  New  York  to  Liverpool,  3017  miles,  in  9 days  13  hours  30  min.;  Galway  to  Quarantine,  N.  Y.,  touching  at  St.  John',*  N  B 2t>65  miles,  in  8  days  12  hours  20  min.    For  1  day  ran  365  miles. 

hours'"  Fire~Cracker>  of  N'  Y'  New  York  t0  Singapore,  12  309  miles,  in  52  days  12 
1SG2,  Columbia,  of  N.  Y,  Washington  Navy  Yard  to  the  Batterv,  New  York,  4°5 miles,  in  30  hours. 
1865,  Henry  Chauncey,  of  N.  Y.,  Aspinwall  to  Canal  Street,  N.  Y.,  2000  miles in  6  days  3  hours  40  min.  ' 
1865,  Colorado,  of  N.Y.,  New  York  to  San  Francisco,  Cal.,  14  549  miles,  in  61  days 21  hours  4  min.  1  f 

l§fmirsantia°°  ̂   CUba'  °f  N"  Y''  Greytown  t0  New  York>  2090  nifl^  in  6  days 
■  V^0,  flt*??V  of  N-  Y->  New  Orleans  to  New  York,  1699  miles,  fully  laden, in  5  days  11  hours  30  m?X  1      y  iaut;u' 

1866,  Jforro  Ca*«e,  of  N.  Y,  Havana  to  New  York,  1167  miles,  in  3  days  15  hours. 1866 ,Mahroussa,  of  Egypt,  Southampton  to  Malta,  2130  miles,  in  0  days  13  hours =13.6  knots  per  hour.  '  J 

runnlnVume^'  °f  N'  Y"  ̂   Y°rk  t0  Panama>  11370  milesi in  43         H  ftfwro, 
1870,  Scotfa,  of  Eng.,  Queen stown  to  Sandy  Hook,  N.Y.,  2780  miles,  in  8  cfa  7 

tlrr;  ?ft  ?T  *  Q^stown,  2798  miles,  in  8  d| « 2  wf  48 
41  mL  Liverpool,  270  miles, in  14  hours  59  min.;  total,  8  days  17  femrs 



619    PASSAGES  OF  STEAMERS  AND  SAILING  VESSELS. 

STEAMERS — SCREW. 
1566,  City  of  Baltimore,  of  Eng.,  New  York  to  Liverpool,  Eng.,  ran  3S5  knots  in  24 hours. 

1866,  City  of  Paris,  of  Eng.,  Queenstown  (Roche's  Point),  Ireland,  to  Liverpool,* Eng.,  270  miles,  in  14  hours  50  min. 
1867,  Hammonia,  of  Bremen,  Southampton,  Eng.,  to  Sandy  Hook,  N,  Y.,  3103 

miles,  in  9  days  9  hours  25  min. 
1567,  Weser,  of  Bremen,  Needles,  Eng.,  to  Sandy  Hook,  N.  Y.,  3  053  miles,  in  9 days  8  hours  20  mm. 
1868,  E.  B.  Souder,  of  N.Y.,  Sandy  Hook,  N.Y.,  to  Charleston  Bar,  S.  C,  615  miles, in  49  hours. 

1869,  City  of  Boston,  of  Eng.,  Halifax,  N.  S.,  to  Queenstown,  Ireland,  2  226  miles, in  6  days  22  hours. 
1869,  City  of  Brussels,  of  Eng.,  from  Sandy  Hook,  N.  Y,  to  Rock  Light,  Liverpool, 

Eng.,  3  000  miles,  in  S  days  13  hours  5  min. 
1869,  Wm.  Laivrence,  of  Boston,  Norfolk,  Va.,  to  Boston,  Mass.,  585  miles,  in  2  days 2  min. 
1870,  Pereire,  of  Havre,  Brest,  France,  to  New  York,  N.Y.,  2  933  miles,  in  8  days 

15  hours  38  min. ;  1868,  New  York  to  Brest,  in  8  days  10  hours  30  mm. 
1S70,  Missouri,  of  N. Y.,  New  York  to  Havana,  Cuba,  1 167  miles,  in  4  day s\  hour. 
1S72,  City  of  Merida,  of  N.  Y.,  Havana,  Cuba,  to  New  York,  N.  Y.,  1 167  miles,  in 

3  days  11  hours  30  min. 
1S72,  City  of  Houston,  New  York  to  Key  West,  Fla.,  1 145  miles,  in  4  days  7  hours 

25  min. ;  thence  to  Galveston,  Texas,  855  miles,  in  3  days  1  hour  10  min. 
18—,  R.  R.  Cuyler,  of  N.  Y.,  Savannah,  Ga.,  to  New  York,  700  miles,  in  57  hours. 
1574,  India  Government  Boat,  Steel,  length  87  feet,  beam  12  feet,  draught  of  water 

3.75  feet,  mean  speed  for  one  mile  20.77  miles  per  hour,  and  maintained  a  speed  of 
IS. 92  miles  in  1  hour. 

1874,  Colima,  of  N.Y..  San  Francisco,  Cal.,  to  Yokohama,  Japan,  4  750  miles,  in  17 
days  13  hours. 

1874,  Schiller  and  Goethe,  of  Hamburg,  Germany,  from  Hamburg  to  New  York. 
N.Y.,  3  577  miles,  each  in  10  days  20  hours. 

1874,  City  of  Waco,  Galveston,  Texas,  to  New  York,  anchorage  to  dock,  via  Key 
West,  2  000  miles,  in  6  days  18  hours  40  min. 

1875,  Hudson,  of  N.Y.,  S.W.  Pass,  La.,  to  Sandy  Hook,  N.Y.,  1 C4S  miles,  in  4  days 
i;0  hours  56  min. 

1875,  City  of  Berlin,  of  Eng.,  Liverpool,  Eng.,  to  New  York  via  Queenstown,  3  050 
miles,  in  8  days  10  hours  33  min. ;  and  Queenstown,  Ireland,  to  Sandy  Hook,  N.Y., 
2  780  miles,  in  7  days  18  hours  2  min. 

1575,  Belgic,  of  Eng.,  Yokohama,  Japan,  to  San  Francisco,  Cal.,  4  750  miles,  in 
17  days  12  hours. 

SAILING  VESSELS. 
1851,  Chrysolite  (clipper  ship),  of  Eng.,  Liverpool,  Eng.,  to  Anjer,  Java,  13  000 

miles,  in  8S  days.    The  Oriental,  of  N.  Y.,  ran  the  same  course  in  S9  days. 
1851,  Flying  Cloud  (clipper  ship),  of  Boston,  Mass.,  from  New  York  to  San  Fran- 

cisco, Cal.,  13  610  miles,  in  89  days  and  18  hours,  and  sailed  374  miles  in  1  day. 
1852-3,  Flying  Dutchman  (clipper  ship),  of  N.  Y.,  New  York  to  S:vn  Francisco, 

Cal.,  and  return,  discharged  and  loaded,  wharf  to  wharf,  27  220  miles,  in  6  months 
21  days;  1S53,  San  Francisco  to  the  Equator,  2  380  miles,  11  days  9  hours,  and 
rounded  Cape  Horn,  6  380  miles,  in  35  days. 

1853,  Trade  Wind  (clipper  ship),  of  N.  Y.,  San  Francisco,  Cal.,  to  New  York, 
13  610  miles,  in  75  days. 

1854,  Lightning  (clipper  ship),  of  Boston,  Boston,  Mnss.,  to  Liverpool,  Eng.,  2  827 
miles,  in  13  days  —  hours;  and  Melbourne,  Australia,  to  Liverpool,  Eng.,  12190 
miles,  in  64  days. 

*  Rock  Light. 
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1S54,  Comet  (clipper  ship),  of  X.  Y.,  Liverpool  to  Hong  Kong,  13  040  miles,  in  S4 days. 
1S54,  Sierra  Nevada  (schooner),  of  N.  H.,  Hong  Kong  to  San  Francisco,  6  000  miles, in  34  days. 
1554,  Red  Jacket  (clipper  ship),  of  N.  Y.,  Sandy  Hook,  N.  Y.,  to  Liverpool  bar, 

3  000  miles,  in  13  days  11  hours  25  min. ;  and  New  York  to  Melbourne,  12,120  miles, in  69  days  11  hours  1  min. 
1555.  Euterpe  (half-clipper  ship),  of  Rockland,  Me.,  New  York  to  Calcutta,  12500 miles,  in  73  days. 
1855,  Mary  Wldtridge  (clipper  ship),  of  Baltimore,  Baltimore  to  Liverpool,  from Cape  Henry,  Va.,  3  400  miles,  in  13  days  7  hours. 

 ,  Richard  Basteed  (half-clipper  ship),  of  Boston,  Sidney,  N.  S.W.,to  Calcutta, 5  S00  miles,  in  42  days. 
1SG0,  Dawn  (clipper  bark),  of  N.  Y.,  Buenos  Ayres  to  New  York,  6  010  miles,  in 

36  days.  ' 
1S60,  Andrew  Jackson  (clipper  ship),  of  Boston,  New  York  to  San  Francisco,  13  610 miles,  in  SO  days  4  hours. 
1565,  Dreadnought  (clipper  ship),  of  Boston,  Honolulu  to  New  Bedford,  13  470 

miles,  in  82  days;  1S60,  Sandy  Hook  to  off  QueenstoAvn,  2  760  miles,  in  9  days  17 hours;  and  1859,  Sandy  Hook,  N.Y.,  to  Rock  Light,  Liverpool,  3  000  miles,  in  13 days  8  hours. 
 ,  Ocean  Telegraph  (half-clipper  ship),  of  Boston,  Callao  to  Boston,  9  970  miles, in  5S  days. 
 ,  Sovereign  of  the  Seas  (medium  ship),  of  Boston,  in  22  days  sailed  5  391  miles =24o  miles  per  day.  For  4  days  sailed  341. 7S  miles  per  day,  and  for  1  day,  375 miles. 

 ,  Xorthern  Light  (half-clipper  ship),  of  Boston,  San  Francisco  to  Boston,  13550 miles,  in  76  days  8  hours. 
 ,  North  Wind  (medium  clipper  ship),  of  N.Y.,  the  Downs,  Eng.,  to  Port  Philip Head,  Australia,  12  500  miles,  in  67  days. 

1566,  Henrietta  (schooner  yacht),  of  N.  Y.,  Sandy  Hook,  N.  Y.,  to  the  Needles Eng.,  3  053  miles,  in  13  days  21  hours  55  min.  16  sec. 
1866,  Taeping,  Ariel,  and  Serica  (clipper  ships),  of  England,  Foo-chou-foo  Bar China,  to  the  Downs,  Eng.,  13  500  miles,  in  9S  days.  The  Taeping  reached  Black- wall  in  99  days. 
1867,  Thornton  (full  ship),  of  N.  Y.,  Sandy  Hook,  N.  Y.,  to  Rock  Light,  Liverpool 3  000  miles,  in  13  days  9  hours. 
1567,  John  J.  Ward  (schooner),  of  N.  Y.,  Alexandria,  Va.,  to  Jersey  City  N  J  4^5 miles,  in  4S  hours. 
1867,  Frank  Peren  (schooner),  of  Chicago,  Chicago  to  Buffalo,  N.  Y..  945  miles  (1 100 statute  miles),  in  3  days  5  hours  30  min. 
1868,  Mercury  (ship),  of  X.Y.,  New  York  to  Havre,  3  068  miles,  in  12  days  —  hours. 
1869,  Sappho  (schooner  yacht),  of  N.  Y.,  Light-ship  off  Sandy  Hook  to  Kinsale 

Head,  2  754  miles,  in  12  days  7  hours  51  mm.,  and  to  Queenstown,  2  857  miles  run in  12  days. Si  hours  34  min.  '  ' 
1869,  Minnie  A.  Smith  (half  brig),  of  Millbridge,  Me.,  from  New  York  to  Salerno Italy,  4  210  miles,  in  27  days.  ' 
1869,  Dauntless  (schooner  yacht),  of  N.  Y.,  Light-ship  off  Sandy  Hook,  N  Y  to Queenstown,  2  770  miles  run,  in  12  days  IT  hours  6  min.  12  sec. 
18—,  James  Barnes,  of  Boston,  Boston  to  Liverpool,  2  S27  miles,  in  12  days  6  hours. 
1 889,  Ocean  Spray  (bark),  Galveston  to  River  Mersey,  Eng.,  4  850  miles,  in  26  days. 

.3  *otf»0  America  (clipper  ship),  of  N.Y.,  Liverpool,  Eng.,  to  San  Francisco, 13,800  miles,  in  96  days.  ' 
J870,  Telegraph  (bark),  of  Quebec,  New  York  to  Cronstadt,  4  5S8  miles,  in  25  days. 

tofaj*1*7^™*™  D°rmi0  (medium  ship)>  of  N-  Y,  Mobile  to  Havre,  4  700  miles,  in 3  G 
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NORTHERN  AND  EASTERN. 
Distances  in  Statute  Miles. 

1S07,  Clermont,  of  N.Y.,  New  York  to  Albany,  145  miles,  in  32  hours  =  4.53  miles 
per  hour,  neglecting  effect  of  the  tide. 

1849,  Alicia,  of  N.Y.,  Caldwell's,  N.  Y.,  to  Pier  1,  North  River,  43^  miles,  in  1  hour 42  min.,  ebb  tide  =  2.75  miles  per  hour.    Speed  ==  22.19  miles  per  hour. 
1S52,  Reindeer,  of  N.Y.,  New  York  to  Hudson,  116^  miles,  in  4  hours  57  min., 

making  5  landings.    Flood  tide. 
1800,,  Alicia,  of  N.  Y.,  30th  Street,  N.  Y.,  to  Gozzens's  Pier, West  Point,  50%  miles, 

in  2  hours  4  min.,  and  to  Poughkeepsie,  74^"  miles,  in  3  hours  27  min.,  making  5 landings.  Flood  tide.  And  1S53,  Robinson  Street  to  Kingston  Light,  90%  miles, 
in  4  hours,  making  G  landings.    Flood  tide. 

1864,  Daniel  Drew,  of  N.Y.,  Jay  Street,  N.Y.,  to  Albany,  148  miles,  in  6  hours  51 
mm.,  making  9  landings.    Flood  tide.    Speed  of  boat  =  22.0  miles  per  hour. 

1864,  Chauncey  Vibbard,  of  N.Y.,  Desbrosses  Street,  N.Y.,  to  Rhinebeck,  91  miles, 
in  4  hours  42  min.,  making  4  landings.  From  Rhinebeck  to  Oatskill,  22  miles, 
in  1  hour  6  min.    Left  New  York  at  time  of  high-water. 

1867,  Mary  Powell,  of  N.Y.,  Desbrosses  Street,  N.Y.,  to  Newburg,  60X  miles,  in  2 
hours  50  min.,  making  3  landing.-* :  to  Pougbkeepsie,  76  miles,  in  3  hours  40  min,, 
making  6  landings  ;  and  to  Rondout,  91%  miles,  in  4  hours  23  min.,  making  7  land- 

ings (from  Poughkeepsie  to  Rondout  Light,  15%  miles,  in  39  min.).  Flood  tide. 
187$,  Milton  to  Poughkeepsie,  light  draft  and  flood  tide,  4  miles,  in  9  min.;  and 
1S74,  Desbrosses  Street  to  Piermont,  24  miles,  in  1  hour;  to  Caldwell's,  43 %  miles,  in 
1  hour  50  min. ;  to  Cozzens's  Pier,  50%"  miles,  in  2  hours  9  min. ;  and  to  Pough- keepiie,  making  6  landings,  in  3  hours  39  min.    Speed  ==:  22.77  to  23  miles  per  hour. 

Runs  from  New  York  to  Albany,  146  miles,  by  different  Boats. 
1826.  Sun, 12  hours  16  min. 185L  New  World, I        7  hour 3  43  mm. 
1826.  North  A  merica* 

10  < 
'     20  " 1S52.  Fr.  S kiddy,  II       7  " 

24  " 

1S40.  Albany, 8  5 1    27  " 1S52.  Reindeer^           7  " 

27  " 

1841.  Troy  J 

8  « 
'     10  " 1S60.  Armenia,^         7  " 

42  " 

1841.  Sou.th  Amcric  ̂ t 

7  4 

'     2S  " 1SG4,  Daniel  Drcw,%     6  u 

51  " 

1S49.  Alidad 

7  ' 

4     45  u 1 864,  Chn'cy  Vibbard,t  6    1 ' 

42  " 

1S74,  Sylvan  Dell,  7  hours  43  min. 
*  7  landings.      |  4  landings.      %  9  landings.     §  12  landings.      |j  6  landings.       *ff  11  landings. 
Timing  Distance— From  14th  St.,  Hudson  River,  N.  Y.,  to  College  at  Mount  St. Vincent,  1 3  miles. 

Note. — "Where  landings  have  been  made,  and  the  river  crossed,  the  distance  between  the  points gr\vn  is  correspondingly  increased. 

SOUTHERN  AND  WESTERN. 
Distances  in  Statute  Miles. 

18  i  1,  New  Orleans,  of  Pittsburg,  Penn.  (non-condensing  and  stern-wheel),  Pittsburg 
to  Louisville,  Ky.,  050  miles,  in  2  days  22  hours. 

1844,  J.  M.White,  of  St.  Louis,  Mo.  (non-condensing),  St.  Louis  to  New  Orleans, 
La.,  1200  miles  (at  that  time),  600  tons'  freight,  4.5  to  5.5  miles  per  hour  advor.-e current,  in  3  days  16  horns;  and  returned  to  St.  Louis,  making  nil  regular  landings, 
and  losing  2  hours  30  min.  by  wooding,  etc.,  in  3  days  23  hours  9  min. 

1850,  Buck  Eye  State,  of  Pittsburg,  Penn.  (non-condensing), Cincinnati  toPittsburg, 
500  miles  (200  passengers),  making  53  landings, in  1  day  19  hours;  4  miles  per  hour 
ad\  <  r  e  current.  Speed  — 15.63  miles  and  1.23  landings  per  hour.  Average  depth of  water  in  channel  7  feet. 
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1S53,  Shotwell,  of  Louisville,  Ky.  (non-condensing),  New  Orleans  to  Louisville, 1450  miles,  making  S  landings,  in  4  days  9  hours;  4.5  to  5.5  miles  per  hour  adverse 
current.    Speed  =  IS. SI  miles  per  hour. 
NOTE. — In  1817-18  the  average  duration  of  a  passage  from  New  Orleans  to  Louisville  was  27  days 12  hours ;  the  shortest,  25  days. 
1S55,  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  =  '20.93  miles  per  hour. 
1S61,  Atlanta,  of  St.  Louis,  Mo.  (non-condensing),  New  Orleans  to  Hard  Times 

Landing,  La.,  making  1  landing,  3G5  miles,  in  '24  hours;  4.5  to  5.5  miles  per  hour adverse  current.    Speed  =  20.20  miles  per  hour. 
 .  Telegraph,  No.  3  (non-condensing),  of  Cincinnati,  Ohio,  Louisville  to  Cin- cinnati, 150  miles,  in  9  hours  55  min. ;  5.5  miles  per  hour  adverse  current.  Speed 

=.  20.63  miles  per  hour. 
1ST0,  Natchez,  of  Cincinnati  (non-condensing),  New  Orleans,  La.,  to  St.  Louis,  Mo., 

11S0  miles,  making  14  landings,  4  to  5  miles  per  hour  adverse  current,  and  lost 
1  hour  35  min.,  in  3  days  21  hours  5S  min. ;  and  from  New  Orleans  to  Natchez, 
Miss.,  295  miles,  in  16  hours  51  min.  30  sec. 

1ST0,  R.  E.  Lee,  of  St.  Louis  (non-condensing),  New  Orleans  to  St.  Louis,  Mo., 
1  ISO  miles  (without  passengers  or  freight),  4  to  5  miles  per  hour  adverse  current:  to 
Natchez,  in  17  hours  11  min. ;  Vicksburg,  1  day  38  min. ;  Memphis,  2  days  6  hours 
9  min. ;  Cairo,  3  days  1  hour ;  and  to  St.  Louis,  3  days  18  hours  14  min.,  inclusive  of 
all  stoppages.  {Natchez,  of  Cincinnati,  Ohio,  starting  in  company  with  the  R.  E.  Lee, 
with  passengers,  making  2  landings  for  passengers  alone,  in  4  days  1  hour  8  min., 
including  all  stoppages  for  fuel,  repairs,  and  passengers,  which  were  computed  at 
7  hours  28  min.)  And  from  New  Orleans  to  Baton  Rouge,  120  miles,  in  7  hours 
40  min.  42  sec. ;  to  Natchez,  295  miles,  in  16  hours  36  min.  47  see. 

18 — ,  Chrysopolis,  Sacramento  to  San  Francisco, Cal.,  125  miles,  in  5  hours  IS  min. 
Runs  from  New  Orleans  to  Natchez,  295  miles,  by  different  Boats. 

IS!  4,  Orleans,  6  days  6  hours  40  min. 
1828,  Tecumsch,  3  days  1  hour  20  min. 
1840,  Edward  Shippen,  1  day  8  hours. 

|  1844,  Old  Sultana,  19  hours  45  min. 1-56,  New  Princess,  17  hours  30  min. 
I  1S70,  R.  E.  Lee,  16  hours  36  min.  47  sec. 

ICE-BOATS. 
Distances  in  Statute  Miles. 

1866,  Una,  of  Poughkeepsie,  N.  Y.,  Newburg  to  New  Hamburg,  6>£  miles,  in  7 
•min. 

1870,  Ella,  of  Poughkeepsie,  N.  Y.,  Hudson  River,  S  miles  South  and  back,  esti- 
mate! by  courses  at  24  miles,  in  23  min.  10  sec. 

1S72,  Haze,  of  Poughkeepsie,  N.  Y.,  Poughkeepsie  to  buoy  off  Milton,  4  miles,  in  4 min. 
1S72,  Whiz,  of  Poughkeepsie,  N.  Y.,  Poughkeepsie  to  New  Hamburg,  B%  miles,  in S  min.  • 
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RIFLE-SHOOTING. 
1S64,  Col.  H.  Berdan,  Utica,  N.  Y.,  1200  yards,  muzzle  rest,  4  consecutive  bull's 

eyes  ;  and  1S4S,  at  Chicago,  111.,  40  rods,  10  shots,  muzzle  rest,  1%  inches. 
1869,  Hamilton.  Montreal  vs.  Hamilton,  Can.,  G  men  on  each  side,  500,  600,  TOO S00,  and  1000  yards ;  7  shots  each  range ;  scored  4S6  ins. 

PIGEON-SHOOTING. 
1S65,  A .  B.  Holabird,  Cincinnati,  Ohio,  double  birds,  21  yards1  rise,  100  yards' bounds,  1%  oz.  shot,  killed  90  out  of  100,  and  2  fell  out  of  bounds. 
1865,  Wm.  Seeds,  Newark  Meadows,  N.  J.,  single  birds,  21  yards1  rise,  SO  yards' bounds,  IX  oz.  shot,  killed  84  out  of  91=92K+in  100. 
1807,  Paul  Mead,  R.  Robinson,  and  F.  II.  Palmer,  Long  Island,  N.Y.,  single  birds, 21  yards,  80  yards'  bounds,  \)i  oz.  shot,  guns  9  lbs.,  high  wind,  killed  63  out  of  75. 1S6S,  —  Root  and  —  Brieth,  Newport,  Ky.,  single  birds,  21  yards,  SO  yards'  bounds,  • 1)4  oz.  shot,  killed  23  out  of  24.  ' 
1S6S,  Major  W hitting  stall,  London,  Eng.,  single  birds,  30  yards'  rise,  1 V  oz  shot, killed  14  out  of  17. 
1869,  Ira  Payne,  Secaucus,  N.  J.,  single  birds,  21  yards1  rise,  100  yards'  bounds,  lU oz.  shot,  killed  44  out  of  50  from  ground  trap,  39  out  of  40  and  92  out  of  100  from spring  trap. 
1871,^.  77.  Bogardus,  Union  Course,  L.I.,  single  birds,  21  yards1  rise,  80  yards1 

bounds,  1%  oz.  shot,  ground  trap,  killed  46  out  of  50,  and  loaded  and  killed,  from 
spring  and  plunge  traps,  73  birds  in  6  win.  %ly2  sec.;  I860,  Chicago,  111.,  single tame  birds,  21  yards'  rise,  SO  yards*  bounds,  single  barrel,  heavy  gun,  shot  unlimited, plunge  trap,  killed  100  in  succession. 

