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PREFACE.

g —

THE following Compilation is submitted to the
Mechanics of Glasgow, by one of their number,
who hopes it will be found a simple and easy In-
troduction to the knowledge of Calculations con-
nected with Mechanics.

Most of the Rules and Tables have been selected
from the latest eminent Publications on these sub-
jects, and information procured from every possible
source, with a view of rendering this Work useful
for practical purposes.

The want of a Text Book for Operative Me-
chanics has been long felt.—The great inconvenience
arising from this, was the cause of the Compiler
collecting the following Rules for his own personal
use:—and having, with several other Mechanics,
experienced the great advantage derived from these
Memoranda, is induced to submit them to the

" Public, trusting they will be found to contain much
useful information.

GLASGOW, }
February, 1824,



PREFACE
TO THE
FOURTH EDITION.
——

THE increasing demand for this little Work, is a
proof that it is found useful; and the Compiler
wishing to render it still more so, has added a few
Geometrical Problems and Tables of Roots, Sduares,
and Cubes, which he hopes will generally be found
serviceable. '

It would be an easy task to swell this Book to a
much larger size, by adding Problems and other
matter, which might be considered by some useful ;
but it was originally intended for Operative Me-
chanics, and the Compiler has no wish to alter the
plan; to them he is indebted for the favours he has
received, and their advantage he intends to study ;
the additions made must, therefore, be of practical
utility.

It is highly gratifying to trace the rapid advance
of knowledge among Mechanics, and the many ex-
cellent opportunities they now have for its attain-
ment :—that much-wished-for time appears to be at
hand, when Mechanics shall not only be acknow-
ledged cunning artificers, but men of science:—
when the word Mechanic shall convey the idea of
wisdom and understanding,—and the profession,
highly fraught with good to man, shall be honoured
and respected.

LONDON, }
July, 1828.
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EXPLANATIONS

OF THE

Chavacters ugev tn the folloping Calculationg.

+ Signifies Addition, as 5 4 83 is 8.

— Subtraction, as 5 — 38 is 2.

X Multiplication, as 5 x 8 is 15.

-~ ———— Division, as 15 =+ 3 is 5, or ¥ is 5.
Proportion, as 2 is to 3, as 4 is to 6.
= ——— Equality, as5 4- 3 = 8.

v Square Root, 4/9 = 8

:‘/ Cube Root, as :/27 =38.

32 Signifies that 8 is to be squared as 8% = 9.

8% ————— 38 is to be cubed as 35 = 27.

The Bar signifies that 2 numbers are to be taken toge-
ther, as 8 x 5+3—24.
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No. 1.

@Gxplanation of IPlate JFivst.

A Square.

2. A Rectangle.

3.
4.
5.

A Rhombus.
A Rhomboid.
A Trapezoid.

6. A Trapezium.

1.
8.

9.
10.
11
12.
13.
14.

15.
16.

An Irregular Polygon,

A Circle, a E the radius, A E B the diameter,
A ¢ B D the circumference.

An Arc of a Circle, A¢B.

A Sector of a Circle, Acs.

A Segment of a Circle. ABcDb.

An Ellipsis or Oval, A B the long diameter,
c p the short diameter.

A Parabola, A B c the base, B D the perpen-
dicular height.

A Prism, a B c the perimeter; or the circum-
ference of the end of a eylinder, is the per-
imeter of that cylinder.

A Cylinder.

A Pyramid, A Bc D the base; ABcpabcd
the frustum.

17. A Cone.

18.

A Sphere, ABc D the circumference, A B¢
a segment.



Explanation of Plate Pecond.

A—Lever of the first order.

B—Lever of the second order.

C—Lever of the third order.

D—Bended Lever: the effective power and weight
on a bended lever, is as the distance between
the points of action and the fulcrum, as @ ¢
b. The distance being taken at right angles
to the direction of the forces.

Fig. 1. A Diagram, explanatory of the Wheel and
Axle.

Fig. 2. A Diagram, explanatory of the Pulley, when
the directions of the cords are not parallel.

Fig. 3. A Diagram, explanatory of the inclined
plane, when the power is not in a direction
with the plane.
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COMPENDIUM OF MECHANICS.

Selghts and Pecagures.

IMPERIAL STANDARD WEIGHTS & MEASURES,

By 6 Geo. 4, cap. 12, it is enacted, that the
several clauses in the Act of 5 Geo. 4, cap. 74, the
operation whereof is by the said Act appointed to
commence on the first day of May 1825, shall com-
mence on the lst day of January 1826, and not
sooner. )

According to the above-mentioned Act, the fol-
lawing commenced to be the only lawful Measure
of Weight or Capacity used in the kingdom, but
this only relates to articles of commerce. The Old
Measures, in many instances, will be found more
convenient, particularly when the data used has
been taken from them.

STANDARD YARD.

The Standard Yard when compared with a Pen-
dulum vibrating seconds of mean time in the latitude
of London, in a vacuum at the level of the sea, is
i the proportion as 36 to 89 inches, and 1393 ten-
thousandth parts of an inch. :

B



14 WEIGHTS AND MEASURES.

The rood of land shall contain 1210 square yards,
an acre 4840 square yards, or 160 square perches,
poles or rods.

STANDARD POUND.

A cubic inch of distilled water, weighed in air
by brass weights, at the temperature of 62 degrees
Fahrenheit, the barometer being at 30 inches, is
equal to 252 grains and 458 thousandth parts of a
grain, of which the Standard Troy Pound shall
contain 5760.

STANDARD GALLON.
The Standard Gallon shall contain 10 Pounds
Avoirdupois weight of distilled water weighed in

air, at the temperature of 62° Fahrenheit, the
barometer being at 30 inches.

STANDARD FOR HEAPED MEASURE.

The Standard for heaped Measure shall contain
80 pounds Avofrdupois weight, with a plain and
even bottom, and 19} inches from outside to outside,
of such standard measure as aforesaid.

TROY WEIGHT.

Mark.

Gr. Dwt. Grains, . . . . Gr.

224 = 1 Oz. Penny-weights, . . Duwt.
480 = 20 = 1 Lib.| Ounce, . . . . Oz
5760 = 240 = 12 =1 | Pound, . . . . Lib.

By this Weight are weighed Gold, Silver, and Jewels.
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IMPERIAL STANDARD TROY WEIGHT.

Gr. - Dwt.
2= 1 Oz.
480 = 20 1 Lib.

5760 = 240 = 12 =1
7000 such Grains shall be a Pound Avoirdupois.

AVOIRDUPOIS WEIGHT.

Mark.
Dr. Oz. Dram, . . Dr.

16= 1 L. Ounce, . Oz.
26= 16= 1 Qr. Pound, . . Lib.

7168= 448= 28= 1 Cut. Quarter, . Qr.
28672= 1792= 112= 4= 1 Ton| Hund. wt. . Cwt.
§73440=35840=2240=80=20=1 || Ton, . . Ton

By this Weight all Metals, except Gold and Silver,
are weighed.

0z. Dwt. Gr.
Note. 1 Lib. Avoir. = 14.. 11. 15} Troy.
10z, do. = 18. 5} do.
1Dr. do. = 1. 3} do.

IMPERIAL STANDARD AVOIRDUPOIS WEIGHT.

Gr. Dr.
27.34375= 1 0z,

437.50000= 16= 1 Lib.

7000. = 256= 16= 1 Qr.
196000. = T7168= 448= 28=1 Cut.
784000. = 28672= 1792= 112= 4= 1Ton

15680000. =573440=385840=2240=80=20=1

B2



WEIGHTS AND MEASURES.

LONG MEASURE.

Mark.
In. Fi. Inch, In.
12= 1 Yd Foot, . . Ft.
86= 8 = 1 Fath. Yard, . ¥d.
2= 6= 2= 1 P Fathom, . Fath.
198= 16}= 53}= 23= 1 Fur. [|PoleorRod, P
7920= 660 = 220 =110 = 40=1 M. |Furlong, . Fur.
63360=5280 =1760 =880 =320=8=1 |mMil, M.
8 Miles = 1 League, marked Lea.
2% do. = 1 French League.
3% do. = 1 Spanish League.
4 do. = 1 German Mile.
8} do. = 1 Dutch Mile.
4 do. =1 Italian Mile.
% do. =1 Russian Verst.
17 do. = 1 Scotch Mile.
1#; do. = 1 Irish Mile.
694 Miles nearly = 1 Degree, marked °
SQUARE MEASURE.
Mark.
Sq. In. Sq. Ft. Square Inch, Sg. In.
144= 1 Sq.Yd. Foot, Sq. Ft.
1296 = 9= 1 S8q.Pi oo Yard, Sg. ¥d.
39204= 272}= 80,= 1 Rd. earereene Pole, Sq. Pl
1568160=10890 =1210 = 40=1 Acr.|Rood, Rd.
6272640=43560 =4840 =160=4=1 |Acre, . . der.

+. 1089 Scotch Acres = 1369 English Acres.

-/ /«.yla/ Lo e/...,L./. §. 25429 ]l‘zoull"l-



WEIGHTS AND MEASURES.

DRY MEASURE.

17

Mark.

Pts. Gal. Pints, . . Pis.
8= 1 Pec. Gallon, . . Gal
16= 2= 1 Bu. . Peck, . . Pec.
64= 8= 4=1 Qr Bushel, . . Bu.
512= 64= 32= 8= 1 Wey Quarter, . . Qr.
2560=3820=160=40= 5=1 Last| Wey, Load, or Ton, Wey
5120=640=320—=80=10=2=1 | Last, . . . Last

A Chaldron of Ceals-in London = 36 Bushels, and
weighs 3136 libs Avoirdupois, or 1 Ton 8 Cwt. nearly.

ALE MEASURE.

Pts. Qt.
2= 1 Gal. ’
€= 4= 1 Bar.

288=144= 86=1 Hhd.
432=216= 54=1}=1 Butt
864=:-432=108=3 =2=1 Tun
1798 =864=216=6 =4=2=1

Mark.
Pints, . . Pis.
Quart, Qt.

Gallon, . Gal
Barrel, ... Bari
Hogshead,: HAd.
Butt, . . Butt
Tun, . . Tun

Note. The Ale Gallon contains 282 Cubic or Solid

Inches.
WINE MEASURE.

Mark,

pts. gt Pints, . . pts.
2= 1 gal Quart, . . gt
8= 4= 1 tier. Gallon, . gal
836= 168= 42=1 khd. : Tierce, . tier.
504= 252=:63=1}=1 pin. Hogsbead, Ahd.
672= 336= 84=2 =1}=1 pipe Puncheon, pun.
1008= 504=126=38 =2 =13=1 tun | Pipe or Butt, pipe
2016=1008=252=6 =4 =3 =2=1 |[Tun, . . tun

B3




18 WEIGHTS AND MEASURES.

Note. The Wine Gallon contains 231 Cubic or
Solid Inches; and it is remarkable, that the Wine
Gallon is to the Ale Gallon, nearly as the Pound
Troy is to the Pound Avoirdupois.

IMPERIAL STANDARD GALLON

Contains 10 libs Avoirdupois, and its cubic contents
277.2'138 inches.

The above for all sorts of liquids; as for dry
goods not measured by heap measure, shall be com-
puted; and all Measures shall be taken in certain
proportions of the said Imperial Standard Gallon:
the Quart, the fogqgh part thereof; the Pint, one-
eighth thereof —two su%h Gallons shall be a Peck—
eight such Gallons shall be a Bushel—eight such
Bushels shall be a qdarter of corn or other dry
goods—not heaped measure.

SOLID MEASURE.

Cubic Inches Cub. Ft.

1728 = 1 Cub. Yd.
15552 = 9 =1 Fathom
873248 = 216 = 8 = 1

In taking the solid contents of any Mass, there is
seldom any other Measure than the Cubic Foot used."
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The Old and New French Weights and Measures,
reduced to the English Standard.*

The Paris pound, poids de marc of Charlemagne,
contains 9216 Paris grains; it is divided into 16
ounces, each ounce into 8 gros, (or drams,) and
each gros into 72 grains; it is equal to 7561 English
troy grains.

The English troy pound of 12 ounces, contains
5760 English troy grains, and is equal to 7021
Paris grains.

The English avoirdupois pound of 16 ounces,
contains 7000 English troy grains, and is equal to
8538 Paris grains.

To reduce Paris grains to English troy grains,
divide by 1.2189.

To reduce Paris ounces to English troy, divide
by 1.015734; or the conversion may be made by
means of the following Tables. '

1. To reduee French to English Troy Weight.

. English Troy Grains.
The Paris Pound

= %561
Ounce =  472.5625
Gros = 59,0708
Grain = 8204

# See the Technical Repository, Vol 3, No. 6, for June 1823.



20 WEIGHTS AND MEASURES.

II. To reduce Paris Long Measure to English.
Eng. Inches.
The Paris Royal Foot of 12 Inches = 12.7977
TheInch . . . . . . . . = 10659
The Line, or one-twelfth of an Inch = 0074

I11. To reduce French Cubic Measure to English.
Eng. Cubical Feet.-
The Paris Cubic Foot . . = 1211278
The CubicInch . . . . = .000700

IV. Measure of Capacity.

The Paris pint contains 58.145 English cubical
inches, and the English Wine pint contains 28.875
cubical inches; or the Paris pint contains 2.0171082
English pints; therefore, to reduce the Paris pint
to the English, multiply by 2.0171082.

‘

TaBLE of the New French Weights and Measures,
reduced to the English Standard.

The French metre, according to the Journal de
Physique, An. 1, Prair, & Fruct, is equal to 3 feet,
11.296 lines French, and the gramme to 18.827 grains.
The metre is the ten-millionth part of the distance
from the Pole to the Equator. The gramme is the
weight of a cubic centimetre of water. The French
toise was 76.734 inches English; and 576 French
grains were equal to 472.5 English.——See Phil.
Transaxt. vol. 58, p. 326.
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MEASURES OF LENGTH.

English Inches.
Millimetre . . . . . = . . .08987
Centimetre . . . . . =. . . 39370
Decimetre . . . . .= . . 8.93702
Metre . . . . . . =. . 89.387028
Decametre . . . . . = . 893.70226
Hecatometre . . . . = . 89387.02260
Chiliometre . . . . . = 89370.22601
Myriometre . . . . . = 393702.26014

M. P Y. Ft. In.
A Decametreis = 0 0 10 2 9.
A Hecatometre = 0 0 109 1 1
A Chiliometre = 0 4 213 1 102
A Myriometre = 6 1 156 0 6

Eight Chiliometres are nearly 5 English miles.

MEASURES OF CAPACITY.
English Cubic Inches.

Millilitre . . . . . . . . 06102
Centilitre . . . . . . .61024
Decilitre . . . . . .+ . 6.10244

. .+ . 6110244
. . 610.24429
. . 6102.44288
. 61024.42878
. 610244.28778

A Litre is nearly 2% Wine pints.
14 Decilitres are nearly 3 Wine pints.
A Chiliolitre is a tun, 12.75 Wine gallons.

Litre . . « . « . .
Decalitre . . . .
Hecatolitre . . . .
Chiliolitre . . « . .
Myriolitre . . . . .
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WEIGHTS.
English Grains.
Milligramme . . . . = . . . .0154
Centigramme . . . . . . . 1544
Decigramme . . . . < . L5444
Gramme . . . . . . . . 154440
Decagramme . . . . . . 1544402

<« 1544.4023
. 15444.0234
. 154440.2344

Hecatogramme . . . .
Chiliogramme (Kilogram)
Myriogramme . . . .

A Decagramme is 6 dwts. 10.44 gr. tr.; or 5.65 dr.
avoir.

A Hecatogramme is 8 oz. 8.5 dr. avoir.

A Chiliogramme is 2 libs. 3 oz. 5 dr. avoir.

A Myriogramme is 22 — 1.15 oz. avoir.

100 Myriogrammes are 1 ton, wanting 32.8 libs.

AGRARIAN MEASURES.
Are, 1 square Decametre . 8.95 Perches.

Hecatare . . . . . . = 2 Acres, 1 Rood,
80.1 Perches.

FIR WOOD.

Decistre, 1-10th Stere . = 8.5815 cub. ft. Eng.
Stere, 1 Cubic Metre . = 85.3150 cub. ft.

N
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MENSURATION.

i —
Areag or Hurfaces.

PROBLEM 1.

To find the area of any Parallelogram, whether it be
a Square, a Rectangle, a Rhombus, or a Rhomboid.
See Plate I. Fig. 1, 2, 3, 4.

Rure. Multiply the length by the perpendicular
breadth or height, and the product will be the area.

EXAMPLE.

What is the area of a Rhomboid, the length o B
being 7, the perpendicular B ¢ being 4?
7 X 4 = 28 area of Rhomboid.

PROBLEM II
To find the area of a Triangle.

Rure. Multiply the base by the perpendicular
height, and take half the product for the area.

EXAMPLE.

What is the area of a Triangle, the base belng 9,
and the perpendicular 83?

9 x 8} = 76} 0L 765 — 38} srea..
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PROBLEM III

To find the area of a Trapesoid.—See Plate 1. Fig. 5.

RuLe. Add together the two parallel sides; then
multiply their sum by the perpendicular breadth, or
the distance between them, and take half the pro-
duct for the area.

EXAMPLE.
What is the area of a Trapezoid.
9+ 8 x5=85
D = 8§ parallel sides. B 85
B p = 5 perpendicular. an = 42} area.

PROBLEM 1V.

To find the area qf any Trapezium.—See Fig. 6.

Ruie. Divide the Trapezium into two triangles
by a diagonal; then find the areas of the triangles
by Prob. 2. and add them together for the area of
the Trapezium.

. EXA PLE.

What is the area of a Trapezium?

© A C = 8 base of both triangles. |54 x8="72
"2
BE = } perpendiculers. and —5=36 area.
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PROBLEM V,

To find the area of an Irregular Polygon.—See Fig. .

Ruie. Draw Diagonals dividing the proposed
Polygon into Trapeziums and Triangles; then find -
the areas of all these separately, and add them to-
gether for the contents of the whole Polygon.

EXAMPLE.

What is the area of an irregular Polygon?

Ac=9 ' 4+2x9=54

AD = 8% bases. 8 x8=24

BF =2 8

DH = 4 ¢ perpendiculars. —5=39 area.
EG =3

PROBLEM VI

To find the area of a Regular Polygon.

Rure 1. Multiply the perimeter of the Polygon,
or sum of its sides, by the perpendicular drawn from
its centre on one of its sides, and take half the pro-
duct for the area.

" Ruik. 2. Square the side of the Polygon; then
multiply that square by the tabular area set against
its name in the following Table, and the product
will be the area.

c
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EXAMPLE.

What is the area of a regular Nonagon, its side
being 5, and perpendicular 6.8686935 ?

By Rule 1.
45 perimeter = 5 X 9
45 x 6.8686935 = 309.0912097
now 30909 &,
2 = 154.54 &c. area.
By Rule 2.
52 x 6.1818242 — 154.5456 &c. area.

No. of
sides. NAMES. AREAS.
3 Trigon, or Triangle . 0.4330127
4 Tetragon, or Square . 1.0000000
5 | Pentagon . . . . 17204774
6 Hexagon . . . . . 2.5980762
7 Heptagon . . . . 8.6339124
8 | Octagon . . . . .|  4.8284271
9 Nonagon . . . . 6.1818242
10 Decagon . . . . . 7.6942088
11 Undecagon . . . - 9.3656399
12 | Dodecagon . . . . 11.1961524

PROBLEM VII.

To find the diameter and circumference of any Circle,
the one from the other.—See Fig. 8.

This inay be done by either of the three following
proportions, viz. As 7 is to 22, so is the diameter
to the circumference; or, As 1 is to 8.1416, so is
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the diameter to the circumference; or, As 113 is to
855, so is the diameter to the circumference.

N

EXAMPLE.

What is the circumference of a Circle, its diame-

ter being 67

First, 7: 22 :: 6 : 18.857 circumference.

Second, 1:8.1416: : 6 : 18.8496 do.

Third, 113 :355::6: 18.8495 do.
This last (118 : 855) is the most correct proportion
to find the circumference from the diameter, or the
diameter from the circumference.

PROBLEM VIIIL

To find the length of any arc of a Circle.—See Fig. 9.

RuLe. Multiply the decimal .01745 by the de-
grees in the given arc, and the product by the radius
of the circle, for the length of the arc.

'EXAMPLE.

What is the length‘of the arc of a 'Circle, the
number of degrees being 25, and radius 7?
01745 x 25 X 7 = 8.05375, length of arc.

Note. 01745 is found by dividing the circum-
ference by 360° when the radius is 1 — i. e.
6.2831854 = 01745
360

c?2
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PROBLEM IX.

To find the area of a Circle.

RuLe 1. Multiply half the circumference by half
the diameter, and the product is the area.

RuLe 2. Square the diameter, and multiply that
square by the decimal .7854 for the area.

RuLe 8. Square the circumference, and multiply
that squarc by the decimal .07958.

EXAMPLE.

What is the area of a Circle, the diameter being
9, the circumference = 28.27, half of which is
14.1857

By Rule 1. By Rule 2.
14.135 x 4.5 = 63.6075 | 9% x .7854 = 63.6174

By Rule 3.
28.272 x 07958 = 63.599, &c.