1871,  John  Taylor,  Greenville,  N.  J.,  single  birds,  21  yards'  rise,  80  yards1  bounds, ground  trap.  \%  oz.  shot,  killed  45  out  of  50  ;  and  1SG5,  double  birds,  IS  yards'  rise, 
100  yards'  bounds,  1  ̂   oz.  shot,  killed  94  out  of  100. 1871,  M.  Johnson, Union  Course,  L.  I.,  double  birds,  18  yards1  rise,  100  yards1  bounds, 1}£  oz.  shot,  ground  traps,  killed  2S  out  of  30. 

BIRD-SHOOTING. 
18—,  M.  Camirtell,  Scotland,  220  brace  of  grouse  in  1  day. 
1S56,  Seth  Green,  Charlotte,  N.  Y.,  2  double  guns,  No.  9,  No.  8  shot,  990  pigeons,  in nocks,  in  3  hours. 

RAT-KILLING. 
1862,  Jaclco,  London,  Eng.,  13  11.,-.,  60  rats  in  2  min.  43  sec,  100  in  5  min.  2S  sec. 

200  in  14  min.  37  sec,  and  1000  in  less  than  100  min. ;  1861,  25  in  1  min.  28  sec 
1 361,  A  dog  in  Philadelphia,  Penn.,  25  rats  in  1  min.  2S  sec. 
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CEMENTS. 

Rust  Joint.— {Quick  Setting  ) 
1  lb.  Sal-ammoniac  in  powder,  2  lbs.  Flower  of  sulphur,  80  lbs.  Iron  boring?. Made  to  a  pasta  with  water. 
{Slow  Setting.)—!  lbs.  Sal-ammoniac,  1  lb.  of  Sulphur,  200  lbs.  Iron  borings. 
The  latter  cement  is  best  if  the  joint  is  not  required  for  immediate  use. 

For  Steam-boilers,  Steam-pipes,  etc. 
Soft. — Red  or  white  lead  in  oil,  4  parts  ;  Iron  borings,  2  to  3  parts. 
Hard. — Iron  borings  and  salt  water,  and  a  small  quantity  of  Sal-ammoniac  with fresh  water. 

JVTaltlia,  or  Crreelr  jVIastic. 
Lime  and  Sand  mixed  in  the  manner  of  mortar,  and  made  into  a  proper  consist- 

ency with  milk  or  size  without  water. 
For  Cliina. 

Curd  of  milk,  dried  and  powdered,  10  oz. ;  Quick-lime,  1  oz. ;  Camphor,  2  drachms. 
Mix,  and  keep  in  closely-stopped  bottles.    When  used,  a  portion  is  to  be  mixed  with  a  little  water into  a  paste. 

For  Earthen  and  Glass  Ware. 

Heat  the  article  to  be  mended  a  little  above  212°,  then  apply  a  thin  coating  of gum  Shellac  upon  both  surfaces  of  the  broken  vessel. 
Or,  dissolve  gum  Shellac  in  alcohol,  apply  the  solution,  and  bind  the  parts  firmly together  until  the  cement  is  diy. 

For   I-Ioles   m  Castings. 
Sulphur  in  powder,  1  part;  Sal-ammoniac,  2  parts;  powdered  Iron  turning-!,  Sj parts.    Make  into  a  thick  paste. 
Th?  ingredients  composing  this  cement  should  be  hept  separate,  and  not  mixed  until  rciuired  lor  use. 

For  IVLax-ble. 
Plaster  of  Paris,  in  a  saturated  solution  of  alum,  bnked  in  fin  oven,  and  reduced 

to  powder.    Mixed  with  water.    It  may  be  mixed  with  various  colors. 
For  HVIarble  Workers  and.  Coppersmiths. 

White  of  egg,  or  mixed  with  finely-sifted  Quick-lime,  will  unite  objects  which  are not  submitted  to  moisture. 
Transparent— for  Glass. 

India-rubber,  1  part  in  64  of  chloroform  ;  add  gum  Mastic  in  powder,  10  to  24  parts. Digest  for  two  days  with  frequent  shaking. 

To   IVTend    Iron  "Ware. 
Sulphur  2  parts,  fine  Black  Lead  1  part.    Put  the  sulphur  in  an  iron  pan,  over  a 

fire,  until  it  melts,  then  add  the  lead;  stir  well ;  then  pour  out.    When  cool,  break into  small  pieces.    A  sufficient  quantity  of  this  compound  being  placed  upon  the crack  of  the  ware  to  be.mended,  can  be  soldered  by  an  iron. 
For  Cisterns  and  Water-casks. 

Melted  glue,  8  parts  ;  Linseed-oil,  4  parts;  boiled  into  a  varnish  with  litharge. 
This  cement  hardens  in  about  48  hours,  and  renders  the  joints  of  wooden  cisterns  and  casts  air  and water  tight. 

HyxLrau.lic    Cement  XViint. 
Hydraulic  cement  mixed  with  oil  forms  an  incombustible  and  water-proof  paint  for 

roofs  of  buildings,  out-houses,  walls,  etc. 
Entomologists'  Cement. 

Thick  Mastic  Varnish  and  Isinglass  size,  equal  parts. 

2  G* 



622 BROWNING,  LACKERS,  GLUE,  ETC. 

BROWNING,  OR  BRONZING  LIQUID. 
Sulphate  of  copper,  1  oz.  ,*  Sweet  spirit  of  nitre,  1  oz. ;  Water,  1  pint. Mix.    In  a  few  days  it  will  be  fit  for  use. 

Browning  for  Gun  Barrels. 
Tinct.  of  Mur.  of  Iron,  1  oz. ;  Nitric  Ether,  1  oz. ;  Sulph.  of  Copper,  4  scruples ; 

rain  water,  1  pint.    If  the  process  is  to  he  hurried,  add  2  or  3  grains  of  Oxyrnuriate of  Mercury. 
When  the  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. 
Bronzing  Fluid  for  Guns,  etc. 

Nitric  acid,  sp.  gr.  1.2  ;  Nitric  ether,  Alcohol,  and  Muriate  of  iron,  each  1  part. 
Mix,  then  add  Sulphate  of  copper  2  parts,  dissolved  in  water  10  parts. 

LACKERS. 

For  Small  Arms,  ox-  Water-proof  Paper, 
Beeswax,  13  lbs. ;  Spirits  turpentine,  13  gallons;  Boiled  linseed-oil,  1  gallon. 
All  the  ingredients  should  be  pure  and  of  the  best  quality.    Heat  them  together  in  a  copper  or earthen  vessel  over  a  gentle  fire,  in  a  water-bath,  until  they  are  well  mixed. 

For  I3riglxt  Iron.  Work. 
Linseed-oil,  boiled   80.5  I  White  lead,  in  oil   11.25 
Litharge   5.5  |  Resin,  pulverized   ^T5 
Add  the  litharge  to  the  oil ;  let  it  simmer  over  a  slow  fire  3  hours ;  strain  it,  and  add  the  resin  and 

white  lead ;  keep  it  gently  warmed,  and  stir  it  until  the  resin  is  dissolved. 
INKS. 

Indelible,  for  IVI arising  Linen,  etc. 
1.  Juice  of  Sloes,  1  pint ;  Gum,  y2  an  ounce. 
This  requires  no  "  preparation"  or  mordant,  and  is  very  durable. 
2.  Nitrate  of  silver,  1  part ;  Water,  G  parts ;  Gum,  1  part.  Dissolve. 

Marking  Lunar*caustic,  2  parts;  Sap  green  and  Gum  arabic,  each  1  part;  dis- solve with  distilled  water. 
The  "  Preparation."— Soda,  1  ounce ;  Water,  1  pint;  Sap  green,  %  drachm.  Dis- solve, and  wet  the  article  to  be  marked,  then  dry  and  apply  the  ink. 
Perpetual,  for  Tomb-stones,  Marble,  etc.—  Pitch,  11  parts;  Lamp-black,  1  part; Turpentine  sufficient.    Warm  and  mix. 
Copying  Ink.— AM  1  oz.  of  Sugar  to  a  pint  of  Ordinary  Ink. 

GLUES. 
ITor  Parchment. 

Parchment  shavings,  1  lb. ;  Water,  C  quarts. 
Boil  untii  dissolved,  then  strain  and  evaporate  slowly  to  the  proper  consistence. 

I?,ice  Grlxxe,  or  Japanese  Cement. 
Rice  flour ;  Water,  sufficient  quantity. 
Mix  together  cold,  then  boil,  stirring  it  all  the  time. 

T_jiqu.icL. 

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,  1  quart;  dissolved  over  a  gentle  heat; add  Nitric  acid  06°,  7  oz.,  in  small  quantities. Remove  from  the  fire  and  cool. 

Or,  White  glue,  16  oz. ;  White  lead,  dry,  4  oz. ;  Rain  water,  2  pints.  Add  Alco. hoi,  4  oz.,  and  continue  the  heat  for  a  few  minutes. 
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Marine. 
Dissolve  India-rubber,  4  parts,  in  3-4  parts  of  Coal-tar  naphtha;  add  powdered Shellac,  04  parts. 
While  the  mixture  is  hot  it  is  poured  upon  metal  plates  in  sheets.  When  required 

for  use,  it  is  heated,  and  then  applied  with  a  brush. 
Or,  1  part  Tudia-rubber,  12  parts  of  Coal  tar ;  heat  gently,  mix,  and  add  20  parts 

of  powdered  Shellac.    Pour  out  to  cool.    When  used,  heat  to  about  250°. 
Or,  Glue,  12  parts ;  Water,  sufficient  to  dissolve  ;  add  yellow  Resin,  3  parts  ;  and, 

when  melted,  add  Turpentiue,  4  parts. 
Mix  thoroughly  togeiher. 
Strong  Glue. — Add  Powdered  chalk  to  common  glue. 
Gum  Mucilage. — A  little  oil  of  cloves  poured  into  a  bottle  containing  gum  mucilage 

prevents  it  from  becoming  sour. 
G-lue  to  resist  ZMoistnre. 

5  parts  Glue,  4  parts  Resin,  2  parts  Red  ochre,  mixed  with  the  least  practicable 
quantity  of  water. 

Or,  4  parts  of  Glue,  1  part  of  Boiled  oil  by  weight,  1  part  Oxide  of  iron. 
Or,  1  lb.  of  glue  melted  in  2  quarts  of  skimmed  milk. 

VARNISHES. 
Waterproof. 

Flower  of  sulphur,  1  lb. ;  Linseed-oil,  1  gall. ;  boil  them  until  they  are  thoroughly combined. 
This  forms  a  good  varnish  for  waterproof  textile  fabrics. 
Another  is  made  of  Oxyde  of  lead,  4  lbs.  ;  Lamp-black,  2  lbs. ;  Sulphur,  5  oz. ; 

and  India-rubber  dissolved  in  turpentine,  10  lbs. 
Boil  together  until  they  are  thoroughly  combined. 
To  Adhere  Engravings  or  Lithographs  xipon  Wood. 
Sandarach,  250  parts;  Mastic  in  tears,  64;  Resin,  125;  Venice  turpentine,  250; 

and  Alcohol,  1000  parts  by  measure. 
For  Harness. 

India-rubber,  %  lb..;  Spirits  of  turpentine,  1  gall. ;  dissolve  into  a  jelly ;  then  tak( 
hot  Linseed-oil,  equal  parts  with  the  mass,  and  incorporate  them  well  over  a  slow  fire. 

For  Fastening  Leather  on  Top  Rollers. 
Gum  Arabic,  2%  oz.,  dissolved  in  water,  and  a  like  volume  of  Isinglass  dissolved in  water. 

To  -Preserve  Griass  from  the  Rays  of  the  Sun. 
Reduce  a  quantity  of  Gum  Tragacanth  to  fine  powder,  and  let  it  dissolve  for  24 

hours  in  white  of  eggs  well  beat  up. 
For  Water-color  Drawings. 

Canada  balsam,  1  part ;  Oil  of  turpentine,  2  parts,  mixed. 
Size  the  drawing  before  applying  the  varnish. 
For  Objects  of  jNTatnral  History ,  for  Shells,  Fish,  etc. 
Mucilage  of  Gum  Tragacanth  and  Mucilage  of  Gum  Arabic,  each  1  oz. 
Mix,  and  add  spirit  with  Corrosive  sublimate,  so  as  to  precipitate  the  more  stringy 

part  of  the  gum. 
For  Articles  of  Iron  and.  Steel. 

Clear  grains  of  Mastic,  10  parts;  Camphor,  5  parts;  Sandarach,  15  parts;  and 
Flemi,  5  parts.    Dissolve  in  a  sufficient  quantity  of  alcohol,  and  r.pply  without  heat. 

This  varrmh  will  retain  its  transparency,  and  the  metallic  brilliancy  of  the  articles  will  not  be obscured. 
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I^Or  Gr«.li  Barrels,  after  Browning. 
Shellac,  1  oz. ;  Dragon's-blood,  3^  oz. ;  rectified  Spirit,  1  quart.  Dissolve  and  filter. 

IBlaclr. 
Heat  to  boiling,  10  parts  of  Linseed-oil  varnish  with  burnt  Umber,  2  parts,  and 

powdered  Asphaltum,  1  part. 
When  cooled,  dilute  with  Spirits  of  turpentine  as  required. 

Balloon. 
Melt  India-rubber  in  small  pieces  with  its  weight  of  boiled  Linseed-oil. 
Thin  with  Oil  of  turpentine. 

Transfer. 
Alcohol,  5  oz.  ;  pure  Venice  turpentine,  4  oz. ;  Mastic,  1  oz. 

To  Clean  Varnish. 
Mix  a  ley  of  Potash,  or  Soda,  with  a  little  powdered  Chalk. 
Composition  for  rendering  Canvas  Waterproof  and. IPliadble. 
YelloAV  soap,  1  lb.,  boiled  in  6  pints  of  water,  add,  while  hot,  to  112  lbs.  of  Paint. 

STAINING. 
Staining  Wood  and  Ivory. 

Yellow.    Dilute  Nitric  acid  will  produce  it  on  wood. 
Red.  An  infusion  of  Brazil  wood  in  stale  urine,  in  the  proportion  of  1  lb.  to  a 

gallon  for  wood,  to  be  laid  on  when  boiling  hot,  and  should  be  laid  over  with  alum 
water  before  it  dries.    Or,  a  solution  of  Dragon's-blood  in  Spirits  of  wine. Black.    Strong  solution  of  Nitric  acid. 

Mahogany.    Brazil,  Madder,  and  Logwood,  dissolved  in  water  and  put  on  hot. 
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  cf Nitrous  acid. 

MISCELLANEOUS. 
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. 

To  Extract  Grease  from  Stone  or  HVTarlole. 
Soft  soap,  1  part ;  Fuller's  earth,  2  parts ;  Potash,  1  part.  Mix  with  boiling  water. Lay  it  upon  the  spots,  and  let  it  remain  for  a  few  hours. 

Faint  for  Window  Grlass. 
Chrome  green,  %  oz. ;  Sugar  of  lead,  1  lb. ;  ground  fine,  in  sufficient  Linseed-oil 

to  moisten  it.  'Mix  to  the  consistency  of  cream,  and  apply  with  a  soft  brush. Tin'  tflass  should  he  well  cleansed  heforo  the  paint  is  applied.  The  above  quantity  is  sufficient  for about  200  feet  of  glas3. 
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  this  paste  dries,  it  may  be  used  again  by  dissolving  it  in  water. 

It  will  keep  for  two  or  three  years  in  a  covered  vessel. 
X)\il)l)in^. 

Resin,  2  lbs. ;  Tallow,  1  lb. ;  Train-oil,  1  gallon. 
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Blacking  for  Harness. 

Bees' -wax,  #  lb. ;  Ivory  Mack,  2  oz.  ;  Spirits  of  turpentine,  1  oz. :  Prussian  blu- ground  in  oil,  1  oz.  ;  Copal  Varnish,  %  oz. 
Melt  the  wax  and  stir  it  into  the  other  ingredients  before  the  mixture  is  quite  cold  • 

I^JwStty^S  <nkb  a  Httle  UP°Q  a  bmsh'  and  apply  H  lipon  the  harne33> the" 
To  Prevent  Iron  from  IRnsting. 

Warm  it ;  then  rub  with  White  wax ;  put  it  again  to  the  lire  until  the  wax  has  nor- vaded  the  entire  surface.  v 
Or,  immerse  tools  or  bright  work  in  boiled  Linseed-oil  and  allow  it  to  dry  upon  them. 

Paper  for  Draughtsmen,  etc. 
Powdered  Tragacanth,  1  part ;  Water,  10  parts. 
Dissolve,  and  strain  through  clean  gauze,  then  lay  it  smoothly  uixm  the  paper previously  stretched  upon  a  board.  v  "  1 This  paper  will  take  either  oil  or  water-colors. 

To  Remove  old  Ironmold. 

hJf*TiS£eU  ft?  PaiVtaineJ  **h  ink'  remove  this  ̂   «he  use  of  Muriatic  acid  di- luted by  5  or  C  times  its  weight  of  water,  when  the  old  and  new  stain  will  be  removed. 
Tastiles  for  IFnmigating. 

^Si1?,0'  2  oz-^?rco*!  powder,  5  oz.  ;  Cascarilla  bark,  powdered,  V  oz.  ; Saltpetre,  %  dram.    Mix  together  with  water,  and  make  into  shape. 
For  Writirrg  upon  Zinc  Labels-Horticxxltxxral. 

and  L^ii°a°ck.r'  °f  °f  PIatimim  in  a  Pint  of  ™ter  5  add  a  little  Mucilage 
Or,  Sal-ammoniac,  1  dr.  ;  Verdigris,  1  dr. ;  Lamp-black,  %  dr. ;  water,  10  dr.  Mix. 

Booth's  GJ-rease  for  Railway  ^xles. 
J?'ater:  •  •  I  8^    Palm-oil  6  lbs.  I  Or,  Tallow  ....    8  lbs l^iean  tallow  o  lbs.     Common  soda. . .  X  lb.  |        Palm-oil       10  "  " 

To  be  heated  to  about  212°,  and  to  be  well  stirred  until  it  cools  to  TO0*. Anti-friction  Grease. 

th™°  5*  T•all0W,  T?  lb-S'  P*I?«tH;  Boiled  to^thev,  and  when  cooled  to  SO0,  strain through  a  sieve,  and  mix  with  38  lbs.  of  Soda  and  \yz  gallons  of  water. lor  Winter,  take  25  lbs.  more  oil  in  place  of  the  tallow. 
Or,  Black  Lead,  1  part ;  Lard,  4  part3. 

Hiiarcl. 

it  L°„Peariy°afU  "iT"       1  P"'''  °f  C'aoutc"OTlc>  rat  «*B-    Apply  ..cat  until 
Stains. 

To  Remove.— Stains i  of  Iodine  are  removed  by  rectified  spirit.  Ink  stains  bv  ox- alic or  «uperoxalate  of  potash.  Ironmolds  by  the  same;  but  if  obs  inu?e  molten them  with  ink,  then  remove  them  in  the  usual  way  urinate,  moisten 
^2K^£££*  fr°m  addS  "re  KM  b?  «f  Ilartshorn,  or 
.%a;™?f  M?rkinS-™\°r  Nitrate  of  Silver.-Wet  the  stain  with  fresh  solulinn 

tinctrurfonCod?ne.Stained  ̂   ™*  *  Tm8ln  °f  hot  ™ter'  and        the  mark  with  • 
1'reservative  Taste  for  Objects  of  INTat^ral  Plistorv. \\  lute  Arsenic,  1  lb. ;  Powdered  Hellebore,  2  lbs. 
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Paste  for  Cleaning  Metals. 
Oxalic  acid,  1  part ;  Rottenstone,  G  parts.    Mix  with  equal  parts  of  Train-oil  and Spirits  of  turpentine. 
Watchmaker's  Oil,  wliicli  never  Corrodes  or  Thiols  ens. 
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. 
Blacking,  witho\it  IPolishiiig. 

Molasses,  4  oz. ;  Lamp-black,  %  oz.  ;  Yeast,  a  table-spoonful;  Eggs,  2;  Olive-oil, 
a  teaspoonful ;  Turpentine,  a  teaspoonftfl.    Mix  well. 

To  be  applied  with  a  sponge,  without  brushing. 
To  Preserve  Sails. 

Slacked  lime,  2  bushels.    Draw  off  the  lime-water,  and  mix  it  with  120  gallons water,  and  with  Blue  Vitriol,  M  lb- 
Whitewash 

For  outside  exposure,  slack  Lime,  %  a  bushel,  in  a  barrel;  add  Common  Salt, 
1  lb.  ;  Sulphate  of  Zinc,  %  lb. ;  and  Sweet  Milk,  1  gallon. 

To  Preserve  Woodwork. 
Boiled  oil  and  finely-powdered  Charcoal,  each  1  part ;  mix  to  the  consistence  of 

paint.    Lay  on  two  or  three  coats  with  it. 
This  composition  is  well  adapted  for  casks,  water-spouts,  etc. 

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. 
Piles. 

Lay  dull  files  in  diluted  Sulphuric  acid  until  they  are  bitten  deep  enough. 
To  Clean  Brass  Ornaments. 

Brass  ornaments  that  have  not  been  gilt  or  lackered  may  be  cleaned,  and  a  very 
brilliant  color  given  to  them,  by  washing  them  in  alum  boiled  in  strong  ley,  in  the 
proportion  of  an  ounce  to  a  pint,  and  afterward  rubbing  them  with  strong  Tripoli. 

Adhesive  Cement  for  Fractures  of  all  Kinds. 
White  Lead  ground  with  Linseed-oil  Varnish,  and  kept  out  of  contact  with  the  air. 
It  requires  a  few  weeks  to  harden. 
When  stone  or  iron  are  to  be  cemented  together,  use  a  compound  of  equal  parts  of 

Sulphur  and  Pitch. 

ALLOYS  AND  COMPOSITIONS. 

Allot  is  the  proportion  of  a  baser  metal  mixed  with  a  finer  or  purer, 
as  when  copper  is  mixed  with  gold,  etc. 

Amalgam  is  a  compound  of  Mercury  and  a  metal— a  soft  alloy. 
All  Compositions  of  copper  contract  in  the  admixture,  and  all  Amalgams 

expand. 
In  the  manufacture  of  alloys  and  compositions,  the  more  infusible  met- als should  be  melted  first. 
In  compositions  of  Brass,  as  the  proportion  of  Zinc  is  increased,  so  is 

the  malleability  decreased. 
The  tenacity  of  Brass  is  impaired  by  the  addition  of  Lead  or  Tin. 
Steel  alloyed  with  gfoth  part  of  platinum,  or  silver,  is  rendered  harder, 

more  malleable,  and  better  adapted  for  cutting  instruments. 
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Argentan  
Argentiferous  . . . 
Babbitt's  metal*. Brass,  common  . 

"  "       hard  . 
"  Mathematical instruments. . 
u  pinchbeck  
"     red  tombac 11  rolled  "  tutenag  
"     very  tenacious, wheels,  valves  . 
M  white  11  wire  
"     yellow,  fine  Britannia  metal  

When  fused,  add  .  .  , 
Bronze,  rerl  red  

11  yellow  11  Cymbals  
"  gun  metal,  large 
"         "  small Medals  
"  Statuary  Chinese  silver  

Chinese  white  copper. Church  bells  
Clock  bells  
Cocks,  Musical  bells  . . 
German  silver  

"  fine... 
Gongs  
Mouse  bells  
Lathe  bushes  
Machinery  bearings "  "  hard 
Metal  that  expands  in 
cooling  

Muntz  metal  
Pewter,  best  
Printing  characters  . . 
Sheathing  metal  
Speculum  "   
Telescopic  mirrors  
Temper!  
Type   and  stereotype plates   
White  me^al  

"        "  hard  
Oreide   i 

80. 
8S.S 
74.3 50. 
S8.9 90. 
10. 
67. 
66. 

87. 
86. 67.2 
SO. 90. 
93. 
93. 91.4 
65.1 
40.4 80. 
69. 
72. 
S7.5 
33.3 
40.4 49.5 
81.6 
77. 
80. 87.5  | 
77.4 

B0. 

50. 
66. 
50. 
66.6 
33.4 

5 
24. 
2.5 2.5 89. 
5?2 10.5 25. 6.4 14.3 
— 7.S 

20. — 
11.  2 22^3 3.4 31. 
2.8 8.3 
— 10. 

80. 
33. 

10. 

34. 
— 
— 25. 

13. 

11.1 2.9 
31.2 1.6 20. 

10. 7. 

7. 

21. 

5.5 19. 
25.4 
5.0 

S3.4 2*5.4 
24. 

7.4 
69.8 

40. 

1.4 
2.6 10.1 31. 

26.5 
12.5 

18.4 23. 20. 