Note. The first Rule of this Problem is found
by the theorem of the triangle: for suppose the
circle to be a regular Polygon of an indefinite num-
ber of sides, then, the sum of the sides will be the
perimeter of the circle; consequently, the radius of
the circle will be the altitude, and the perimeter the
base of the triangle, the area of which is found by
A X 3B, or } A X B, ( A being the altitude and B
the base,) therefore the area of the circle will be }
cir. X $ diameter, or $ cir. X radius.
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The second Rule is deduced from the first and

Prob. 7.: the first Rule is = = area (p ¢ being the

4
diameter and circumference) Prob. 7. is 8.1416 p=c,
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PROBLEM XI.

To find the area of a Sector of a Circle.—See Fig. 10.

Ruire 1. Multiply the radius, or half the diam-
eter, by half the arc of the sector, for the area;
or multiply the whole diameter by the whole arc of
the sector, and take } of the product.

Rurk 2. Compate the area of the whole circle:
then say, as 360° is to the degrees in the arc of the
sector, so is the area of the whole circle, to the
area of the sector.

EXAMPLE.

What is the area of the sector of a Circle, the
radius A c being 5, and arc a B, 87

Rule 1. 4 x 5=2Oarea,or8x4,lo

Rule 2. '78.5400 = area of cirele, then 360° : 92°
18’ ::78.54: 20 area, (92° 18’ is the portion of the
circle contained in arc 8.)

= 20 area.

PROBLEM XII.

To find the area of a Segment of a Circle.—See. Fig. 11.

Rure 1. Find the area of the sector, having the
same arc with the segment, by the 2nd rule of last
Problem. Find also the area of the triangle, form-
ed by the chord of the segment and the two radii of
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the sector; then add these together for the answer,
when the segment is greater than a semicircle; or
subtract them, when it is less than a semicircle: As
is evident.

Rurk 2. Divide the height of the segment by
the diameter, and find the quotient in the column of
heights in the following Table. Take out the corre-
sponding area in the next column on the right hand;
and multiply it by the square of the circle’s diameter
for the area of the segment.

When the quotient is not found exactly in the Ta-
ble, proportion may be made between the next less
and greater area, in the same manner as is done with
any other Table.

EXAMPLE.

What is the area of the segment of a Circle, the
radius A E being 10, chord A B c, 12, and arc A D ¢
73° 14/?

Rule 1. 71854 X 400=314.16 area of whole circle,
and 360° : '78° 74/ : : 314.16 : 6434054 area of sector.
Half the chord is 6, and /102 — 62 =8, = B E the
height of the triangle.

Rule 2. 10 — 8 = 8 height of the segment.

210 = .1 the quotient; and opposite to it, in the
right column of the following Table, is .04088,
which muitiplied by the square of the diameter, is

04088 X 202 == 16.352 aréa; nearly eame area as
found by Rule 1.
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Table of the area of circular Segments.

£y

<

2y

<

8y

<

Height.

Height.

s

Segment.
Segment.
Height.
Segment.
Height.
Segment.
Area
of
Segment.

' Height.

.01/,00133/.11(.04701(.21|.11990
.02.00875/.12/.05339|.22/.12811
.03(.00687|.13.06000,.23.15646/(.38/.226083/.43|.32293
.04(.01054.14/.06683.24/.14494/(.34(.23547.44/.33284
05.01468].15.07387/.25\.15854/..85/.24498).45/.34278
.06/.01924/.16/.08111/.26/.16226/..36.25455.46/.35274
.07.02417(.17..08853).27/.17109,.37..26418|.47.36272
.08(.02944.18.09613/.28..18002}.38.27386/.48.37270
.09/.03502/.19.10390,.29(.18905/.89/.28359|.49(.38270
.10/,04088(.20/.11 182| .301.19817).40/.29337|.50/.89270

.31,.20738/.41/.30319
.32/.21667.42.31304

PROBLEM XIII.

To measure long irregular Figures.

Rure. Take or measure the breadth at both
ends, and at several places, at equal distances; then
add together all these intermediate breadths, and
half the two extremes; which sum multiply by the
length and divide by the number of parts for the
area. If the perpendiculars or breadths be not at
equal distances, compute all the parts separately, as
s0 many trapezoids, and add them all together for the
whole area.



MENSURATION. 33

EXAMPLE.

What is the area of an irregular figure, the breadths
at equal distances being 8.2, 7.4, 9.2, 10.2, 8.6, and
the whole length 397

8.2
8.6
2)16.8 sum of the extremes.

8.4 mean of the extremes. 8.447.449.2410.2
—=35.2 sum of the breadths, now 35.2 x 39 =1372.8
1372.8 _

T =

which divided by the number of parts =
343.2 area.

PROBLEM XIV.

To_find the area of an Ellipsis or Oval.—See Fig. 12.

Rure. Multiply the longest diameter by the
shortest ; then multiply the product by the decimal
1854, for the area.

EXAMPLE.

What is the area of an Oval, its diameters being
7 and 57
7 % 5 X 1854 = 27.4890 area.

Note. The circumference of an Ellipsis is
V4 p? 4 d? x 1.11 nearly.

PROBLEM XV.

To find the area of an Elliptic Segment.

Rure 1. Find the area of a corresponding circu-
lar segment, having the same height, and the same
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vertical axis or diameter; then say, as the said ver-
tical axis is to the other axis, parallel to the seg-
ment’s base; so is the area of the cireular segment
before found, to the area of the elliptic segment
sought.

Ruie 2. Divide the height of the segment by
the vertical axis of the ellipse, and find in the Table
of circular segments, Prob. 12, the circular segment
having the above quotient for its versed sine; then
multiply altogether, this segment and the two axes of
the ellipse.

EXAMPLE.

What is the area of an elliptic segment, its height
being 2, vertical axis 20, and parallel axis 5?
20)2
Rule 1. -3 gives .04088 x 20?= 16.352 area
of circular segment: 20 : 5 : : 16.352 : 4.0880 area
of elliptic segment.

20)2
Rule 2. 77 gives .04088 x 5 X 20 = 4.0880

area.

PROBLEM XVI.

To find the area of a Parabola, or its Segment
See Fig. 18.

RuLe. Multiply the base by the perpendicular
height; then take two-thirds of the product for the
area.
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EXAMPLE.

What is the area of a Parabola, its base bemg 6,
and height 97

6 %X9=54x2
3 = 36 area of segment.

-,

SOLIDS.

By Mensuration of Solids, are determined the
spaces included by contiguous surfaces; and the sum
of the measures of these including surfaces, is the
whole surface or superficies of the body.

The measure of a body is called its solidity, ca-
pacity, or content.

Solids are measured by cubes, whose sides are
inches, feet, or yards, &c.; and hence the solidity of
a body is said to be so many cubic inches, feet,
yards, &c. as will fill its capacity or space, or another
of an equal magnitude.

The least solid measure is the cubic inch; other
cubes being. taken from it, according to the propor-
tion in the following Table, whlch is formed by
cubing the linear proportions.
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Table of Cubes or Solids.

1728 Cubic Inches make 1 Cubic Foot.

27 Cubic Feet —— 1 Cubic Yard.
166§ Cubic Yards —— 1 Cubic Pole.
64000 Cubic Poles —— 1 Cubic Furlong.
512 Cubic Furlongs —— 1 Cubic Mile.

PROBLEM L.

To find the superficies of a Prism or Cylinder.—See
Fig. 14 and 15.

RuLe. Multiply the perimeter of one end of the
Prism, by the length of the solid, and the product
will be the surface of all its sides. To which add
also the area of the two ends of the Prism, when
required.

Or, compute the areas of all the sides and ends
- separately, and add them all together.

EXAMPLE.

What is the superficies of an equilateral triangu-
lar Prism, its length being 9, and side 3?

3 x 8#9 perimeter, then 9 x 9 = 81 superficies,
or 3 x 9= 27 area of one side, and 27 x 8 81 su-
perficies or areas of the 3 sides.
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PROBLEM II.

To find the surface of a Pyramid or Come.—See
Fig. 16 and 17.

Rure. Multiply the perimeter of the base by the
slant height, or length of the side, and half the pro-
duct will be the surface of the sides, or the sum of
the areas of all the triangles which form it. To
which add the area of the end or base, if required.

EXAMPLE.

‘What is the surface of a Pyramid, its slant height
being 20, and the perimeter of its base 15? -

15 x 20__

= 150 surface of pyramid.

PROBLEM III.

To find the surface of the Frustum of a Pyramid or
Cone, being the lower part, when the top is cut gff
by a plane parallel to the base.

RuiLe. Add together the perimeters of the two
ende, and multiply their sum by the slant heighb,
-taking half the product for the answer—As is evi-
dent, because the sides of the solid are trapezoids,
having the opposite sides parallel.

EXAMPLE.

What is the surface of the frustum of a Cone, the
slant height being 12, the diameters & and‘ 62
D
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8.1416 x 8 = 25.12
8.1416 X 6 = 18.85
"43.97 perimeters of both ends,
43.97 % 12 = 527.64, which halved, is 263.82, the
surface of frustum.

PROBLEM IV.

To find the solid content of any Prism or Cylinder. ’

Find the area of the base, or end, whatever the
figure of it may be, and multiply it by the length of
the Prism or Cylinder, for the solid content.

EXAMPLE.
What is the solid content of a Cylinder, its diame-
ter being 8, and length 77
/1854 X 9=17.0686 area, 7.0686 x 1=49.4802 so-
lidity.
PROBLEM V.

To find the content of any Pyramid or Cone.—See
Fig. 16 and 17.

Ruce. Find the area of the base, and multiply
that area by the perpendicular height; then take,
one-third of the product for the content.

EXAMPLE.

‘What is the content of a Cone, the area of its base
bemg 9, and vertical height 17?

1538
17 x 9 = 153’T = 51 solid content.

/ ™
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PROBLEM VI.

To find the solidity of the Frustum of a Cone or
Pyramid.

Rure. Add into one sum the areas of the two
ends, and the mean proportional between them; and
take one-third of that sum for a mean area; which
being multiplied by the perpendicular height or
length of the frustum, will give its content.

EXAMPLE.

What is the solidity of the frustum of a Cone, the
vertical height 19, the areas of its ends being 12
and 97

5 mean proportional.

10.5 % 19 = 199.5 solid content.

PROBLEM VII.

-To find the surface qf a Sphere or any Segment.
See Fig. 18.

RuLe 1. Multiply the circumference of the
Sphere by its diameter, and the product will be the
whole surface of it.

D2
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RuLe 2. Square the diameter, and multiply that
square by 8.1416, for the surface.

RuLe 8. Square the circumference; then either
multiply that square by the decimal .3188, or divide
it by 8.1416, for the surface.

Note. Fot the surface of a Segment or Fmstum,
multiply the whole circumference of the Sphere by
the height of the part required.

EXAMPLE.

What is the superficial content of a Sphere, its
-diameter being 7?

Circum. 22
Rule 1. { Diam® 7 22X7 = 154 superf. cont.

Rule 2. 17 x 3.1416 = 153.9384 do.

222 %.3183 = 154.0572 do.
Rule 3. § 229
3.1416

or

= 154.06 do.

PROBLEM VIIIL

To find the solidity of a Sphere or Globe.

Rure 1. Multiply the surface by the diameter,
and take 1-6th of the product for the content;
_or, which is the same thing, multiply the square of
the diameter by the circumference, and take 1-6th
of the product.
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RuLe 2. Take the cube of the diameter, and
multiply it by the decimal .5236, for the content.

RuLe 8. Cube the circumference, and multiply
it by .01688, for the content.

. EXAMPLE.

‘What is the solid content of a Globe 7 inches
diameter ? .

‘This is the same diameter of the Sphere as in last
Example; therefore the surface will be 154 inches.

1547 79 x22
6 6

Rule 1. = 1794 or

=179%cub. cont.

Rule 2. '715=3843 %.5236=179.5948 cub. content.
Rule 3. 223=10648%.01688=179.73824 do.

PROBLEM IX. ' .

To find the solid content of a Spherical Segment.
Seé Fig. 18.
Rure 1. From 8 times the diameter of the
- Sphere, take double the height of the Segment; then
multiply the remainder by the square of the height,
and the product by the decimal .5236, for the
content. '

RuLe 2. To 3 times the square of the radius of
the Segment’s base, add the square of its height;
p3 -
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then multiply the sum by the height, and the pro-
duct by .5286, for the content.

EXAMPLE.

What is the solid content of a Spherical Segment
2 feet high, taken from a Sphere 8 feet diameter ?

Rule 1. 8X3=24—3%2=20%2%=80x.5286—=
41.888, radius of sphere is 4, now 44=16, and from
the radius take the height of the segment, 4—2=2,
which 29 = 4, therefore 16—4=12 = square of the
radius of Segment’s base.

Rule 2. 12x38429%2x.5236=41.888 content.

In arranging the first Edition, it was thought
superfluous to give Examples for the elucidation of
the preceding very simple Rules; but after publica-
tion, it was found that the want of Examples
operated against the general usefulness of the book ;
for this reason they are now annexed. ‘
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SPECIFIC GRAVITY.

Tue specific gravity of a body is the proportional
weight between that body and another of a known
density ; and water is admirably adapted to be the
standard, as a solid foot of it weighs 1000 ounces
avoirdupois. ’

TO FIND THE SPECIFIC GRAVITY OF A BODY. . '

PROBLEM 1. .

When the body is heavier than water.

Rute. Weigh it both in and out of water,
and take the difference, which will be the weight
lost in water; then say, ,

‘As the weight lost in water,
Is to the whole or absolute weight;
So is the specific gravity of water, -
- To the specific gravity of the body. .«
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EXAMPLE.

What is the specific éravity of a stone which
weighs 10 libs, but in the water only 63 libs, water
being 10007

10—6§ = 8} weight lost in water.
8} : 10 : : 1000 : 8077 specific gravity.

" PROBLEM IL
When the body is lighter than water.

RuLeE. Annex to it a piece of another body
heavier than water, so that the mass compounded of
the two may sink together. Weigh the denser body
and the compound mass separately, both in and out
of water, then find how much each loses in water,
by subtracting its weight in water from its weight in
air, and subtract the less of these remainders from
the greater; then say,

As the last remainder,

Is to the weight of the light body in air;
So is the specific gravity of water,

To the specific gravity of the body.

EXAMPLE

What is the ppecxﬁc grawty of a pt,qca of elm
, which weighs in air 15 libs; attached to it is a piece
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of copper, weighing 18 libs. in air, and 16 libs. in
water, and this compound weighs in water 6 libs?
83 =18+ 15
6 16
27 — 2 = 25 last remainder.

As 25 : 15 : : 1000 : 600, specific gravity of the elm.

PROBLEM III.

For a Fluid of any sort.

Roure. Take a piece of a body of known specific
gravity, weigh it both in and out of the fluid, find-
ing the loss of weight by taking the difference of the
two; then say,

As the whole or absolute weiglit,

Is to the loss of weight ;

So is the specific gravity of the solid,
To the specific gravity of the fluid.

EXAMPLE.

What is the specific gravity of fluid in which a
piece of cast iron weighs 34.61 oz. and 40 oz. out
of it? '

- 40: 5.39 : : 7425 : 1000, specific gravity of the
fluid.
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PROBLEM IV.

To find the quantities of two ingredients in a given
compound.

Ruce. Take the three differences of every pair
of the three specific gravities, namely, the specific
gravities of the compound and each ingredient; and
multiply each specific gravity by the difference of
the other two; then say,

As the greatest product,

Is to the whole weight of the compound;
So is each of the other two products,

To the weights of the two ingredients.

EXAMPLE.

A composition of 112 libs. being made of tin and
copper, whose specific gravity is found to be 8784;
required the quantity of each ingredient, the specific
gravity of tin being 7320, and copper 9000.

8784, . . . . Composition,
9000, . . . . Copper,
7820, . : . . Tin. '

9000 — 7320 = 1680 x 8784 = 14757120

8784 — 7320 = 1464 x 9000 = 13176600
9000 — 8784 = 214 X 7320 = 1566480

As 14757120:112::13176000:100=Copper] weight of
112 — 100 = 12 = Tin Ingredients
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A Table of Specific Gravities of Bodies.

. 23000
19400

Platina (pure) . .

FineGod . . . .
Standard Gold . . . 17724
Quicksilver (pure) . 14000
Quicksilver (common) . 13600

Lead . . . . . . 1132
Fine Silver . . . . 11091
Standard Silver . . 10535
Copper . . . . . 9000
Copper Halfpence . . 8915
Gun'Metal . . . . 8784
Cast Brass . . . . 8000
Steel . . . . . . 7850
Iron . . . . . . 7645
Cast Iron. . . . . 7425
Coal . . . . . . 1250
Boxwood . . . . . 1030
Sea Water . . . . 1030
Common Water . . . 1000
Ok . . . . . . 925
Gunpowder close shaken 937

Do. in a loose heap 836

Note.

Tin . ... . . .
Clear Crystal Glass
Granite ., . . . .
Marble and Hard Stone
Common Green Glass .
Flint . . . . . .
Common Stone . . .
Clﬂy e s ¢ e o o
Brick . . . . . .
Common Earth , ,
Nitre . . . . . .
Ivory . . . . .
Brimstone . . ., .
Solid Gunpowder . .
Sand . . . . . .
Ash . . . . . .
Maple. . . . . .
Em. . . . . .
Chavsoal . . . .
Cork . . . .« . .
Air at a mean state . 1§

7320
3150

2700
2600
2570

2160

1984
1900
1825
1810
1745
1520

The several sorts of wood are supposed to

be dry. Also, as a cubic foot of water weighs just
1000 ounces avoirdupois, the numbers in this Table
express, not only the specific gravities of the several
bodies, but also the weight of a cubic foot of each
in avoirdupois ounces; and therefore, by propor-
tion, the weight of any other quantity, or the quan-
tity of any other weight, may be known. Also,
100 cubic inches of common air weigh nearly 31}
grains troy, or 1} drams avoirdupois. HurroN.
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TABLES OF THE WEIGHT OF MALLEABLE AND
CAST IRON PLATES, BARS, &c.

———————

TABLE of the Weight of a Square Foot of Cast and Malleable Iron,
Copper and Lead, from 1-164k, to 1 Inch thick.

Cast Iron. (Mall Tron.| Copper. | Lead. [
Thick. - ;
Libs. Ox. | Libs. o.,!ms. Ox [Libs. Ox
1Sixteenthl 2 66| 2 78/ 2 15| 38 11
f2 — |4 1s.sr4. 156) 5 14| 7 6|
'8 — |7 4|7 74 8 13|11 1
4 — |9 To6| 9 152 11 12|14 12
' 5 — |12 13[12 71|14 11,18 7
(6 — |14 8 14 14917 10[22 2
7 — |16 147|177 -67/20 9|25 18
8 — |19 538/19 145/ 23 8|2 8
9 — |21 r12. (22 6.8'26 ‘7{33 38
|10 — |24 27|24 142 29 636 14
11 — (26 93|27 6. (32 5|40 9
12 — (29 -|20 138/85 4|4 4|
13 — (81 67|32 56/38 8|47 15|
14 — |33 134(34 134(41 2|51 10}
18 — |36 4.|37 58/44 1|5 &f
1Inch (38 107|390 131[47 |50 -
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TABLE of the Weight of a Lineal Foot of Malleable and Cast Iron
Bars, from 6-16ths to 3 Inches square.

ﬁLL oN.| ¢ RON. mnggND'f}?D-s"
emiba Araip MALL JBON| CAST IRON. (Th loh W tde
Sixteenths. | gunces Weight | 0 Weight.|  Ounces Weight.

6 36 74736 (. . . . 5.83
‘7 49 10.1724 . 7.99
8 64 13.2864 12.8960 | : 10.43
9 81 16.8156 | . . . . 13.20

10 100 | 20.7600 P 16.30 1
11 121 251196 | . . . .| . 19.72
12 144 29.8944 29.0160 23.47
13 169 350844 | . . . . 27.53
14 196 40,6596 e . 31.94
15 225 46.7100 | . . . . 36.44
1 Inch 256 53.1456 51.5840 41.50
1 289 59.9964 | . . . . 46.80
2 324 67.2624 e e e 52.47
3 361 74,9436 | . . . . 58.46
4 400 | 83.0400 |- 80.6000 64.81
5 41 91.5516 | . . . . 71.41
6 484 100.4784 . e . 78.37
7 529 1098204 | . . . . 85.66
8 - 576 119.5774 116.0640 93.27
9 - 625 1207500 | . . . . 101.21
10 676 140.3376 e 109.46
11 729 151.3404 | . . . . 118.05

12 784 162.7584 157.9760 126.95 -

13 841 174.5916 | . . . . 136.19
14 900 186.8400 . e . 145.14
15 961 199.5036 | . . . . 155.62
2 ,Inchel# 1024 212.5824 206.3360 165.82
1 1089 226.0764 | . . . . 176.34
2 1156 239.9856 . e e 187.19
3 1225 254.3100 [ . . . . 198.36
4 1296 269.0496 261.1440 209.86
5 . 1369 284.2044 | . . . . 221.68
6 1444 299.7744 . e 233.83
7 1521 315.7596 | . . . . 246.30
8 1600 332.1600 322.4000 | 259.09
9 1681 348.9756 | . . . . 272.20
10 1764 866.2064 . e 285.64
11 1849 3838524 | . . . . 299.41
12 1936 401.9136 390.1040 313.49
13 | 2025 | 4203900 | . . . . 327.91
14 | gll6 439.2816 . e e 342.64
15 2209 4585884 | . . . . 357.70
Inches| 2304 478.31C4 464.2560 373.09
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The foregoing Tables have been calculated from
Hutton’s Specific Gravities; those of Cast and Mal-
leable Iron and Lead agree very nearly with those
given by other authors; but the specific gravity of
Copper, though heavier than that given by Hatchett,
which is 8.800; still, from Copper being frequently
alloyed with Lead, it is supposed that Hutton’s,
which is 9000, will be nearest the weight of Copper
commonly used.

FALLING BODIES.

The motion described by Bodies freely descend-
ing by their own gravity, is, viz.—The Velocities
are as the Times, and the Spaces as the Squares
of the Times.—Therefore if the Times be as the
numbers . . . . . . ., 1 2 8 4 &c
The Velocities will be alsoas . . 1 2 38 4 &c.
The Spaces as their Squares . 1 4 9 16 &c.
and the Spaces for each time, as . 1 8 5 7 &c.
namely, as the series of the odd numbers, which
are the differences of the squares, denoting the
whole spaces:—So that if the first series of numbers
be seconds of time: 7.e. . . 17 2/ 8" &ec.
Velocities in feet willbe . . 32} 644 96} &c.
Spaces in the whole times will be 167% 644 144 &ec.
Spaces for each second will be 16, 48} 805 &e,

Hurron.
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The following TABLE shows the Spaces fallen through, and the
Velocities acquired, at the end of each of 30 Seconds.
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EXAMPLE I.

To find the space descended by a body in '7” and
the velocity acquired.

~oa
16 1 x 49 = 788 1 of space. .

82 2 x 77 = 225 2 of velocity.
Look into the Table at 7” and you have the answers.

EXAMPLE IL

To find the time of generating a velocity of 100
feet per second, and the whole space descended.

100 x12  _, .
358 x 12_3199’3T1me.

_:12313_"_10_0 = 155 Space descended.

EXAMPLE IIIL s

To find the time of descending 400 feet, and the
velocity at the end of that time.

v/iol‘os—lé—}% = 4” 987 Time.
200 x 2 .
—TosT = 169.662 Velocity.

Or these answers can be found from the Table
' by Proportion. R
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PENDULUM.

roots of their lengths; and as it has been found by
many accurate experiments, that the pendulum
vibrating seconds in the latitude of London, is 894
inches long nearly, the length of any other pendulum
may be found by the following Rule, viz. As the num-
ber of vibrations given, is to 60; so is the square root
of the length of the pendulum that vibrates seconds,
to the square root. of the length of the pendulum
that will oscillate the given number of vibrations:—
or, As the square root of the length of the pendulum
given, is to the square root of the length of the
pendulum that vibrates seconds, so is:60 ‘to' the
number of vibrations of the given pendulum.

Since the pendulum that vibrates seconds, or 60,
is 89% inches long, the calculation is rendered
simple;- for +/391 x 60 =875, a constant number,
therefore 875, divided by the square root of the pen-
dulum’s length, gives the vibrations per minute, and
divided by the vibrations per minute, gives the square
root of the length of the pendulum.

EXAMPLE I

How many vibrations will a pendulum of 49 inches
long make in a minute?

Ll 53 % vibrations i inut
Vi = ?vx‘rauonsm:avmmu e.

E3
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EXAMPLE IL

What length of a pendulum will it require, to
make 90 vibrations in a minute ?

2T = 416 2T6° = 17.3056 inches long.

EXAMPLE TII

What is the length of a pendulum, whose vibra-
tions will be the same number as the inches in its
length ? ’

:/§7_5° = 52 inches Jong, and 52 vibrations.*

It is proposed to determine the length of a pen-
dulum vibrating seconds, in the latitude of London,
where a heavy body falls through 16 feet in the
first second of time?

* Foer:VSQi::GO:xoerxz=375
875 875°
r=T= =7

z z 9
orz X 28 = 8759 = 25 = 875 ¢

1
z = ¥"8759 = 52,002
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8.1416 circumference, the diameter being 1.

16 feet = 198 inches fall in the 1” of time.
198 x 2 = 886.00000000 .
8.14167 = ~ 9.86065056 — S0-109 inches,

or 39.11 inches.
By experiment this length is found to be 39} inches.

What is the length of a pendulum vibrating in 2
seconds, and another in half a second ?

/397 = 6.25 X 60 = 375.

315 _ 125 squared = 156.25 inches the length of

30 [a 2 seconds’ Pendulum.

3 .
% = 3.125 squared = 9.765625 inches the length

of a 4 second’s Pendulum.

* When a pendulum vibrates in a Cycloid; the time
of one vibration, is to the time a body falls through half
the length of the pendulum, as the circumference of a
circle, is to its diameter.—The times in which bodies
descend through similar parts of similar curves are as
the square roots of their lengths. Therefore 4/}!: v/g

17 V—215 ! being = length and g equal to the fall in
1 now as 1 :s.um::y%&s.nm x ¢%€ let 3.1416

2,
=pthenp? = }pt xl=g ;%,:z.
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MECHANICAL POWERS, &c.

Tue Science of Mechanics is simply the application
of Weight and Power, or Force and Resistance.
The welghl: is the resistance to be overcome; the
power is the force requisite to overcome that resist-
ance. When the force is equal to the resistance,
they are in a state of equilibrium, and no motion
can take place; but when the force becomes greater
“than the resistance, they aré not in a state of
equilibrium, and motion takes place; consequently,
the greater the force is to the resistance, the greater
is the motion or velocity.

- The Science of Equilibrium is called StaTics; the
Science'of Motion is called Dynamics.

Mechanical Powers are the most simple of me-
chanical applications to increasé force, and overcome
resistance. They are usually accounted six in num-
ber, viz. The Lever,—The WHEEL and AXLE,—~
The PuiLLey,—-The IncLiNED Prang,—-~The
WEDGE,—and the ScREw.
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LEVER.

To make the principle easily understood, we must
suppose the Lever an inflexible rod without weight ;
when this is done, the rule to find the equilibrium
between the power and the weight, is,—Multiply the
weight by its distance from the fulcrum, prop, or
centre of motion, and the power by its distance from
the same point: if the products are equal, the weight
and power are in equilibrio; if not, they are to each
other as their products.

EXAMPLE L

A weight of 100 libs on one end of a lever, is 6
inches from the prop, and a weight of 20 libs at the
other end, is 25 inches from the prop—What ad-
ditional weight must be added to the 20 libs, to
make it balance the 100 libs?

100 x 6
25

= 24 — 20 = 4 libs weight to be added.

EXAMPLE IIL

A Block of 960 libs is to be lifted by a lever 30
feet long, and the power to be applied is 60 libs—
on what part of the lever must the fulcrum be placed?

960
_(656 = 16, that is, the weight is to the power as 16

is to 1; therefore the whole length 12— +l = 143, the

distance from the block, and 80 — 14§ = 28.%, the
distance from the power.
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v

EXAMPLE III

A Beam 82 feet long, and supported at both ends,
bears a weight of 6 tons, 12 feet from one end,—
What proportion of weight does each of the supports
bear ?

12 x 6

—§g—- = 2} tons, support at end farthest from
the weight.

20 X 6

—%:3{ tons, support at end neavest the weight.

EXAMPLE IV.

A Beam supported at both ends, and 16 feet long,
carries a weight of 6 tons, 3 feet from one end, and
another weight of 4 tons, 2 feet from the other end:
What proportion of weight does each of the supports
bear?

Sx6 l4x4 T4
6 T 16 =16
2% 4 13x6 86

~16 16 —16-

419 tons, end at the 4 tons.

5. tons, end at the 6 tons.

When the weight of the lever is taken to account,
see Centre of Gravity.
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WHEEL AND AXLE.
See Fig. 1. Plate 2.

The power gained by the Wheel and Axle, Wheel
and Pinion, or Crane; is the effect of a double lever;
for suppose the end of the lever a b is the radius of
the rope barrel, and the radius of the wheel 4 c;
again, the radius of the pinion working into the
wheel, is d ¢, and the length of the handle or winch
isef

If the distance between a b is only one-third of the
distance between b ¢, it is evident, that the point at ¢
will go through three times the space to that of the
point at a, when the lever revolves round its fulcrum
b: the points d & f; in the other lever, arein the
same proportion. The short end d acts upon the
long end ¢: and if the end f goes through 9 inches,
the end d will go through 8 inches, also the end c.
If the end ¢ goes through 3 inches, the end a will
go through only 1 inch; therefore the power is to
the weight as 9 is to 1; that is, If 9 libs be hung at
the end of the arm a, and 1 lib hung at the end of
the arm £, they will balance each other. From this
it is evident, that if you gain power you lose speed;
and by gaining speed, you lose power: hence the
Rule is deduced—Multiply the power applied by its
velocity, and the weight to be raised by its velocity.
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Note. A man’s power producing the greatest
effect, is 81 libs at a velocity of 2 feet per second,
or 120 feet per minute.

The Rule to find the power of Cranes is, viz.

Divide the product of the driven by the product
of the drivers, and the quotient is the relative
velocity, as 1: v, which multiplied by the length of
winch, and by the power applied (in libs.) and di-
vided by the radius of the barrel, the quotient will
be the weight raised. '

Product of drivers = a and i:v'

Do.v ‘ of driven = & a

Length of winch . . =w 2:—?=R
Radius of barrel . . == '

Weight or Power applied = p | Rn = vap
Weight raised . . . =R %;

EXAMPLE L

A Weight of 94 tons is to be raised 360 feet in
15 minutes, by a power, the velocity of which is
220 feet per minute:— What is the power required?

360
15
24 x 94 = 2256
' 220

= 24 feet per minute, velocity of weight.

= 10.2545 tons power required,
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EXAMPLE IL

A Stone weighing 986 libs, is required to be lifted:
What power must be applied, when the power is to
the weight as 9 is to 27?

986 x 2 _ 1972

9 — 9 = 2193 tons power.

EXAMPLE IIL

A Power of 18 libs is applied to the winch of a
crane, the length of which is 8 inches; the pinion
makes 12 revolutions for 1 of the wheel, and the
barrel is 6 inches diameter.

-8 x 2X 22

2o
circle.

50.28 X 12 = 608.36 inches velocity of power on
winch to 1 revolution of the barrel.

603.36 X 18 = 1086048 _ 1) 604 1ibs weight,

6 ’;22 — 18.857 ... 19.

that can be raised by a power of 18 libs on this crane.

= 50.28 circumference of ;he vyinch’s

PULLEY.

There are two kinds of Pulleys, the fired and the
moveable. From the fixed Pulley no power is de-
rived; it is as a common beam used in weighing
goods, having the two ends of equal weight, and at

¥
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the same distance from the centre of motion: the
only advantage gained by the fixed pulley, is in
changing the direction of the power.

From the moveable pulley power is gained; it
operates as a lever of the second order; for if one
end of a string be fixed to an immoveable stud, and
the other end to a moveable power, the string
doubled and the ends parallel, the pulley that hangs
between is a lever; the fixed end of the string being
the fulcrum, and the other the moveable end of the
lever: hence the power is double the distance from
the fulcrum, than is the weight hung at the pulley ;
and therefore the power is to the weight as 2 is to 1.
This is all the advantage gained by ene moveable
pulley; for two, twice the advantage; for three,
thrice the advantage; and so on for every additional
moveable pulley. ‘

From this the following Rule is derived :—Divide
the weight to be raised by twice the number of
moveable pulleys, and the quotient is the power re-
quired to raise the weight.

EXAMPLE 1.

What power is requisite to lift 100 libs, when two
blocks of three pulleys, or sheives each, are applied,
the one block moveable and the other fixed ?

100
pra 16% libs, the power required,
3 sheives x 2 = 6.
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EXAMPLE II.

‘What weight will a power of 80 libs lift, when
applied to a 4 and 5 sheived block and tackle, the
4 sheived block being moveable ? * '

80 X 8 = 640 libs weight raised.

s

INCLINED PLANE.

When a body is drawn up a vertical plane, the
whole weight of the body is sustained by the power
that draws or lifts it up: hence the power is equal
to the weight.

When a body is drawn along an horizontal (truly
level) plane, it takes no power to draw it (save the
friction occasioned by the rubbing along the plane.)

From these two hypotheses, if a body is drawn up
an inclined plane, the power required to raise it is
as the inclination of the plane; and hence when the
power acts parallel to the plane, the length of the

* See Fig. 2. Plate 2.—If the strings be not parallel,
but in the directions p A, D B, then the power A requi-
site to lift the weight c is as D E is to D ¢, and the strain
upon the fixed point B is as ¢ & is to ¢ p.—HuTToON.

From this simple definition, it is easy to find the pro-
portion between the power and the weight, when the
strings are at any angle.

F2
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plane is to the weight, as the height of the plane is
to the power; for the greater the angle, the greater
the height.

EXAMPLE I.

What power is requisite to move a weight of 100
libs up an inclined plane, 6 feet long and 4 feet high?
If 6:4::100 : 668 libs power.

EXAMPLE II.

A power of 68 libs, at the rate of 200 feet per
minute, is applied to pull a weight up an inclined
plane, at the rate of 50 feet per minute—When the
plane is 37 feet long and 12 feet high, how much
will be the weight drawn? *

As 12:37:: 68 x 200:50 x 838%

68 x 200 x 37 _ 503200
12 x 50 = oo — 5384 libs weight.

——

WEDGE.

The Wedge is a double inclined plane, and there-
fore subject to the same Rules; or the following
Rule, which is particularly for the Wedge; but

* See Fig. 8. Plate 2. When the direction of the
power is at any angle than parallel to the plane.
+ Draw B c at right angles to the direction of the power
P, then the Weight is to the Power as A p is to p c—
thatis, w:p::aD:DC.
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drawn from its near connection to the inclined
plane, is,—If the power acts perpendicularly upon
the head of the wedge, the power is to the pressure
which it exerts perpendicularly on each side of the
wedge, as the head of the wedge is to its side:
hence, it is evident, that the sharper or thinner the
wedge is, the greater will be the power.

But the power of the: Wedge being not directly
according to its length and thickness, but to the
length and width of the split, or rift, in the wood
to be cleft, the rule therefore is of little use in
practice; besides, the wedge is very seldom used as
a power; for thesc reasons, the nature of its proper-
ties and effects need not be here discussed.

SCREW.

The Screw is a cord wound in a spiral direction
round the periphery of a cylinder, and is therefore
an inclined plane, the length being the circumfer-
ence of the cylinder, and the height, the distance
between two consecutive cords, or threads of the
Screw, hence, the Rule is derived :—As the circum-
ference of the Screw is to the Pitch, or distance be-
tween the threads; so is the Weight to the Power.

When the Screw turns, the cord or thread runs
in a continued ascending line round the centre of
the cylinder, and the greater the radius of the cylin-

F3
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der, the greater will be the length of the plane to
its height, consequently the greater the power.—A
lever fixed to the end of the screw will act as one
of the second order, and the power gained will be
as its length, to the radius of the cylinder; or the
circumference of the circle described by it, to the
circumference of the cylinder; hence, an addition to
the Rule is produced, which is,—If a lever is used,
the circumference of the lever is taken for, or instead
of, the circumference of the screw.

EXAMPLE L

What is the power requisite to raise a weight of
8000 libs by a Screw of 12 inches circumference and
1 inch pitch?

As 12:1 :: 8000 : 666; libs = power at the
circumference of the screw.

EXAMPLE 1I.

How much would be the power if a lever of 80
inches was applicd to the screw ?
Circumference of 30 inches = 188%
As 1887 : 1:: 8000 : 42485 libs = power with
a lever of 80 inches long.
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STRENGTH OF MATERIALS.

ArTER considering the Mechanical Powers, which
are the analytic parts of all Machines, the next step
is to consider the Strength of the Materials of which
Machinery is composed—this knowledge being of
the greatest importance to the Mechanic, by en-
abling him to adjust, with respect to magnitude, the
various parts of the machine, that the strength of
each part may be proportional to the stress it has to
sustain.

COHESIVE STRENGTH OF BEAMS,
BARS, &e.

The cohesive strength of a body, is that force by
which its fibres or particles resist separation, there-
fore the more particles that are in a body, the
greater will be the power requisite to tear them
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asunder; or, according to the Rule, that the strength
of bodies are as the area of their cross sections.

The knowledge in this property of bodies is very
limited, there being very few experiments made on
which to build a data, and these few do not agree.

The following are the results of experiments made
by Mr. Emerson, which state the load that may be
safely borne by a square inch rod of each.

Pounds
Avoirdupois.

Iron rod, an inch square, will bear 76,400
Brass . . « « « « . . . . 85600
Hempen Rope . . . . . . 19,600
Ivory . . . . e« o« o . 15700
Osak, Box, Yew, Plum-treg, . . 1,850
Elm, Ashy Beech . . . . . . 6,070
Walnut, Plum . . . 5,360
Red Fir, Holly, Elder, P]ane, Crab 5,000
Cherry, Hazel . . . . . . 4,760
Alder, Asp, Birch, Wll]ow .. . 4,290
Lead . . . . . . « . . . . 430
FreeStone . . . . . . . . . 914

Mr. Barlow’s opinion of this table is, ¢ We shall
only observe here, that they all fall very short of the
ultimate strength of the woods to which they refer.”
See Barlow's Essay on the strength of Timber. Art. 8.

Mr. Emerson also gives the following practical
Rule, viz. ¢ That a Cylinder, whose diameter is d
inches, loaded to one-fourth of its absolute strength,
will carry as follows:
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- Cuwt.
Iron, . . . 185 x d%
Good Rope, . 22 x d%
OQak, . . . 14 x d%
Fir, . . . . 9%xds

Captain S. Brown made an experiment on (Welsh
Pig Iron, and the result is described as follows:

¢ A Bar of Cast Iron, Welsh Pig, 1} inch square,
3 feet 6 inches long, required a strain of 11 tons,
T cwt. (25,424 libs,) to tear it asunder, broke exactly
transverse, without being reduced in any part; quite
cold when broken, particles fine, dark bluish grey
colour.”—From this experiment, it appears that
16,265 libs. will tear asunder a square inch of
Cast Iron.

Mr. G. Rennie also made some experiments on
Cast Iron, and the result was, ¢ that a Bar one
inch square, cast horizontal, will support a weight
of 18,656 libs—and one cast vertical, will support
a weight of 19,488 libs.”

There have been several experiments made on
Malleable Iron, of various qualities, by different

Engineers.
The mean of Mr. Telford’s experiments, is 29} tons.
The mean of Capt. S. Brown’s do. is 26 do.

and the mean between these two means, is 27 tons,
nearly; which may be assumed as the medium-
strength of a Malleable. Iron Bar 1 inch square.
See Barlow’s Essay, page 235.
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From a mean, derived by experiments, performed
by Mr. Barlow, it appears that the strength of
direct cohesion, on a square inch of

Libs.
Box . .isabout . . 20,000
Ash . . — . . 17,000
Teak . . — . . 15,000
Fir . . — . . 12,000
Beech . . — . . 11,500
Oask . . — . . 10,000
Pear . . — « « 9,800
Mahogany — . . 8,000

Each of these weights may be taken as a correct
data for the cohesive strength of the wood to which
they belong; but this is the absolute and ultimate
strength of the fibres; and therefore, if the quantity
that may be safely borne be required, not more
than two-thirds of the above values must be used.

TRANSVERSE STRENGTH OF BEAMS,
BARS, &ec.

- If a beam be supported at both ends, and loaded
in the middle, it will bend; (which is called deflec-
tion;) and if the load be increased, it will break,
(which is called fracture.)—If a beam 2 inches deep
and one inch broad, support a given weight, another
beam of the same depth, and double the breadth,
will support double the weight: hence, beams of
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the same depth are to each other as their breadths:—
again, If a beam 2 inches deep, and 1 inch broad,
support a given weight, another beam of 4 inches
deep, and 1 inch broad, will support four times the
weight ;—hence, beams of equal breadths are to
each other as the squares of their depths:—again,
If a beam of a given cross section 1 foot long, sup-
port a known weight, another beam of the same
cross section but 2 feet long, will support only half
the known weight:—hence, beams of equal dimen-
sions are to each other inversely as their lengths;
therefore, the strength of beams is directly as their
breadths and square of their depths, and inversely
as their lengths; and if cylindrical, as the cubes of
their diameters. '

PracricaL Pnom.nﬁs Jor the Transoerse Strength
of Timber.*

. TABLE OF MULTIPLICANDS.

EnglishOak . . . . . . . 1426
Canadian do. . . . . . . . 1766
Ash . . . . . . . 2026

Beech . . . . . .1556
Em. . . . . . . 10138
PitchPine . . . . . . . 1682
Red Pine . . . . . . 1841
Fir .. . . . . .1100

Larch . . . . . . 1127

¢ See Barlow’s Eseay on the stzength and styess of Tinber, drz. 149.
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PROBLEM I.