12.5 
15.6 

22. 29. 
33.4 
60.0 

7.4 
25.8 
12.3 

2S.4 
4.4 

2.5 

13. 
31.6 

33.3 31,6 

24.  — 

2.5 

69. 

16. 7 
14. 
20. 

15  5 
53.8 

S.3 

2.4': 

15.5 

1.5 
2.6 
2.5 

*  See  page  628  for  directions. 

/Magnesia  ....  4.4  Cream  of  tartar  6 { Sal-ammoniac  2.5    Quick-lime  ....  1, 
t  Tor  adding  small  quantities  of  c 
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SolcLers. 

Copper. Tin. Lead. 
Zinc.  ] Silver,  j 

Bis- 

muth. 
Gold.  | 

Calci-  | 

mine. Antimor 

25 75 
53 16 

16 
10 

"  coarse, 
melts  at  500° . . 

Tin,  ordinary, 
melts  at  360° . . 
"      hard  . . . 

Steel   

50 
6T 

13 

33 
6T 

33 

CT 
33 

6T 
50 
33 
5 

- 
— 

S2 

- 
- 
- 

- 
— — 

— 

- 
— 
- 

Brass  or  Copper. . 50 41 
50 
41 6 — 

Pewterers'  or  Soft — 
4 

33 
50 

45 

25 
— — 

7 
22 

25 
— 
SO 

— 
— 
— 

"  hard   65 0G 34 34 

"  soft  
20 

12 

80 
6T 

21 
40 20 40 

66 33 
1 53 

41 
A  Plastic  Metallic  Alloy.— See  Journal  of  Franklin  Institute,  vol.  xxxix.,  page  55, 

for  its  composition  and  manufacture. 
Composition,  for  Welding  Cast  Steel. 

Borax,  10  parts ;  Sal-ammoniac,  1  part.  Grind  or  pound  them  roughly  together ; 
fuse  them  in  a  metal  pot  over  a  clear  fire,  continuing  the  heat  until  all  spume  has 
disappeared  from  the  surface.  When  the  liquid  is  clear,  pour  the  composition  out 
to  cool  and  concrete,  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  yel- 
low heat ;  then  dip  it  in  the  welding  powder,  and  again  raise  it  to  a  like  heat  as  be- fore ;  it  is  then  ready  to  be  submitted  to  the  hammer. 

Compounds. 
ble  Co 

Zinc. 
mpoiu 

Tin. 
ids. 

Lead. Bismuth. Cadmium. 

Rose's,  fusing  at  200°  
Newton's,  fusing  at  less  than  212° 
Fusing  at  150°  to  160°  

33.3 

25 

10 
12 

25 

33.3 
31 
25 

50 
33.4 
50 50 

13 

Soldering  Fluid  for  use  with  soft  Solder. 
To  2  fluid  oz.  of  Muriatic  acid  add  small  pieces  of  Zinc  until  bubbles  cease  to  rise. 

Add  %  a  teaspoonful  of  Sal-ammoniac  and  2  fluid  oz.  of  Water. 
By  the  application  of  this  to  Iron  or  Steel,  they  may  be  soldered  without  their  sur- 

faces being  previously  tinned. 
Fluxes  for  Soldering  or  Welding. 

Iron   Borax.  I  Zinc   Chloride  of  zinc. 
Tinned  iron   Kesin.  Lead   Tallow  or  resin. 
Copper  and  Brass  . . .  Sal-ammoniac.       |  Lead  and  tin  pipes.  Resin  and  sweet  oiL 

Steel— Sal-ammoniac,  1  part ;  Borax,  10  parts.    Pound  together,  and  fuse  until 
clear,  and,  when  cool,  reduce  to  powder. 

Babbitt's  Anti- attrition  Metal. 
Melt  4  lbs.  Copper;  add,  by  degrees,  12  lbs.  best  Banca  tin,  8  lbs.  Regulus  of  anti- 

mony, and  12  lbs.  more  of  Tin.  After  4  or  5  lbs.  Tin  have  been  added,  reduce  the heat  to  a  dull  red,  then  add  the  remainder  of  the  metal  as  above. 
This  composition  is  termed  hard&nitig }  for  lining,  take  1  lb.  of  this  hardening, 

melt  with  it,  2  lbs.  Banca  tin,  which  produces  the  lining  metal  for  use.  Hence,  the 
woportions  lor  lining  metal  are  4  lbs.  of  copper,  8  of  regulus  of  antimony,  and  96  of  tin. 
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MISCELLANEOUS  NOTES. 

Dimensions  of  Drawings  for  Patents.— United  States  8.5x12  inches. 
Painting  of  Brick-work.— A  square  yard  of  new  brick  wall  requires  for the  first  coat  of  paint  in  oil  %  lb.,  and  for  the  second,  .3,  and  for  the  third,  .4. 
Service  Train  of  a  Quartermaster.— The  Quartermaster's  train  of  an 

army  averages  1  wagon  to  every  2-1  men  ;  and  a  well-equipped  army  in the  field,  with  artillery,  cavalry,  and  trains,  requires  1  horse  or  mule,  upon the  average,  to  every  2  men. 
A  Luminous  point,  to  produce  a  visual  circle,  must  have  a  velocitv  of  10 

feet  in  a  second,  the  diameter  not  exceeding  15  inches. 
All  solid  bodies  become  luminous  at  800  degrees  of  heat. 
Tides.—  The  difference  in  time  between  high  water  averages  about  49 minutes  each  day. 
In  sandy  soil,  the  greatest  force  of  a  pile-driver  will  not  drive  a  pile over  15  feet.  1 
A  fall  of  .1  of  an  inch  in  a  mile  will  produce  a  current  in  rivers. 
Melted  snow  produces  from  %  to  %  of  its  bulk  in  water. 
At  the  depth  of  45  feet,  the  temperature  of  the  earth  is  uniform  through- out the  year.  ° 
A  Spermaceti  candle  .85  of  an  inch  in  diameter  consumes  an  inch  h* length  m  1  hour. 
Silica  is  the  base  of  the  mineral  world,  and  Carbon  of  the  organized. 
Sound  passes  in  water  at  a  velocity  of  4708  feet  per  second. 
Metals  have  five  degrees  of  lustre— splendent,  shining,  glistening,  glim- mering, and  dull.  J  *" J 
A  Marble-saw  requires  half  a  horse's  power. Avenues  of  City  of  New  York  run  28°  50'  W  east  of  north. 
Wire and  Hemp  Ropes.— A  wire  rope  3^  ins.  in  circuumference.  and  a 

iofSRi  ln8,  l.n  circu™ference,  parted  in  the  rope  at  10k"  tons  = 4G0U  lbs.  per  square  inch.  /A 
Endless  Ropes. — The  frictio 

their  weight. 
or  adhesion  of  Ropes  is  from  .1  to  .07  of 

Gold  Leaf  is  the  280  000th  part  of  an  inch  in  thickness. 
Gun  Barrels.— An  ointment  of  Corrosive  sublimate  and  Lard  wiU  pre- serve them  from  the  corrosive  effects  of  sea  air. 

Brief  Rules  for  the  Computation  of  the  Weights  of  Cast  Iron  Pipes  and 
Cast  and  Wrought  Iron  Bolts.— (Horatio  Allen.) 

Cast  Iron  Pipes.— To  the  inner  diameter  of  the  pipe  add  the  thickness 
of  the  pipe  in  inches,  and  multiply  the  sum  by  10  times  the  thickness,  and 
the  product  will  give  the  weight  in  pounds  per  foot. 

Wrought  Iron  Bolts.— .Square  the  radius  of  the  bolt  and  multiply  it  by 10,  and  the  product  will  give  the  weight  in  pounds  per  foot. 
For  Cast  iron,  subtract  J^,  or  .074  of  the  result. 

^  Malleable  or  Aluminum  Bronze.— By  weight :  Copper,  90  ;  Aluminum,  10. This  composition  may  be  forged  either  when  heated  or  cooled,  and  becomes 
extremely  dense.  Its  tensile  strength  is  100  000  lbs.,  and  when  drawn 
into  wire  128  000  lbs.,  and  its  elasticity  one  half  that  of  wrought  iron. Specific  gravity,  7700. 

3  II 
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EQUIVALENTS  OF  OLD  AND  NEW  U.  S.  MEASURES. 

1  Inch 
1  Foot 
1  Yard 
1  Chain 
1  Furlong 

Lie  rig  tlx. Meters. 
=  .02540005 
=  .3048006 
=  .9144018 

20.1168396 
201.168396 

1  Mile  =1609.347168 
Volume. 

1  Fluid  Drachm 
1  Fluid  Ounce 
1  Fluid  Pound 
1  Gill 
1  Wine  Pint 
1  Dry  Quart 
1  Wine  Quart 
1  Wine  Gallon 

Liters.* =  .0036967 
=  .0295739 
=  .35488656 
=  .1182955 
r  .4731821 
=1.1012344 
=  .9463642 
=3.7854579 

Surface. 
Square  Meters. 

1  Inch  =  .000645161 
1  Foot  ==  .092903184 
1  Yard  =  .836128656 
1  Rod  =  25.292891844 
1  Rood  =1011.71567376 
1  Acre  =4046.86269504 

Weight. 
1  Grain 
1  Scruple 
1  Dwt. 
1  Drachm 1  Ounce  (Troy) 
1  Ouncef 
1  Pound 
lTon 

Grams. 
.0648004 

=  1.296008 
=  1.5552096 
=  3.888024 
=  31.104192 
=  28.350175 
=453.6028 

1016070.272 

Note. — A  square  Meter  is  1549.9969  square  inches,  but  by  Act  of  Congress  it  is 
declared  to  be  1550  square  inches;  hence  the  Liter  (cubic  decimeter)=  61.0-3 377953 
cubic  inches.  In  the  Act  of  Congress,  a  Liter  is  declared  to  be  61.022  cubic  inches, 
which  is  erroneous,  as  here  shown,  by  the  .001-f-  of  an  inch. 

MISCELLANEOUS  ILLUSTRATIONS. 
1.  The  turret  of  an  Iron-clad  steamer  has  an  internal  diameter  of  21 

feet,  and  is  composed  of  10  courses  of  plates,  1  inch  in  thickness,  to  which 
an  allowance  of  half  a  sixteenth  Q^d  part)  of  an  inch  must  be  made  for 
space  between  each  .course.  What  is  the  diameter  of  the  inner  surface  of 
the  outer  course  in  feet  and  the  decimal  of  a  foot  ? 

21  feet-K10— 1X1+1)  ins. -f  (10— 1x^X2)  sixteenths=22/ee£  0  ink.  9  sixteenths. Hence,  to  reduce  this  to  feet  and  the  decimal  of  a  foot, 
Feet.    Inches.  Sixteenths. 
22        6  9 
12 

2T0 
16 
1629  and  1Q4329 270  12)270.5625 
4329  22.546875 /fctf. 

2.  How  many  changes  may  be  rung  with  4  bells  out  of  8  ? 
Operation.—  SxTx6x5  =  1680  changes. 
3.  How  many  changes  are  there  in  the  throws  of  5  dice  ? 
Operation.— d X6x6x6x6  =  7776  changes. 
4.  It  is  required  to  lay  out  a  tract  of  land  in  form  of  a  square,  to  be  in- 

closed with  a  post  and" rail  fence,  5  rails  high,  and  each  rod  of  fence  to contain  10  rails.  What  must  be  the  side  of  this  square  to  contain  just  as 
many  acres  as  there  are  rails  in  the  fence? 

Operation — 1  mile  =  320  rods.  Then  320x320-4-100,  the  square  rods  in  an  acre 
=  G40  acres  ;  and  320x4  sides XlQ  rails  =  12S00  rails  per  mile. 

Then,  as  040  acres:  12  800  rails  :  :  12  800  acres  :  25(5  000  rails,  which  will  inclose 
250  000  acres,  and  -^250  000X09.5701,  the  number  of  yards  in  the  side  of  a  square 
acre  and  -5-  1700,  yards  in  a  mile  =  20  miles. 

61.028  cubic  inches. f  Avoirdupois. 



MISCELLANEOUS  ILLUSTRATIONS. 631 

5.  A  invested  in  a  Company  $150  for  14  months,  B  a  certain  sum  for 
one  year,  and  C  3100  for  a  certain  time ;  some  time  afterward  the}-  ascer- 

tained that  their  stock  and  profits  were  equal  to  $475,  of  which  sum  A  was 
credited  $195,  B  8153,  and  C  $127  ;  how  much  did  B  invest,  and  for  how 
long  a  time  was  C's  stock  invested  ? 

Operation.— &  was  credited  $195,  and  he  invested  $150;  hence  195  —  150  =  45, his  profit  in  14  months. 
Then,  as  14  months  :  45 :  :  12  months  :  3S.57,  profit  on  $150  in  12  months. 
And  as  188.57  (150  +  33. 57)  :  150  : :  153  (B's  stock)  :  121.7,  B's  investment. 
C  was  credited  $127.    Then  (127  — 100)  =  27,  C's  profit. 
And  as  150  :  45  : :  100  :  30,  C's  ratio  of  profit  for  14  months. 
Therefore,  as  30  : 14  : :  27  :  12.6  months,  the  time  C's  stock  was  invested. 
6.  How  many  fifteens  can  be  counted  with  four  fives  ? 
n  4X3X2X1     24  . Operation.  =  —  —  4 F  1X2X3  6 
7.  Assume  there  are  4  companies,  in  each  of  which  there  are  9  men ; 

it  is  required  to  ascertain  how  many  ways  4  men  may  be  chosen,  one  out of  each  company. 
Operation.  P  9x9x9x9  =  G5G1. 
8.  What  are  the  chances  in  favor  of  throwing  one.point  with  three  dice  ? 
Operation.— Assume  a  bet  to  be  upon  the  ace.    Then  there  will  be  6x6x0  =  210 

(liferent  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,  and  5x5x5 =  125  ways  without  the  ace. 
Therefore  there  will  remain  only  21G  — 125  =  91  ways  in  which  there  could  be  an ace.  The  chance,  then,  in  favor  of  the  nee  is  as  91  to  125 ;  that  is,  out  of  216  throws, the  probability  is  that  it  will  come  up  91  times,  and  lose  125  times. 
9.  If  a  body  should  move  through  the  length  of  1  barlej^-corn  in  a  sec- 

ond of  time,  one  inch  in  the  second  second,  three  inches  in  the  third,  and so  continue  increasing  its  motion  in  triple  geometrical  proportion,  how many  yards  would  it  advance  in  half  a  minute? 
•  Operation.        012345      6       7        8  9 

1    3    9    27   81    243   729    2187   6561  196S3 
Then  9  -J-  9  -f  9  -f-  3  =  30,  the  number  of  seconds  or  terms. 
And  19  686 X 19  6-3 x  19  6S3 X 27  =  205  S91 132  094 649  =  30th  power, -which -f-  3=1 the  ratio  less  1  =  102  945  566  047  324  barley-corns,  and  again  by  3,  12,  and  3,  to  re- duce it  to  yards  =  953  199  685623  yards  1  foot  1  inch  and  1  barley-corn. 
10.  A  person  expended  $100  for  100  head  of  live-stock,  consisting  of cows,  sheep  and  pigs;  for  the  cows  he  paid  $10  per  head,  for  the  sheep $1,  and  for  the  pigs  50  cents.    How  many  did  he  purchase  of  each  kind  ? Operation.-The  average  cost  of  the  stock  was  $1.  Hence,  the  cost  of  a  pig  wis 50  cents  below  the  average,  and  that  of  a  cow  $9  above. Therefore,  if  he  had  purchased  cows  and  pigs  only;  in  the  inverse  ratio  of  their cost,  lie  would  have  had  5  cows  and  90  pigs  =  95  animals  costinq  $95.  Then,  by adding  5  sheep,  at  $1  per  head,  he  had  1  7 

5  cows,  at  $10.    =  $50 
90  pigs    at      .50  =  45 
5  sheep,  at     1.     =  5 
100  $Ioo 

11.  The  hour  and  minute  hand  of  a  clock  are  exactly  together  at  12- when  are  they  next  together?  ' 
Operation—As  the  minute  hand  runs  11  times  faster  than,  the  hour  hand  then 

11  :  GO  : :  1  :  5  min.  27ft  sec.    The  time,  then,  is  5  min.  27&  sec.  past  1  o'clock.  ■ 
12  The  time  of  the  day  is  between  4  and  5,  and  the  hour  and  minute hands  are  exactly  together ;  what  is  the  time  ? 
Operation.— Tha  difference  of  the  speed  of  the  hands  is  as  1  to  12  =  11 4  hoursX60  =  240,  which -11=  21  mm.  49.09  sec,  which  is  to  be  added  to  4  hours. 



632 MISCELLANEOUS  ILLUSTRATIONS. 

13.  Assume  a  cubic  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  bot- 

tle, which  weighs  3.84  lbs.,  is  thrown  into  sea-water.  It  is  proposed  to 
determine  if  it  will  sink,  and,  if  so,  how  much  force  will  just  buoy  it  up  ? 

Operation. — 3.84x12-^-1.49  =  30.92  cubic  inches  of  glass  in  the  bottle. 231  cubic  inches  in  a  gallon X. 53  =  122.43  ounces  of  brandy. 
Then,  bottle  and  brandy  weigh  3.84x12  -f- 122.43  ounces  =  168.51  ounces,  and contain  261.92  cubic  inches,  which  X- 59  =  154.53  ounces,  the  weight  of  an  equal  bulk 

«f  sea-water. And,  168.51  — 154.53  =  13.9S  ounces,  the  weight  necessary  to  support  it  in  the water. 
14.  Three  men,  viz.,  A,  B,  and  C,  drink  a  quantity  of  wine  ;  A  can  drink 

it  by  himself  in  12  days,  B  in  10,  and  C  in  15,  when  the  days  are  12  hours 
long.  In  what  time"  can  the}*  drink  out  the  whole,  drinking  together, 
when  the  days  are  10  hours  long,  and  what  will  be  each  one's  share  ? 

Operation.- -If  A  can  drink  it  in  12  days,  he  can  drink  ̂   of  it  in  1  day ;  and,  for 
like  reason,  B  can  drink  3^  of  it  in  1  day,  and  C  &g  of  it  in  1  day.  Therefore, 
l  +3^-  +  3^5—  %f  =Ji  the  quantity  they  unitedly  will  drink  in  1  day.  Conse- quently, if  they  drink  %  of  it  in  1  day,  they  will  drink  the  whole  of  it  in  4  days  of 
12  hours  each,  and  4xl2-^10  =  4.S  days  of  10  hours. 

Again :  their  ability  to  drink  being  represented  by  3^,  3^,  and  33,  their  share 

of  drinking  will  be  £g  .  i§  •  if  =  -s33  for  A'  1  for  B'  an~d  •6GG  for  C* 15.  A  fountain  has  4  supply  cocks,  A,  B,  C,  and  D,  and  under  it  is  a 
cistern,  which  can  be  filled  by  the  cock  A  in  6  hours,  by  B  in  8  hours,  by 
C  in  10,  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  ̂ ours,  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  ? 

Operation.—  Assume  the  cistern  to  hold  120  gallons. 
ho.     gall.     ho.  gall.  ho.    gall.      ho.  gall. 

If  6  •.  120  : :  1  :  20  at  A. 
8  :  120  :  :  1  :  15  at  B. 

10  :  120  ::  1  :  12  at  C. 
12  :  120  :  :  1  :  10  at  D. 

6  :  120  : :  1  :  20  at  E. 
5  :  120  : :  1  :  24  at  F. 
4  :  120  :  :  1  :  30  at  G. 
3  :  120  : :  1  :  40  at  H. 

Run  in  in  1  hour,  57  gallons.  Run  out  in  1  hour,  114  gallons. 
57 Run  out  in  one  hour  more  than  run  in,  57  gallons. 

Then,  as  57  gallons  :  1  hour  : :  120  gallons  :  2.15S  +  hours. 
16.  A  cistern,  containing  60  gallons  of  water,  has  3  unequal  cocks  for 

discharging  it  ;  one  will  empty  it  in  1  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.—  First,  %  would  run  out  in  1  hour  by  the  second  cock,  nnd  %  by  the 
third  ;  consequently,  by  the  3  was  the  reservoir  supplied  one  hour.  +1  = 
3.  being  reduced  to  a  common  denominator,  the  sum  of  these  3  =  ̂ - ;  whence 
the  proportion,  11  : 60  : :  6  :  323-83-  minutes. 

17.  A  reservoir  has  two  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  discharging  cock,  by  which,  when  full,  it  may  be  emptied  in  25  minutes. If  the  three  cocks  are  left  open,  in  what  time  would  the  cistern  be  tilled, 
assuming  the  velocity  of  the  water  to  be  uniform  ? 

Operation.— The  least  common  multiple  of  40,  50,  and  25,  is  200. 
Then  the  1st)  cock  will  fill  it  5  times  In  200  minutes,  nnd  the  2d,  4  times  in  200 

minutes,  or  both,  0  times  in  200  minutes;  and,  as  the  discharge  cock  will  empty  it 
8  times  in  200  minutes,  hence  9  —  8  =  1,  or  once  in  200  minutes  =  3.2  hours. 
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18.  Out  of  a  pipe  of  wine  containing  81  gallons,  10  were  drawn  off,  and 
the  vessel  rerilled  with  water,  after  whiclTlO  gallons  of  the  mixture  were 
drawn  off,  and  then  10  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  thorough^  mixed. 

Operation.—  84  — 10  =  74,  the  quantitij  after  the  1st  draught. 
Then.  S4  :  10  :  :  74  :  8.8095,  and  74  —  S.b0lJ5  =  65.1905,  the  quantity  after  the  2d draught. 
64  :  10  : :  05.1905  :  7.760S,  and  65.1905  —  7.7608  =  57.4297,  the  quantity  after  the Bd  draught.  J 
81:  10  ::  57.4297  :  6.S367,  and  57.4297  —6.8367  =  50.593,  the  quantity  after  the Wi  draught,  which  is  the  result  required. 
19.  A  reservoir  having  a  capacity  of  10  000  cubic  feet,  has  an  influx of  <o0  and  a  discharge  of  1000  cubic  feet  per  day.  In  what  time  will  it be  emptied  ? 
„       ''  10000 Operation.  — -  —  —  40  days. 1000  —  4O0  * 
Contrariwise:  The  discharge  being  1000  and  the  influx  1250  cubic  feet  per  hour. In  what  time  will  it  be  filled  ?  * 10  000 
Operation.  1.>50_10u0  =  40  hours  =  1  day  16  hours. 
20.  A  son  asked  his  father  how  old  he  was.  His  fatL„ 
is  :  If  you  take  away  5  from  my  years,  and  divide  the  remainder  ly  8* i  quotient  will  be  X  °f  your  age;  but  if  vou  add  2  to  your  age,  and lltiply  the  whole  by  3,  and  then  subtract  7  from  the  product,  you  will 

20.  A  son  asked  his  father  how  old  he  was.    His  father  answered  him 
thus  :  If  yo  * the  qi 
multi^ 

have  the  number  of  years  of  my  age.  What  were  the  ages  of  father  and'soii'? Operation.— Assume  the  father's  age  37. 
Then  37  —  5  =  32,  and  32 -r- 8  =  4,  and  4 X 3  =  12,  son's  age.  Again  :  12 4- 2  =  14, and  14x  3  =  42,  and  42  -  7  =  35.    Therefore  37  -  35  =  2,  error  too  little. Again :  assume  the  father's  age  45 ;  then  45  —  5  =  40,  and  40  -f-  8  =  5  Therefore 

2Xd7715,^on'f age'  ASain:  15  +  2  =  17,andl7x3  =  51,and51-7=41.  There- fore 45  —  44=1,  error  too  little. 
Hence  (45  sup.  X 2  error)— (37  sup.  X 1  error)=90  —  37  =  53,  and  2  —  1  =1 Consequently,  53  is  the  father's  age.    Then  53  —  5  =  48,  and  4S  —  S  =  6  =  Y  of the  son's  age,  and  6x3=  18  years,  the  son's  age. 
21.  Two  companions  have  a  parcel  of  guineas.  Said  A  to  B,  if  vou  will give  me  one  of  your  guineas  I  shall  have  as  many  as  vou  have  left  B replied,  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,  for  6  —  1  =  4  +  1  =  5.    Again  :  4  (A?a  parcel)  —  1  —  3 

and6  +  l  =  7,  and3X2  =  6.    Therefore  7 -6  =  1,  error  too  little.  P  ' Again  :  assume  B  had  8. 
Then  A  would  have  6,  for  8  -  1  =  6  + 1  =  7  Atrain  •  6  rA'*  nam^\  i  —  k  „„  , 

8  + 1  =  \  a"d  5X2  = 10-    Thei'efore  M  -  9  =  ifefZ  too  (great       }  7  1  ~  *  ̂ Hence  8X1=8,  and  6x1  =  6.  Then  8  +  6=14,  and  1  +  1  =  2.  Whence  di- viding the  products  by  sum  of  the  errors,  14-f-2  =  7  =  B's  parcel,  and  7-1=5+1 =  6  for  A  when  he  had  received  1  of  B ;  also  5  - 1 X  2  =  7  +  1  =  8  =  B's  parcel  when he  had  received  1  of  A.  1  ^/tcn 
22  If  a  traveller  leaves  New  York  at  8  o'clock  in  the  morning,  and walks  toward  New  London  at  the  rate  of  3  miles  per  hour,  without  inter- mission  ;  and  another  traveller  starts  from  New  London  at  4  o'clock  the same  evening,  and  walks  toward  New  York  at  the  rate  of  4  miles  per  ho  ur continuously;  assuming  the  distance  between  the  two  cities  to  be  130 miles,  whereabouts  upon  the  road  will  they  meet  ? 
Operation.— From  8  to  4  o'clock  in  the  morning  is  8  hours:  therefore  8v3-<u ^Vjrforrned  by A  before  B  set  out  from  New  London;  and  Squenlf  SB  - 24  =  106  are  the  miles  to  be  travelled  between  them  after  that  K^uuy,  jaw Hence,  as  (3  +  4)  7  :  3  : :  106  :  a^S  =  45jL  more  miles  travelled  by  A  at  the  meet- 

3  H* 
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23.  There  are  two  casks  of  equal  capacity,  the  one  %  full  of  wine,  the 
other  %  full  of  water;  now,  assume  the  cask  containing  the  wine  to  be 
first  filled  from  the  water-cask,  and  then  the  water-cask  to  be  filled  from 
the  wine-cask,  and  so  on,  alternately  filling  the  one  from  the  other.  As- 

suming that  the  fluids  mix  uniformly  at  each  time,  how  much  wine  and 
how  much  water  will  the  wine-cask  contain,  and  how  much  water  and  how 
much  wine  will  the  water-cask  contain,  after  each  have  been  filled  5  times  ? 