To find the ultimate transverse strength of any Rec-
tangular Beam of Timber, fired at ome end, and
loaded at the other.

Rure. Multiply the number in the Table of
Multiplicands, by the breadth and square of the
depth, both in inches, and divide that product by
the length also in inches; the quotient will be the
weight in libs.*

v

EXAMPLE L

What weight will it require to break a beam of
Fir, the breadth being 2 inches, depth 6 inches,
and length 20 feet?

1100 x 36 x 2 _ .
i = 830 libs.

E>XAMPLE 1L
What is the weight requisite to break a beam of
Ash 7 inches square, 8 feet from the wall?

3
?%6"*7_-: 19308 3¢ Libs.

® When the beam is loaded uniformly throughout its length, the
same rule will still apply, only the result must be doubled.
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EXAMPLE IIIL

What will be the dimensions of a Fir Beam 26
feet long, to support a weight of 400 libs?

312 x 400
1100
the depth..

Suppose the breadth to be 2} mches, then

= 118.5 the breadth and square of

l—;?- = 51.4 the square of the depth, and V514
= "7.17 the depth.

'S 113.5

uppose the depth to be 8 inches, then —6i

= 1.77 the breadth.

PROBLEM IIL

To compute the ultimate transverse strength of any
Rectangular Beam, when supported at both ends
and loaded in the centre.

Rure. Multiply the number in the Table of
Muitiplicands, by the square of the depth in inches,
and four times the breadth; divide that product by
the length in inches, and the quotlent will be the
wéight.

G
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EXAMPLE L

What weight will break a beam of English Oak
7 inches broad, 9 inches deep, and 30 feet between

the props? -
1426 x 81 x 28 _ :
Se0— = 8988 $4 libs.
EXAMPLE IL

A beam of Beech, 7 inches deep, 4 inches broad,
and 10 feet long, supports a weight of 4 tons, what
additional weight will require to be added to break
the beam?

1556 x 49 x 16

=1 — 8960 = 1372 1i
%0 0332 960 872 libs.

EXAMPLE III.

What will be the dimensions of a Fir Beam 30

feet long between the props, to support a weight of
6000 libs?

6000 x 360 .. ’
——m><—0— = 1968.68 the square of the depth,

and 4 times the breadth.

Suppose the breadth 6 inches.

1963.63 ’
6 x 4 =28 = 81.81 square of the depth,

and v/81.81 = 9.5 = depth.
Suppose the depth 10 inches.

1968.68

109= 100 To0x 4 = 475 breadth.
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‘When the beam is uniformly loaded throughout
its length, the result must be doubled, 7. e. it will
support double the weight.

When the beam is fixed at both ends and loaded
in the middle, one-half of the result must be added;
and if the weight is laid uniformly along its length,
the result must be tripled.

These Problems are taken from Barlow’s Essay,
as before quoted: he, however, gives a second Rule
to each of the Problems, in which the angle of
deflection is considered. These Rules give higher
results than those here stated; but for practice the
first Rule is the best, being more simple and safe.

It is considered that two-thirds of the result is
sufficient to lay upon a beam for a permanent load.

A}

—d-o—

PracricaL ProBLEMS for the Transverse Strength
of Cast Iron Beams.*

PROBLEM 1.

To find the breadth of a uniform Cast Iron Beam to
bear a given weight in the middle.

Rure 1. Multiply the length of bearing in feet,
or the length between the supports, by the weight
to be supported in libs; and divide this product by

* See Tredgold’s Practical Essay on the Strength of Cast Iron, p. 80.
’ c2
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850 times the square of the depth in inches; the
quotient will be the breadth in inches required.

‘RuLe 2. Multiply the length of bearing in feet,
by the weight to be supported in libs, and divide
this product by 850 times the breadth in inches;
and the square root of the quotient will be the
depth in inches.

When no particular breadth or depth is deter-
mined by the nature of the situation for which the
beam is intended, it will be found sometimes con-
venient to assign some proportion; as, for example,
let the breadth be the n*® part of the depth, n repre-
senting any number at will. Then the Rule is as
follows :—

Multiply » times the length in feet, by the weight
in libs; divide this product by 850, and the cube
root of the quotient will be the depth required; and
the breadth will be the n** part of the depth.

Note. It may be remarked here, that the Rules
are the same for inclined as for horizontal beams,
when the horizontal distance between the supports
is taken for the length of bearing.

EXAMPLE I.

What is the breadth of a Beam 20 feet long, 15
inches deep, and to be loaded with 13 tons"’ '
18 tons = 29120 libs. L
29120 x 20

157 % 850 = 8.045 mches broad.
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EXAMPLE 1L

What is the depth of a8 Bea.m 20 feet long, 8
inches broad, and to support a weight of 13 tons?

29120 x 20
850 X 3
= 15 inches, the depth required.

= 225, the square root of which is

EXAMPLE IIIL

"What are the cross sectional dimensions of a
Beam 30 feet long; and of sufficient strength to sup-
poxt a weight of 10 tons; the depth being twice the
breadth 2-——n will therefore be =.2.

10 tons = 22400 libs. Length =30 30 x 2 = 60
22400 x 60
, 850
lli, which is equal to the depth in m;;bpe the

breadth is the half of the depth = 5§ inches.

= 1581 the cube root of whlch is nearly

¢3



78 STRENGTH OF MATERIALS.

Itength’ocooctuatuuo20 f&to
Bl'e&dth, LYY TR Y Y] 2* inchuo
Dep‘h,occo.‘ocutooo 12 dO-

129 x sgg X 225 — 19770 libs weight.

Tons Cwt Qm Libs
Or 6 2 3 22

PROBLEM II.

To find the breadth, when the load is not in the middle
between the supports.

Ruce. Multiply the short length by the long
length, and four times this product divided by the
whole length between the supports, will give the
effective leverage of the load in feet; this quotient
being used instead of the length, in any of the Rules
in the foregoing Problem, the breadth and depth
will be found by them.

ﬁXAMPLE.

What are the cross sectional dimensions of a
Beam 12 feet long, supporting a weight of 15 tons,
8 feet from the one end, when the breadth is a fourth
of the depth ?

Ix9Ix4

12
38600 x 36
850

is = 113, the depth: the breadth will be 1% = 23

=9 9x4=36 15tons=38600 libs.

= 1423, the cube root of which



'STRENGTH OF MATERIALS. 79

PROBLEM III.

To find the breadth when the load is uniformly distri-
buted over the length of the beam.

Rure. The same Rules apply as in Prob. 1,
only the divisor is changed from 850 to 1700, i. e.
when the load is uniformly distributed over the
length of the beam, it supports double the weight
than when the load is laid on the middle.

Note. Examples in Problem 1. apply to this
Problem, only changing the divisors, or halving the
quotients.

PROBLEM IV.

To find the dimensions, when a beam is fized at one
end and loaded at the other, or when it is supported
at the middle and loaded at both ends.

Rure. Take the horizontal length of the projec-
tion of the beam, when fixed at one end, for the
length, and apply the Rules in Prob. 1, only using
the divisor 212 instead of 850.

When the beam is supported any where between
the two ends, multiply the length from the prop by
the weight hung at the end, and apply the remainder
of the Rule as in Prob. 1, only using 212 for 850.

When the load is uniformly distributed over the

length of the projection, employ 425 mstead of 212
as.a divisor.
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Note. The Rules of this Problem apply to the
teeth of wheels, the length being the length of the
teeth, and the depth, the thickness of the teeth.

Ezxample to this Note.

Let the greatest power acting at the pitch line of
the wheel be 6000 libs, and, the thickness of the
teeth 1} inch, the length of the teeth being } foot;
What is the breadth of the teeth?

6000 x .25 1500 _ . .

212 X 127 =T = 8.14 inches the breadth;
but to allow for wearing by friction, this quonent. is
doubled, or 6} inches = the breadth of the teeth, or
face of the wheel,

PB.OBLEM V.

To find the dzameterqfasohd qylmder tosum)pr;a
given weight in the middle—between the middle
and the end—and 'when the weight. 15 uniformly
distributed over the length—also when fized at, one

S ’ i

When the wetght §s placed in the mddle

aBpx.:. Mulnply the wenght in 1ibs by the length
im feet ;- divide this-product by 500, and the:cube
root of the quotient will be the diameter in in¢hes.
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When the weight is between the middle and the end.

Ruie. Multiply the short end by the long end;
then multiply that product by 4 times the weight in
libs. Divide this product by 500 times the length
in feet, and the cube root of the quotient will be the
diameter in inches.

When the load is uniformly distributed . over the
' 4 length.
Rure. Multiply the length in feet by the weight
in libs, and one-tenth of the cube root of the product
will be the diameter in inches.

When fixed at one end, and the load applied at the
other.

RuLe. Multiply the length of projection in feet
by the weight in libs, and the 5th part of the cube
root of this product will be the diameter in inches.

The Raules for the deflection of Beams and Bars
are here omitted, being considered, that, in most of
practical cases, the deflection is of little importance;
however, when it is of importance, reference to Bar-
low’s Essay on the strength of Timber, and Tred-
gold’s Essay on the strength of Iron, will satisfy all
inquiries. These books ought to be in the posses-
sion of every Mechanic, as they give the most com-
prehensive and most correct data for the strength
of materials of any that have yet appeared.
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STRENGTH OF THE JOURNALS OF SHAFTS.

cg—
LATERAL STRENGTH.

The Rules in Problem 5. of last article, can be
here applied. Mr. Robertson Buchanan, in his
Essay on the Strength of Shafts, uses the following
Rule, which is simple enough, and easy to be re-
membered ; but the above-mentioned Rules are the
most correct, and ought to be used on all occasions.

Mr. Buchanan’s Rule is,—¢ The cube root of the
weight in cwts. is nearly equal to the diameter of
the Journal.”—¢ Nearly equal,—being prudent to
make the Journal a little more than less, and to
make a due allowance for wearing.”

EXAMPLE.

What is the diameter of the Journal of a Water
Wheel Shaft, 18 feet long, the weight of the Wheel
being 15 tons?

By Mr. B.’s Rule. :/ 15 %X 20 =6.7 or 7 inches diam*
By Mr. Tredgold’s Rule.
Weight in ( 33600 x 13 5 _ . .
e oo § — 500 — =878 #8789} inches diam
h
Vinpeaally { 33600 x 13=486800 /AS6800._

="7.651n.
10 6
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TO RESIST TORSION.OR TWISTING.

It is obvious that the strength of revolving Shafts
are directly as the cubes of their diameters and
revolutions; and inversely, as the resistance they
have to overcome.

Mr. Robertson Buchanan, in his Essay on the
strength of Shafts, gives the following data, deduced
from several experiments, viz. That the Fly Wheel
Shaft of a 50 horse power engine, at 50 revolutions
per minute, requires to be 7} inches diameter,
and - therefore, the cube of this diameter, which
is = 421.875, serves as a multiplier to all other
Shafts in the same proportion; and taking this as a
standard, he gives the following Multipliers, viz.
For the Shaft of a Steam Engine, Water

Wheel, or any Shaft connected with ag 400

first power, - - - - -

For Shafts in inside of Mills, to drive smaller
Machinery, or connected with the Shaﬁszm
above, - - - - - -

For the small Shafts of a Mill or Machinery, 100
From the foregoing, the following Rule is de-

rived, viz.

The number of horses’ power a Shaft is equal to,
is directly as the cube of the diameter and number of
revolutions; and inversely, as the above Multipliers.

Note. Shafts here are understood as the Journals
of Shafts, the bodies of Shafts being generally made.

square.
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EXAMPLE L

When the Fly Wheel Shaft of a 45 horse power
Steam Engine makes 90 revolutions per minute,
what is the diameter of the Journal ?

3
9.5;_;_‘0;‘*92.—.209 {mﬂ,nqinches:ﬁameter.

EXAMPLE IL

The velouty ofa Sha.ﬁ: is 80 revolutions per min-
ute, and its diameter is 8 inches: What is its power?

85 x 80
4:0 = 5.4 horse power.

EXAMPLE IIL

What will be the diameter of the Shaft in the
first Example, when used as a Shaft of the second
Maultiplier ?* :

5.8
5= 4.% orA &/ 45 ;0200 = 4,65 mches diameter.

' The follomhg ;s'a Table of the diameters of
Shafts, being the First Movers, or having 400 for

their. mnlnphqp.

# The diameters of the second movers will be found
by dividing the numbers in the Table by 1.25, and the
diametets of the third movers, by dividing the numbeu
by 1.56.
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TABLE.
DIAMRTERS OF THE JOURNALS OF FIRST MOVERS.
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Horses®
er.

REVOLUTIONS.

10

15

25

30

35

40

50

55

5.5

4.8

4.5

4,

a7

3.8

3.5

3.3

3.2

3.1

5.9

5.1

4.7

4.4

4.1

3.9

a7

3.6

3.5

3.3

6.3

5.5

4.6

4.4

4.1

4.

3.8

3.7

3.6

6.6

5.8

5.2

4.9

4.6

4.4

4.2

3.9

8.7

6.9

5.5

5.1

4.8

4.6

44

4.2

4.1

ol o] e

7.2

6.3

5.7

5.5

4.8

4.5

4.4

4.2

4.1

7.4

6.6

5.9

5.6

5.2

4.9

4.7

4.6

4.4

7.9

6.9

6.3

5.8

5.6

5.4

| 5.2

4.8

4.2
4.6

8.3

7.2

6.7

6.2

5.9

5.6

| 5.4

5.2

5.

4.7

8.7

7.6

7.1

6.6

6.1

5.8

5.6

5.4

5.2

9.

7.9

7.5

7.

6.6

6.2

5.8

5.6

5.4

5.2

9.3

7.4

7.2

6.6

6.4

5.9

5.7

5.6

5.4

10.

74

7.1

6.8

6.3

5.9

5.6

10.7

8.4

7.9

7.4

7.1

6.9

6.7

6.5

6.3

11.4

8.9

8.4

7.9

7.4

7.1

6.9

6.6

6.5

11.7

9.3

8.6

8.3

7.8

7.4

.2

6.9

6.7

12

9.7

9.2

8.7

8.1

7.6

7.4

7

6.8

12.6

10.

9.3

9.

8.5

7.8

7.4

7.8

13.4

10.4

9.8

9.1

8.8

8.4

8.

7.5

7.4

glE|E|&|8|R|8|I88

13.6

10.8

10.

9.3

9.

8.6

8.2

7.7

7.6

INCHES DIAMETER,




STRENGTH OF THE -

TABLE CONTINUED.



JOURNALS OF SHAFTS.' .Y |

It is a well known fact, that a cast iron rod will
sustain more torsional pressure, than a malleable
iron rod of the same dimensions.—That is, a mal-
leable iron rod will be twisted by a less weight than
what is required to wrench a cast iron rod of the
same dimensions.

When the strength of malleable iron is less than
that of cast iron to resist torsion; it is stronger than
cast iron to resist lateral pressure, and that strength
is in proportion as 9 is to 14.

From the foregoing, it is easy for the Mill-wright
to make his Shafts of the.iron best suited to over-.
come the resistance to which they will be subject,
and the proportion of the diameters of their Jour~
nals, according to the iron of which they are made:—
for example; What will be the diameter of a mal-
leable iron Journal, to sustain an equal weight with
a cast iron Journal of 7 inches diameter ?

75 =843

3
14 : 348 :: 9 : 220} now ¥ 220.5 = 6.04 inches
diameter. -

H2



88 STRENGTH OF WHEELS.

STRENGTH OF WHEELS.

e

TaE arms of Wheels are as levers fixed at one end
and loaded at the other, and consequently the great-
est strain is upon the end of the arm next the axle;
for that reason all arms of wheels should be strongest
at that part, and tapering towards the rim.

The Rule for the breadth and thickness of arms,
according to their length and number in the wheel,
is as follows: (Se¢ Tredgold's Essay, page 114.)
Multiply the power or weight acting at the end of
the arm by the cube of its length; the product of
which, divided by 2656 times the number of arms
multiplied by the deflection, will give the breadth
and cube of the depth.

EXAMPLE.

Suppose the force acting at the circumference of
a spur wheel to be 1600 libs, the radius of wheel
6 feet, and number of arms 8, and let the deflection
not exceed 1} of an inch.

1600 X 6% _
5656 X8 X .1 .1_163._breadth and cube of the depth.

Let the breadth be 2.5 inches, therefore-;—%)’ =65.2,

which is equal to the cube of the depth: now the
cube root of 65.2 is nearly 4.08 inches ; this, conse-
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quently, is the depth, or dimension, of each arm in
the direction of the force.

Note. When the depth at the rim is intended
to be half that of the axes, use 1640 as a dmsor
instead of 2656.

The teeth are as beams, or cantilevers, fixed at
one end and loaded at the other, the Rule applying
direct to them (See Tredgold’s Essay, Art. 121) where
the length of the beam is the length of the teeth,
and the depth the thickness of the teeth. For the
better explanation of the Rule the following' Exam-
ple is given. _

EXAMPLE.

The greatest power acting at the pitch line of the
wheel is 6000 libs, and the thickness of the teeth
1§ inch, the length of the teeth being 0.25 feet; it is
required to determiné the breadth of the teeth.

62(1)‘2) :: (-l)—? = lzgg = 3.2 inches the ‘breadth
required.

In order that the teeth may be capable of offering
a sufficient resistance after being worn by friction,
the breadth thus found should be doubled; there-
fore, in the above Example, the breadth should be
6.4, or say 6} inches.

Mr. Carmichael® gives the followmg data, gleaned
from experiments, which is therefore valuable, and
of much use to the practical mechanic. -

o See Robertson Buchanan on the Teeth of Wheels. °
HS
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Rure. Multiply the breadth of the teeth by the
square of the thickness, and divide the product by
the length; the quotient will be the proportional
strength in horses’ power, with a velocity of 2.27
feet per second.

EXAMPLE.

. What is the power of a wheel, the teeth of which
are 6 inches broad, 1.5 inch thick, and 1.8 inch
long, and revolving at the velocity of 3 feet per
second ?

15%x6_18.5 = 7.5 strength at 2.27 feet per sec

I8 18
‘ 7.5%3
then 2.27:175::8 = —% = 9.91 horse-power.

Rorz. The pitch is found by multiplying the
thickness by 2.1, and the length is found by multi-
plying the thickness by 1.2. ’

EXAMPLE.
The thickness being 2 inches, what is the pitch
and length ?
' 2 x 2.1 = 4.2 Pitch.
2 x 1.2 x 2.4 Length.

Note. Tbe hnadth of the - teeth, as commonly
executed by. the best Masters, seems to be from
about twice to thrice the pitch.
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VELOCITY OF WHEELS

W HEKLS are for conveying motion to the different
narts of a machine, at the same, or at a greater or less
vclocity, as may be required.— When two wheels are
‘1 motion their teeth act on one another alternately,
ud consequently, if one of these wheels has 40 teeth,
wd the other 20 teeth, the one with 20 will turn
wice upon its axis for one revolution of the wheel
, :h 40 teeth.—From this the Rule is taken, which
. \s the velocity required is to the number of
.. iu the driver, so is the velocity of the driver to
. amnber of teeth in the driven.

v. .. To find the proportion that the velocities
. wheels in a train should bear to one another,
he lews velocity from the greater, and di-
. vwainder by the number of one less than
. u the train; the quotient will be the
4 'u Arithmetical progression, from the

. st velocity of the train of wheels.
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EXAMPLE I.

What is the number of teeth in each of three
wheels to produce 17 revolutions per minute, the
driver having 107 teeth, and making 3 revolutions
per minute?

17T—3=14
3_1-35=" therefore 3 10 17 are the ve-

locities of the three wheels.
10:107::8:32 = 107 x3

1o =82teeth.

By the Rule,

17: 82::10: 19=22 ;‘71°=19:eeth.

EXAMPLE IIL

‘What is the number of teeth in each of 7 wheels,
to produce 1 revolution per minute, the driver hav-
ing 25 teeth, and making 56 revolutions per minute?

B ==, thercfore 56 468728 19 101,
are the progressional velocities.

46 : 25 :: 56 : 30 Teeth.
87 : 80 :: 46 : 87 —
28 : 87 :: 37 : 49 —
19 : 49 :: 28 : 72 —0
10 : 72 :: 19 ¢ 137 —rv
1 :187 :: 10 : 1370 —v

It will be observed that the last wheel, in the fore-
going Example, is of a size too great for application;
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to obviate this difficulty, which frequently arises in
this kind of training, wheels and pinions are used,
which give a great command of velocity.—Suppose
the velocities of last Example, and the train only of
.2 wheels apd 2 pinions.

5:: : :235 = 18, therefore 56 19 1, are the
progressional velocities.

19 : 25 :: 56 : T4 = teeth in the wheel driven
by the first driver, and 1:10 :: 19 : 190 = teeth,
in the second driven wheel, 10 teeth being in the
driving pinion. - 25 drivers 74 driven.

10 190

The following is a Table of the Radii of Wheels,
from ten to three hundred teeth, the pitch being
2 inches.