Operation.—  First,  the  wine-cask  being  filled  from  the  water,  it  will  contain  g  of 
wine  and  A  of  water. 

Second,  the  water-cask  is  filled  from  the  wine-cask  by  drawing  from  it  J  ;  that  is, 
§  o/f  of wine  =  &  of  wine,  and  g  of  ̂   of  water —2  of  water;  the  water-cask  con- 

tains, therefore,  j  of  water  and  |  of  wine,  and  there  remains  in  the  wine-cask  2 of  wine  and  ̂   of  water. 
Again  :  the  wine-cask  is  filled,  and  contains  ̂   of  wine  and  J|  0f  water,  and 

there  will  remain  in  the  water-cask  ̂   of  water  and       0f  wine. 
The  Denominators  of  the  fractions  expressing  the  proportion  of  wine  and  water 

are  the  successive  powers  of  3,  and  the  Numerators  are  ascertained  by  dividing  the 
denominators  into  two  parts,  differing  from  each  other  by  a  unit. 

Thus,  after  the  1st  filling,  the  wine-cask  has  been  filled  once,  and  the  quantity 
f    .         i  (3»+l)     2  &(3i-l)  1 of  wine  is  =     and  the  ivater  is  —  =.r. J  31         3  31  3 
After  the  2d  filling,  the  water-cask  has  been  filled  once,  and  the  quantity  of  wine 

?rc  z£  is  - — —  —  -,  and  the  water  is  - — —  = 
After  the  3d  filling,  the  wine  -  cask  has  been  filed  twice,  and  the  quantity  of 

a  (33+1)     14      _  j(33-1)  13. 
=  — ,  and  the  water  is   —  =  ̂   ' 

~2T 

33 

etc  ,  etc. 
Thus, 

Water-cask 
filled  1st  time. 

2d  time. 

3d  time. 

4th  time. 

5th  time. 

Water Wine. Water. Wine 

1 3 1 3 2 3 

k 9 
4 9 1 9 2 9 

4 

2'7 

13 2  7 14 
27 

41 81 
40 81 

13 81 14 81 

41 40 243 121 243 122 243 

8  6  5 729 364 7  29 121 789 
122 
7  29 

365 218  7 364 218  7 100  8 218  7 
11194 218  7 

I]  281 
65  61 3  280 65  01 

1093 
65  G 1 

1  094 
6561 

3  28  1 19  6  83 8  28  0. 
19  6F4 

984  1 19683 
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19(583 

29  52J5 
59IT49 

29  524 5  9XF49 984  1 590  94 9843 I     5  9  0  19 

Wine-cask filled  1st  time. 

2d  time. 

3d  time. 

■X  5th  time. 

24.  If  9  men  or  15  women  oat  17  apples  in  5  hours,  and  15  men  and  9 
women  can  eat  47  apples  of  Hkfl  size  in  12  hours,  the  apples  growing  uni- 

formly, how  many  boys  can  eat  360  apples  m  60  hours,  assuming  that  120 
boys  can  eat  as  manyas  18  men  uud  26  women  ? 
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Operation.— If  9  men  =  15  women,  1  man  =  3^5  or  £  women,  and  15  men  s=  15x£ =  25  women.    Therefore  1 5  men  and  9  women  =  25  +  9  =  34  women. 
If  15  women  eat  IT  apples  in  5  hours,  34  women -will  eat  0f  IT  =  £2£  —  3S-8^ 

apples  in  the  same  time ;  and  if  they  eat  them  in  5  hours,  tht-y  will  eat  in  12  houra 
of  33T85  =  92irf  aPp!es,  provided  the  quantity  is  uniform.  But  as  they  are  grow- 
ing whilst  being  eaten,  92 J|  —  4T  =  4&1§  apples,  the  growth  of  them  in  12  —  5  =  7 hours. 

Now.  if  the  growth  of  4T  apples  in  T  hours  =  45 J§,  the  growth  of  360  in  the 
same  time  ==,3^0  of  45l|  =  8i||4  _34S_8_^  appleS)  andin  55  noura  (6o_5),  the 
growth  of  360  will  be  ̂   of  348^_  =  9  o_o„5_o_4  =  2121^  apples. 

Hence,  366  -f-  2T3Tg^  =  9097^  appletTto  be  eaten  mm  hours. 
Again:  if  15  women  eat  IT  apples  in  5  hours,  1  woman  will  eat  JL.  of  IT  apples  in 

the  same  time,  and  in  60  hours  she  will  eat  12  times  as  many  =  12  X  l>  =  fi  8-  =  13?- 
apples;  and  if  1  woman  eat  13§  apples  in  60  hours,  309T^j  -h  %8-  =  3097-3^-  x  ̂ 

=  -¥AW  =  227iSMi  w°men  t0  cat       aPPles.         ~  3  29  08 If  9  men  =  15  women,  18  men  and  26  women  =  ̂ -xl5  =  30  women,  and  30  4-20 —  56  women. 
Finally,  if  56  women  are  equivalent  to  120  boys,  women  =  VMlRk&X 

25.  There  is  a  fish,  the  head  of  which  is  9  inches  long,  the  tail  as  lone as  the  head  and  half  the  body,  and  the  body  as  long  as  both  the  head  and tail.    Required  the  length  of  the  fish. 
Operation.—  Assume  the  body  to  be  24  inches  in  length.  Then  24—24-9  —  21 

the  length  of  the  tail.  .;' t  X  ,"~  1 Hence  21  +  9  =  30,  the  length  of  the  body,  which  is  6  inches  too  great. Again  :  assume  the  body  to  be  26  inches  in  length.  Then  26-f-2  4-  9=22,  the  lensrth of  the  tail.    Hence  22  +  9  =  31,  the  length  of  the  body,  which  is  5  inches  too  great. Iherefore,  by  Double  Position,  divide  difference  of  products  (see  rule)  by  differ- ence oi  errors  (the  errors  being  alike),  2(iX6 -UX5=SG=dfference  of  products, and  6  —  o  ~  1  —  difference  of  errors. Consequently,  26^1  =  36,  the  length  of  the  body,  and  36  -f-  2  4-  9  =  2T,  the  lentrth 
of  the  tail,  and  36  +  27 -f  9  =  T2  inches,  the  length  quired       T  '  g 

26.  A  hare,  50  leaps  before  a  greyhound,  takes  4  leaps  to  the  grey- hound 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.— 2  leaps  of  the  greyhound  equal  3  of  the  hare,  it  follows  that  6  of the  greyhound  equals  9  of  the  hare.  '  1  01 
Whilst  the  greyhound  takes  6  leaps  the  hare  takes  8;  therefore,  while  the  hare takes  8,  the  greyhound  gains  upon  her  1. 

i  /,lfn.CA1\t/°  gain L50  leap"'  she  must  take  50xS  =  400  leaps;  but,  whilst  the  hare 
ttelTe  cZFto  t  greyk0Und  W°Uld  take  3001  SmCC  the  *™  °fle^s 

27.  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;  a^ain 8  filled  and  again  a  tenth  part  of  the  mixture  is  drawn  out :  now,  assume the  fluids  to  mix  uniform  y  at  each  time  the  cask  is  replenished,  what fractional  part  of  wine  will  remain  after  the  process  of  drawing  out  and replenishing  has  been  repeated  ten  times?  to 
Operation --Since  .1  of  the  wine  is  drawn  out  at  the  first  drawing,  there  must  re- main .9.  After  the  cask  is  filled  with  water,  .1  of  the  whole  being'drawn  on  there will  remain  .9  of  the  mixture  ;  but  .9  of  the  mixture  is  wine ;  therefore,  afte?  the :  sect 

ond  drawing,  there  will  remain  .9  of  .9  of  wine,  or  £ ;  and  after  the  third  drawing, there  will  remain  .9  of  .0  of  .9  of  wine,  or 
Hence,  the  part  of  wine  remaining  is  exnre"«ed  bv  tbp  rnHn  o  ™i<,»j 

Opponent  of  wkuk  „  the  number  'of  U^^Z^^Z/^  ""^ Tlierefore,  the  fractional  part  of  wine  is       — .  3486TS4401 
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28.  If  a  basket  and  1000  eggs  were  laid  in  a  right  line  6  feet  apart,  and 
10  men  (designated  alphabetically  from  A  to  J)  were  to  start  from  the 
basket  and  to  run  alternately,  collect  the  eggs  singly,  and  place  them  in 
the  basket  as  collected,  and  each  man  to  collect  but  10  eggs  in  his  turn, 
how  many  yards  would  each  man  have  to  run  over,  and  what  would  be 
the  entire  distance  run  over? 

Operation. — A's  course  would  be  Qx^feet  (first  term)  + 10 X 6 X 2  feet  (last  term) 
—  132  =  sum  of  first  and  last  terms  of  the  progression. 

Then  132-^-2x10  =  660  feet —  number  of  times  X  half  the  sum  of  the  extremes  = 
the  surn  of  all  the  terms,  or  the  distance  run  by  A  in  his  first  turn. 

B's  course  would  be  11x6x2  =  132  feet  (first  term)  +  20X6x2  =  240  feet  (last term)  =  3T2  =  sum  of  first  and  last  terms. 
Then  372  -r-  2x10  =  1S60  —  sum  of  all  the  times,  or  B's  first  turn. 
A's  last  course  would  be  90LX6X2  =  10  812  feet  for  the  first  term,  and  910x6x2 =  10  920  feet  for  the  last  term  of  his  last  turn. 
Then  10  812  +  10  920  -4-  2x10  —  108  660  =  sum  of  the  terms,  or  distance  run. 
B's  last  course  would  be  911x6x2  =  10  932  feet  for  the  first  term,  and  (J20Xox2 =  11  040 feet  for  the  last  term  of  his  last  turn. 
Then  10932+11  040  h-  2x10  =  109  860  =  sum  of  the  terms  or  distance  run. 
Therefore,  if  A's  first  and  last  runs  =  660  and  108  660  feeU  and  the  number  of terms  10,  then,  by  Progression,  the  sum  of  all  the  terms  =  546  dOO  feet. 
And  if  B's  first  and  last  runs  =  1860  and  109  860  feet,  and  the  number  of  terms 10,  then  the  sum  of  all  the  terms  =  558  600 feet. 
Consequently,  55S600  —  546  600  =  12  000  =  the  common  difference  of  the  runs, 

which,  being  added  to  each  man's  run  =  the  sum  of  all  the  runs,  or  the  entire  dis- tance run  over. 
A's  run,  546  600  =  182  200  yds. B's    "   558  600  =  186  200  " 
C's   "   510  600  =  190  200  " 
D's   "    5S2  600=194  20O  " 
E's    "   594  600  =  198  200  " 

F's  run,  606  600  =  202  200  yds. 
G's    "    618  600  =  206  200  " 
H's    "    630  600  =  210  200  " 
I's     "    642  600  =  214  200  " 
J's     "    654  600  =  218  200  " 

6  006  000 feet,  which-^-5280=1137.5  miles. 
29.  If,  in  a  pair  of  scales,  a  body  weighs  90  lbs.  in  one  scale,  and  but 

40  lbs.  in  the  other,  what  is  the  true  weight? 
V (40X90)  =60  lbs. 

30.  If  a  steam-boat,  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=10  miles  is  her  effective  velocity  per  hour  when  returning,  and 

20  4- 10  =  2  hours,  the  time  of  returning,  and  2  +  1=3  hours,  or  the  whole  time  oc- 
cupied. 

Or,  let  d  represent  the  distance  in  one  direction,  t  and  t'  the  greater  and  less  times of  running  (in  hours),  and  c  the  current  or  tide. 
Ht  +  tr   
2  ,    ,  d  —  vxt' Then,   =  velocity  oj  boat  through  the  water,  and  =  c. txt'  1 

31.  The  flood-tide  wave  in  a  given  river  runs  20  miles  per  hour,  the  cur- 
rent of  it  is  3  miles  per  hour.  Assume  the  air  to  be  quiescent,  and  a  float- 
ing body  set  free  at  the  commencement  of  the  flow  of  the  tide  ;  how  long 

will  it  drift  in  one  direction,  the  tide  flowing  for  G  hours  from  each  point 
of  the  river  ? 

Operation.— -Let  x  be  the  time  required;  20a;  =  distance  the  tide  has  run  up,  to- 
gether with  the  distance  which  the  floating  body  has  moved;  3a?  =  whole  distance which  the  body  has  floated. 

Then  20a?  —  Zx  =  6x20,  or  the  length  in  miles  of  a  tide. 20 
x  =  t  -x6  =  7  hours,  3  minutes,  31.7047  seconds. 
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32.  A  steam-boat,  running  at  the  rate  of  10  miles  per  hour  through  the 
water,  descends  a  river,  the  velocity  of  which  is  4  miles  per  hour,  and  re- 

turns in  10  hours ;  how  far  did  she  proceed? 

Operation.— Let  x  =  distance  required,     ̂      —time  of  going,  — - — =  time  of 1 0  -\-  4  10  —  4 returning. 

Then,  ̂ -4-^=  10;  6x  + 14*  =  S40  ;  2fce  =  S40;  S40^-  20  =  42  miles. 

33.  From  Caldwell's  to  Newburg  is  18  miles ;  the  current  of  the  river  is 
such  as  to  accelerate  a  boat  descending,  or  retard  one  ascending  1^  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? 

Operation—Let  a?=the  distance  from  N  to  the  place  of  meeting;  its  distance from  (J,  then,  will  be  IS  —  x. 
Speed  of  descending  boat,  15  -j- 1.5=  16.5  miles  per  hour. 
Speed  of  ascending  boat,  15  — 1.5  ~  13.5  miles  per  hour, x 

=  time  of  boat  descending  to  point  of  meeting. 
IS  — a? 
13  5  ~  ttme  °fl)0at  ascending  to  point  of  meeting. 

These  times  are  of  course  equal;  therefore,    X  ~.~x 
Then,  13.oj?  =  2DT  —  16.5a?,  and  13.5a? -f-  16.5a?  =  297,  or  30a?  =  297. 
Hence  x  =  —  =  9.9  miles  the  distance  from  Newburg. 

34.  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, U  8,  and  C  10 ;  when  will  they  all  come  aside  of  each  other  again  ? 
Operation.— It  is  evident  that  A  and  C  will  be  together  every  round  eone  bv  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,  as  3  :  1  : :  73  :  24  33  -4-  •  but  is the  conjunction  is  a  fractional  number,  it  is  necessary  to  ascertain  what  number  of  a multiplier  aviII  make  the  division  a  whole  number. 

B  l!  tn4U  lOtfme*  ***  """^  °fdayS  required  in  whlch  A  inU  S°  round  5  times, 
35  Assume  a  cow,  at  the  age  of  two  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  the  age  of  two  years,  and  yearly  afterward  in 

40  vears^1161* '  ""^  ^  the  °0W  and  her  Produce  ™ 
Operation— The  increase  in  the  first  year  would  he  0,  in  the  second  year  1,  in  the third  1,  in  he  fourth  2,  in  the  fifth  3,  in  the  sixth  5,  and  so  on  to  40  ycLs  or  t  rn b^S  =  thesum  of  the  two  preceding  ones.    The  last  term,  then,  will  be 

JS'SSi  Ji'  T  WlnCh  b.ti  be  6ubtracte*  1  «w  the  parent  cow,  and  the  remainder! 165  580  140,  will  represent  the  increase  required.  **"«ueif 
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Naval  Steamer  ("Wood). 
«  Powhatan,"  U.  S.  Navy— Inclined  Engines.—  Length  upon  deck,  251.5  feet;  be- tween perpendiculars,  250  feet;  keel,  246  feet;  beam,  45  feet;  hold,  26.5 feet. 

Immersed  Section  at  load-line,  675  square  feet. 
Dis%)lacement  3600  tons,  at  load-draught  of  IS. 5  feet. 

Cylinders — Two,  of  70  ins.  in  diam.  by  10  feet  stroke  of  piston;  volume  of  piston space,  534.5  cubic  feet.    Condensers. — Two,  volume  190  cubic  feet.    A  ir-pumps  Two,  of  52  >^  ins.  in  diam.  by  42  ins.  stroke  of  piston  ;  volume  103  cubic  feet.  Feed- pumps— Four,  of  8  ins.  in  diam. ;  volume,  4.8  cubic  feet. 
Water-wheel  Shafts.— Journals,  IS. 3  and  13  ins.  in  diam.,  and  20  and  15  ins.  in 

length.  Water-wheels.—  Diam.  31  feet,  Aims,  23.  Blades  (divided),  23:  breadth of  do.,  10  feet;  depth  of  do.,  26  ins.    Dip  at  load-line,  5.5  feet. 
Boilers.— Four  (vertical  tubular).  Heating  surface,  12  000  square  feet.  Grates 

o3S  square  feet.   Steam-room,  29S0  cubic  feet.    Cross  area  of  tube*,  53.5  square  feet.' 
Smoke-pipe.— Area  63.6  square  feet,  and  G5  feet  in  height  above  the  grate  level.  ' Pressure  of  Steam.— 10  lbs.  per  square  inch,  cut  off  at  yz  the  stroke  of  the  piston, throttle  X  open.    Revolutions,  13.5  per  minute.    Indicated  Horses'  Power,  1100. Fuel — Bituminous  coal,  with  a  natural  draught.  Consumption,  at  load-line  mod- erate sea,  and  at  pressure  of  12  lbs.  and  12  revolutions,  3950  lbs.  per  hour  =  42  3 tons  per  day. 
Speed,  10  knots  per  hour.    Coal-bunkers,  S00  tons  capacity. 
Slip  of  Wheels  from  Centre  of  Pressure,  18.75  per  cent. 
Note.— An  average  pressure  of  17  lbs.  and  16  revolutions  have  been  obtained  for 70  hours,  vessel  drawing  17.75  feet,  giving  a  speed  of  12.6  knots  per  hdtar. 
Hull— Launching  draught,  10.62  feet;  displacement,  15S5  tons.  Angles  of  en- trance at  17.5  feet,  4S° ;  at  18  feet,  51°  20' ;  at  19.5  feet,  54°  40'. 
Centre  of  Displacement — In  the  vertical  plane  of  the  centre  of  the  water-line and  at  1S.5  feet  draught,  8.86  feet  below  the  water-line.  A  verage  per  Inch  _1  roni 18  to  19  feet  draught,  22.09  tons.  Meta  Centre.— Above  centre  of  gravity  of  di^niace ment  10.S7  feet. 
Rig.—  Full  bark.  Armament.— %  10-inch  chambered  guns  upon  pivots  and  6 8-inch  chambered  guns  upon  carnages. 

I  "Weight.  Wheels. 
Cast  iron   21  634  lbs.  I  Fitters  and  patterns  . . .      2S9  davs Wrought  iron   75S65  "    |  Planing   22  550  sq  ins. Weight.  Coal-Bunkers. 
Iron,  brass,  and  copper. . .  117  367  lbs.  |  Fitters  and  laborers   150  days. 
Day's  icork  (boilers,  water-wheels,  and  coal-bunkers  not  included,  as  th-y  were made  by  the  pound,  and  omitting  extra  pieces  and  hoisting  engine),  54  498  Tarn ing,  boring,  and  planing,  742  348  square  inches. 

'Weight.  Boilers. 
Brass  tubes   33  896  lbs.  I  Smoke-pipe   23  978  lbs 
Cast-iron   12  000  "      Grate-bars,  etc.,  of  cast-iron    27  711  "  ' Ir<>n   209  410  "    I  Valves,  cocks,  etc.,  brass  ..     8,531  " Total  . 

WEIGHTS  OF  ENGINES,  BOILERS,  ETC.  (finished). 

315  526 

Engines,  frames,  flooring,  etc.  491  282 
Extra  pieces   56  135 
Boilers  (iron  and  brass)   255  306 
Appurtenances   60  220 

Total  (567  tons)  
Cost.  Engines 

Cast  iron   262  011  lbs.     Fitters  and  patterns  . .    39  824  day Copper   8  084  "      T   -  —  • 
Steel   996 
Wrought  iron   171761 

Coal-bunkers,  deck-plates  .  117  307  lbs. 
Hoisting  engine  and  boiler  4569  u* Water-wheels   "  \  u Water  in  boilers   [§ 

 1  271  376  " 

aborers   n  268 
|Mng   133  757  so  ins. Turning  and  boring  . .  545  515 

The  cost  of  the  engine?,  boilers,  etc.,  etc.,  complete  (1849-51)  was  $135  per  ton, fi M.),  and  the  cost  of  the  vessel, including  engines,  etc.,  $300  per  ton:  the cost  of  the  boilers  proper  in  metal  and  labor  was,  1862,  $ 
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Passenger   and  Cargo  Steamers  (Wood). 
"Adriatic,"  New  York  and  Liverpool— Oscillating  Engines.— Length  upon 

deck,  351  feet;  length  at  load-line,  343. S3  feet;  beam,  50  feet ;  hold,  33. 16  feet. 
Immersed  Section  at  load-line  880  square  feet. 
Displacement  5233  tons,  at  load-draught  of  20  feet. 

Cylinders.— Two,  of  101  ins.  in  diam.  by  12  feet  stroke  of  piston;  volume  of  piston 
space,  1335  cubic  feet.    Condensers.  -  Two,  surface  24  000  square  feet ;  tubes,  %  in. 
in  diam. ;  thickness,  No.  IT  wire  gauge.    Air-jncmps.—  Two,  double  acting ;  volume 96  cubic  feet. 

Water-wheels.—  Diam.  40  feet.  Arms,  32„  Blades,  32;  breadth  of  do.,  12  feet : 
depth  of  do.,  3  feet.    Dip  at  load-line,  8.25  feet. 

Boilers.—  Eight  (vertical  tubular).  Heating  surface,  31 300  square  feet.  Grates, 
966  square  feet.  Steam-room,  9200  cubic  feet.  Cross  area  between  tubes,  1S6  square 
feet.    Tubes,  13  064,  2  ins.  in  diameter  and  3.16  feet  iu  length. 

Smoke-2?ipes.—Two,  area  3S.5  sq.  feet,  and  48  feet  in  height  above  the  grate  level. 
Length  of  Engine  and  Boiler  Space,  including  side  coal-bunkers,  130  feet. 
Pressure  of  Steam.— 26  lbs.  per  square  inch,  cut  off  at  %  the  stroke  of  the  piston. 

Revolutions,  14  per  minute ;  at  18  feet  draught,  IT. 5  per  minute.  Indicated  Horses' Power,  4800. 
Speed  At  IS  feet  draught  of  water,  15.9  knots  per  hour. 
Fuel.—  Anthracite  or  Bituminous.   Consumption,  96  tons  per  day.  Coal-bunkers, 

1200  tons  capacity. 
Rig — Brig. 

weights  of  engines,  boilers,  etc. 
Engines   825000  lbs. 
Coal   2  658  000  " 
Boilers   6T4000  «■ 
Water  in  boilers   10T5  200  " 

Hull,  launching  draught 9.96  feet  4 1T3  120  lbs. 
Spars,  Sails,  Anchors,  etc.  " 
Cargo   1TT2  000  « 

Displacement—  Average  per  inch,  from  10.16  to  1T.125  feet,  (light  load-line)  26-43 tons;  from  1T.125  to  20  feet,  (load-line)  28. T5  tons;  from  20  to  21.5  feet,  31.5  tons. 
Accommodation.— Passengers,  cabin,  350 ;  2d  cabin,  200 ;  steerage,  100. 
Freight., — 800  tons  measurement. 

u  Costa  PacA,"  New  York  and  Aspinwall— Vertical  Beam  Engine.— Length 
at  load-line,  2T4  feet;  beam,  3d  feet;  hold,  19.3  feet;  do.  to  spar  deck,  2T  feet. 

Immersed  Section  at  load-line,  550  square  feet. 
Displacement,  2300  tons  at  load-draught  of  15  feet. 

Cylinder.— One,  of  81  ins.  in  diam.  by  12  feet  stroke  of  piston  ;  volume  of  piston 
space,  419  cubic  feet.  Condenser.— Volume,  209  cubic  feet.  Air-pump — Volume, 85.5  cubic  feet. 

Water-wheels.—  Diam.  33  feet.  Blade*,  28  of  12  and  20  ins.  in  depth ;  breadth  of 
do.,  S.25  feet.    Dip-,  at  load-line,  5.25  feet. 

Boihrs.—  Two  (horizontal  tubular).  Heating  Surface,  9090  square  feet.  Grates, 
2T3  square  feet.   A  rea  of  tubes,  3360  square  inches.    Tubes,  3.25  inches  by  T-T5  feet. 
Smoke-pipe  Area  23. T5  square  feet,  and  56  feet  in  height  above  the  grate  level. 
Pressure  of  Steam.— 20  to  25  lbs.  per  square  inch,  cut  off  at  .45  of  the  stroke  of 

the  piston.    Revolutions,  18  per  minute.    Indicated  Horses'  Power,  1950. 
Fuel— Anthracite  or  Bituminous.    Consumption,  3000  lbs.  per  hour. 
Coal-bunkers.—  Capacity,  550  tons.    Rig.— Fore- topsail  schooner. 

weights  of  engine,  boilers,  etc. 
Engine   526  761  lbs. 
Boilers   225  060  » 
Smoke-pipe  -   12  000  " 

Grates,  floors,  etc   16S  000  lbs. 
Water   200  000  " 

Total  980  624  lbs. 
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Passenger  and  Deck  Cargo  Steamers  (Wood). 

•J  City  of  Boston,"  New  York  and  Norwich-Vertical  Beam  Engine  -Lencth upon  load-line,  320  feet;  beam,  39  feet;  hold,  12.S/K.       -  ̂  
Immersed  Section  at  load-line,  288  square  feet. 
Displacement  1459  fcms,  ctf  load-draught  0/8.25 

Cylinder.— One,  of  SO  ins.  in  diam.  bv  12  feet  qtralrp  Afn;^^  .     i         *  . 
space,  419  cubic  feet  of  piston  ;  volume  of  piston 

SquartfeS;rTW°  **  92»°  »4«^  feet,    Grates,  192.7 

ho^!  ■_Anth!'aCite'  "**  a  Ua3t-    Con^m^ion,  at  ordinary  speed,  5200  it*,  per rs  of  engine,  boilers,  etc. 
Engines. 

S6tironv   203  500  lbs. W  rought  iron   171  700  " 
Brass  "  12  440  " 
Steel  and  Lead  .]  "575  <t Total  

Boilers 
Caet  iron . 

Boilers  and  Appurtenances. 
157  SOS  lbs. 

27  060  " Wrought  iron  '.'.'.'..['.    17  050 Brass  and  Copper   (J20 
 590  753  lbs. 

fuSK '  °f  eeT'    Light  °f  huU  aud  mach^  without  fuel,  water,  or 

Immersed  Section  at  load-line,  194  square  feet. 
Displacement  498.25        a*  load-draught  0/7.25  fef 

|f2!SM  ^P^ton*;  volume  of  piston Two,  volume  45  cubic  feet  '      U  le  105  cublc  feet.  Air-pumps.- 

■^S$^&&^3^>*>        of  do.,,o 
WpfSef£rTW0  (,etUrn  flUe>-  3280  square  feet.    Grates,  147.5 

Si£tt££r  ,rare  feet' and  35  feet  in  "eisht  ah°ve  the  & 

«<rf.-Anthracite  or  Bituminous.    Consumption,  10S0  lbs.  per  hour. WEIGHTS  OF  ENGINES,  BOILERS,  ETC. 
Engines,  Wheels,  Frame,  and  Boilers   310  579  m 

"Banshee",  Holtoead  to  DumiNiENri    t „n„ir,  i  . 
feet;  U^.f^jffiJ^  Perpendiculars,  1S9 

Immersed  Section  at  load-line,  190  square  feet. 
Displacement  770  tons,  at  light  draught  of  water  of  9  feet 

mfrtteteZ.  inS'  "  diam-  by  5  5  feet  ̂   <*  P-ton;  volume  of  piston  space, Water-wheels.-m*m.  25  feet  by  9  feet  in  width.    Blades  irPn  mm*  . Pressure  o  f  Steam.-U  lb*  per  rouare  innh        / f  '    o!f      75  feet 
W-18.62  knots  per  hour^  ̂ iT^.S^^  ^ Indicated  Horsed  Power,  at  trial,  1660.  ̂ .-Schooner 3  T 
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Passenger  and.  Cargo  Steamers  (Iron). 

"Ctto^wka"  (English)— Oscillating  Engines— Length  upon  load-line,  202 
f™7beam,  21         depth  at  sides,  10.5  feet;  Hull,  1CS.2S  tons;  Engine  room 123.53  tons;  Builder's  measurement,  453.4  tons. 

Immersed  Section  at  load-line,  *122  square  feet. 

Displacement  453  tons,  at  load-draught  of  6.25  feet. 

Cylinders.— Two,  of  40  ins.  in  diam.  by  4  feet  stroke  of  piston;  volume  of  piston space,  80  cubic  feet. 
Water-wheels  {Feathering).— Diam.  16  feet.  Blades  10;  breadth  of  do.,  8  feet; depth  of  do.,  2.5  feet. 
Boilers.— Two  (tubular),  length  15  feet,  breadth  9  feet,  height  S.5  feet.  Heating 

surface,  3320  square,  feet.    Grates,  15 J  square  feet. 
Pressure  of  Steam.— Average  25  lbs.  per  square  inch,  cut  off  at  %  the  stroke  of 

the  piston.    Revolutions,  average  42  per  minute. 

Speed.—  Average  14.78  knots  per  hour.    Indicated  Horses'  poicer,  882. 
Wet  Surface  of  Hull,  45T3  square  feet. 
itf(/._Schooner.    Sails,  490  square  yards. 
Bulkheads,  5.    Coal-bunkers,  35  tons'  capacity. 
Saloons.—  Three,  of  11.12  and  10  feet  by  14.17  and  19  feet  by  6.25  and  7.25  feet. 

WEIGHTS  OF  ENGINES,  BOILERS,  ETC. 
HulWiron)   212S00  1bs.  1  Engine   230  720  lbs. 
M  S    38  0S0  «       Water  in  boilers   44  800  « 
cargo.:::::::::::  8o64o «  I  Fuel  784oo « 

"Ly-ee-moon"  (English)— Oscillating  Engines, ^-Length  upon  load-line,  270.5 feet;  beam,21.Sfeet ;  hold,  15.25 feet. 
Immersed  Section  at  load-line,  282.6  square  feet. 

Displacement  at  load-draught  of 12.5  feet,  1317.7  tons;  displacement  per  inch  be- tween light  and  load  lines,  12.74  tons. 
Cylinders.— Two,  of  70  ins.  in  diam.  by  5.5  feet  stroke  of  piston ;  volume  of  piston space,  290  cubic  feet. 
Water-wheels.— Diam.  22  feet.    Blades,  breadth,  10  feet;  depth  of  do.,  4.16  feet. 
Boilers—  Four  (tubular). 
Pressure  of  Steam.— 25  lbs.  per  square  inch. 
Speedy  16  knots  p:r  hour. 
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IN  a^-al  Steamer  flroii  Clad). 
"  Warrior,"  R.  N.—  Trunk  Engines.—  Length  between  perpendiculars.  330  1  feet  • beam,  58  feet;  hold,  37.33  feet.  ' 

Immersed  Section  at  load-line,  1193  square  feet. 
Displacement  S997  tons,  at  load-draught  of  26  feet. 

Tonnage  (Eng.),  0109.    Height  out  of  water,  20  feet. 
Cylinders.- Two  of  112  ins.  in  diam.  by  4  feet,  effective  diam.  =  104  ins. :  volume of  piston  space,  500  cubic  feet. 

Boilers.-Ten  (Horizontal  tubular).  Heating  surface,  23 197  square  feet.  Grates', obo  square  feet.  ' 
Pressure  of  Steam.— 21  lbs.  per  square  inch.  Revolutions,  43  per  minute,  In- aicated  Horses'  Poicer,  5409.  • 
Speed,  13.49  knots  per  hour. 
Armor  Plates,  4.5  ins.  thick  by  1.5  ins.  in  width. 

WEIGHTS  OF  ARMOR,  ENGINES,  AND  PROPELLER. 
Armor  plates   1  792  000  lbs.  |  Engines  and  Propeller. ...    593  600  lbs fuel   212S0001bs. 

IS  a-val  Steamer  (Wood). 
"General  Admiral,"  R.  I.  N. — Horizontal  Back-action  Engines  —Lenath 
If  Tfeet f 1         Mt;  U"gth  UP°n  l0ad-Une>  302'83  feet;  ̂ ^feetiW, 

Immersed  Section  at  load-line,  1090  square  feet. 
Displacement  5200  tons,  at  load-draught  o/23  feet. 

Cylinders.— Two,  of  84  ins.  in  diam.  by  3.75  feet  stroke  of  piston ;  volume  of  niston space,  232.8  cubic  feet.    Air-pUmps.-Two,  double  acting  Volume)  2Y™cubte  fee? Propeller. -Diam.  19  feet.  Blades  2.  Pitch,  31.5  feet.  Area  of  disc,  71.39  feet. 
70^nareleet".  (hodz(mtal  tubular)'    Heatin0  ™  ™  square  feet.  Grates, 

SmoJcr-pipe.-Avea.  95  square  feet,  and  65  feet  in  height  above  the  grate  level Pressure  of  Steam.-18  lbs.  per  square  inch,  cut  off  at  y3  the  stroke  of  the  piston. Revolutions,  42  per  minute ;  maximum,  52.    Indicated  Horses'  Power,  2000. 
Fuel— Anthracite  coal,  with  a  natural  draught.  Consumption,  7960  lbs.  psr  hour. Speed,  11  knots  per  hour.    Coal-bunkers,  050  tons'  capacity. Rig.— Ship. 

WEIGHTS  OF  ENGINES,  BOILERS,  ETC.  ' 

Klov:::::::::::::::::  W?-  |S».!?.^^£8^ Total   1043144  lbs. 
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Naval  Steamers  (Wood). 
"Brooklyn,"  U.  S.  N  Horizontal  Direct  Engines. — Length  upon  load-line  to forward  stern-post,  233  feet;  to  stem-pod,  243  feet;  beam,  43  feet;  hold,  22. CG 

'feet.    Tonnage,  O.  M.,  2G6Q. 
Immersed  Section  at  load-line,  551  square  feet. 
Displacement  2532  tons,  at  load-draught  of  15.5  feet. 

Cylinders. — Two,  of  61  ins.  in  diam.  by  33  ins.  stroke  of  piston  ;  volume  of  piston 
space,  112  cubic  feet.  Condensers. — Two,  volume  65.2  cubic  feet.  Air-pumps. — 
Two,  of  19  ins.  in  diam.  by  33  ins.  stroke  of  piston,  double  acting ;  volume  11  cubic 
feet.  Steam  Valves,  162  square  ins.  Exhaust)  284  square  ins.  Feed-pumps. — Four, of  5.5  ins.  in  diam.  ;  volume,  1.8  cubic  feet. 

Propeller  Shaft.— Journals,  12  and  IS  ins.  in  length. 
Boilers. — Two  (vertical  water  tubular,  brass  tubes).  Heating  surface,  7800  square 

feet.    Grates,  252  square  feet.    Steam-room,  1150  cubic  feet. 
Smoke-pipe. — Area  3S.5  square  feet,  and  50  feet  in  height  abore  the  grate  level. 
Pressure  of  Steam. — IS  lbs.  per  square  inch,  cut  off  at  %  the  stroke  of  the  piston, 

full  throttle.    Revolutions,  51  per  minute.    Indicated  Horses'  Power,  TOG. 
Fuel. — Anthracite  coal,  with  a  natural  draught.  Consumption,  at  load-line,  and 

at  a  pressure  of  20  lbs.,  and  50  revolutions,  22.4  tons  per  day. 
Speed,  9  knots  per  hour.    Coal-bunkers,  360  tons'  capacity. 
Slip  of  Propeller,  2G  per  cent. 
Hull. — Weight,  1350  tons.    Angle  of  entrance  at  load-line,  56°. 
Centre  of  Displacement.—  (Gravity  of)  at  16  feet  2  ins.  draught,  6.5  feet  below  the 

water-line.  Average  per  Inch,  at  load-line,  19.3  tons.  Meta  Centre,  above  centre 
of  displacement  (gravity  of),  10.41  feet. 
Rig,— .Full  bark.    Sails,  22  4S0  square  feet. 
Armament. — 2  10-inch  chambered  guns  upon  pivots,  and  16  9-inch  do.  upon  car- 

riages. 
WEIGHTS  OF  ENGINES,  BOILERS,  ETC. 

Engines  and  extras               356  035  lbs.  |  Water  in  boilers   135  370  lbs. 
Boilers                                151  670  "      Grates   15120  " 
Smoke-pipe                            8  443  "    |  Armament   406113  " Total  (Engines,  Boilers,  etc.)   537  265  lbs. 

u  Wyoming,"  U.  S.  N. — Horizontal  Direct  Engines  Length  upon  deck,  209.75 feet;  between  perpendiculars,  19S.5  feet;  keel,  188  feet;  beam,  33  feet;  hold, 
15.83  feet. 

Immersed  Section  at  load-line,  391  square  feet. 
Displacement  1475  tons,  at  load-draught  of  12.83  feet. 

Cylinders.— Two,  of  50  ins.  in  diam.  by  2.5  feet  stroke  of  piston;  volume  of  piston 
space,  67  cubic  feet.  Condenser. — Surface  3000  square  feet;  3000  tubes,  %  in.  in 
diam.  by  6  feet  in  length.  Vacuum,  22.5  ins.  Air-pump?. — (Fresh  water.)  Two, of  11  ins.  in  diam.  by  2.5  feet  stroke  of  piston  ;  (Salt  water.)  Two,  of  10  ins.  in  diam. 
by  2.5  feet  stroke  of  piston. 

Propeller  Shaft  Journals,  11.57  and  10  ins.  in  diam.,  and  16,  IS,  IS,  and  24  ins. 
in  length. 

Propeller  (true  screw). — Diam.  12.25  feet.  Blades,  4.  Pitch,  19  fe?t;  length,  2.5 
feet.    Surface,  81  square  feet. 

Boilers. — Three  (vertical  tubular,  brass  tubes),  length,  including  fire-room,  29 
fe-jt;  breadth  (lengthwise  of  the  vessel),  24.75  feet ;  height,  10.16  fe:  t.  Heating  sur- face, 78!  0  square  feet;  tubes,  4280  of  2  ins.  external  diam.  by  8JX  ins.  in  length. 
draics,  2 12  square  feci. 

Smoke-pi'pe. — Area  36.7  square  feet,  and  52  feet  in  height  above  the  grate  level. 
Pressure  of  Sfeam. — 18.C5  lbs.  per  square  inch,  cut  off  at  .38  the  stroke  of  the 

piston,  throttle  wide  op:n.  Revolutions,  74.5  per  minute;  attainable,  85.  Indicated 
Horses'  Powcr^  793. 
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Fuel — Anthracite  coal,  with  a  natural  draught,  Consumption,  1710  lbs.  per  hour 
Or  about  2.10  lbs.  p-r  indicated  horses'  power  =  1S.3  tons  per  day. 

Speed,  9.S7  knots  per  hour.    Coal-bunkers,  235  tons'  capacity. 
Slip  of  Propeller,  20  per  cent. 
Note— A  pressure  of  27  lbs.  per  square  inch,  cut  off  at  %  the  stroke  of  the  piston throttle  valve  wide  open,  and  S0.5  revolutions  per  minute  have  been  attainel draught  of  water,  13.25  feet;  speed,  11.25  kuots  per  hour. 
Evaporation,  9.32  lbs.  water  per  lb.  of  fuel. 
Rig.—  Full  bark.    Sails.  —  Area  97C5  square  feet. 
Armament.— 2  11-inch  pivot  guns,  and  4  32-pounder  chambered  guns. Stores,  6  months.   Provisions,  3  months. 

WEIGHTS  OF  ENGINES,  BOILERS,  ETC. 
Engines  and  dependencies. .  1G2  907  lbs.  j  Boilers,  Pipe,  etc.        .        177  995  lb* 
Propeller,  shafting,  etc   51  231  "      Water  in  boilers  89  040  "  ' Coal-bunkers  and  bulkheads    31274  "    |  Tools,  Extra  pieces,  etc   1415S" Total.....   490  005  " 

Yaclit  (Wood). 

"Campaneja"  (English)— Horizontal  Direct  Engine. — Length  upon  load-line, 103.5  feet;  beam,  21  feet;  depth  at  side,  11.5  feet 
Immersed  Section  at  load-line,  125  square  feet. 
Displacement  151  tons,  at  load-draught  of  7  feet. 

Cylinder.— One,  of  12  ins.  in  diam.  by  1.5  feet  stroke  of  piston;  volume  of  piston space,  1.13  cubic  feet.  ■.    •  1  ' 
Propeller.-! Vo-Maded;  diam.  9  feet.    Revolutions,  ICS  per  minute.  Indicated Horses'  Power,  50 ;  Nominal,  35. 
Fuel — Bituminous  coal.    Consumption,  420  lbs.  per  hour. 
Speed,  9  knots  per  hour.    Coal-bunkers,  32  tons'  capacity. 
Stowage,  30  tons.    Sails,  506  square  yards. 
Weights — Engine,  Boiler,  and  Water,  53  760  lbs. 

Passenger  and.  Cargo  Steamer  (Iron). 
"Australasian"  (Beitisii)-Vertical  Direct  Engines— Length  upon  load-line, 314.  q  feet ;  beam,  42. 15  feet ;  depth  at  sides,  31. 25  feet. 

Immersed  Section  at  load-line,  764  square  fed. 
Displacement  4447  ton?,  at  load-draught  of  22  feet. 

wXmS^XS^ ins- in  diam- by  35  feet  strokc  of  piston;  ™Inn» of  ̂  
Propeller — Three-bladed,  diam.  19  feet.    Pitch,  34  feet. Boilers. — Six  (tubular). 

p^nuTrt!'6  °SJteam'-™  lbs- Per  *<1™™  inch,  cut  off  at  %  the  stroke  of  the  piston. Revolutions,  46  per  minute.    Indicated  Horses'  Power,  2500. Speed,  12  knots  per  hour. 
Fuel.—  Bituminous  coal.    Consumption,  80  tons  per  day. 
Wet  Surface  of  mil,  18  370  square  feet.    Slip  of  Propeller,  2S.5  per  cent. 
Rig — Bark.    Sails,  3210  square  yards. 
Passengers,  14?. 
Weiguts—ZM,  1650  tons.    Cargo,  1100  tons.    Fuel,  1250  tons 

3  I* 
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Passenger  and.  Deck  Cargo  Steam-boat  (Weed). 
"Clifton,  No.  2,"  New  Yokk  to  Staten  Island — Vertical  Beam  Engine. — 

Length  upon  deck,  ISO  feet;  beam,  32  feet;  hold,  12.5  feet. 
Immersed  Section  at  load-line,  147  square  feet. 
Displacement  465  tons,  at  load-drauyht  of  6  feet. 

Cylinder. — One,  43  ins.  in  diam.  "by  10  feet  stroke  of  piston ;  volume  of  piston space,  101  cubic  feet. 
Water-wheel  Shafts.— Journals,  11.25  and  8  ins.  in  diam.,  and  13  and  10  ins.  in 

length. 
Water-wheels.-- D'v&m.  22  feet.  Blades  (divided),  20 ;  breadth  of  do.,  8  feet ;  depth 

of  do.,  2  feet  by  2.25  ins.  thick.  Dtp  at  load-line,  84  ins.  Centres,  3,  of  5  feet  in 
diam.    Rims  (iron),  3XX,  3^XX,  and  4X%  ins.    Braces,  10,  1%  ins.  in  diam. 

Beam,  length  19  feet ;  depth  9  feet.  End  centres,  4.5  ins.  in  diam.-  Main  centre, 6.5  ins.  in  diam.    Strap,  least  section,  5  by  3  ins. 
Engine  Frame,  Yellow-pine,  12  by  16  ins.  at  foot,  and  12  by  12  ins.  at  head. 
Boiler.— One  (return  flue),  12  feet  front  by  24  feet  in  length.  Shell,  diam.  10  feet ; 

height  of  front  10>£  feet.  Furnaces,  3,  6.16  feet  in  length.  Steam  Chimney,  12 
feet  in  height.    Heating  surface,  1T24  square  feet.    Grates,  65.2  feet. 

Pressure  of  Steam  28  lbs.  per  square  inch,  cut  off  at  %  stroke.  Devolution?, 
26  per  minute.    Speed,  13.5  knots  per  hour.    Indicated  Horses'  Power,  5T0. 
Hull  Floors,  molded,  16  ins. ;  sided,  12  ins.    Launching  draught,  4  feet. 

Passenger  Steam-boats  ("W ood). 
u  Daniel  Drew,"  New  York  to  Albany— Vertical  Beam  Engine.—  Length  upon 

deck,  251.66  feet;  do.  at  load-line,  244  feet;  beam,  31  feet;  hold,  9.25  feet. 
Immersed  Section  at  load-line,  136  square  feet. 
Displacement  3S0  tons,  at  load-draught  of4.§3fect. 

Cylinder.— One,  60  ins.  in  diam.  by  10  feet  stroke  of  piston;  volume  of  piston 
space,  196  cubic  feet.  Condenser,  volume  6S  cubic  feet.  Air-pump,  volume  26 cubic  feet. 

Water-wheels.—  Diam.  29  feet.  A  rms,  24.  Blades,  24 ;  breadth  of  do.,  9  feet ;  depth 
of  do.,  26  ins.    Dip  at  load-line,  2.33  feet. 

Boiler^.—  Two  (return  flue),  29  feet  in  length  by  9  feet  in  width  at  furnace.  Shell, 
diam.  8  feet.  Heating  surface,  3350  square  feet.  Grates,  105  square  feet.  Cross 
area  of  loiver  flues,  15  5  square  feet ;  of  upper,  13  square  feet. 

Smoke-pipes.— Two,  area  25.13  sq.  feet,  and  32  feet  in  height  above  the  grate  level. 
Pressure  of  Steam.— 35  lbs.  per  square  inch,  cut  off  at  %  the  stroke  of  the  piston. 

Revolutions  (maximum),  26  per  minute.    Indicated  Homes'  Power,  1T20. 
Fuel. — Anthracite  coal,  with  a  blast.    Consumption,  3S00  lhs.  per  hour. 
Speed,  22.3  miles  per  hour.   Slip  of  Wheels  from  Centre  of  Pressure,  12.5  per  cent, 
Frames. — Molded,  15%  ins. ;  sided,  4  ins.,  and  20  ins.  apart  at  centres. 
Weight  of  boilers,  80  650  lbs. 

"Seth  Grosvenor,"1  African  Coast  and  River— Steeple  Engine. — Length  upor, deck,  95  feet;  beam,  IT. 2  feet ;  hold,  5 feet. 
Immersed  Section  at  load-line,  43  square  feet. 
Displacement  73  tons,  at  load-draught  of 3.25  feet. 