The radius for any other pitch may be found by
the following analogy:—As two Inches is to the
Radius in the Table, so is the new Pitch to the new
Radius.
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Inches.

Radius
in
Inches.

Radius

Tee'.h& Indaes.

No.
Teeth

m
Inches.

8.236
8.549
8.864
4.179
4.494
4810
5.126
5.442
5.759
6.076
6.392
6.710
7.027
7.344
7.661

7.979

8 614
8.931
9.249

 9.587

9.885
10.202
10.520
10.838
11.156
11.474
11.792
12.110

12.428 || -

12.746
13.064
13.982
13.700
14.018

14.336 | .

14.654
14.972

.| 15.290

15.608
15.926
16.244
16.562
16.880
17.198
17.51%
17.835
18.153
18.471
18.789

.19.107
119.425
[ 19.744

20.062
20.380

'20.698

21.016
21.385
21.653
21.971
22.289
22,607
22.926

'23.244
'28.562

23.880
24.198
24.617
24.835
25.168

1 25.471

25.790

83
84
85
86
87
88:
89.
90
9]
92
98
‘94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
118
114
116
116

117

26.108
'26.426
'26.741
27.063
27.981
217.699
28.017
28.836
28.664
'28.992
29.290
29.608
29.927
30.245
80.568
30.881
31.200
81.518
81.836
32.155
82478
32.791
33.109
83.427
83.746
84.064
34.382
84.700
35.018
85.887
35.855
85.974
:36.292
86.611
36.929

37.247

118
119
120
121
122
128
124
125
126
127
128
129
130
131
132
138
184
185
136
137
188
139
140
141
142
148

145
146
147
148
149
150
151
152

158

37.565
87.888
38.202
38.520
88.838
80.156
89.475

'89.793

40.111
40.429
40.748
41.066
41.384
41.708
42.021
42.389
42.657
42.976
43.294
43.612
43.931
44.249
44.567
44.885
45.204
45.522
45.840
46.158 |
46.477
46.995
47.118
47.482
47.750
48.068
48.387
48.705
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'

No.

Radius
in
Inches.

No.
of
Teeth

Radius
in
Inches.

No.
of
Teeth)

TABLE CONTINUED.

Radius
in
Inches.

No.

Ra.dius

T:efthj In:::e-.

154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
178
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

190

49.023
49.8341
49.660
49.978
50.296
50.615
50.983
51.251
51.569
51.888
52.206
52.524
52.848
53.161
53.479
53.798
54.116
54.434
54.752
55.071
55.389
55.707
55.026
55.844
56.662
56.980
57.299
57.617
57.985
58.258
58.572
58.890
59.209
59.527
59.845
60.168

191
192
193
194
1956
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
218
214
215
216
217
218
219
220
221
222
223
224
225

227

60.800
61.118
61.486
61.755
62.078
62.392
62.710
63.028
63.846
63.665
63.983
64.301
64.620
64.938
65.256
65.574
65.893
66.211
66.529
66.848
67.166
67.484
67.808
68.121
68.439
68.767
69.075
69.394
69.712
70.031
70.349
70.667
70.985
71.804
71.622
71.941
72.258

228
229
230
231
282
233
234
285
236
287
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

72.577
72.895
78.214
78.532
78.850
74.168
74.487
74.805
75.128
75.441
75.160
76.078
76.397
76.715
77.083
77.351
77.670
77.988
78.306
78.625
78.943
79.261
79.580
79.898
80.216
80.534
80.853
81.171
81.489
81.808
82.126
82.444
82.763
83.081
83.399
88.717
84.038

296

84.354
84.673
84.991
85.309
85.627
85.946
86.265
86.582
86.900
87.219
87.537
87.855
88.174
88.462
88.810
89.129
89.447
89.765
90.084
90.402
90.720
91.088
91.857
91.675
91.993
92.312
92.630
92.948
98.267
93.585
93.903
94.222
94.540
94.858
95.177
95.495

60.482

'
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CENTRE OF GRAVITY.

et ——

THE centre of Gravity of a body is that point, which,
if sustained, the body remains at rest; the particles
of which it is composed being equipoised, and having
their weights collected, as it were, into that point.

Bodies are reciprocal to each other as their dis-
tances from the centre of gravity.—Suppose a rod
11 inches long, with a weight of 2 libs hung at the
one end, and a weight of 20 libs hung at the other
end, the centre of gravity, or the point on which
this rod so loaded, will balance itself, is just 1 inch
from the greater weight, and 10 inches from the less,
because, 20 X 1 = 20, and 2 x 10 = 20, therefore,
their weights are inversely as their distances from
the centre of gravity.—Hence, the method to find
the common centre of gravity of any number of
bodies, is, first find the centre between two bodies,
then the centre between that centre and a third
body, and so on for a fourth, fifth, &c.; the last
centre found being the common centre of all the
bodies. .

From the foregoing it will easily be conceived,
that if a homogeneous beam is balanced upon a

I
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point, that point will be the centre of gravity, and
also the centre of the beam; but suppose the beam
10 feet long, each foot weighing 8 libs, and a weight
of 90 libs suspended from the one end, at what point
of the beam will the centre of gravity be ?

- 10 feet, length of beam.—8 libs each foot in length.
90 libs weight suspended.

8 x 10 42 x 90 10 260

TXT04 90 X 3= X 5= 165
+ 2.835 = 10 feet length of beam, that is, the centre
of gravity is 2.85 feet from the end at which the
weight of 90 libs is suspended, and will be 7.65 feet
from the other end.

Suppose another homogeneons beam, 12 feet long,
with a weight of 100 libs fixed at one end, it is found
that the whole is in equilibrio when the beam is
suspended 2 feet from the end next the weight;
what is the weight of the beam ?

100 libs weight suspended.
2 feet distance from the weight.
10 feet distance from the other end.
2 x 100 X 2 400
100—4 — 96
1 foot of beam, and 4.166 x 12 = 49.992 libs, the
weight of the beam.

= 4.166 libs the weight of

It is well known to every practical Mechanic, that
there are no homogeneous beams or bars:—that it is
impossible to find the weight of a foot of length, in
a piece of wood, iron, stone, &c. and that the‘exact
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centre of gravity of such materials cannot be found
by any known thcorem. To obviate this difficulty,
and ascertain the true centre of gravity, the beams,
bars, &c. are balanced over a prop; but there are
many large unwieldy bodies that cannot be thus
treated, and for this reason the following data are
given, which ascertain nearly the centre required;
the data being taken, which are nearest the form
and distribution of weight over the body, of which
the centre of gravity is required.

1. The centre of gravity of a triangle is in the
straight line, drawn from any angle to the biscction
of the opposite side, at the distance of § of that line
from the angle. '

This rule is also true with regard to a pyramid of
any number of sides; also to a cone.

2. The centre of gravity of a segment of a circle,
is in the radius which bisects it; and its distance
from the centre of the circle, is % of the cube of its
chord divided by the area of the segment.

3. The centre of gravity of a sector of a circle is
in the radius which bisects it; and its distance from
the centre of the circle, is a fourth proportional to
the arc, its chord, and £ of the radius.

For further information in this article, see Hut-
ton’s Mathematics, Banks on Mills, Venturoli’s Me-
chanics by Cresswell, &c.

12
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CENTRE OF PERCUSSION.

THE centre of Oscillation or Percussion, is the point
in a body revolving round a fixed axis, so taken, that
when it is stopped by any force, the whole motion,
and tendency to motion, of the revolving body, is
stopped at the same time.

It 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.

The centres of oscillation and percussion are gener-
ally treated separately; but theé two centres are in
the same point, and therefore their properties are
the same.

As in bodies at rest, the whole weight may be
considered as collected in the centre of gravity; so
in bodies in motion, the whole force may be consider-
ed as concentrated in the centre of percussion:—
therefore, the weight of the rod multiplied by the
distance of the centre of gravity from the point of
suspension, will be equal to the force of the rod
divided by the distance of the centre of percussion
from the same point. For cxample, the length of
a rod being 20 feet, and the weight of a foot in
. length equal to 100 oz.; also a weight or ball fixed
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at under end weighing 1000 oz.; at what point of
the rod from the point of suspension will be the
centre of percussion 7*

The weight of the rod is 20 x 100 = 2000 oz
which multiplied by half its length 2000 x 10
= 20000, gives the momentum of the rod.' The
weight of the ball = 1000 oz. multiplied by the
length of rod = 1000 x 20, gives the momentum
of the ball. Now the weight of the rod multipli-
ed by the square of the length, and divided by

=2000 g
3-——'—);;&— = 266666, = the force of the rod,

and the weight of the ball multiplied by the square
of the length of the rod, 1000 x 20¢ = 400000,
is the force of the ball:—therefore the centre of
2666664400000 666666

percussion=-55566" 20000~ 40000 —

For another example; suppose a rod 12 feet long,
and 2 1bs. each foot in length, with 2 balls of 3 lbs.
each, one fixed 6 feet from the point of suspension,
and the other at the end of the rod; what is the
distance between the points of suspension and per-
cussion ? ‘

=16.66 feet.

12 X 2 X 6 = 144 momentum of rod.
8% 6 = 18 do.  of 1st. ball
8 x 12 = 36 do. of 2d. do.
198
#q=20 feet long. $ab % a® 4-ca?
5=100 oz. wt. of a foot in length.} Jabxa Hac =%
¢=1000 do. fixed at end. tre of percussion.

13
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%_%‘ﬂ = 1152, force of rod.

8 x 36 = 108 do. of lst. ball.

8-X 144 = 432 do. of 2d. ball.
1692

1692

therefore the centre of percussion = o8 =

8.545
feet from the point of suspension.

As the centre of percussion is the same with the
centre of gravity in the non-application to practical
purposes, the following is the easiest and simplest
mode of finding it in any beam, bar, &c.

Suspend the body very freely by a fixed point,
and make it vibrate in small arcs, counting the
number of vibrations it makes in any time, as a
minute, and let the number of vibrations made in
a minute be called n; then shall the distance of
the centre of oscillation from the point of suspension
be 140850

ns

lum vibrating seconds, or 60 times in a minute, be-
ing 39} inches; and the lengths of the pendulums
being reciprocally as the square of the number
of vibrations made in the same time:—therefore,
1
n% ;609 :: 394 : OO g By o 100
length of the pendulum which vibrates n times in a
minute, or the distance of the centre of oscillation
below the axis of motion.

There are many situations in which bodies are
placed, that prevent the application of the above

= inches.—For the length of the pendu-

being the

™,
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rule; and for this reason the following data are
given, which will be found useful when the bodies
and the forms here given correspond.

1. If the body is a heavy straight line of uniform,
density, and is suspended by one extremity, the
distance of its centre of percussion is #ds of its
length.

2. In aslender rod of a cylindrical or prismatic
shape, whose breadth is very small compared with
its length, has the distance of its centre of percus-
sion nearly £ds of its length from the axis of sus-
pension.

If these rods were formed so that all the points
of their transverse sections were equidistant from
the axis of suspension, the distance of the centre
of percussion would be exactly #ds of their length.

8. In an Isosceles Triangle, suspended by its
apex, and vibrating in a plane perpendicular to
itself, the distance of the centre of percussion is §ths
of its altitude. A line or rod, whose density varies
as the distance from its extremity, or the point of
suspension ; also a fly-wheel, or wheels in general, is
in precisely the same predicament as the Isosceles
Triangle; i. e. the centre of percussion is distant
from the centre of suspension jths of its length.

- 4. In a very slender cone or pyramid, vibrating
about its apex, the distance of its centre of percus-
sion is nearly #ths of its length.

See Edinburgh Ency.; Article, Centre of Percussion.
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CENTRE OF GYRATION.

- THE centre of Oscillation already described, is the
point into which all the matter of a body is collected,
when the body is put in motion by its own gravity;
and the centre of Gyration is the point into which
all the matter of a body is collected, when it is put
in motion by any extraneous force.

If a straight bar, equally thick, was struck at the
centre of gyration, the stroke would communicate
the same angular velocity to the bar, as if the whole
bar was collected in that point.

The force of any particle revolving round a cen-
tre, is, as that particle multiplied by the square of
its velocity, or of its distance from the centre of
motion; consequently, the force required to destroy
that motion must be equal to it.

For example; suppose a bar of a uniform den-
sity 12 feet long, and each foot weighing 7 libs, and
revolving upon a centre 3 feet from the one end; at
what distance will the centre of gyration be from
the centre of motion ?

a = 9 feet long end.
b = 8 do. short end.
¢ =7 libs each foot.
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9 X7 = 68, weight of long end.

8 x 7 = 21, weight of short end.
63 x 99 = 5108, force of long end.
21 x 8% = 189, do. of short end.

/51034189

3% 63121 = 4.5 feet from

Centre of gyration v

centre of motion.*

For another example—Let the same bar have a
weight of 50 libs at each end, then at what distance
will the centre of gyration be from the centre of
motion ?

a = 9 feet, long end.

b = 3 do. short end.

¢ = 17 libs each foot.

d = 50 libs weight at long end.

e = 50 do. at short end.
z = distance of centre of gyration from centre of
motion.

63 x 9¢ = 5108, force of long end.

21 x 32 = 189, do. of short end.
50 x 9° = 4050, do. of weight on long end.
50 X 3% = 450, do. of weight on short end.

*aca® beb? — facaT+bc.0?
a;.a : b—cs-b—zac-i-bcxﬁorz:;/ ;L‘;%Zfz being

the centre gyration.
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/3 4050 § 450 4. 5103 4 189 _ /18792 — 58t
8 x 50 4 50 + 63 + 21 552
distance between the centres.®

The centre of gyration, with respect to practical
utility, is the same as the two foregoing centres.
The following Rule is the easiest mode of ascertain-
ing the centre of gyration. -

¢« If the distance of the centre of oscillation from
the centre of the system, or point of suspension, be
multiplied by the distance of the centre of gravity
from the same point, the square root of the product
will be the distance of the centre of gyration, i. e.
let the centre of gravity be 4, and the centre of os-
cillation 9, then 4 x 9 = 86, and the square roos
of that is 6; therefore 6 is the distance that the
centre of gyration is from the point of suspension.”

cal ch3 .
* daf 4 —3— 4 eb? +—35— = the force of the whole
revolving round the centre of motion, and which must

be equal to ac + d 4 bc 4 e X Z%, therefore

3 L5
Z?2 X ac + d + bc + e = da® +el;9+f%c—-,or
8da? 4-eb% 4ca3 4 cb3
2_
Z “8ac4-d4-bcte » and
[8da? 4 €6% ca’® +cb3

2=V SucFdtbete
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The following note is given by Dr. Hutton, in the
3d vol. of his Math. art. max. of Machines, p. 244.

The distance of R, the centre of gyration, from
¢ the centre or axis of motion, in some of the most
useful cases, is as below.

In a circular wheel of uniform

thickness . . . . .
In the periphery of a circle revol- ;

ving about the diameter . - } crz=rad. /4.
In the plane of a circle ditto . cr=} rad.
In the surface of a sphere ditto . cr=rad. y/§.
In a solid sphere . . ditto . cer=rad. 4/§.
In a plane ring formed of circles}

CR=

cr=rad. 4/}.

R4

whose radii are R, 7, revolving SRT—9;7,
——ly®,

about centre . .
In a cone revolving about its vertex cB = }4/12a9 4 §r2.
Inacone . . . . . itsaxis . CR=ry/F*
In a straight lever whose arms are} CR = Vns +73
Rand7 . . « ¢ ¢« o o 3(r47)

SUMMARY.

If p be any particle of a body B, and d its distance
from the axis of motion s, also ¢ 0 R the centres of
Gravity, Oscillation, and Gyration. Then the centres of -

pd

Gravity will be = T =6
2

Percussion do. = l-Zl—= o.
SGB

Gyration do. = JES_Q — R.

For ample Explanations and Examples of the fore-
going Centres, See Hutton’s Mathematics, Banks on
Mills, ec.
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CENTRAL FORCES.

. ot

1. The quantity of matter in a body is as its
magnitude and density; that is, if a body measures
7 cubic feet, and a cubic foot weighs 10 libs, the
quantity of matter in that body will be =7 x 10
=170 libs.

2. All bodies naturally endeavour to continue in
their present state, whether of rest or motion.

8. When a body at rest is struck by a force so as
to produce motion, that motion is in proportion to
the force, and in the direction of the right line in
which its acts.

4. Action and Reaction between any two bodies,
are equal and contrary; that is, by Action and Re-
action equal changes of motion are produced in
bodies acting on each other; and these changes are
directed towards opposite or contrary parts.

5. The Momenta, or quantities of motion in
moving bodies, are as their masses and velocities;
for a body of 20 libs, moving at a velocity of 10 feet,
will have a momentum of 200; but a body of 6 libs,
moving at the same velocity, will have only 60 for
its momentum. )

6. A body moving round a central point inclines
to fly off in a straight line, from the first impulse of
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‘motion : the force which causes it to leave that line,
or move in a circle round the point, is called the
Centripetal ; and the resistance which it affords, the
Centrifugal force; or, in other words, when a body
revolves round its centre of motion, the centrifugal
force is that power or tendency which the body has
to burst or fly asunder; and the centripetal force,
is that power which keeps the body from bursting
or flying asunder.

It is evident from the last remark, that the greater
the velocity, the greater will be the centrifugal force;
and from the 5th remark, the greater the mass, the
greater the momentum ; therefore, as is the weight
and velocity of the revolvmg body, so is the centri-
fugal force.

Suppose two fly-wheels of the same weight, one
of them 12 feet diameter, and revolving in 8 seconds;
what must be the diameter of the other, when it
revolves in 8 seconds?

The diameter and velocity of the first, must bhe
equal to the diameter and velocity of the second;
2 x 3%

ge

= 1.6875 foot, the diameter of the sccond

therefore as 82 : 12 : : 39 to the dmmeter—l

_ los
- 64
fly-wheel at the circle of percussion.

Again, suppose two fly-wheels of the same diame-
ter, the one revolving in 8 seconds, and the other
in 8 seconds; what will be the difference of their
weights ?

K
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As 89 : 82 so is the weight of the one, to the
weight of the other. .

82 64 . .

ga =g = T their weights will be to each other
as 7§ is to 1; and by knowing the weight of the
second, and dividing it by 7}, will give the weight
of the first.

In the two preceding Examples, weight and velo-
city are taken separately.—The following Examples
give the centrifugal force, when both weight and
velocity are used. ‘

Required the centrifugal force of a fly-wheel, di-
ameter 16 feet, veloeity 50 revolutions per minute,
and weight 8} tons ?:: -

8.1416 = circumference of a circle the diameter 1.

16 feet — space a body falls' through in'1 second
of time. o A

.833 = time of one revolution.

16 X 3.14162 157.9136

16 x 8337 — 11.1192 —14-21timesthe weight

in tons, the wt. being 3} tons; therefore 8.5 x 14,21
= 49.73 tons, the centrifugal force.

The stones on which they grind table-knives at
Sheffield, are about 44 inches diameter, and weigh
about half a ton; the velocity of the circumference
is at the rate of 1250 yards in a minute, equal to
826 revolutions; required the centrifugal force?

222 x 2 = 968, the square root of which is 81.1
inches, or 2.59 feet, the diameter of the circle of
gyration.

™
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As 326:60:: 1:.184 seconds, the time of one
revolution.
- 2,59 X 8.1416%2 25.5622 .
16 x .184° ="53169 = 41.18 times th¢
weight of the stone: the stone is .5 ton, therefore
47.18 x .5 = 23} tons centrifugal force.

MOTION, RESISTANCE, AND EFFECT OF -
MACHINES.

Various as the modifications of Machines are, and
innumerable their different applications; still there
are only three distinct objects to which their utility
tends. : : ‘

The first is, in furnishing the means of giving to
the moving force the most commodious direction;
and when it can be done, of causing its action to be
applied immediately to the body to be moved.
These can rarely be united; but the former can be
accomplished in most cases. -

The second, in accommodating the velocity of the
work to be performed, to the velocity with which
alone a natural power can act. ‘

The third, and most essential advantage of ma-
chines, is in augmenting, or rather in modifying the
energy of the moving power, in such a manner, that
: K2
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it may produce effects of which it would have been
otherwise incapable. For instance, 2 man might
with exertion lift 4 cwt.; but let him apply a lever,
and he will lift many times that weight.

The motions produced by machines are of three
kinds, viz. Accelerated, Uniform, and Alternate,
1. e. accelerated and retarded. The first of these
always takes place when the moving power is imme-
diately applied; the second, after the machine bas
been in motion for a short time ; the third, in inter-
mitting machines, such as pendulum clocks, &c.;
but though a second’s pendulum is accelerated the
first half second and retarded the next; still it
produces a constant number of vibrations in a given
time, and therefore may be considered as a machine
of uniform motion.

The grand object in all practical cases, is, to
procure a uniform motion, because it produces the
greatest effect.  All irregularities of motion indicate
that there is some point resisting the motion, and to
overcome which a part of the propelling power is
wasted, and the greatest varying velocity is only
equal to that velocity by which the machine would
move when its motion is uniform. If the machine
moves with an accelerating velocity, it is certain that
the power is greater than what balances the opposing
resistance, and thercfore cannot produce the greatest
effect; because the whole resistance is not applied.
In both these cases the machine has neither the
power nor the effect which it would have if moving
uniformly.



AND EFFECT OF MACHINES. 118

When irregularity of motion takes place, parti-
cularly in a large heavy machine, it suffers a con-
tinual straining and jolting, which must very soon
destroy it. It is therefore of the greatest comse-
quence, that, from all machines, every cause tending
to produce irregularity of motion should be taken
away.

The fundamental Rules already given, and the an-
nexed statement respecting the motion of machines,
render any elaborate calculation on the maximum
and minimum effects of motion unnecessary.

K3
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STEAM ENGINE.
o

Tae Rules of Practical Me¢hanics, with various
Examples, have been stated, embracing the Me-
chanical Powers, which exhibit the Analysis of
Machinery—The Rules for finding the weight and
strength of the different parts—The centres of
Gravity, Percussion, and Gyration, which deter-
mine, acoordmg to the nature of the Machine, that
point in which all its force is collected—And an
explanation of the nature of Motions, and the effect
of Machines; showing, that when a Machine is
producing the greatest effect, or working at a maxi-
mum, that the motion is uniform; the power and
resistance being in a proper proportion to each other.

What remains now to be explained, are, the
Rules connected with the Steam Engine, Water
‘Wheel, Common and Force Pumps, which are, viz.

STEAM ENGINE.

Fuer.—To produce equal heats, § cwt. of New-
castle Coal is equal to 1 cwt. of Glasgow Coal, and
to 2} cwt. of Wood, or three times the weight.
Also, it takes double the weight of Culm to that of
Coal.
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Upon the premises of Messrs. Cléud Girdwood
& Co. of Glasgow, there are two Steam Engines,
one of 32 hérse power, and one of 12 horse power.
The daily consumpt of Culm for the first, upon an
average, is 5 waggons, 24 cwt. each; for the second
1} waggon. Taking an average from these two,
gives 84 libs of Culm per hour for each horse power.

The Cornish statement of the effect of a bushel of
Coal produced by a Boulton and Watt Engine,
is = 28,000,000 libs lifted 1 foot. Using high
pressure steam to a B. and W. Engine (say steam
at 40 libs.) is = 85,000,000 libs.

Dara.—A 10 horse B. and W. Engine con-
sumes 1 bushel of Coal per hour, which is equal to
44000 X 10 x 60 = 26,400,000 libs. The medium
consumption of Newcastle Coal is for a 10 horse
Engine, 12 bushels in 10 hours, or 1.2 bushel per hour,
(say from 10 to 12 libs per hour) for one horse.

Scotch Coal, 17 libs per hour for 1 horse.
Newcastle, 12 do. do. 1 do.

Note. The London bushel is 87 libs.

I trust I shall not be thought impertinent, and, I
hope, not partial, in recommending one of the latest,
and I may safely say, the best improvement as yet
known, ' for the economical using of fuel; it is,
Mr. Brunton’s Fire Regulator. - This machine feeds
the fire in the most regular manner, and nicely
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proportions the quantity of Coal thrown upon the
grate, to the quantity of steam required.
. Almost the whole of the Public Works, using
Steam Engines in London, have this Fire Regulator
attached to their Boilers. And the accounts kept -
by their Engineers, of the quantity of Coal con-
sumed, exhibit a saving of from 15 to 25 per cent.
produced by it. But the regular manner of feeding
the fire, and, consequently, the saving of fuel, are
not the only advantages derived from it. There is
no regular fireman needed, the Hopper only requires
to be filled with Coal in the morning, and no other at-
tendance is necessary; also the supplementary Boiler,
which is attached to the large Boiler, gives an addi-
tional quantity of Steam, say from 2 to 6 horses, in
proportion to the size of the Engine, and preserves
the large Boiler from the injurious effects of the fire.
These advantages, derived by this Fire Regulator
over the usual mode of feeding the fire by hand,
make it one of the most useful inventions of the
present day, and, in fact, a Steam Engine is not
complete without it.

BoiLers—are of various forms, but the most
- general is proportioned as follows. viz. width 1,
depth 1.1, length 2.5; their capacity being, for the
most part, two horse more than the power of the
Engine for which they are intended.

Boulton and Watt allow 25 cubic feet of space
for each horse power, some of the other Engineers
allow 5 feet of surface of water.
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StEaM—arising from water at the boiling point, is
equal to the pressure of the atmosphere, which is in
round numbers, 15 libs on the square inch; but to
allow for a constant and uniform supply of Steam
to the Engine, the safety valve of the Boiler is
loaded with 3 libs on each square inch.

. The following Table exhibits the expansive force
of Steam, expressing the degrees of heat at each
lib of pressure on the safety valve.

Dot | | Dot |aldnut | P |t

{
|

212° | 0 268° | 28 298° | 48
216 1 270 | 25 | 299 | 49
219 2 2711 | 26 300 | 50
222 | 3 213 | 27 301 | 51
225 4 274 | 28 302 | 52
229 5 276 | 29 303 | 53
232 6 277 | 30 304 | 54
234 7 2718 | 81 305 | 55
236 8 279 | 82 306 | 56
239 9 281 | 83 307 | 57
241 | 10 282 | 384 308 | 58
244 | 11 283 | 85 309 | 59
246 | 12 285 | 36 || 3810 | 60
248 | 13 286 | 87 811 | 61
250 | 14 287 | 38 | 812 | 62
252 | 15 288 | 39 313 | 63
254 | 16 289 | 40 313} | 64
256 | 17 200 | 41 314 | 65
258 | 18 291 | 42 815 | 66
260 | 19 293 | 43 316 | 67
21 | 20 294 | 44 317 | 68
23 | 21 205 | 45 318 | 69
25 | 22 206 | 46 319 | 70

267 23 297 47 320 71
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By the following Rule the quantity of steam
required to raise a given quantity of water to any
given temperature is found.

RuLe. Multiply the water to be warmed by the
difference of température between the cold water
and that to which it is to be raised, for a dividend ;
then to the temperature of the steam add 900 de-
grees, and from that sum take the required temper-
ature of the water: this last remainder being made
a divisor to the above dividend, the quotient will be
the quantity of steam in the same terms as the water.

. EXAMPLE.
What quantity of steam at 212° will raise 100
gallons of water at 60° up to 212°7?

212°— 60° x 100 ’
312°1900° — 212 °= 17 gallons of water formed

into steam.

Now, steam at the temperature of 212° is 1800
times its bulk in water; or 1 cubic foot of steam,
when its elasticity is equal to 30 inches of mercury,
contains 1 cubic inch of water.—Therefore 17 gal-
lons of water converted into steam, occupies a space
of 4090% cubic feet, having a pressure of 15 libs on
the square inch.

In boiling by steam, using a jacket instead of
blowing the steam into the water, I believe, about
10.5 square feet of surface are allowed for each horse
capacity of boiler—i. e. a 14 horse boiler will boil
water in a pan set in 8 jacket, exposing a surface of
10.5 x 14 = 147 square feet.
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Horse Powenr.—Boulton and Watt suppose a
horse able to raise 32,000 libs avoxrdupo:s 1 foot
high in a minute. ‘

Desaguliers makes it 27,500 libs.
Smeaton do. 22,916 do.

It is common in calculating the power of Engines,
to suppose a horse to draw 200 libs at the rate of
2} miles in an hour, or 220 feet per minute, with a
continuance, drawing the wéight over a pulley—
now, 200 X 220 — 44000, 7. ‘e. 44000 libs at 1
foot per minute, or 1 lib at 44000 feet per mlmwe
In the following Table 82,000 is used.

One horse power is equal to raise —— gallons
or —— libs —— feet high per minute.
I;.a High| _Ale Libs  [Feet High| Ale Libs
Minute.| Gallons. | Avoirdupois. Ilﬁ Minute.| Gallons. | Avoirdupois.

3123 | 32000 20 156 1600
1561} 16000 25 125 1280
1041 | 10666 30 104 1066
780 | 8000 35 89 914
624 | 6400 || 40 78 800
520 | 5333 45 69 711
446 | 4671 | 50 62 640
890 | 4000 55 56 582
847 | 3555 60 52 533
10 312 | 3200 65 48 492
11 284 | 2909 70 44 457
12 260 | 2666 75 41 426
13 240 | 2461 80 89| 400
14 223 | 2286 85 87 3876 |1
15 | 208 | 2133 90 34 855
16 195 | 2000 95 32 8387
17 183 1882 | 100 31 820
18 178 1777 | 110 28 291
19 164 1684 | 120 26 267

D WTIO G W =
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Levetu or Stroke.—The stroke of an Engine
is equal to one revolution of the crank shaft, there-
fore double the length of the cylinder. . When stating
the length of stroke, the length of cylinder is only
given, that is, an Engine with a 3 feet stroke, has
its cylinder 8 feet long, besides an allowance for
the piston.

The following Table shows the length of stroke,
(or length of cylinder,) and the number of feet the
piston travels in a minute, according to the number
of strokes the Engine makes when working at
maximum.

When calculating the power of Engines, the feet
per minute are generally taken at 220,

I.ezfth Nuzber Feet
Stroke. | Strokes. | Minute.
Feet2| 43 172
- 3| 32 192
- 4| 25 200
- 5| 21 210
- 6] 19 228
-7 17 238
- 8| 15 | 240
-9 14 250

CyLiNDER.—When an Engine in good order is
performing its regular work, the effective pressure
may be taken at 8 libs on each square inch of the
surface of the piston,

In the former edition the maximum effective
pressure was stated at 10 libs, but few Engines are
seldom or ever required to produce this work.
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To calculate the power of an Engine.

Rure & Multiply the area of cylinder by the
effective pressure = say 8 libs, the product is the
weight the Engine can raise.—Maultiply this weight
by the number of feet the piston travels in one
minute, which will give the momentum, or weight,
the Engine can lift 1 foot high per minute; divide
this momentum by a horse power, as previously
stated, and the quotient will be the number of horse
power the Engine is equal to.

RuLe 2. 25 inches of the area of cylinder is
equal to one horse power, the velocity of the Engine
being constantly 220 feet per minute.

EXAMPLE L

What is the power of an Engine, the cylinder
being 42 inches diameter, and stroke 5 feet ?

2 x 1854 0x 2
8 x 78:400):) 10 x 210 = 66.12 horse power.

EXAMPLE II

What size of cylinder will a 60 horse power En-
gine require, when the stroke is 6 feet?

4000 X 60 )
L 928 X 10 : 1o = 1158 inch. area of cylinder.

Note. 'To find the power to lift a weight at any
velocity, muitiply the weight in libs by the velocity
in feet, and divide by the horse power; the quotient
will be the number of horse power required.

L
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TABLE.

‘When the effec-|

tive pressure on "ot on Toner”
piston is
53libs, | 3.7 inches.
8 — | a7 —
83— | 465 —
38— | 5% —
33 — [ 606 —
28 — | 714 —
23 — | 87 —
8 — | nn —
13 — | 1508 —
8 — | &5  —

Nozres.—The diameter of the valves of Nozles
ought to be fully one-fifth of the diameter of cy-
linder.

Ai1r-Pump.—The solid contents of the Air-Pump
is equal to the fourth of the solid contents of cylin-
der, or when the Air-Pump is half the length of the
stroke of the Engine, its area is equal to half the
area of cylinder.

ConDENSER—is generally equal in capacity to
the Air-Pump; but when convenient, it ought to be
more; for when large, there is a greater space of
vacuum, and the steam is sooner condensed.

CorLp Water Pump.—The capacity of the Cold
Water Pump depends on the temperature of the
water. Many Engines return their water, which
cannot be so cold as water newly drawn from a river,
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well, &c.; but when water is at the common tem-
perature, each horse power requires nearly 7} gallons
per minute.* Taking this quantity as a standard,
the size of the pump is easily found by the following
Rule, viz.—Multiply the number of horse power by
7} gallons, and divide by the number of strokes per
minute; this will give the quantity of water to be
raised each stroke of pump. Multiply this quantity
by 281, (the number of cubic inches in a gallon,)
and divide by the length of effective stroke of pump,
the quotient will be the area.

EXAMPLE.

What diameter of pump is requisite for a 20 horse
power Steam Engine, having a 8 feet stroke, the
effective stroke of pump to be 15 inches?

20 X 7§ = 150

35 = 46875 gallons the pump lifts

each stroke,
i’—@éﬁm = 72.1875 inches area of pump.
Hor Water Pump.—The quantity of water
raised at each stroke ought to be equal in bulk to
the 900th part of the capacity of the cylinder.

® An Engine will work with a less supply of water, say 5 gallons
per minute ; but when water can be had without a considerable ex-
pense of power, 74 gallons is preferable; because an abundance of
water keeps the condenser, &c. cool, and thereby produces a better
vacuum.

L2
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PrororTtioNs.—The length of stroke being 1, the
length of beam to centre will be 2, the length of
crank .5, and the length of connecting rod 8.

The following Table shows the force which the
connecting rod has to turn round the crank at
different parts of the motion.

A|B| C | D

Col. A. Decimal proportions of descent | o (180 .0 | .0
of the Piston, the whole de- | .05[1513( .46 | .128
scent being' 1. .10(141 | .62 | .158

151313 .74 | .228

2 123§ .830| .271

Col. B. Angle between the connecting : ‘892| ‘308
Rod and Crank, .3 [1103] .94 | .342

.35/104 | .976| .377

Col. C. Effective length of the Lever up- | .4 | 97} .986| .41
on which the comnecting Rod | -45| 91311 441

: .5 | 854l 473
acts, the whole Crank being 1. ‘55 eoi "086| 507

Col. D. Decimal proportions of half a re- _25. gg gge 572

volution of the Fly-Wheel., .7 | 624 .88 | .607
75, 573 .824| .642

" Col. C. Al ichiscom. | -8 | 49| 746| .68
Col. C. Alsoshows the force which is com 85/ 42 | .66 | 723

nmunicated to the Fly-Wbeel, .9 | 34| .546| .776
expressed in decimals, the force | 95 233 .390| .84
of the Piston being 1. 1.0 | 0] .000{1.0

FLy-WaEEL—Is used to regulate the motion of
the Engine, and to bring the crank past its centres.
The Rule for finding its weight, is,—Maultiply the
number of horses’ power of the Engine by 2000,
and divide by the square of the velocity of the cir-
cumference of the wheel per second, the quotient
will be the weight in cwts.

o T
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EXAMPLE.

Required the weight of a fly-wheel proper for an
Engine of 20 horse-power, 18 feet diameter, and
making 22 revolutions per minute?

18 feet diameter — 56 feet circumference, x 22
revolutions per minute = 1232 feet, motion per
minute + 60 = 204 feet motion per second; then
203% = 420} the divisor.

20 horse power X 2000 = 40000 dividend.

__:(2)3;)0 = 90.4 cwt. weight of wheel.

PararLLer. Morion.—The radius and parallel
bars are of the same dimensions; their length being
generally 1-4th of the length of the beam between
the two glands, or one-half of the distance between
the fulcrum and.gland. Both pairs of straps are
the same length between the centres, and which is
generally three inches less than the half of the
length of stroke. See Plate 3d.

GovirnNoR, or DousLE PEnpuLuM.—If the re-
volutions be the same, whatever be the length of the
arms, the balls will revolve in the same plane, and the
distance of that plane from the point of -suspension,
is equal to the length of a pendulum, the vibrations of
which will be double the revolutions of the balls.
For example; sdppose the distance between the
point of suspension and plarie of revolution be 36

L3



126 WATER WHEEL.
inches, the vibrations that a pendulum of 36 inches

875 S
will make per minute, is=73—6 = 62 vibrations, and
62

7= 31 revolutions per minute the balls ought to

make.

WATER WHEEL.

Tuis subject belongs to Hydrodynamics, also the
common and force Pumps; and since they are the
last of this Treatise, they may be classed under
that name, to distinguish them from the preceding
subjects in Statics and Dynamics.

Water. (Hydrostatics. )

Hydrostatics is the science which treats of the
pressure, or weight, and equilibrium of water, and
other fluids, especially those that are non-elastic.

Note 1. The pressure of water at any depth, is
as its depth; for the pressure is as the weight, and
the weight is as the height.

Note 2., The pressure of water on a surface any
how immersed in it, either perpendicular, horizon-
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tal or oblique, is equal to the weight of a column
of water, the base being equal to the surface pressed,
and the altitude equal to the depth of the centre of
gravity, of the surface pressed, below the top or
surface of the fluid.

PROBLEM 1.

In a vessel filled with water, the sides of which
are upright and parallel to each other, having the
top of the same dimensions as the bottom, the
pressure exerted against the bottom, will be equal
to the area of the?ottom multiplied by the depth of
water., ’

EXAMPLE.

- A vessel, 3 feet square and 7 feet deep, is filled
with water; what pressure does the bottom support ?

i’%;ﬂl’" = 39874 libs Avoirdupois.

PROBLEM 1II.

A side of any vessel sustains a pressure equal to
the area of the side multiplied by half the depth,
therefore the sides and bottom of a cubical vessel
sustain a pressure equal to three times the weight of
water in the vessel.

EXAMPLE I.

The gate of a sluice is 12 feet deep and 20 feet
broad; what is the pressure of water against it ?
20 x 12 X 6 x 1000

~T6 = 90000 = 404 tons nearly.
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From Note 2d.—The pressure exerted upon the
side of a vessel, of whatever shape it may be, is as
the area of the side and centre of gravity below the
surface of water.

EXAMPLE II.

What pressure will a board sustain, placed di-
agonally through a vessel, the side of which is 9 féet
deep, and bottom 12 feet by 9 feet ?

V122 4 97 = 15 feet, the length of diagonal board.

15 x 9 X :(? X 1000 _ 37969 libs nearly.
Though the diagonal board bisects the vessel, yet
. it sustains more than the half of the pressure in the
bottom, for the arca of bottom is 12 X 9, and the
half of the pressure is 460750 = 30375.

The bottom of a conical or pyramidical vessel
sustains a pressure equal to the area of the bottom
and depth of water, consequently, the excess of
pressure is three times the weight of water in the
vessel. ‘

Warter. (Hydraulics.)

Hydraulics is that science which treats of fluids
considered as in motion, it therefore embraces the
phenomena exhibited by water issuing from orifices
in reservoirs, projected obliquely, or perpendicularly,
in Jet-d’eaur, moving in pipes, canals, and rivers,
oscillating in waves, or opposing a resistance to the

progress of solid bodies.
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It would be needless here to go into the minutiee
of hydraulics, particularly when the theory and
practice do not agree. It is only the general laws,
deduced from experiment, that can be safely em-
ployed in the various operations of hydraulic
architecture.

Mr. Banks, in his Treatise on Mills, after enumer-
ating a number of experiments on the velocity of
flowing water, by several philosophers, as well as
his own, takes from thence the following simple
rule, which is as near the truth as any that have
been stated by other experimentalists.

RuLe. Measure the depth (of the vessel, &c.) in
feet, extract the square root of that depth, and
multiply it by 5.4, which gives the velocity in feet
per second ; this multiplied by the area of the orifice
in feet, gives the number of cubic feet which flows
out in one second.

EXAMPLE.

Let a sluice be 10 feet below the surface of the
water, its length 4 feet, and open 7 inches; required
the quantity of water expended in one second ?

»/ 10 = 3.162 X 5.4 = 17.0748 feet velocity.

=X T = 24 feet X 17.0748 = 89.84 cubic feet of
water per second.

If the area of the orifice is great compared with
the head, take the medium depth, and two-thirds of
the velocity from that depth, for the velocity.
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. EXAMPLE.
. Given the perpendicular depth of the orifice 2
feet, its horizontal length 4 feet, and its top 1 foot
below the surface of water. To find the quantity
discharged in one second:

The medium depth is = 1.5 x 5.4 = 8.10 — }
= 5.40 X 8 = 43.20 cubic feet.*

The quantity of water discharged through slits,
or notches, cut in the side of a vessel or dam, and
open at the top, will be found by multiplying
the velocity at the bottom by the depth, and taking
% of the product for the area; which again multi-
plied by the breadth of the slit, or notch, gives the
quantity of cubic feet discharged in a given time.

EXAMPLE.

Let the depth be 5 inches, and the breadth 6
inches; required the quantity run out in 46
seconds ?

The depth is .4166 of a foot.
The breadth is .5 of a foot.

v 4166 = .6455 X 5.4 x § = 2.3238 x .4166
= .96825 x .5 = .48412 feet per second.

Then .48412 x 46. = 22.269 cubic feet in 46
seconds.

There are two kinds of water wheels, Undershot
and Overshot. Undershot, when the water strikes
the wheel at, or below the centre. Overshot, when
the water falls upon the wheel above the centre.

* The square root of the depth is not taken in this example, but
when the depth is considerable, it ought to be taken.
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The effect produced by an undershot wheel, is
from the impetus of the water. The effect produced
by an overshot wheel, is from the gravity or weight
of the water.

+ Of an undershot wheel, the power is to the effect
as 8 : 1.—Of an overshot wheel, the power is to the
effect as 8 : 2—which is double the effect of an un-
dershot wheel.