Cylinder.— 2S  inn.  in  diam.  by  3  feet  stroke  of  piston  ;  volume,  12.8  cubic  feet. 
Water-wheels.—  Diam.  13.5  feet.    Blades,  14;  breadth  of  do.,  3  feet;  depth  of  do., 1.25  feet. 
Boiler  (return  tubular).    Heating  surface,  540  square  feet.    Grates,  22.5  square 

feet.    Area  of  tubes,  367  square  inches.    Indicated  Horses'  Power,  DO. 
WEIGHTS.— Boiler,  Engine,  Wheels,  and  Frame,  61  556  lbs.  —27.4  tons. 
The  operation  of  this  vessel  was  in  every  way  successful,  being  very  fast,  economical  in  fuel,  etc., 

and  she  would  liave  been  improved  if  the"  hull*  had  had  15  feet  additional  length,  all  other  dimen- ■ions  and  capacities  remaining  the  same. 
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Passenger  and  Cargo  Steam-boats  (Wood). 
"Buckeye  State,"  Ohio  Rivee-Hosizontal  Engines  (A 'on-condensing). -Lenqth upon  deck,  260  feet;  beam,  30.3  feet;  depth  of  hold,  6.5  feet. 

Immersed  Section  at  load-line,  143  square  feet. 
Displacement  530  tons,  at  load-draught  of  5  feet. 

t^^m^L °f  29'5 ins* in  diam' hy s  feet  stroke  of  piston ;  V0lume  of  Piston 
Watcr-icheel  Shafts — Journals,  17  ins.  in  diam. 

tof  ̂feS Diam'  31  feet  2  in3-  20 ;  breadth  of  do.,  12  feet ;  depth  of 

tofl^^J^1^^-11^  42  ̂   in  diara-  b^  30  feet  in  leDS^  with  2  re- 
S" [square  feet.         %        10         '  2394 
^o^l»>&--Tiro,  area  47.5  sq.  feet,  and  76  feet  in  height  above  the  grate  level p^fSrlVe  °f  Stear,l—U0  lbs.  per  square  inch,  cut  off  at  %  the  stroke  of  the  nHon Revolutions  (maximum),  19  per  minute.    Indicated  Hor*&  Paul*  2000  P Jfytf—Bituminoua  coal  or  Wood.    Consumption,  42S0  lbs.  per  hour. Freight— m  tons  at  load-draught.    Light  draught  of  water,  3.5  feet. 

2  ms.    Ita^lJ^  7  ins. ;  aides,  3.5  ins. ;  distance  apart  from  centos,  5x25 

" Mb! ftTb- E^Io,EIZOOT^ENGiNEB(Aoll.m^e«Sm7)._£(;)l^ 
Immersed  Section  at  liyht-draught  of A  feet,  132  square  feet. Displacement  1000  tons,  at  load-draught  ofl  feet. 

^^tcmlt^i.  °f  30  iDS-     diam-  by  10  fcst  stroke  of  **■ !  of  piston 
Water-wheel  Shafts.— Journals,  18  ins.  in  diam. 

2?I?eet'K/iCe'S-_Diam-40fcet    Z"ades'28:  breadth  of  do.,  12.5  feet;  depth  6f  do., 

Smoke.jnpes.-Tvo,  area  30.25  sq.  feet,  and  81  feet  in  height  above  the  grate  level 

minute.    Indieated  Horse? P0w",  'l380.'       *      '      "mm-    Evolutions,  16  per' 

#Z*?e<7,  15.13  miles  per  liour. 

*ft*te!SS5f^»  CM'ds       «*»  P«W,  weighing  2T00  ih,  per  eord. 
Freighl.-45  m  bales  of  cotton,  or  800  tons  in  weight. 
Wekhitb.-  Engines,  Wheels.  Boilers,  and  Water,  5"0  000  lbs. 
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Passenger  Steam-boat  (Iron). 

"Lee"  (English) -Oscillating  Engines.— Length  upon  daefe,  160  feet;  beam, 
'    17.5         iftoM,  7.5 /«<;  dmu^W  o/  wafcr  at  load-line,  3.5  /«t    quarter  deck raised  2. h  feet  above  main  deck. 

Immersed  Section  at  load-line,  GO  square  feet. 

Displacement  130  fons,  af  load-draught  of  3.5  feet. 

Cylinder s.-Two,  of  3G  ins.  in  diam.  by  3  feet  stroke  of  piston ;  volume  of  piston 
space,  42  cubic  feet. 

Water-wheels  (Feathering).-Diam.  14.5  feet.  Blades,  10  :  breadth  of  do.,  10  feet ; depth  of  do.,  2  feet. 
Boilers.—  Two  (tubular).  Tubes  316,  of  brass,  2.T5  ins.  in  external  diam.  by  0 

feet  in  length.    Grates,  90  square  feet.    Speed,  13.7  knots  per  hour. 
Hcll  —Keel,  5X4X-5  ins.  Stew,  4x  1.25  ins.  Stempost,  3.5x1.5 ins.  Frames, 

L  2  5X2  5X-3125  ins.,  2  feet  apart  from  centres  at  body,  and  2.5  feet  at  ends.  Cross 
floon,  one  to  each  frame,  .25  in  engine  and  boiler  space  and  18 , 5  forward  and  aft reversed  frames  L,  one  on  every  cross  floor,  2.5  X  2.5  X  .25  in  engine  and  boitel 
space ;  and  2X2X  .25,  forward  and  aft,  all  running  up  each  side  of  hull,  1  foot  above junction  of  cross  floor  and  frame. 

Engine  plates,  .3125  in.  thick,  with  angle  iron  L,  2.5X2.5X.3125  ins.  thick. 
Deck  beams,  L  3x2.5X.25  ins.,  one  upon  every  frame,  with  triangular  plate  knees at  ends,  1  foot  each  in  length  and  depth. 

Engine  bearers,  of  .3125  in.  plate,  and  L  2.5X2.5X.3125  ins.  Water-wheel  bear- ers, I  8X.5  ins.  . 
Covering  Plates,  for  75  feet  amidships,  12x.2Mns. ;  forward  and  aft,  12x.lSio  ma. 

Gunwale,  L  2.5X2.5X-25  ins. 
Bulkheads.-Thvee,  .1875  in.  thick,  with  L  2.5x2.5X.25  ins.,  set  2.5  feet  apart. 
Platina  -Garboard  strake,  .3125  in.;  second  strake  throughout, ,  and  bottom  to 

turn  of  bilgefor  CO  feet  amidship,  .25  in.;  remainder  of  plating  .18*5  m.,  except gunwale  strake  of  .25  in. 
Whoel  hni/w  Inboard  sidine  .125  in.,  with  L  2.25X2.25X-18T5  ins.,  set  2.5  feet 

'apart: <»t W  plumber-blocks,  at  side  of  hull  (wheels 
overhung),  of  .375  in.  plates  and  L  3X3X-375  in. 

Rivets -Keel,  Stem,  Sternpost,  and  Garboard  strake  single  riveted  with  .025  in 
rivlt%  ins.  apart  from  centre  to  centre.  Plating  rivets,  .5  m.  and  2  m,  apart, frame  rivets,  4.5  ins.  apart. 

Cost  of  Hull  and  Engine?,  1S61,  $26  250. 

"Alabama,"  Mobile  Bay -Vertical  Beam  Engine.- -Length  ̂ fm^icu' 
lars,  225 feet;  beam,  32 feet;  hold,  10  feet ;  launching  draugat,  Z.SBfeet. 

Immersed  Section  at  load-line,  130  square  feet. 

Displacement  440  tons,  at  load-draught  of '4.5  feet. 
Cylinder. -One,  50  ins.  in  diam.  by  10  feet  stroke  of  piston;  volume  of  piston space,  136.4  cubic  feet. 
Water-wheels.— Diam.  30  feet;  breadth  of  do.,  10  feet. 
Boiler.—  One  (return  flue). 
Hull  -Keel  U,  .625  in.  thick.  Keelsons,  two  box,  and  five  single. I  ■  F™mf.  ̂  

q  y^y  375  ins  thick,  1.5  feet  apart  from  centres.  Cross  floors  T,  12  ins  deep 
hv  ̂rhs  t  i  -k  with  angle  iron  on  top,  3X3X-3125  ins.  thick.  Garboard  strake, 
3f  in  thick;  to  bille,  .3125;  bilge,  ,375  in.  ;  wales,  .315  in.  ;  clamps,  .3,5  in.  by  10 

^Bulkheads  -Three,  water-tiglit.    Deck  beams,  white  pine,  5.5X3.5  ins.,  2  feet apart     Deck,  white  pine,  2.5  ins.    Suspension  frames  over  gunwale. Hull— Weight,  336  000  lbs. 
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Passenger  Steam-boat  (Iron). 
(BsiTian)  Horizontal  Engines  {Non-condensing).— Length  upon  deck,  250  feet- beam,  30  feet. 

Immersed  Section  at  load-line,  58  square  feet. 
Displacement  260  tons,  at  load-draught  of  2  feet. 

Cylinders.— Two,  of  26  ins.  in  diam.  by  6  feet  stroke  of  piston:  volume  of  piston epace,  44  cubic  feet. 
Pressure  of  Stea?n.— 100  lbs.  per  square  inch.    Revolutions,  35  per  minute. 
Indicated  Horses'  Power,  1020. 
Water-wheels — Diam.  20  feet.  Blades.  16 ;  breadth  of  do.,  10  feet :  depth  of  do 1.5  feet.  '1 
Speed,  14  miles  per  hour. 

Launch  (Wood). 
Launch  of  a  1st  Class  Ship-of-the-Line. 

■  Experiment"    Direct  Acting  Engines  (Non-condensing).— Lengthy  24  feet. Light  draught  of  water,  2  feet. 
Cylinders.— Two,  of  4  ins.  in  diam.  by  6  ins.  stroke  of  piston;  volume  of  piston space,  .087  cubic  feet. 
Propellers.—  Two,  diam.  2  feet.    Pitch,  3.375  feet. 
Pressure  of  Steam.— 60  lbs.  per  square  inch.    Revolutions,  290  per  minute. 
Indicated  Horses'  Power,  1.3. 
Speed,  6.74  knots  per  hour. 
Engines  and  Boiler  occupy  a  space  of  6  feet  It  ins.  by  4  feet  4  ins.  With  one  pro- peller, 340  revolutions  were  attained,  and  a  speed  of  4.61  knots. 

Cutter  (Iron). 

«  La  Bonita"— Inclined  Engine  (Xon-condensinrj).— Length  upon  deck,  42  feet  ■ beam,  9  feet;  hold,  3  feet  ;  ' 
Immersed  Section  at  load-line,  8.75  square  feet. 

Displaczmenl  S3S6  Z&s.,  a£  load-draught  of  1.3  Tons,  9.65,  O.  M. 

cuM?foor'~S  inS'  ln  diam"  by  1  foofc  stroke  of  Piston;  volume  of  piston  space,  .35 
^jf raler-wheels.—  Diam.  5.66  feet.   Trades,  7 ;  breadth  of  do.,  2.3  feet ;  depth  of  do., 

equai-eTeet°ne  (horiz3ntal  tubular>-    Heating  surface,  95  square  feet.    Grates,  0 
Fuel — Coal  or  Wood.    Exhaust  draught. 
Pressure  of  Steam.-6£ I  lbs.  per  square  inch,  full  stroke.   Revolutions,  54  per  min- ute.   Indicated  Horses'  Power,  9.  '  * 
Hull — Corrugated  and  galvanized  plate?,  .0625  in.  thick. 

weights  of  hull,  engine,  boiler,  etc. 
g?2    2876  lbs.  I  Boiler   2?60  lb* 
Lngine  and  wheels   2400  "    |  Pipes,  grates,  etc  750  " 
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STERN  WHEELS. 

IPassenger  and.  Cargo  Steam-boats  ("Wood.). 
"Venoedor,"  Magdalena  River  — Horizontal  Engines  (Non  -  condensing) — 

Length  between  perpendiculars,  150  feet;  beam,  24  feet;  hold,  5  feet. 
Immersed  Section  at  load-line,  90  square  feet. 
Displacement  2C0  tons,  at  load-draught  of  4  feet. 

Cylinders.  Two,  1C  ins.  in  diam.  by  6  feet  stroke  of  piston ;  volume  of  piston space,  ICS  cubic  feet. 
Water-wheel  Shaft.— Journal,  8.75  ins.  in  diam. 
Wheel— One,  diam.  16  feet.  Blades,  15;  breadth  of  do.,  IT  feet;  depth  of  do., 1.25  feet. 
Boiler.— One  (horizontal  tubular)  (locomotive).  Tubes,  138  of  3  ins.  diam.  by  12 

feet  in  length.    Heating  surface,  1500  square  feet.    Grates,  42  square  feet. 
Hull—  Frame,  yellow  pine,  molded  G  ins.,  sided  4  ins.,  and  2  feet  apart  at  centres  ; bottom  plank  1%  ins.  thick. 

Horizontal  Engines  (Xon-condensing).— Length  upon  deck,  90  feet;  beam,  16  feet; hold,  3.5  feet. 
Immersed  Section  at  load-line,  60  square  feet. 
Displacement  100  tons,  at  load-draught  of  4  feet. 

Cylinders.- Two,  of  12  ins.  in  diam.  by  3.  feet  stroke  of  piston;  volume  of  piston space,  2.36  cubic  feet. 
Boiler.— One  (horizontal  tubular). 
Launching  draught,  9  ins. 

Horizontal  Engines  {X on-condensing). —Length upon  deck.  ZGfeet;  beam,  12  feet; hold,  3.5  feet. 
Immersed  Section  at  load-line,  24  square  feet. 
Displacement  23  tons,  at  load-draught  of  2.16  feet. 

Cylinders.— Two,  of  10  in?,  in  diam.  by  2.5  feet  stroke  of  piston;  volume  of  piston space,  2.T3  cubic  feet. 
Boiler. — One  (horizontal  tubular). 

Iron. 

Horizontal  Engines  (Non-condensing.—  Length  upon  deck,  110  fect;  beam,  14 
feet  (deck  projecting  over,  4  fect);  hold,  3.5  feet. 

Immersed  Section  at  load-line,  10.25  square  feet. 

Displacement  33  tons,  at  load-draught  of  1.1  feet. 

Cylinders.— Two,  of  10  ins.  in  diam.  by  3  fect  stroke  of  piston  ;  volume  of  piston space,  l.G  cubic  feet. 
WheeL-lYum.  13  feet.  Blades,  13 ;  breadth  of  do.,  S.5  fect ;  depth  of  do.,  S  ms. 
Revolutions,  33  per  minute. 
Boiler.— One  (horizontal  tubular).    Tubes,  100  of  2  ins.  in  diam. 
FweZ.r-BitiuniAQU8  coal.    Consumption,  4480  lbs.  in  24  hours. 
IIult,.— Plates,  keel,  No.  3;  bilges,  No.  4;  bottom,  No.  5;  sides,  Nos.  0  and  7. 

Frames,  2.5X.5  ins.,  and  20  ins.  apart  from  centres. 
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Passenger  arid  Cargo  Steamers  (Wood). 
*l  Asia,"  Ccxard  Line— Side  Lever  Engines.— Length  of  keel  and  fore  rake,  2G7 feet;  beam,  40.5  feet;  over  W.  W.  gunds,  63.5  /ee*;  depto  0/  Aoid,  27.5  /ee£ Load  draught  of  water,  Id. 5  fee'. 
Hull.— tons,  O.  M.  Engine  space,  92.5  feet  in  length ;  volume,  S12  tons,  O.  M. 
uGo23on,"  R.  N — Length  between  perpendiculars,  ITS  feet:  beam,  37  fe^  • depth  of  hold,  23  /eef.  ' WEIGIIT6. 
Hull   630  ton 
Masts  and  rigging   25  " 
Anchors  and  chains   50  " 
Crew,  etc.,  etc   133  " 

Engines  and  water   270  tons. 
Coal   300  " 
Stores  and  provisions   7S  " 

Total   1480  " 

Comparison  of  Tonnage  of  Engine  and  Boiler  Space  to  total  Tonnage  (English). 
Side  lever  Engine   44  per  cent,  I  Direct  acting  Engine   34  per  cent. 

(Iron). 
Length  upon  deck,  173  feet;  do.  at  mean  load-line  of  19. 1G  feet  177  feet  \ keel,  11 1  feet ;  beam,  32.  S3  feet ;  depth  of  keel  (mean),  2.75  feet ;  hold,  21.75  feet. Immersed  Section  at  load-line,  387  square  feet. 

Displacement  1385  tons,  at  load-draught  of  19. 1C  feet;  and,  in  proportion  to  its circumscribing  parallelopipedon,  .524,  and  1495  tons,  at  deep  load-draught  of  20  feet. Load-line —Area  at  load-draught,  4557  square  feet.    Angle  of  entrance,  57°  ;  of clearance,  04  .    Area  m  proportion  to  its  circumscribing  parallelogram,  .784. Immersed  Section.— Ave*  in  proportion  to  its  circumscribing  parallelogram,  .737 Centre  of  Gravity,  6  416  feet  below  mean  load-line. 

y^nJfL°{  ?f$UVTnl  (srfVlty  °f)'  6,25  feet  below  the  ̂ ad-line;  and  4.33  feet be.ore  the  middle  of  the  length  of  the  load-line. 
Immersed  Surface.— Bottom,  7370  square  feet.    Keel,  1130  square  feet. Rig.— Ship.    Sails,  13  2S2  square  feet. 
Mela  Centre,  6.66  feet  above  centre  of  gravity  of  displacement. 
J^tS^**™  centre  of  displacement,  3.5  feet;  height  of  do.  above  mean 

plSSS  in^^toV"1111^^  SGCti0n'  34-32  t0  15  d0"  iQ  t0 

Sctot  Boat  (Wood),  New  Yokk .    Length  over  all,  30  feet ;  beam,  S  feet;  hold, 2.iO  feet. 
Breidth  and  Height  at  Sections  of  5  feet. 

KiS::f?V«'        \w*  J^r* Height  of  Gunwale  2  «    7  «    2  «  4  »    2  «  4  «     2  «    5  «     2-0  « Rake  of  stem,  2  feet ;  of  stern,  3  feet.    Oars.-G  single,  or  10  double  banked. 
Life  Boat  W^T^ftzftW  overall,  SGfeet;  at  loid-line,  31  feet;  beam, 9.5  feet ;  hold,  3.  5  feet ;  shear,  3  feet ;  keel,  8  inches! 
Capacity.-^  cubic  feet  of  air-vessel,  equal  to  8.5  tons  or  70  persons Thwarts.-I  of  2.25  feet  apart  and  7  inches  below  gunwale. Oars.— 12  double  banked,  with  pins  and  grommets. Weight,  7500  lbs. 

8  m?  Length,  40  /a*    9,*^  20  ins. ;  at  water  line,  IS  ins.  Depth, 
Oars,  4.    Weight  (of  Cedar),  150  lbs. 
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Sailing  "Vessels. 

ttA^ICi\7/C^T^W00&T^m8'm  ™erall,9$feet;  upon  deck,U  feet;  at  load- line,  90.5 feet;  beam  22.5 feet,  at  load-line  22 feet;  depth  of  hold ,  9.25 feet 

fertdgaft  a\llfeetr°m  °f  garhoard  strake->  11  feeL    Sheer,  fonvard,  3 
Immersed  Section  at  load-line,  121.8  square  feet. 

Displacement tat  load-draught  of  8.5  feet,  from  under  side  of  garhoard  strake  and 
pipedon    Sib  proportlon  t0  Volume  of  circumscribing  parallelo- 
Displacemeni  at  4  feet '.  (from  garboard  strake),  43  tons;  at  5  feet,  0G  tons;  at  6 feet,  93  tons ;  at  7  feet,  12i  tons ;  and  at  8  feet,  1GT  tons. 

line™  %^oad-lme->  1280  square  feet-    Mean  Sirths  of  immersed  section  to  load- 

unflefsMeTkeer1,01'^1'^  ̂   115  **    Rake      Ste^^  feet 
iJ^hl^fft^  81  fGfrin  l™Sth*>y  22  ins-  in  diam.  2Wa^,  79.5  feet  in length  by  24  ins.  in  diam.  JW^n  fcoom,  5S  feet  in  length.  Gaff,  28  feet.  Fore  Gaff, 84leet.  2.7  ins.  per  foot.    Drag  of  Keel,  Z  feet.  j-oilmjj, Tons.—O.  M  ,  U.  S.,  170.56;  O.  M.,  English,  210. 
SeSS  t  ?9T^TL°^Si?rinally;J     feet  aft  of  centre  of  lenSth  «P<>n  load-line. 

fe^Xft^fficf  grlvSy!  fr°m  l0ad-line'  *  Lateral  Resistance,  G.33 

^S0>^  A/wn7ioV'  ,PlL;°^B?A.T  (Woo®-Length  of  keel,  14  feet;  upon  deck, 
l/feet.  f    '        '      m'    DrauVht  °f  wat(,r,  6  feet  forward;  aft, 

Keel,  22  ins.  in  depth.    False  keel,  12  ins.  in  depth  at  centre 

Tons  N.  M.,  4G.32. 

tlonZk&k* f2!J??  Sm*£Zn)J-Le^m  ofked  andf°™  rake,  199  feet; upon  deck ,  m.5  feet ;  beam,  36.15  feet;  hold,  22.3  fee*.    Lerurf/i  o/ »oow,  47 faMft  o/  do.,  MS  feet;  depth  of  do.,  0>.Q>  feel  ' 
JTeetoow.-Box,  of  .375  in.  plates,  2.5  feet  deep  by  1.75  feet  in  width    Sister  and bilge  keelsons,  two.    Bulkheads,  four. 
JW^.-L,  5X3X-025  ins.  thick.    Bottom.  Plates,  clincher  laid. Floors,  .4375  thick  by  22  ins.  in  depth,  and  15  ins.  apart  at  centres. 
/teams—Lower  deck,  9  ins.  in  depth;  Main  deck,  S  ins. ;  and  Toop,  6  ins. Masts,  iron.    Decks.-Two,  with  top-gallant  forecastle. 

*  Twilight,"  Clipper  ton&nnfalmgth  of  keel  and  for*  rake,  100  feet;  upon deck,  107. 25  feet;  beam,  30  feet;  hold,  20 feet. 
Load-draught,  17.5  feet  aft;  11  fett  forward. 

Bulkheads.—  Three.    Capacity,  700  tons  cargo. Two,  with  top -gallant  forecastle. 
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BLOWING  EXGINES. 

Furnace.— One,  diam.  Ufeet.    Lonaconing  (Md.). 
Engine  (Xon-condensing).-Cy!mdert  IS  ins.  in  diam.  by  8  feet  stroke  of  piston 

Square  2*°  Crlindrical>--Fi->  3  ta  ™  ̂   and  24  feet  in  length.  Grofc,, 

Rj^fef^^^  P°r  SqUar(?         CUt  offa*  -       ̂ roke  of  the  piston. 
o  tBJ°oVnI  W'Mters.-Txro,  5  feet  in  diam.  and  S  feet  stroke  of  piston  Pressure 2  to  %X  lbs.  per  square  inch.    Volume  of  Air,  3770  cubic  feet  per  minute.  ' 

Furnaces. —Four,  diam.  Ufeet.    Mount  Savage  (Md.). 100  Tons  Pig  Iron  per  Week. 
Engine  (Condensing).-Cylinder,  5G  ins.  in  diam.  bv  10  feet  stroke  of  piston 
J^^^t^S  square  feT"  "*  ̂  **  in  ̂   *  1  f-  - Revolutions,  15  per  minute. 

Furnaces.— Two.    Fineries,  two.  (England.) 240  Tons  Forge  Pig  Iron  per  Week. 
Engine  (Non.condensing).-Cylindcr,  20  ins.  in  diam.  by  S  feet  stroke  of  piston 

100  sq'arele^.  ̂   CylindricilI)'  3G  ins-  in  ̂iam.  and  £S  feet-  in  length.  Grates, 
o  ITtlf^'"^-^^  63  iDS'  in  diam'  ̂   8  ̂ roke  of  piston.  Pressure -17  lbs.  per  square  inch.    Revolutions,  22  per  minute.  ■  re5S*t7T' 

P/pes,  3  feet  in  diam.  —  16G  of  the  cylinder 

Temperature  of  Blast,  000°.    Ore,  40  to  45  p:r  cent,  of  iron. 

Furnace.— One.    Esther,  Peru  {Clinton  Co.,  N.  Y.). 37  7  W  Pig  Iron  per  Week. 
Breast  Wheel.—  20  feet  in  diam.  by  30  ins  face     Fall  14  W  r,r 

350  cubic  feet  per  minute.    Revolutions,  9  per  minute  '  *™  0/ 
C/;mt-~TU'°  (SiDgIe  aCting)' 7  feet  in  diam'  «^nd  IS  ins.  stroke  of  piston Volume  of  Air,  1039  cubic  feet  per  minute. 