The following is an Abridgement of SMEATON on WATER WHEELS.
- UNDERSHOT.
Velocity of waterin 17 . =V
Weightof 1 cub. in. of water =W
Area of sluice . . . =A
Quantity of water . . =
Power of the water to pro-

duce mechanical eﬂ'ect} =P

V.A = Q in one second.
QW.V =P; Power to produce "
mechanical effect.

POWER AND EFFECT AT MAXIMUM.

Velocity of Wheelin 1”7 , =v
Effective velocity of water = E Vev=E P:e::10:3.62
Effect produced by the wheel — ¢ or3:1
Weight raised , . . . =w YW=° V:v::10:35,
Velocity of weight raised . = v i or5:2
OVERSHOT.

Descent of water including bead} =D

and diameter of wheel*

D.W=P.
The weight of water expended} _-W .

in one second .

POWER AND EFFECT AT MAXIMUM.
Power of the wateris =D.W =P | P:¢::10:6.6,0r3: 3 nearly.
Effect of the wheel is=wy=¢ u Double that of an Undershot.

- Head is und d the di the part of the
wbeelnzn which the water falls. The fall is the perpendicuhr hcl'ht from the
bottom of the wheel to the orifice.

.
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The velocity at 8 maximum is = 3 feet in one
second.

Sinee the effect of the overshot is double that of
the undershot, it follows that the higher the wheel
is in proportion to the whole descent, the greater
will be the effect.

The maximum load for an overshot wheel, is that
which reduces the circumference of the wheel to its
proper velocity, = 8 feét in 1 second ; and this will
be known, by dividing the effect it ought to produce
in a given time, by the space intended to be described
by the circumference of the wheel in the same time ;
the quotient will be the resistance overcome at the
circumference of the wheel, and is equal to the load
required, the friction and resistance of the ma-
chinery included.

Tke following is an Extract from Banks on Mills,
page 152.

¢ The effect produced by a given stream in falling
through a given space, if compared with a weight,
will be directly as that space; but if we measure it
by the velocity communicated to the wheel, it will
be as the square root of the space descended through,
agreeably to the laws of falling bodies.

¢ Ezperiment 1. A given stream is applied to a
wheel at the centre; the revolutions per minute
are 38.5.

% Ez. 2. The same stream applied at the top,
turns the same wheel 57 times in a minute.
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¢ If in the first experiment the fall is called 1, in
the second it will be 2: then 4/1:4/2::88.5: 54.4,
which are in the same ratio as the square roots of
the spaces fallen through, and near the observed
velocity.

¢ In the following experiments a fly is connected
with the water wheel.

¢ Ex.3. The water is applied at the centre, the
wheel revolves 13.03 times in one minute.

¢ Ez. 4. The water is applied at the vertex of
the wheel, and it revolves 18.2 times per minute.

“ As 13.03 : 18.2 : : y/1 : 4/2 nearly.

¢ From the above we infer, that the circumferences
of wheels of different sizes may move with velocities
which are as the square roots of their diameters
without disadvantage, compared one with another,
the water in all being applied at the top of the
wheel; for the velocity of falling water at the bottom
or end of the fall is as the time, or as the square
root of the space fallen through; for example, let
the fall be 4 feet, then, As 4/16:1” :: /4 : }”, the
time of falling through 4 feet:—Again, let the fall
be 9 feet, then, 4/16 : 1”::4/9: 3", and so for
any other space, as in the following Table, where it
appears that water will fall through one foot in a
quarter of a second, through 4 feet in half a second,
through 9 feet in 3 quarters of a second, and
through 16 feet in one second. And if a wheel
4 feet in diameter moved as fast as the water, it
could not revolve in less than 1.5 second, neither °
could a wheel of 16 feet diameter revolve in less

. M
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than three seconds; but though it is impossible for
a wheel to move as fast as the stream which turns it,
yet, if their velocities bear the same ratio to the time
of the fall through their diameters, the wheel 16 feet
in diameter may move twice as fast as the wheel
4 feet diameter.”

TABLE.
Height ‘Time of Height Time of
of the fall | falling in || of the fall | falling in
in Feet. Seconds. || in Feet. Seconds.
1 .25 14 .935
2 .352 16 1.
3 432 20 1.117
4 .5 24 1.22
5 .557 25 1.25
6 .612 30 1.87
7 .666 36 1.5
8 .706 40 1.58
9 .75 45 1.67
10 .79 50 1.76
12 .864

Power anp Errecr.—The power water has to
produce mechanical effect, is as the quantity and
fall of perpendicular height.—The mechanical effect
of a wheel is as the quantity of water in the buckets
and the velocity.

The power is to the effect as 3 : 2, that is,
suppose the power to be 9000, the effect will be

9000. X 2 18000
= 3 =—g = 6000.

-

HzxieuT oF THE WHEEL.—The higher the wheel
is in proportion to the fall, the greater will be the
effect, because it depends less upon the impulse,
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and more upon the gravity of the water; however,
the head should be such, that the water will have
a greater velocity than the circumference of the
wheel; and the velocity that the circumference of
the wheel ought to have being known, the head
required to give the water its proper velocity, can
easily be known from the rules of Hydrostatics.

VEeLocitY oF THE WHEEL.—Banks, in the fore-
going quotation, says, * That the circumferences of
overshot wheels of different sizes may move with
velocities as the square roots of their diameters,
without disadvantage.”—Smeaton says, ¢ Experience
confirms that the velocity of 3 feet per second is ap-
plicable to the highest overshot wheels, as well as the
lowest; though high wheels may deviate further from
this rule, before they will lose their power, by a
given aliquot part of the whole, than low ones can
be admitted to do; for a 24 feet wheel may move at
the rate of 6 feet per second,.without losing any
considerable part of its power.”

It is evident that the velocities of wheels, will be
- in proportion to the quantity of water and the re-
sistance to be overcome :—if the water flows slowly
upon the wheel, more time is required to fill the
buckets than if the water flowed rapidly; and
whether Smeaton or Banks is taken as a data, the
mill-wright can easily calculate the size of his wheel,
when the velocity and quantity of water in a given
time is known.

M2
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EXAMPLE 1.

What power is a stream of water equal to, of the
following dimensions, viz. 12 inches deep, 22 inches
broad ; velocity, 70 feet in 113 seconds, and fall, 60
feet?—Also, what size of a wheel could be applied
to this fall ?

12 x 22
144
11§”:70:: 60” : 857.5 lineal feet per min.—velocity.

857.5 X 1.88 = 654.225 cubic feet per minute.

654.225 X 62.5 = 40889.0625 avoir. libs per minute.

40889.0625 X 60 = 2453343.7500 momentum at a
fall of 60 feet.

= 1.83 square feet :—area of stream.

24538848.7500

44000
3:2::55.7: 87.18 effective power.

The diameter of a wheel applicable to this fall,
will be 58 feet, allowing one foot below for the
water to escape, and one foot above for its free
admission.

58 X 3.1416 = 182.2128 circumference of wheel.
60 x 6 = 360 feet per minute, = velocity of wheel.
654.225

860

The buckets must only be half full, therefore
1.8 X 2 = 8.6 will be the area.

To give sufficient room for the water to fill the
buckets, the wheel requires to be 4 feet broad,

= 55.7 horse power.

= 1.8 sectional area of buckets.

3.6
now, ——= .9, say 1 foot depth of shrouding.

T
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182%1—2?': 1.9 revolutions per minute the wheel
will make.
Power of water . . = 55/ H.P.

Effective power of do. =.37.13 u. P. :
DimensionsiDiameter « « o =58 Feet.»Ans.

-~

of Breadth . . . = 4 Feet.
Wheel.  { Depth of shrouding = 1 Foot.

EXAMPLE IL

What is the power of a water wheel, 16 feet
diameter, 12 feet wide, and shrouding 15 inches
deep.

16 x 8.1416 = 50.2656 circumference of wheel.
12 x 1§ = 15 square feet, sectional area of buckets.
60 X 4 = 240 lineal feet per minute, = velocity.
240 X 15 = 3600 cubic feet water, when buckets are
full; when half full, 1800 cubic feet.
1800 % 62.5=112500 avoir. libs of water per minute.
112500 x 16 = 1800000 momentum, falling 16 feet.

. 1
3:2:: 1800000 :%gg# = 27 horse power.

Buckers.—The number of buckets to a wheel
should be as few as possible, to retain the greatest
quantity of water; and their mouths only such a
width as to admit the requisite quantity of water, and
at the same time sufficient room to allow the air to
escape.

Tre CommunicaTiON OF PowER.—There are no
prime movers of machinery from which power is
M3
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taken in a greater variety of forms than the water
wheel, and among such a number there cannot fail
to be many bad applications.

Suffice it here to mention one of the worst,
and most generally adopted. For driving a cotton
mill in this neighbourhood, there is a water wheel
about 12 feet broad, and 20 feet diameter; there is
a division in the middle of the buckets upon which
the segments are bolted round the wheel, and the
power is taken from the vertex: from this erroneous
application, a great part of the power is lost; for the
weight of water upon the wheel presses against the
axle in proportion to the resistance it has to over-
come, and if the axle was not a large mass of wood,
with very strong iron journals, it could not stand
the great strain which is upon it.

The most advantageous part of the wheel, from
which the power can be taken, is that point in the
circle of gyration horizontal to the centre of the
axle; because, taking the power from this part, the
whole weight of water in the buckets acts upon the
teeth of the wheels; and the axle of the water wheel
suffers no strain.

The proper connection of machinery to water
wheels is of the first importance, and mismanage-
ment in this particular point is often the cause of
the journals and axles giving way, besides a con-
siderable loss of power.

To find the radius of the circle of gyration in a
water wheel is therefore of advantage to the saving
of power, and the following Example will show the
rule by which it is found. See Centre of Gyration.
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EXAMPLE.

Required the radius of the circle of gyration in'a
water wheel, 30 feet diameter; the weight of the
arms being 12 tons, shrouding 20 tons, and water
15 tons.

80 feet diameter, radius = 15 feet.

S 20 x 15% = 4500 x 2 = 9000y The opposite side of
A12 x 152 } the water wheel
3 = 900 x 2 = 1800 must be taken.
W15 x 152 = 3375 = 3375
2xWFI2=64 ——
W 15 14175

= =179 ,the square root
79
of which is 18 4%; feet, the radius of the circle of gyration.

PUMPS.

THERE are two kinds of Pumps, Lifting and Forcing.
The Lifting, or Common Pumps, are applied to
wells, &c. where the depth does not exceed 82 feet ;
for beyond this depth they cannot act, because the
height that water is forced up into a vacuum, by the
pressure of the atmosphere, is about 34 feet.

The Force Pumps are those that are used on all
other occasions, and can raise water to any required
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height.—Bramah’s celebrated Pump is one of this
description, and shows the amazing power that can
be produced by such application, and which arises
from the fluid and non-compressible qualities of
water.

The power required to raise water any height is
equal to the quantity of water discharged in a given
time, and the perpendicular height.

EXAMPLE.

Required the power necessary to discharge 175
Ale gallons of water per minute, from a pipe 252
feet high?

One Ale gallon of water weighs 104 libs avoir. nearly.

175 x 10§ =1789 x 252 = 453348
44000

=10.3 horse power.

The following is a very simple Rule, and easily
kept in remembrance.

Square the diameter of the pipe in inches, and
the product will be the number' of libs of water avoir-
dupois contained in every yard length of the pipe. If
the last figure of the product be cut off, or considered
a decimal, the remaining figures will give the num-
ber of Ale gallons in each yard of pipe; and if the
product contains only one figure, it will be tenths of
an Ale gallon. The number of Ale gallons multi-
plied by 282, gives the cubic inches in each yard of

pipe; and the contents of a pipe may be found by
Proportion.
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EXAMPLE.

‘What quantity of water will be discharged from a
pipe 5 inches diameter, 252 feet perpendicular height,
the water flowing at the rate of 210 feet per minute?

52 X %—9 = 175 Ale gallons per minute.

52 % %5—2 = 2100 libs water in pipe.
2 | .
% = 10 horse power required to pump

that quantity of water.

The following Table gives the contents of a pipe
one inch diameter, in weight and measure, which
serves as a standard for pipes of other diameters,
their contents being found by the following Rule.

Multiply the numbers in the following Table a-
gainst any height, by the square of the diameter of
the pipe, and the product will be the number of
cubic inches avoirdupois ounces, and Wine gallons
of water, that the given pipe will contain.

EXAMPLE.
How many Wine gallons of water is contained
in a pipe 6 inches diameter, and 60 feet long?
2.4480 X 36 = 88.1280 Wine gallons.

In a Wine gallon there are 231 cubic inches.
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mawne —

fl
o
the pipe.

The data given is a medium, and which is 1-5th
of the whole resistance: this is the standard generally
adopted, being considered as most correct.

. EXAMPLE L

What is the power requisite to overcome the re-
sistance and friction of a column of water 4 inches
diameter, 100 feet high, and flowing at the velocity
of 300 feet per minute ?
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19 x 49
B X A 54619, say 5462

54-_6_;2“%:& = 3.7 }th of which is .7, therefore
the power required to overcome the resistance occa-
sioned by the weight and friction of the water will
be 8.7 4+ .7 = 4.4 H. P., say 4.5 horse power.

EXAMPLE II
There is a cistern 20 feet square, and 10 feet deep,
placed on the top of a tower 60 feet high; what
power is requisite to fill this cistern in 30 minutes,
and what will be the diameter of the pump, when
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To ascertain the exact pressure of water to which
a pipe is subjected, a safety-valve is used, generally
of 1 inch diameter, and loaded with a weight equal
to the pressure required: for example, a pipe requires
to stand a pressure of 300 feet, what weight will be
required to load the safety-valve one inch diameter ?
300 x 12=3600 X .7854=2827.4400 x 1000 s
0 s =1636;
= 102 libs 4} oz. weight required. 16

Each of the weights for the safety-valves of these
Hydrostatic proving-machines are generally made
equal to a pressure of a column of water 50 feet
high, the area being the area of the valve.

50 feet of pressure on a valve 1 inch diam.=17.06 libs

50 do. do. do. 1} do. =26.65 do.
50 do. do. do. 1} do. =38.38 do.
50 do. do. do. 2 do. =68.24 do.

In pumping, there is always a deficiency owing to
the escape of water through the valves; to account
for this loss, there is an allowance of 8 inches for
each stroke of piston rod: for example, a 8 feet
stroke may be calculated at 2 feet 9 inches.

There is a town, the inhabitants of which amount
to 12000, and it is proposed to supply it with water,
from a river running through the low grounds 250
perpendicular feet below the best situation from the
reservoir. .

It is required to know the power of an Engine
capable of lifting a sufficient quantity of water, the
daily supply being calculated at 10 Ale gallons to

each individual: also, what size of pump and pipes

are requisite for such?
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12000 X 10 = 120000 gallons per day.
Engine is to work 12 hours, !-2(1)%9 = 10000 gal-

lons per hour. -

10000
60
The pump to have an effective stroke of 3% feet,
and making 80 strokes per minute.
166.6
—30 = 55538 gallons each stroke.

282 X 5.6=1579.2 cubic inches of water each stroke.

= 166.6 gallons per minute.

1579.2 )
3 feet 9 in.—45 im. = 35.1 inches, area of pump.
85.1

F8sa= ¥ therefore 4/44.7=6.7 diam. of pump.

"The pipes will require to be at least the diameter
of the pump; if they are a little more, the water will
pot require to flow so quickly through them, and
thereby cause less friction.

The power of the Engine will be
166.6 gall. x 10} 1b X 250 feet=4269256 momentum.
426925
44000 =
426925
32000
A =158, — = 186  do. Desaguliers.

426935
92916- = 18.6, —-— = 22.32 do. Smeaton.

9.7, add 1-5th=11.64 horse power.

183, —— = 1596 do. Watt.

N
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RULES OF PROPORTION,

" AND roR TRE

EXTRACTION

or THE

SQUARE AND CUBE ROOTS,

GEOMETRICALLY;
IN TWELVE PROBLEMS.

—Ppo—
PROBLEM 1.

To divide a line A B into suck proportion, as the line
c is to the line p.—Plate IV. Fig. 1.

Upon either end of the line A B make an angle
by drawing A w; make A F equal to the line c, and
¥ w equal to the line b, join wB, and parallel to
that, ¥ a; then a G shall be equal to G B, as the line
c is to the line p.

PROBLEM 1L

Given two lines A and B, to find a third line in pro-
portion to them.—Fig. 2.

Make an angle £ 4 B; let A E be equal to the line
A, and A B equal to the line B—join EB, make & p
equal to the line B—from p draw a line parallel
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with E B, which will cut the line aAB ¢ at ¢, then
shall B c be the line of proportion; for as AE: AB ::
ED : BG

PROBLEM III.

Given three lines A, B, c, to find a_fourtk proportional
line.—Fig. 8.

With ‘any two lines make an angle B A E, make
A B equal to the line 4, A E equal to the line B, and
ED equal to the line c, join B E, and through »
parallel to BE draw pc, cutting the line ABcatc, .
then shall B ¢ be the fourth proportional line; for as
AE : AB :: ED: BC—thatis,as B: A :: c: fourth
proportional line.

PROBLEM 1V.

If 180 labourers do a piece of work in 90 days, in
what time can 100 labourers do it >—Fig. 8.

With the angle of the Fig. of last Prob. (or any
other angle) let the line AB be equal to 100, the
line A £ = 90, and the line B¢ = 180, then will the
line E D be equal to 162,—for AB: AE :: BC:ED,
or 100:90:: 180 : 162.

By these two last Problems, any proportion,
either direct or inverse, can be calculated by lines or
scales of equal parts.

N2
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PROBLEM V.

Between two lines Ep = 36, and cp = 100, to_find
a mean proportional line.—Fig. 4.

Make a right line Ec, equal to the two given
lines—upon E c as a diameter, describe a semicircle
E P c—upon D where the two given lines meet, raise
the perpendicular line p p, cutting the arc in p, then
p P shall be the mean geometrical proportional line
required; for ascp : DP:: DP : DE, whence cp X
DE = DP® = 3600, so P = 60, as will be found
by laying pP on the scale that measured D and cp.
By this Prob. 1I. may be solved.

PROBLEM VI

To extract the square root of any number; suppose
3600.

RuLE. A geometrical mean proportional be-
tween any two lines or numbers, is the square root
of their product.

\

EXAMPLE.

100 x 36 = 3600, and a mean proportional be-
tween 100 and 86, is by the last problem = 60,
therefore, 60 is the square root of 3600—also 10
X 360 = 8600, the mean proportional between these
= 60, and 40 x 90 = 3600, and 30 x 120 = 8600,
the mean proportional between 40 and 90, or be-
tween 80 and 120 is 60 = square root of 8600.
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PROBLEM VIIL

Between two given lines A and B, to find two mean
proportional lines. Fig. 5.

Make a right angle K cH, drawing the side cu
and cx at large, lay the line B, from c to E, and the
line a, from c to b, and join E p, find its middle,
which is at r, then with FE equal to p, upon ¥
describe the semicircle £ ¢ p with the lesser line B
in the compasses, and one foot on D, cross the
semicircle in G, upon the point ¢ move a ruler till
it cuts the lines cH and ck in H and K at an equal
distance from r, then EH and bk shall be the two
proportional lines sought, foras Ec: px :: DK : ER,
and as EC : DX :: EH : CD.

PROBLEM VIIL

To extract the cube root.

RuLe. The cube root of any number is the first
of two mean proportionals between unity and that
number; or which is the same, take any number
which is less than the cube root of the given num-
ber, square this number, and divide the given num-
ber by it; then, the first of two mean proportionals
between this quotient and the number taken, will be
the cube root of the given number.

N3



150 GEOMETRICAL PROBLEMS.

EXAMPLE.
‘What is the cube root of 67584? Take 82, which
67584
squared is 1024, then G557~ = 66, and the first of

two mean proportionals between 32 and 66, will be
the cube root of 67584. Take Fig. 5. last Prob. and
let the line A be equal to 66, and the line B equal
to 32; then the line pk will be equal to 40.75
nearly, which is the cube root of 67584, being the
first of two mean proportionals between 32 and 66.
By this and Prob. V1. the cube and square root of
any number can be easily found.

PROBLEM IX.

To find out two lines E ¥ and ¥ c, which shall have
suck proportion to each other, as the square of a
given line A, hath to the square of another given
line B.—Fig 6.

-

Make a right angle E b ¢, then lay the line B, from
D to C, and A, from b to E, join ce. From p upon ce
draw the perpendicular pF; then as A% : 8% :: EF: FC.

PROBLEM X.

To divide a line ¢ D in power, as the line A is to the
line B. Fig. . '

Divide cp into such proportion as A to B, i.e.
88 B: A :: CE: ED; upon cb as a diameter, describe
the semicircle c ¥ p; upon E, raise the perpendicular



GEOMETRICAL PROBLEMS. 151

EF, cutting the semicircle in f; join ¥c and rbp,
which are the two lines required; for as B : A :: c¥9:
pr?, andasa 4+ B:cD?::B:cF% and::a: FD%

PROBLEM XI.

To enlarge any line c E in power according to any pro-
portion, suppose as the line A to the line B. Fig. 1.