Furnaces.-Eight,  diam.  16  to  18/eef.    7W«/5  /rem  VTorvfo  (England) 1300  7W  Forge  Iron  per  Week;  discharging  44  000  Cftffc  Fert  of  Air per  minute. 
Engme  Won-condenS,ng).-Cylmdcr,  55  ins.  in  diam.  by  13  ft*  stroke  of  piston 

F/y  JW^.-Diam.  22  feet;  weight,  25  tons. 
Blowing  Cylinder,  144  ins.  in  diam.  by  12  feet  stroke  of  piston devolutions,  20  por  minute     Rln?f  si/  11™         „~         •  / 

rliam.  5  feet,  and  420  feet  i    leneth     V*/£!     K  q?a£  mCh'  We> 10  ,quaie  feet.  g    '    Fa/,7M— ^haust,  56  square  feet ;  Delivery, 
*  40  feet  would  have  afforded  economy  in  fuei  " 3  K 
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STEAM  FIRE  ENGINE. 

1st  Class.    (Anioskeag,  UN".  IT.) 
Steam  Cylinder. — Two  of  1%  ins.  in  diam.  by  8  ins.  stroke  of  piston. 
Water  Cylinder. — Two  of  4^  ins.  in  diam. 
Boiler  (vertical  tubular). — Heating  surface,  1T5  square  feet.  Grates,  4.75  square feet. 
Pressure  of  Steam. — 100  lb*,  per  square  inch.    Revolutions,  200  per  minute. 
Discharges. — Two  gates  of  1%  ins.,  through  hose,  one  of  IX  in.  and  two  of  1  in. 
Projection. — Horizontal,  \)4  in.  stream,  311  feet ;  two  1  in.  streams,  253  feet. 

Vertical,  \}i  in.  stream,  200  feet. 
Water  Pressure  With  1%  in.  nozzle,  200  lbs. 
Time  of  Praising  Steam. — From  cold  water,  25  lbs.,  4  min.  45  sec. 
Weights. — Engine  complete,  G300  lbs. ;  water,  COO  lbs. 

2d  Class.    IPortlarfd.  Co.  CPortland,  Me.) 
Steam  Cylinder. — 9%  ins.  in  diam.  by  10  ins.  stroke  of  piston;  volume  of  piston 

space,  .421  cubic  feet. 
Water  Cylinder.—  4%  ins.  in  diam.  by  10  ins.  stroke  of  pi.rton  ;  volume  of  piston 

space,  .01025  cubic  foot. 
Boiler  (vertical  tubular). — Heating  surface,  134. 3  square  feet.   Grates,  5.5  sq.  feet. 
Pressure  of  Steam. — 80  lbs.  per  square  inch.    Revolutions,  200  per  minute. 
Pressure  of  water  in  cylinder  double  that  of  steam  when  discharging  through  500 feet  of  hose. 
Discharges. — Two  of  yz  in.  ;  one  of  \%  ins. 
Projection. — Horizontal,  two  %  in.  streams,  200  feet;  one  IX  ins.,  2G0  feet.  Ver- tical, one  \  %  ins.,  100  feet  hose,  210  feet. 

Weights.-^ Co'mptete,  5000  lbs. ;  water,  1000  lbs. 
Time  of  Raising  Steam.— From  cold  water,  6  to  8  minutes ;  from  water  at  130°, 4  minutes. 

SUGAR  MILLS. 

Expressing  20  000  lbs.  Cane-juice  per  Day. 
Engine  (Non-condensing)  Cylinder,  15  ins.  in  diam.  by  4  feet  stroke  of  piston. 
Boiler  (cylindrical  flue).— G2  ins.  in  diam.  by  30  feet  in  length;  two  return  Hues 

18  ins.  in  diam.    Grates,  3G  square  feet.    Weight,  15500  lbs. 
Pressure  of  Steam.— 50  lbs.  per  square  inch,  cut  off  at  %  the  stroke  of  the  piston. Revolutions,  30  per  minute. 
Rollers.  -  Two  sets  of  3  each,  24  ins.  in  diam.  by  5  feet  in  length ;  geared  2.5  to  o( 

of  engine.    Speed  of  peripheries,  15.5  feet  per  minute. 
Fly  Wheel,  18  feet  in  diam. ;  weight,  11  200  lbs. 
Note. — The  arrangement  of  a  second  set  of  rolls  is  for  the  purpose  of  distributing 

the  cane  over  an  increased  surface  of  rollers,  reducing  their  speed,  and  affording 
more  time  for  the  juice  to  run  off;  an  increase  of  20  per  cent  is  effected  by  it. 
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sugar  mills. —  Continued. 

Expressing  40  000  lbs.  Cane-juice  per  day,  or  for  a  Crop  c/5000  Boxes  of 450  lbs.  each  in  four  Months'  Grinding. 
Engine  {Non- condensing).— Cylinder,  IS  ins.  in  diam.  by  4  feet  stroke  of  piston. Boil*  (cylindrical  flue)._64  ins.  in  diam.  and  30  feet  in  length  ;  two  return  flues, 20  ms.  m  diam.    Heating  surface,  660  square  feet.    Grates,  30  square  feet. 
Pressure  of '  St earn. —60  lbs.  per  square  inch,  cut  off  at  %  the  stroke  of  the  piston. Revolutions,  40  per  minute. 
Rollers  — One  set  of  3,  2S  ins.  in  diam.  by  6  feet  in  length ;  grared  1  to  14.  Shaft  i 11  and  12  ins.  m  diam.  J  % 
Spur  Wheel,  20  feet  in  diam.  by  1  foot  in  width. 
Fly  Wheel,  18  feet  in  diam. ;  weight,  IT  400  lbs. 

WEIGHTS  OF  ENGINE,  BOILER,  ETC. 
Engine                                 Gl  460  lbs.    Boiler   13  m  1M SogM  Mill                             65  730   «     Appendages  G  730  2? Spur  Wheel  and  Connecting                              b    "   0  l6  ) Machinery  to  Mill               28  6S0  "  I                  Total   131  1-0  41 

FLOUR  MILLS. 

30  Barrels  of  Flour  per  Hour. 

in  j£*h,WheeU~  Overshot—Fi^  dia™-  IS  feet  by  14.5  feet  face.    Buckets,  15  ins. 
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  4C0  Bushels  of  Grain  36  feel. 
d™^'wte*-Over,kot.-I>i*m.  22  fcet  by  S  feet  face*  52  of  1  foot  in 
lvZTr'~Head'  fr°m  CGDtre  °f  openin^'  "5  ins'    Opening,  IX  ins.  by  80  ins.  in 

Revolutions,  ?>%  per  minute.    Stones,  3  of  4^  feet ;  revolutions,  130. 
Three  Run  of  Stones,  Diameter  4  feet. 

Water-icheel-Overshot.-Dhxm.  19  feet  by  S  feet  face.    Buckets,  14  ins.  in  depth. 

Or, 

VU\onm'engine  (-Xon-condensinS)— Cylinder,  13  ins.  in  diam  by  4  feet  stroke  of 

difmeterr.(C>'lindriCal  flue)— Diam-  5  feet  hY  ̂   P»&  ™  length,-  two  flues  20  ins.  in 
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HYDROSTATIC  PRESS. 

30  Bales  of  Cotton  per  Hour. 
Engine  (Noji-condensing).— Cylinder,  10  ins.  in  diam.  by  3  feet  stroke  of  piston. 
Pressure  of  Steam.—  50  lbs.  per  square  incb,  full  stroke.    Revolutions,  45  to  CO 

per  minute. 
Presses. — Two,  with  12-inch  rams;  stroke,  4,5  feet. 
Pumps. — Two,  diam.  2  ins. ;  stroke,  C  ins. 

COTTON  PRESS. 
For  1000  Bales  in  12  Hours. 

Engine  (Non-condensmg).— Cylinder,  14  ins.  in  diam.  by  4  feet  stroke  of  piston. 
Boilers. — Three  (plain  cylindrical),  30  ins.  in  diam.  by  26  feet  in  length.  Grates, 

32  square  feet. 
Pressure  of  Steam. — 40  lbs.  per  square  inch.    Revolutions,  60  per  minute. 
Presses.—  Four,  geared  6  to  1,  Avith  two  screws,  each  of  7.5  ins.  in  diam.  by  1.G25 

in  pitch. 
Shaft  (wrought  iron).— Journal,  %%  ins. 
Fly  Wheel,  16  feet  in  diam. ;  weight,  8960  lbs. 

PILE-DRIVING. 

Driving  Two  Piles. 
Engine  (Non-condensing).— Cylinders,  two,  G  ins.  in  diam.  by  IS  ins.  stroke  of 

piston. 
Boiler  (horizontal  tubular).— Shell,  diam.  3  feet  by  6  feet  in  length.  Furnace  end 

3.75  feet  in  width,  3.5  feet  in  length,  and  6  feet  in  height, 
Pressure  of  Steam.— GO  lbs.  per  square  inch,  full  stroke.  Revolutions,  GO  to  SO 

per  minute. 
Frame,  8.5  feet  in  width  by  20  feet  in  length.  Leaders.  3  feet  in  width  by  24  feet 

in  height. 
Rams.— Two,  1000  lbs.  each,  lifted  5  times  in  a  minute. 

Driving  One  Pile. 
Engine  (Non -condensing).—  Cylinder,  G  ins.  in  diam.  by  1  foot  stroke  of  piston. 
Boiler  (vertical  tubular).  — 152  ins.  in  diam.  by  6.166  feet  in  height.  Crates,  3.7 

square  feet.  Furnace,  'JO  ins.  in  height.  Tubes,  35,  2  ins.  in  diam.,  4.5  feet  in length. 
Rrva/uf/ovs,  150  per  minute.  Drum,  12  ins.  in  diam.,  geared  4  to  1.  Leader, 

40  feet  in  height. 
Ram.    One,  2000  IliS.!  2  blows  por  minute. 
Fuel,  30  lbs.  coal  per  hour.    Water,  15  gallons  per  hour. 
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HOISTING  ENGINE. 

Engine,  Boiler,  etc.,  as  given  for  Pile  Driving  upon  preceding Performance — 250  to  300  tons  of  coal  in  10  hours. 
Fuel,  40  lbs.  coal  per  hour.    Water,  200  gallons  per  hour. 
Weight  of  Engine  and  Boiler,  -1500  lbs. 

cotton  factories  (English). 
For  driving  13  000  Spindles  {Mules  and  Throstles'),  with  25G  Looms  for Cloth  three  quarters  wide,  No.  30. 

P^^S'5o15^S.per  ™ inc"'    off •* *  *•  ̂  * "... 

For  22  0G0  Hand-mule  Spindles,  with  preparation,  and  2C0  Looms with  common  Sizing. 

J^^^W^^  inS'  in  «W  *Ifeet  stroke  of  piston;  T0I- 

iT^^C^k^a^  aVerase)  1G-73  *>*  ̂r  Ware  inch.  Revolutions, 
Friction  of  Engine  and  Shafting,- (Indicated)  4.75  lbs.  per  square  inch  of  piston. Indicated  Horses'  Power,  125. 
Total  power  =1.    Available,  deducting  friction —  .TIT. 
Notes.— Each  Indicated  Horse's  power  will  drive 305  hand-mule  spindles,  with  preparation, or  2.>0  self-acting       "  «  ' or  104  throstle  "  »t 

or  10.5  looms,  with  common  sizing. 
Including  preparation  : 

1  throstle  spindle  =  3  hand-mule,  %•  2.25  self-acting  spindles 1  self-acting  spindles  1.2  hand-mule  spindles. Excluive  of  preparation,  taking  only  the  spindle  : 1  throstle  spindle  =  3.5  hand-mule,  or  2.50  self-acting  snindk* 
1  self-acting  spindle  =  1.3T5  hand-mule  spindles       S  mad1^' The  throstles  are  the  common,  spinning  34  twist  fnr  m-vcr  iaLL 

spindles  revolve  4000  per  minute    Th^e&^/W ^XlT^^'^S^S7^  the weft,  spindles  revolving  4S00;  the  otheVl^  half  spinning  3<Vs 

spindles  4700,  and  twist  spindles  ̂ MtoSS^^8        &nd  ̂   Welt Average  breadth  of  looms  3T  ins.  (weaving  3T  ins  clotlA  mutwioi  i 
ut.    All  com,„.»  caHeocs  about  60  reed,  XSS»^^XSS«St, 

from  .IT  to  !l4  of  the  power.  7        *     '  6  dlessl"£  machine  will  absorb 

3  K* 
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STEAM  FIRE-ENGINES. 
1855,  "Citizens'  Gift,"  Cincinnati,  Ohio,  projected  a  stream  through  100  feet  of 

3X  in.'hose  and  \%  in.  nozzle,  321  feet. 
18G8  "Mississippi  No.  2,"  1st  class  Amoskeag,  New  Orleans,  La.,  projected  a 

stream  through  100  feet  of  hose,  nozzle  \%  inch,  311  feet  S  in.  solid,  and  330  feet Avith  spray. 
1S09,  "General  Morgan,"  Galesburg,  111 ,  steam  in  4  min.,  water  in  9  mitt.,  and projected  a  stream  214  feet  2  ins. 
1809,  "  Cataract  No.  10,"  2d  class  Amoskeag,  Boston,  Mass.,  steam  20  lbs.  in  4  min. 

30  sec;  85  lbs.  steam,  1T5  lbs.  water,  projected  a  stream  through  300  feet  of  hose,  \% in.  nozzle,  199  feet  8  ins. 
1870,  "  Eddy,"  Troy,  N.  Y.,  3  tons,  harnessed  up  and  ran  1  mile  in  5  min.  15  sec. 
A  hand  engine,  2T3  feet  horizontal,  and  196  feet  vertical. 
1573,  "  Eagle  No.  7,"  New  Orleans,  La.,  projected  a  solid  stream  through  100  feet 

of  hose1, 1  %  in.  nozzle,  dUfeet  7  ins. 

MOWING  MACHINE. 
1860,  —  Kirbifs,  Auburn,  N.  Y.,  670  lbs.,  two  horses,  1  acre  heavy  clover  in  4G  min. 

STONE  SAWING. 

1574,  J.  E.  Emerson's  20  horse-power  machine,  21^  s^mre  feet  of  Berea  sand- stone, in  10  min. 

STEAM  WAGCN. 
1SG5,  Poughkeepsie,  N.  Y.,  1  mile  in  2  min.  20  sec. 

RAILROADS. 

1830,  Schenectady  to  Albany,  N.  Y,  Aug.  12,  Hudson  and  Mohawk  Road,  first  loco- motive engine. 
185-,  Albany  to  New  York,  N.  F,  JIudson  River  R.  11. ,  144  miles,  in  2  hours  49 min. 

1855,  Chicago  and  N.  W.  R.  R-,  Galena  division,  III.,  engine  "Nebraska,"  1  mile 8  rods,  in  56  sec.  —1  mile  in  54.6  sec. 
155-  ,  Paddington  to  Slough,  Eng.,  IS  miles,  in  15  mill, 
156-  ,  Hamburg  to  Bufalo,  N.  Y.,  N.Y.  and  Erie  R.R.,  10  miles,  in  8  min. 
1802,  Boston  to  New  York,  N.  F.,  via  Providence  and  New  Loudon,  230  miles,  in  5 hours  27  min.  running  time. 
1S6S,  Indianapolis,  Ind.,  to  Pittsburg,  Penn.,  3S1  miles,  in  S  hours  running  time. 
180S,  Janesville,Wis.,  to  Chicago,  111.,  91  miles,  in  1  hour  30  min. 
1872,  Rochester  to  Syracuse,  A.  F,  N.Y.  Central  Railroad,  euginc  "341,"  a  dis- tance of  81  miles,  in  82  min. 
1874,  West  Albany  to  Poughkeepsic,  N.  F,  N.Y.  Central  and  Hudson  River  R.  R., 

70  miles,  in  1  hour  38  mini,  including  IS  min.  in  delays.  Pcekskill  to  Si>><i  Sing, 
N.  F,  10  miles,  in  9  min.  1S55,  locomotive  "  Hamilton  Davis,"  with  6  cars,  14  miles, in  11  min. 

1874,  Clinton,  Iowa,  to  Chicago,  JT^.,  Chicago  and  N.W.  R.  R.,  engine  "  Wabasha," 138  miles,  in  2  hours  22  min.    Revolutions,  316  per  minute. 

BRICK-LAYING. 
1S70,  W.  I).  Cozzens,  Philadelphia,  Penn  ,702  bricks  in  12  min. 
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VELOCIPEDES. 
1SG9,  J.  C.  Hojel,  Philadelphia,  Penn.,  %  mile  in  47  sec. 
1S69,  V.  Price,  New  York,  N.Y.,  floor,  y  mile  in  1  min.  4Qy  sec. 
1569,  J.  H.  Boyle,  Jersey  City,  X.  J.,  curriculum,  %  mile  in  1  min.,  1  mile  in  3 min.  17  sec.,  and  5  miles  in  22  mi»i.  3  sec. 
1570,  TT.  if.  Russell,  Velocipedrome,  Jersey  City,  X.  J.,  1  mile  in  2  min.  Wheel 36  ins.  in  diameter,  geared. 
1874,  J.  Moore,  of  Paris, Wolverhampton,  Eng.,  1  mile  in  3  min.  2%  sec. 
186-,  C.  ir.  Littlefield,  Boston,  Mass.,  6  miles  in  26  min.  15  sec. 
1S69,  F.  Hardy,  Cleveland,  Ohio,  rink,  50  miles  in  3  hours  14  min,  39  sec,  includ- ing rests. 
1S69,  A.  P.  Meisinger,  Central  Hall,  X.  Y.,  100  miles  in  7  hours  20  min.,  100  in  8 /icmrs  42  min.,  100  in  9  hours  45  mm,  100  in  9  hours  3S  mm.,  and  100  in  S  hours 42  min.;  total,  500  miles  in  49  hours  50  mm.,  including  4  hours  43  m&  in  rests. 
1S7-,  J.  D.  Johnson,  London  to  Worthing,  Eng.,  132  miles  and  back,  in  17  hours 15  min.,  including  rests. 
1S74,  D.  Stanton,  London,  Eng. .  2  miles  in  7  min,  7  sec,  25  in  1  hour  33  min  7  sec  , 100  in  i  fours  3d  min.  43  sec,  106  in  7  Aowrs  5S  mm.  My  sec,  and  last  mile  iu  3 min.  4ly  sec 

BASE-BALL  AND  CRICKET. 
_  1789,  24  Cricket-players,  England,  batted  a  ball,  with  a  letter  inclosed,  50  miles m  1  hour;  wagered  and  won  by  the  Duke  of  Queensberry. 

1S07,  Geo.  Wright,  Indianapolis,  Ind.,  batted  a  ball  nearly  200  yards. 
1S7-,  H.  Berthrong,  Washington,  D.  C,  ran  the  bases  (120  yards)  in  Uy  sec. 1S72,  John  Hatfield,  Brooklyn,  L.  I.,  base  ball,  thrown  133  yards  1. foot  ly  ins. 

rt1873'  ̂ 'dL  Gam€'  Mar8t0Dl  Eng''  threw  a  C1'icket  ball  127  yards  1  foot  3  ins., 

PHYSICAL  ENDURANCE. 
1751,  A  man,  Pimvire,  Eng.,  outwalked  a  horse  in  12  hours. 
1S17,  George  Gyngell,  London,  Eng.,  rowed  1  000  miles,  in  a  Thames  wherry  in  £0 consecutive  days.  iU 

n J?2-6'  f°W,Ha%l?  Park  Course,  Eng..  walked,  drove,  and  rode  50  miles, each  in  19  hours  5  min.,  including  1  hour  38  min.  in  rests.  1 
•  1S5V{.^mio?,Ym,  San  Francisco,  CaL,  walked  106  hours  30  min.  without  rest 

S&^fai&  ST 30     1874  (0°  walked 

Free" Flushins'  N-Y;' waIke<1 110 

J25&3S±k^^£  Y' walked  115         »~* with  »»<»- 
1870,  J.  Davidson,  Quincy,  111.,  walked  105  hours  without  sleep. 

•  i8*71*"'  Qe°'Yr  ChamJ)er'\st^ti  Is^rid  to  Xewburg,  X.  Y.,  rowed  75  miles'  course in  16  Aour.s  45  mm.,  in  a  boat  17  feet  in  length  couise, 1872,  J.  1).  Armstrw  Lachine,  (Jan.,  hopped,  walked,  ran,  rode,  and  rowed  ¥ mile  in  each  manner  in  12  min.  38  sec  iowea  ̂  

STONE-GATHERING. 
Ge°i'  °rfT'  K°fk  Tsl.andl  TII-,10°  storte^  5  lbs-  each,  1  yard  apart,  and  the 
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ROWING. 
NOTE.— No  performances  but  such  as  have  been  made  over  properly  measured  courses  are  here  given ; hence  New  York  Harbor,  Hudson  and  Harlem  rivers,  and  like  courses,  are  omitted,  except  when 

the  effect  of  a  tidal  or  fluvial  current  has  been  compensated  by  a  "  turn,"  i.  c,  an  equal  course  with and  against  the  current. 
Sc-ulls. 

ONE  AND  ONE  IIALF  MILES. 
1370,  W.  B.  Curtis  and  W.  Snyder,  Detroit,  Mich.,  Shell,  double  sculls,  one  turn,  in 12  min.  40  sec. 

TWO  MILES. 
1S59,  R.  F.  Clark,  Boston,  Mass.,  Shell,  single  sculls,  one  turn,  in  13  min.  52  sec. 
1861,  if.  D.  Parker  and  Carpenter,  Boston,  Mass.,  Shell,  double  sculls,  one  turn,  in 

12  min.  54%  sec. 
1S71,  Miss  Amelia  Shean,  Harlem,  N.Y., Working  boat,  single  sculls,  3  turns,  in 18  min.  32%  sec. THREE  MILES. 
1872,  Edicard  Smith,  Staten  Island,  N.  Y.,  Shell,  single  sculls,  one  turn,  in  21  min. 

51%  sec. »  and  Geo.  Engelhart,  in  22  min.  21%  sec. 
1S74,  James  O'Neill,  Saratoga,  N.  Y.,  Shell,  single  sculls,  one  turn,  in  21  min. 

19%  sec. 
1S74,  E.  Smith  and  F.  C.  Eldred,  Saratoga,  N.  Y.,  Shell,  double  sculls,  one  turn,  in 

21  min.  52%  sec. FOUR  MILES. 
1S71,  Jos.  H.  Sadler,  of  England,  Saratoga,  N.Y.,  Shell,  single  sculls,  one  turn,  in 

30  min.  1S%  sec. 
FIVE  MILES. 

1862,  James  Hamill,  Philadelphia,  Penn.,  Shell,  single  sculls,  one  turn,  in  37  min. 
30  sec.  .    J  . 

1S74,  George  Brown,  near  St.  John's,  N.  B.,  Shell,  single  sculls,  one  turn,  m  SI  mm. 

Oars. 
TWO  MILES. 

1871,  Ward  Brothers  Crew,  Saratoga,  N.Y.,  Shell,  4  oars,  straight  course,  in  11  min, 20  sec. 
THREE  MILES. 

1860,  Union  Boat  Club,  of  Boston,  Worcester,  Mass.,  Shell,  4  oars,  one  turn,  in  19 
min.  41  sec.  ,         ,  nni, 

1867,  Vesper  Boat  Club,  Hoboken,  N.  J., Barge,  8  oars,  one  turn,  in  21  min,  20%  sec. 
1868,  Ward  Brothers  Crew,  Worcester,  Mass.,  Shell,  6  oars,  one  turn,  in  17  min. 40%  sec 
1S74,  Beaverwyck  Club,  of  Albany,  N.Y.,  Saratoga,  N.Y.,-4  oars,  one  turn,  in  18 min.  34  sec. 

FOUR  MILES. 
1S71,  Ward  Brothers  Crew,  Saratoga,  N.  Y.,  Shell,  4  oars,  one  turn,  in  24  min.  40  sec. 

FIVE  MILES. 
1807,  "J.  F.  Tapley,"  Springfield,  Mass.,  Shell,  6  oars,  one  turn,  in  33  min.  1%  sec. 

SIX  MILES. 
1867,  Ward  Brothers  Crew,  of  New  York,  Springfield,  Mass.,  Shell,  4  oars,  one  turn, in  39  'min.  2S  sec. 

Englisli   College  liaces. 
1870,  Oxford  University  Crew,  Putney  to  Mortlake,  Eng.,  4%  mile?,  S  oars,  favora 

ble  current,  in  20  min.  6%  sec;  and  1851,  Henley,  1.312  miles,  straight  couive favorable  current,  in  7  min.  45  sec.  I 
1ST:',,  Cambridge  University  Crew,  Mortlake  to  Putney,  Eng.,  4%  miles,  S  oars favorable  current,  in  19  min.  35  sec. 
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American    College  Races. 

v^^WMtaw^  Cm,,Worcester,  Mass.,  Shell,  3  miles,  G  oars,  one  turn,  in  17 
falT-^S^^^  Cm.,  Worcester,  Mass,  Shell,  3  miles,  6  oars,  one  turn, 
co^mM  3S&^  SpriDgfield'  MaSS"  She"'  3  miles'  6  — >  ̂raight 

cou^m0™.^^'  Sarat0ga'  N'.Y-  SM>  3  6  oars,  straight 

Various   Distances    and  Performances. 
IW-In  the  following  cases  the  effects  of  the  direct  and  varying  currents  have  been  impracticable of  attainment.  1  tlv-l/Ua'u,t; 

1330,  F.  Creswell  and  William  Leivis,  of  England,  Thames  wherry  Billinennnrt  t„ ed,  up  to  Richmond  Bridge  and  down  to  old  Swan,  Tv&fft^ 

lnJSXS'Zgt  °f  Milhral,'London'  Eng.,  Thames  wherry,  Thame,  River, 

7,0,^  4S?-I;,C'<amto'8'  ar°lmd  Staten  l8land-  N.Y.Working  boat,  33^  mde,,  in  C 
loKS*^ Ca,Umet  RiTer' V*P«#?  Shell, 50  n.i.es,  rongh  water,  in 

eooWT^^ltVSey^,0Mtake'  EnS-'  S'>eH,  4*  mile,,'  straight mM^^  She,,,  do„h:e  sen,,,  « 

International  Races. 
18G6,  Hmr#  Kellev,  of  England,  Newcastle   Fi1fr    ai,0,i  ̂   ̂ on 

coura,  favorable  curient.ki  33  mUi  Jd  Jec  S*'        '  m,Ies'  straiS'ht Walter  firown,  of  Maine,  U.  S.,  Neivcastlp  Fna-   ci,*,,  M 
course,  favorable  current,  in  21  win.  50  '      g''  She11'  3  405  miIe?'  straight 1871,  Paris  Crew,  of  St.  John's,  N.  B.,  KennebecTssis  RiVpr  at  t:s    cn  n  ̂  4  oars,  one  turn,  in  38  min.  50  W.*        ̂ enneoecas3is  Liver,  N.  ]>.,  Shell,  0  miles, 1871,  Taylor -Wimhip  Crew,  of  England,  Halifax  TV  <s  a  ott  «  -i turn,  in  44  min.  28  sec.  1  uauiax'  iV  S">  6-9<  <  mites,  4  oars,  one 

1^71,  Ward  Brothers  Crew,  of  New  York.  Saratov  N  v  on,  .n  a  •, 
»..rn,  in  U  rain.  40  sec.;  and  to  torn,  *  4  <»™.  one 

*  Kngelhardt  gives  39  wit'n.  20%  «<?c. 
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DREDGING  MACHINES. 

Dredging  20  Feet  from  Water-line,  or  180  Tons  of  Clay  and  Mud  per  Fiou- 11  Feet  from  Water-line. 
Length  upon  deck,  123  feet ;  beam,  20  feet.    Breadth  over  ail)M  feet. 

Immersed  Section  at  load-line,  60  square  feet. 
Bisplaczment  141  tons,  at  load-draught  of  2. S3  feet. 

Engine  {Non-condensing) — Cylinders,  two,  12%  ins.  in  diam.  by  4  feet  stroke  oi piston. 
Boilers.— Two  (cylindrical  fine),  diam.  40>£  ins.,  length  20  feet  3  ins.;  two  flue; 14%  in  diam.    Heating  surface,  617  square  feet.    Grates,  3T  square  feet. 

1<         Pressure  of  Steam— .25  lbs.  per  square  inch,  throttle  X  open,  cut  off  at  V  the stroke  of  the  piston.    Revolutions,  42  per  minute. 
1;         Buckets — Two  sets  of  12,  2%  feet  in  length  by  15  ins.  at  top  and  2  feet  deep- volume,  6^  cubic  feet. 

Chain  Links,  S  ins.  in  length  by  %  in.  diam. 
Scovjs. — Four,  of  40  tons'  capacity  each. 

1 
Dredging  30  Feet  from  Water-line,  6  full  Buckets  per  Minute. 

Engine  {Non-condensing). —Cylinder,  12  ins.  in  diam.  by  5  feet  stroke  of  piston. 
Boilers — Two  (cylindrical  flue),  20  feet  in  length  by  36  ins.  in  diam.,  with  one  re i      turn  flue  15  ins.  in  diam.  in  each. 
Pressure  of  Steam — 60  to  TO  lbs.  per  square  inch.    Revolutions,  20  per  minute. 

{  Ways.—  55  feet  in  length  by  6  feet  in  width. 
Buckets.—  Ten,  of  28  ins.  in  width  by  58  in  length,  and  14  in  depth. 
Speed  of  Buckets,  1  to  30  of  engine.    At  a  depth  of  18  feet,  10  buckets  full  ofmuu 

are  discharged  per  minute,  the  engine  making  30  revolutions. 
Hulls — Two  of  50  feet  in  length,  12  feet  in  width,  and  9  feet  in  depth;  connecte upon  deck;  space  between  the  ways,  7.5  feet. 
Note — This  engine  is  geared  too  slow. 

Dredging  240  Cubic  Yards  (396  Tons)  of  Mud  per  Hour  at  a  dpth  of  15  fee' 
of  water,  and  operating  in  water  from  5  to  40  feet  in  depth. 

Immersed  Section  at  Load  Line  S4  square  feet.  Displacement,  120  tons  at  loaC draught  of  %  feet. 
Engines. — (Non-condensing)  Cylinders,  two,  12  ins.  in  diam.  by  15  ins.  stroke  oi piston. 
Boiler.— One  (Locomotive  Tubular),  diam.  4  feet  Sjtf  ins.,  length  14  feet,  G2  tube- 

3  ins.  in  diameter,  and  2  2^  ins.  Heating  Surface,  432  square  feet.  Grates,  11 square  feet. 
Pressure  of  Steam.— 60  lbs.  per  square  inch,  cut  off  at  four  fifths  the  stroke  of  the 

piston. 
Revolutions. — 100  per  minute.    Fuel.— 300  lbs.  anthracite  coal  per  hour. 
Scoop  or  Dij>per.—4  cubic  yards  in  volume. 
Strokes  of  Scoop  in  15  feet  of  water,  00  per  hour. 
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Steam  Hopper  Scow, 

Transporting  300  tons  of  Material  at  a  Load  Draught  of  Water. 7  feet  6  in. 
Length  of  •Keel  and  Fore  Rake,  135  feet ;  beam,  23  feet ;  hold,  9  feet  9  ins. 
Hopper.— feet  by  19  feet  at  top,  and  8  feet  3  ins.  at  bottom. 
Immersed  Section  at  Load-line  160  square  feet. 
Engines  {Condensing).— Cylinders,  Wo,  22  ins.  in  diam.  by  22  ins.  stroke  of  piston. Boiler.—  Horizontal  tubular,  144  tubes,  3%  ins.  in  diam-. 
Pressure  of  Steam.— 25  lbs.  per  square  inch.    Revolutions,  80  per  minute. 
Propeller.— S  feet  in  diam.    Pitch,  12  feat  6  ins. 
Hull— Frames,  S^x^MX  %,  2  feet  apart.  Floors,  %  x  10  ins.  Plates,  H and  ?{6  m.  1 
Bulkheads.—  Three. 
Fuel — Consumption,  672  lbs.  bituminous  coal  per  hour. 
Speed — 6.09  miles  per  hour. 

[See  Practical  Mechanic's  Journal,  Glasgow,  vol.  i.,  3d  series,  p.  73  and  plate.] 

SAW  MILLS. 

Two  Vertical  Saws,  34  ins.  Stroke,  Lathes,  etc. 
Engine  {Non-condensing).— Cylinder,  10  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 — 90  lbs.  per  square  inch.    Revolutions,  35  per  minute. 

NoTE.-This  engine  has  cut,  of  yellow-pine  timber,  30  feet  by  18  ins.  in  one  minute. 

Two  Circular  Saws,  cutting  7  812  feet  of  1-inch  Toplar  Boards  in  One  Hour. 
Engine  {Non-condensing).— Cylinder,  12  ins.  in  diam.  by  2  feet  stroke  of  piston. Boilers  {Cylindrical  flue).— Two  of  38  ins.  in  diam.  and  26  feet  in  length,  two flues  14  ins.  in  diam.    Heating  surface,  765  square  feet.    Grate  surface,  425  square 
Pressure  ofSteam.~-i25  lbs.  p  r  square  inch  ;  cut-off  at  .7  the  stroke  of  the  piston. Revolutions,  25)  to  3o0  p  >r  minute.  1 
Saws.—  Circular,  one  each,  66  an  1  GO  ins.  in  diam. Fuel. — Saw-dust. 

rn^l^Af'r^  \m\ln  dGpth'  and  without  a  bridge-wall.  Hot-air  chamber  back  of giates,  4  ieet  in  depth. 

r»rTfJ^tri£n?^,~Cylin,der'  11  in*'  in  diam-  b?  3-5  feet  st,'"ke  of  piston.  Dutu, 
^^gbmn°m  nVer'  nving  8aws  for  cllttinS  l0Ss  ̂   lengths,  edging  boards,  and 
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ORTHOGRAPHY  OF  TECHNICAL  WORDS  AND  TERMS. 
The  orthography  in  ordinary  use  of  the  following  words  and  ter is  so  varied,  that  they  are  here  given  for  the  purpose  of  establisl more  general  uniformity  of  expression. 
Abut.  To  meet,  to  adjoin  to  at  the  end,  to  border  upon.  The  a1  ul  end  of  <i  w etc.,  is  that  having  the  greatest  diameter  or  side.  1  ̂D> But  and  Butt  end,  when  applied  in  this  manner,  are  corruptions. 
Amidships.  The  middle  or  centre  of  a  vessel,  either  fore  and  aft  or  atlnvartships The  amidship  frame  of  a  vessel  is  at  i  " 
Arabesque.  Applied  to  painted  and  carved  or  sculptured  ornaments  of  imagihdrv foliage  and  animals,  in  which  there  are  no  perfect  figures  of  either.  Synonymous with  Moresque.  3  J 
Arbor.    The  principal  axis  or  spindle  of  a  machine  of  revolution. 
Bagasse.    Sugar-cane  in  its  crushed  state,  as  delivered  from  the  rollers  of  a  mill, 

a  balustrade  ̂          C°lumn  0r  Pilaster5  a  collection  of  them,  joined  hy  a  rail,  form:* 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.  ' 
Bevel.    A  term  for  a  plane  having  any  other  angle  than  45°  or  90°. 
Binacle.    The  case  in  which  the  compass  or  compasses  is  set  on  board  of  a  vessel. 
Bit.    The  part  of  a  bridle  which  is  put  into  an  animal's  mouth.    In  Carnentrv  a boring  instrument.  *       " 1 
Bitter  End. ,  The  inboard  end  of  a  vessel's  cable. 
Bitts.  A  vertical  frame  upon  the  deck  of  a  vessel,  around  or  upon  which  is  secured cables,  hawsers,  sheets,  etc. 
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.    Mill-stone  which  is  nearly  pure  silex,  full  of  pores  and  cavities. Burden.    A  load.    The  quantity  that  a  ship  will  carry.    Hence  burdensome. 
Cag.    A  small  cask,  differing  from  a  barrel  only  in  size.    Commonly  written  Keg. Calibers.    A  compass  with  arched  legs,  to  measure  the  diameters  of  spheres,  or the  exterior  and  interior  diameters  of  cylinders,  bores,  etc. Callipers  is  a  corruption. 
Calk.  To  stop  seams  and  pay  them  witli  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. 
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  ves- sels of  war  it  is  tanned  Galley. 
Cantle.    A  fragment;  a  piece ;  the  raised  portion  of  the  hind  part  of  a  saddle. 
Cwpstan.    A  vertical  windlass. 
Caravel.  A  small  vessel  (0f  25  or  30  tons  burden)  used  upon  the  coast  of  France  in herring  fisheries. 
Curlings.  Pieces  of  timber  set  fore  and  aft  from  the  deck  beams  of  a  vess;  1,  to  re- ceive the  ends  of  the  ledges  in  framing  a  deck. 
Carvel  ouHt.  A  term  applied  to  the  manner  of  construction  of  small  boats,  to  sig- nify that  the  edges  of  their  bottom  planks  are  laid  to  eacli  other  like  to  the  manner of  planking  vessels.    Opposed  to  the  term  Clincher. 
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Caster.    A  Email  phial  or  bottle  for  the  table ;  one  of  a  set  of  Casters 

fonemtVrtlee'3  PlaCed  "POn  thC  l6SS  °f  taWes'  etc"  t0  allow  them  to  be 

i-^^t^^KSr sisting  of  three- ana  de?!^d  f»  «« 

Chimney.    The  flue  of  a  fire-place  or  furnace  co^tmnt^  nfm„,^,.   •  i 
and  furnaces,  and  of  metal,  as  in  a  steam  boto  '  See  P^l  m  h0B,W Cfttn*.    To  chime,  is  to  calk  slightly  with  a  knife  or  chisel 

*£Z£iS?  Zl^rrlZ nsed  t0  make  eood  any aeficiency  in  a  ptece  of  «** 
Cftote.    To  stop,  to  obstruct,  to  block  up,  to  hinder,  etc 

■ttitAlW^W"  of  vesse,;,!,,,  the  lower 

or  foots  ofTwf^^nl^v^T'  c'lb^      t>'i«"Sle  of  hard  wood  let  into  the  ends 

Coamings.    Raised  borders  around  the  edges  of  hatches. Co&fe.    A  small  fishing-boat. 

rftetaS^^^^  m<*°  for  •  «  'he  period 

CoZfer.    The  fore  iron  of  a  plow  that  cuts  earth  or  sod. 
Compass.  In  Geometry,  an  instrument  for  describing  circles,  measuring  figure*  etc To  say ,  A  pair  of  compasses,  is  superfluous  and  improper.  "fc^guie.,  etc. Contrariwise.    Conversely,  opposite. Crossuays  is  a  corruption. 

Damasquinerie.    Inlaying  in  metal. 
Davit.    A  short  boom  fitted  to  hoist  an  anchor  or  boat 
Dowel    To  fasten  two  board,  or  pieces  together  by  pins  inserted  in  their  edge, 

the  main  body,  etc!,  eta  drawing.    A  detachment  of  men  from 

Edgeways  is  a  corruption.  &  OTUe" 
Felloe,  Felloes.    The  pieces  of  wood  which  form  the  rim  of  a  wheel 

port  or  to  a  second  piece?      P         receiving,  confining,  or  of  securing  it  to  a  sup. 
Frap.    To  bind  together  with  a  rope,  as  to  frap  a  fall,  etc. 

mSSS^         Part  °f  *  S°lid  neXt  the  basc>  left      the  removal  of  the  top  or 

^i^^t^  t0  *-  m  order  to 
OB**    Piece.,  of  stone  chipped  off  by  the  stroke  of  a  chis,  I.    See  Spall. 
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Galeting.    Putting  galets  into  pointing-mortar  or  cement. 
Galiot.  A  small  galley  built  for  speed,  having  one  mast,  and  from  sixteen  to 

twenty  thwarts  for  rowers.    A  Dutch-constructed  brigantine. 
Gate.    In  Mechanics,  the  hole  through  which  molten  metal  is  poured  into  a  mold 

for  casting. 
Geat  and  Gett  are  corruptions. 
Gearing.  A  series  of  teethed  or  cogged  wheels  for  transmitting  motion.  To  gear 

a  machine  is  to  prepare  to  connect  its  parts  as  by  an  articulation. 
Gingle.    To  shake  so  as  to  produce  a  sharp,  clattering  noise. 
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. 

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  mill-stone  to  the 

spindle  by  which  the  stone  is  suspended,  so  that  it  may  vibrate  upon  all  sides. 
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. 
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  shifting of  a  boom. 
Keelson.  The  timber  within  a  vessel  laid  upon  the  middle  of  the  floor  timbers, 

and  exactly  over  the  keel. 
Revel.  Large  wooden  cleats  to  bslay  hawsers  and  ropes  to,  commonly  written 

Cavil. 
Lacquer.    A  spirituous  solution  of  lac. 
Laitance.  A  pulpy,  gelatinous  fluid  washed  from  the  cement  of  concrete  deposited in  water. 
Lapsided.    A  term  expressive  of  the  condition  of  a  vessel  or  any  body  when  it  v  ill 

not  float  or  sit  upright. 
Leat.    A  trench  to  conduct  water  to  or  from  a  mill-wheel. 
Leech.    In  Nautical  language,  the  perpendicular  or  slanting  edge  of  a  rail  when 

not  secured  to  a  spar  or  stay. 
Luf.    The  fullest  part  of  the  boAv  of  a  vessel. 
Mall.    A  large  double-headed  wooden  hammer. 
Mantle.    To  expand,  to  spread.    Mantle-piece,  the  shelf  over  a  fire-place  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. 
Mitered.    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  ArcfvUqcture,  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,  hold,  cold,  fold,  etc. 
Molding.  In  A  rcJdtccturc,  a  proji  ction  beyond  a  wall,  from  a  column,  wainscot,  etc. 
Moresque.    See  Arabesque. 
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Mortise.    A  hole  cut  in  any  material  to  receive  the  end  or  tenon  of  another  piece. 
Net.    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  to  an  S. 
Pagzting.    In  Architecture,  rough  plastering,  alike  to  that  upon  chimneys. 
Paillasse.    Masonry  raised  upon  a  floor.    A  bed. 
Parquetry.    Inlaying  of  wood  in  figures.    See  Marquetry. 
Pawl.    The  catch  which  stops,  or  holds,  or  falls  on  to  a  ratchet  wheel. 
Peek.    The  upper  or  pointed  corner  of  a  sail  extended  by  a  gaff,  or  a  yard  set  ob- liquely to  a  mast.    To  peek  a  yard  is  to  point  it  perpendicularly  to  a  mast. 
P  ndant.  A  short  rope  over  the  head  of  a  mast  for  the  attachment  of  tackles thereto;  a  tackle,  etc. 
Pennant.    A  small  pointed  flag. 
Pile.    In  Engineering,  spars  pointed  at  one  end  and  driven  into  soil  to  support  a superstructure  or  holdfast. 
Spile  is  a  corruption. 
Pipe.  In  Mechanics,  a  metallic  tube.  The  flue  of  a  fire-place  or  furnace  when constructed  of  metal ;  usually  of  a  cylindrical  form. 
The  term  or  application  of  Stack  (which  refers  solely  to  masonrv)  to  a  metallic  pine  is  a  misauuli- ration  of  terms.  11  H 
Piragua.    A  small  vessel  with  two  masts  and  boom  sails. 
Commonly  termed  Perry  Augur. 
Plastering.  In  Architecture,  covering  with  plaster  cement  or  mortar  upon  walls or  laths.  In  Lngland,  termed  laying,  if  in  one  or  two  coat  work :  and  prickina  vv if  in  three-coat  work.  J  1  ' 
Plumb  :r  block.    A  bearing  to  recsivo  and  support  the  journal  of  a  shaft. 
Polacre.    Masts  of  one  piece,  without  tops. 
Popp:ts.  In  Xaval  Architecture,  pieces  of  timbsr  set  perpendicular  to  a  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.  Fi 
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  muv he  flat  or  vaulted.  J 
Prize.    In  Mechanics,  to  raise  with  a  lever. 
To  pry  and  a  pry  are  corruptions. 
Puzzuolana  A  loose,  porous,  volcanic  substance,  composed  of  silicious,  amilla- ceous,  and  calcareous  earths  and  iron.  "   1  tuu 

the  garboard  strake  of  plank. 
Commonly  written  Rabbet. 
Rarefaction    The  act  or  process  of  distending  bodies,  by  separating  their  parts and  rendering  them  more  rare  or  porous.    It  is  opposed  to  Condensation. 

pfmUrlHU  lnt  A7:chitfct«re,  laying  plaster  or  mortar  upon  mortar  or  walls. S2!2irJ?w  8  t0  tW°  CoatS  or  layers'  and  Entered,  Floated,  and  Set,  to i Mice  coats  oi  inyers. 
Resin.    The  residuum  of  the  distillation  of  turpentine. Rosin  is  a  corruption. 
Riband.    In  Naval  Architecture,  a  long,  narrow,  flexible  piece  of  timber. 

U  to Wl  oib!tilb°1'i^  t001  f01\making  a  ̂Poring  hole.    In  Mechanics,  To  Rime 
Rotary.    Turning  upon  an  axis,  as  a  wheel. 
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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. 
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. 
Sennit.    Flat-braided  cordage. 
Sewage.    The  system  of  sewers. 
Shaky.    Cracked,  or  split,  or  as  timber  loosely  put  together. 
Shammy.    Leather  prepared  from  the  skin  of  a  chamois  goat. 
Sheer.  In  Naval  Architecture,  the  curve  or  bend  of  a  ship's  deck  or  sides.  To theer,  to  slip  or  move  aside. 
Sheers.  Elevated  spars  connected  at  the  upper  ends,  and  used  to  elevate  heavy bodies,  masts,  etc. 
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  shoares,  etc. 
Shoot.    A  passage-way  on  the  side  of  a  steep  hill,  down  which  wood,  coal,  etc.,  arc 

thrown  or  slid.    The  artificial  or  natural  contraction  of  a  river.    A  young  pig. 
Sidewise.    See  Edgewise. 
Signaled.    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  tin> 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  afterpart  of  a  keel;  the  part  upon  which  the  stern-post  is  set. 
Slantwise.    Oblique ;  not  perpendicular, 
Sleek.    To  make  smooth.    Refuse;  small  coal. 
Sleeker.  A  spherical-shaped,  curved,  or  plane-surfaced  instrument  with  which  to omooth  surfaces. 
Slue.    The  turning  of  a  substance  upon  an  axis  within  its  figure. 
Snying.  A  term  applied  to  planks  when  their  edges  at  their  ends  are  curved  or 

rounded  upward,  as  a  strake  to  the  ends  of  a  full-modeled  vessel. 
Spall.  A  piece  of  stone,  etc.,  etc.,  chipped  off  by  the  stroke  of  a  hammer  or  the 

force  of  a  blow.    Spoiling,  Breaking  up  of  ore  into  small  pieces. 
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  them  from  the  shock  of  a  sea. 
Sp>onson-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. 
Spending  rind  Sponsing,  etc.,  etc  ,  are  corruptions 
Stack.    In  Masonry,  a  number  of  chimneys  or  pipes  standing  together.  Tho 

chimney  of  a  blast  furnace. 
The  application  of  this  word  to  the  smoke-pipe  of  a  steam  boiler  is  erroneous. 
Stivivg.    The  elevation  of  a  vessel's  bowsprit,  cathead,  etc.,  etc. 
Strake.    A  breadth  of  plank. 
Strut.    An  oblique  brace  to  support  a  rafter. 
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  b'ow from  a  hammer. 
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Scend.    The  settling  of  a  vessel  below  the  level  of  her  keel. 
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. 
Template.  In  Architecture,  a  woxlen  hearing  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  called  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  row-locks. 
Thwarts.    The  athwartship  seats  in  a  boat. 
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. 
Trestle.    The  frame  of  a  table ;  a  movable  form  of  support.    In  Mast  making,  two 

pieces  of  timber  set  horizontally  upon  opposite  sides  of  a  mast  head. 
True.    To  haul  or  tie  up  by  means  of  a  rope  or  fcrising  line. 
Tue-iron  or  Tuyere.  The  nozzle  of  a  bellows  or  blast  pipe  in  a  forge  or  smelting- fumace. 
Vice.    In  Mechanics,  a  press  to  hold  fast  any  thing  to  be  worked  upon. 
Voyal.    A  purchase  applied  to  the  weighing  of  an  anchor,  leading  to  a  capstan. 
Wagon.    An  open  or  partially-inclosed  four-wheeled  vehicle,  adapted  for  the  trans portation  of  persons,  goods,  etc. 
Whipple-trec.    The  bar  to  which  the  traces  of  harness  are  fastened. 
Windrow.    A  row  or  line  of  hay,  etc.,  raked  together. 
Woold.    To  wind ;  particularly  to  bind  a  rope  around  a  spar,  etc. 

THE  END. 