By Problem I., state it as A : B :: cE : cD,
thatis ¢ = A and cA = B, join EB, and through
A, parallel to EB draw A p, cutting cE produced
in p; upon op describe the semicircle c ¥ p;
upon E erect the right angle e, cutting the semi-
circle in F, Jom c¥ for the line requxred for as
a:B::ck’: s

PROBLEM XII.

To cut a line AD in extreme and mean proportions.
Fig. 8. ’

Upon A raise the perpendicular A ¥, making it
equal to A D, bisect A¥ in @, and join G b, produce
F A, making @ 1 equal to ¢ D, make A c equal to a1,
which shall divide the line A p in the proportions as
required; for AD : ACc:: AC: CcD.
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TABLR of Squares and Cubes, also the Square and Cube
Roots of all Numbers from 1 to 1000.

Numb.| Square. Cube. Square Root. | Cube Root.
1 1 1 1.0000000 | 1.000000
2 4 8 1.4142136 | 1.259921
3 9 27 1.7320508 | 1.442250
4 16 64 2.0000000 | 1.587401
5 25 125 2.2360680 | 1.709976
6 36 216 2.4494897 | 1.817121
7 49 343 2.6457513 | 1.912933
8 64 512 2.8284271 | 2.000000
9 81 729 8.0000000 | 2.080084
10 100 1000 8.1622777 | 2.154435
11 121 1831 3.3166248 | 2.228980
12 144 1728 8.4641016 | 2.289428
18 169 2197 8.6055518 | 2.351335
14 196 2744 8.7416574 | 2.410142
15 225 3375 8.8729833 | 2.466212
16 256 4096 4.0000000 | 2.519842
17 289 4913 4.1231056 | 2.571282
18 824 58382 4.2426407 | 2.620741
19 361 6859 4.3588989 | 2.668402

20 400 8000 4.4721360 | 2.714418 |
441 9261 4.5825757 | 2.758923

484 10648 4.6904158 | 2.802039
529 12167 4.7958315 | 2,843867
576 13824 4.8989795 | 2.884499
625 15625 5.0000000 | 2.924018
676 17576 5.0990195 | 2,962496
729 19683 5.1961524 | 3.000000
784 21952 5.2915026 | 3.036589
841 24389 5.8851648 | 8.072317
900 27000 5.4772256 | 8.107232
961 29791 5.5677644 | 3.141381
1024 82768 5.6568542 | 8.174802
1089 85937 5.7445626 | 3.207534
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Numb.| Square. , Cube. Square Root. | Cube Root.
84| 1156 39304 5.8309519 | 8.239612
35 1225 42875 5.9160798 | 3.271066
36 1296 46656 6.0000000 | 3.301927
37| 13869 50653 6.0827625 | 8.332222
38 1444 54872 6.1644140 | 8.361975
39 1521 59319 6.2449980 | 8.891211
40 | 1600 64000 6.3245553 | 3.419952
41 1681 68921 6.4031242 | 3.448217
42 1764 74088 6.4807407 | 8.476027
43 | 1849 79507 6.5574385 | 8.503398
44 1936 85184 6.6332496 | 3.530348
45 | 2025 91125 6.7082039 | 8.556893
46 2116 97336 6.7823300 | 3.583048
47 2209 103823 6.8556546 | 3.608826
48 2304 110592 6.9282032 | 8.634241
49 2401 117649 7.0000000 | 3.659306
50 2500 125000 7.0710678 | 8.684031
51 2601 132651 7.1414284 | 3,708430
52 2704 140608 7.2111026 | 3.782511
53 2809 148877 7.2801099 | 3.756286
54 | 2916 157464 7.3484692 | 8,779763
55 | 3025 166375 7.4161985 | 3.802958
56 8136 175616 7.4833148 | 8.825862
57 | 8249 185193 7.5498344 | 3.848501
58 | 3364 195112 7.6157731 | 3.870877
59 | 8481 205379 7.6811457 | 3.892996
60 | 38600 216000 7.7459667 | 8.914867
61 8721 226981 7.8102497 | 3.936497
62 | 3844 238328 7.8740079 | 8,957892
63 | 3969 250047 7.9872539 | 8.979057
64 | 4096 262144 8.0000000 | 4.000000
65 | 4225 274625 8.0622577 | 4.020726
66 | 4356 287496 8.1240384 | 4.041240
67 | 4489 300763 8.1853528 | 4.061548
68 | 4624 314432 8.2462113 | 4.081656
69 | 4761 328509 8.3066239 | 4.101566
70 | 4900 343000 8.3666003 | 4.121285
71 5041 357911 8.4261498 | 4.140818
5184 373248 8.4852814 | 4.160168
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Numb.| Square. Cube. Square‘Root. | Cube Root.
73 5329 389017 8.5440037 | 4.179339
74 5476 405224 8.6023253 | 4.198336
75 5625 421875 8.6602540 | 4.217163
76 5776 438976 8.7177979 | 4.235824
77 5929 456533 8.7749644 | 4.254321
78 6084 474552 8.8317609 | 4.272659
79 6241 493039 8.8881944 | 4.290841
80 6400 512000 8.9442719 | 4.308870
81 6561 531441 9.0000000 | 4.326749
82 6724 551368 9.0553851 | 4.344481
83 6889 571787 9.1104336 | 4.362071
84 7056 592704 9.1651514 | 4.379519
85 7225 614125 9.2195445 | 4.396880
86 7396 636056 9.2736185 | 4.414005
87 7569 658503 9.3273791 | 4.431047
88 7744 681472 9.3808315 | 4.447960
89 7921 704969 9.4339811 | 4.464745
90 8100 729000 9.4868330 | 4.481405
91 8281 7538571 9.5393920 | 4.497942
92 8464 778688 9.5916630 | 4.514357
93 8649 804357 9.6436508 | 4.530655
94 8836 830584 9.6953597 | 4.546836
95 9025 857375 9.7467943 | 4.562903
96 9216 884736 9.7979590 | 4.578857
97 9409 912673 9.8488578 | 4.594701

_ 98 9604 941192 9.8994949 | 4.610436
99 9801 970299 9.9498744 | 4.626065
100 | 10000 | 1000000 | 10.0000000 | 4.641589
101 10201 1030301 10.0498756 | 4.657010
102 | 10404 | 1061208 | 10.0995049 | 4.672330
103 | 10609 | 1092727 10.1488916 | 4.687548
104 | 10816 | 1124864 | 10.1980390 | 4.702669
105 | 11025 | 1157625 | 10.2469508 | 4.717694
106 | 11236 | 1191016 | 10.2956301 | 4.732624
107 | 11449 | 1225043 | 10.3440804 | 4.747459
108 | 11664 | 1259712 | 10.3923048 | 4.762203
109 | 11881 1295029 | 10.4403065 | 4.776856
110 | 12100 | 1331000 | 10.4880885 | 4.791420
111 12321 1367631 10.5356538 | 4.805896
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Numb.| Square, Cube. Square Root. | Cube Root. .
112 12544 1404928 10.5830052 | 4.820284
113 12769 1442897 10.6301458 | 4.834588
114 12996 1481544 10.6770783 | 4.848808
115 13225 1520875 10.7238053 | 4.862944
116 13456 1560896 10.7703296 | 4.876999
117 13689 1601613 10.8166538 | 4.890973
118 13924 1643032 10.8627805 | 4.904868
119 14161 1685159 10.9087121 | 4.918685
120 14400 1728000 10.9544512 | 4.932424
121 14641 1771561 11.0000000 | 4.946088
122 14884 | 1815848 11.0453610 | 4.959675
123 15129 1860867 11.0905365 | 4.973190

124 15376 1906624 11.1855287 | 4.986681
125 15625 1953125 11.1803399 | 5.000000
126 15876 | 2000376 11.2249722 | 5.013298
127 16129 | 2048383 11.2694277 | 5.026526
128 16384 | 2097152 11.8137085 | 5.039684
129 16641 | 2146689 11.8578167 | 5.052774
130 16900 | 2197000 11.4017548 | 5.065797
131 17161 2248091 11.4455231 | 5.078753
132 17424 | 2299968 11.4891253 | 5.091643
133 17689 | 2352637 11.5325626 | 5.104469
134 17956 | 2406104 11.5758369 | 5.117230
185 18225 | 2460375 11.6189500 | 5.129928
136 18496 | 2515456 11.6619038 | 5.142568
137 18769 | 2571353 11.7046999 | 5.155187
138 19044 | 2628072 11.7473444 | 5.167649
139 19321 | 2685619 11.7898261 | 5.180101
140 19600 | 2744000 11.8321596 | 5.192494
141 19881 2803221 11.8743421 | 5.204828
142 | 20164 | 2863288 11.9163753 | 5.217108
143 | 20449 ! 2924207 11.9582607 | 5.229321
144 | 20736 | 2985984 12.0000000 | 5.241482
145 | < 21025 | 3048625 12.0415946 | 5.253588
146 | R1316 | 38112136 12.0830460 | 5.265637
147 | 21609 | 8176523 12.1243557 | 5.277682
148 | 21904 | 3241792 12.1655251 | 5.289572
149 | 22201 3307949 12.2065556 | 5.301459
150 | 22500 | 8375000 12.2474487 | 5.313298
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Numb.| Square. Cube. Square Root. | Cube Root.
161 22801 8442951 12.2882057 | 5.8325074
152 23104 3511808 12.8288280 | 5.3368038
158 23409 8581577 12.3693169 | 5.348481
154 28716 8652264 12.4096736 | 5.360108
155 24025 | 38723875 12.4498996 | 5.371685
156 24336 8796416 12.4899960 | 5.383231
157 24649 | 3869898 . | 12.5299641 | 5.394690
158 24964 3944312 12.5698051 | 5.406120
159 25281 4019679 12.6095202 | 5.417501
160 25600 | ‘4096000 12.6491106 | 5.428835
161 25921 4173281 12.6885775 | 5.440122
162 26244 4251528 12.7279221 | 5.4513862
168 26569 4330747 12.7671458 | 5.462556
164 26896 4410944 12.8062485 | 5.4737038
165 27225 4492125 12.8452826 | 5.484806
166 27556 4574296 12.8840987 | 5.495865
167 27889 | 4657463 12.9228480 | 5.506879
168 28224 4741632 12.9614814 | 5.517848
169 28561 4826809 18.0000000 | 5.528775
170 28900 | 49138000 18.0384048 | 5.539658
1171 29241 5000211 18.0766968 | 5.550499
172 29584 5088448 18.1148770 | 5.561298
178 29929 5177717 18.1529464 | 5.572054
174 80276 5268024, 18.1909060 | 5.582770
175 30625 5859375 18.2287566 | 5.593445
176 30976 5451776 18.2664992 | 5.604079
177 31329 5545288 18.3041347 | 5.614678
178 31684 | 5639752 18.3416641 | 5.625226
179 32041 5735339 13.3790882 | 5.635741
180 | 32400 | 5832000 18.4164079 | 5.646216
181 82761 5929741 13.4536240 | 5.656652
182 33124 6028568 18.4907376 | 5.667051
183 33489 6128487 18.5277493 | 5.677411
184 ; 33856 6229504 13.5646600 | 5.687734
185 34225 6331625 18.6014705 | 5698019
186 34596 6434856 18.6381817 | 5.708267
187 34969 6539203 18.6747948 | 5.718479
188 85844 6644672 18.7113092 | 5.728654
189 35721 6751269 18.7477271

5.738794
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Numb.| Square. Cube. Square Root. | Cube Root.
190 | - 86100 6859000 | 13.7840488 | 5.748897
191 36481 6967871 | 13.8202750 | 5.758965
192 | 36864 7077888 | 13.8564065 | 5.768998
193 | 87249 7189057 | 13.8924440 | 5.778996
194 | 87636 7301384 | 13.9283883 | 5.788960
195 [ 38025 7414875 | 13.9642400 | 5.798890
196 | 38416 7529536 | 14.0000000 | 5.808786
197 | 38809 7645373 | 14.0356688 | 5.818648
198 | 39204 7762392 | 14.0712473 | 5.828476
199 | 39601 7880599 | 14.1067360 | 5.838272
200 | 40000 8000000 | 14.1421356 | 5.848085
201 | 40401 8120601 | 14.1774469 | 5.857765
202 | 40804 8242408 | 14.2126704 | 5.867464
203 | 41209 8365427 | 14.2478068 | 5.877130
204 | 41616 8489664 | 14.2828569 | 5.886765
205 | 42025 8615125 | 14.3178211 | 5.896368
206 | 42436 8741816 | 14.3527001 | 5.905941
207 | 42849 8869743 | 14.3874946 | 5915481
208 | 43264 8998912 | 14.4222051 | 5.924991
209 | 43681 9123329 | 14.4568323 | 5.934473
210 | 44100 9261000 | 14.4913767 | 5.943911
211 | 44521 9393931 | 14.5258390 | 5.953341
212 | 44944 9528128 | 14.5602198 | 5.962731
213 | 45369 9663597 | 14.5945195 | 5.972091
214 | 45796 9800344 | 14.6287388 | 5.981426
215 | 46225 9938875 | 14.6628783 | 5.990727
216 | 46656 10077696 | 14.6969385 | 6.000000
217 | 47089 10218313 | 14.7309199 | 6.009244
218 | 47524 10360232 | 14.7648231 | 6 018463
219 | 47961 10503459 | 14.7986486 | 6.027650
220 | 48400 10648000 | 14.8823970 | 6.036811 |
221 | 48841 10793861 | 14.8660687 | 6.045943 |
222 | 49284 10941048 | 14.8996644 | 6.055048
223 | 49729 11089567 | 14.9331845 | 6.064126
224 | 50176 11239424 | 14.9666295 | 6.073177
225 | 50625 11390625 | 15.0000000 | 6.082201
226 | 51076 11543176 | 15.0332964 | 6.091199
227 | 51529 11697083 | 15.0665192 | 6.100170
228 | 51984 11852852 | 15.0996689 | 6.109115 !

o
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Numb.| Square, Cube. Square Root. | Cube Root.
229 | 52441 | 12008989 | 15.1327460 | 6.118032
230 | 52900 | 12167000 | 15.1657509 | 6.126925
231 | 53361 | 12326391 | 15.1986842 | 6.135792
232 | 53824 | 12487168 | 15.2315462 | 6.144634
233 | 54289 | 12649337 | 15.2643375 | 6.153449
© 934 | 54756 | 12812904 | 15.2970585 | 6.162239
285 | 55225 | 12977875 | 15.8297097 | 6.171005
236 | 55696 | 13144256 | 15.8622915 | 6.179747
' 2387 | 56169 | 18312058 | 153948043 | 6.188463
| 238 | 56644 | 13481272 | 15.4272486 | 6.197154
1289 | 57121 | 138651919 | 15.4596248 | 6.205821
- 240 | 57600 | 18824000 | 15.4919334 | 6.214464
' 241 | 58081 | 18997521 | 15.5241747 | 6.223083
1 242 | 58564 | 14172488 | 15.5563492 | 6.231678
243 | 59049 | 14348907 | 15.5884573 | 6.240251
244 | 59536 | 14526784 | 15.6204994 | 6.248800
245 | 60025 | 14706125 | 15.6524758 | 6.257324
246 | 60516 | 14886936 | 15.6843871 | 6.265826
247 | 61009 [ 15069223 | 15.7162336 | 6.274304
248 | 61504 | 15252992 | 15.7480157 | 6.282760
249 | 62001 | 15438249 | 15.7797338 | 6.291194
250 | 62500 | 15625000 | 15.8113883 | 6.299604.
251 | 63001 | 15813251 | 15.8429795 | 6.307992
252 | 63504 | 16003008 | 15.8745079 | 6.816359
258 | 64009 | 16194277 | 15.9059737 | 6.324704
254 | 64516 | 16387064 | 15.9373775 | 6.383025
255 | 65025 | 16581375 | 15.9687194 | 6.341325
256 | 65536 | 16777216 | 16.0000000 | 6.8349602
257 | 66049 | 16974593 | 16.0312195 | 6.357859
258 | 66564 | 17173512 | 16.0623784 | 6.866095
259 | 67081 | 173873979 | 16.0934769 | 6.374310
260 | 67600 | 17576000 | 16.1245155 | 6.382504
261 | 68121 | 17779581 | 16.1554944 | 6.390676
262 | 68644 | 17984728 | 16.1864141 | 6.398827
263 | 69169 | 18191447 | 16.2172747 | 6.406958
264 | 69696 | 18399744 | 16.2480768 | 6.415068
265 | 70225 | 18609625 | 16.2788206 | 6.428157
266 | 70756 | 18821096 | 16.8095064 | 6.431226
267 | 71289 | 19034163 | 16.3401346 | 6.489275
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Numb.| Square. Cube. Square Root. | Cube Root.
268 | 71824 | 19248832 | 16.3707055 | 6.447305
269 | 72361 | 19465109 | 16.4012195 | 6.455314
270 | 72900 | 19683000 | 16.4316767 | 6.463304
271 | 73441 | 19902511 | 16.4620776 | 6.471274
272 | 73984 | 20123648 | 16.4924225 | 6.479224
273 | 74529 | 20346417 | 16.5227116 | 6.487153
274 | 75076 | 20570824 | 16.5529454 | 6.495064
275 | 75625 | 20796875 | 16.5831240 | 6.502956
276 | 76176 | 21024576 | 16.6132477 | 6.510829
277 | 76729 | 21253933 ; 16.6433170 | 6.518684
278 | 77284 | 21484952 | 16.6733320 | 6.526519
279 | 77841 | 21717639 | 16.7032931 | 6.534335
280 | 78400 | 21952000 | 16.7332005 | 6.542132
281 | 78961 | 22188041 | 16.7630546 | 6.549911
282 | 79524 | 22425768 | 16.7928556 | 6.557672
283 | 80089 | 22665187 | 16.8226038 | 6.565415
284 | 80656 | 22906304 | 16.8522995 | 6.573139
285 | 81225 | 23149125 | 16.8819430 | 6.580844
286 | 81796 | 23393656 | 16 9115345 | 6.588531
287 | 82369 | 23639903 | 16.9410743 | 6.596202
288 | 82944 | 23887872 | 16.9705627 | 6.603854
289 | 83521 | 24187569 | 17.0000000 | 6.611488
290 | 84100 | 24389000 | 17.0293864 | 6.619106
291 | 84681 | 24642171 | 17.0587221 | 6.626705
202 | 85264 | 24897088 | 17.0880075 | 6.634287
298 | 85849 | 25153757 | 17.1172428 | 6.641851
294 | 86436 | 25412184 | 17.1464282 | 6.649399
205 | 87025 | 25672375 | 17.1755640 | 6.656930
206 | 87616 | 25934336 | 17.2046505 | 6.664443
297 | 88209 | 26198073 | 17.2336879 | 6.671940
208 | 88804 | 26463592 | 17.2626762 | 6.679419
299 | 89401 | 26730899 | 17.2916165 | 6.686882
300 [ 90000 | 27000000 | 17.3205081 | 6.694328
301 | 90601 | 27270901 | 17.3493516 | 6.701758
302 | 91204 | 27543608 | 17.3781472 | 6.709172
303 | 91809 | 27818127 | 17.4068952 | 6.716569
304 | 92416 | 28094464 | 17.4355958 | 6.723950
305 | 93025 | 28372625 | 17.4642492 | 6.731316
306 | 93636 | 28652616 | 17.4928557 | 6.738665

(03]
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Numb.| Square. Cube. Square Root. | Cube Root.
307 94249 | 28934448 | 17.5214155 | 6.745997
308 | 94864 | 29218112 | 17.5499288 | 6.753313
309 95481 29503629 | 17.5783958 | 6.760614
310 | 96100 | 29791000 | 17.6068169 | 6.767899
S11 96721 80080231 | 17.6351921 | 6.775168
312 | 97344 | 80371328 | 17.6635217 | 6.782422
318 | 97969 | 30664297 | 17.6918060 | 6.789661
314 | 98596 | 30959144 | 17.7200451 | 6.796884
815 | 99225 | 31255875 | 17.7482393 | 6.804091
316 99856 31554496 | 17.7763888 | 6.811284
817 | 100489 81855018 | 17.8044938 | 6.818461
318 | 101124 | 382157432 | 17.8325545 | 6.825624
319 | 101761 32461759 | 17.8605711 | 6.832771
820 | 102400 | 82768000 | 17.8885438 | 6.839903
321 | 103041 33076161 | 17.9164729 | 6.847021
822 | 103684 | 83386248 | 17.9443584 | 6.854124
323 | 104329 | 38698267 | 17.9722008 | 6.861211
824 | 104976 84012224 | 18.0000000 | 6.868284
825 | 105625 34328125 | 18.0277564 | 6.875343
326 | 106276 | 84645976 | 18.0554701 | 6.882388
827 | 106929 84965783 | 18.0831413 | 6.889419
398 | 107584 | 85287552 | 18.1107703 | 6.896435
329 | 108241 35611289 | 18.1383571 | 6.903436
330 | 108900 85937000 | 18.1659021 | 6.910423
331 | 109561 86264691 | 18.1934054 | 6.917396
3832 | 110224 36594368 | 18.2208672 | 6.924355
333 | 110889 86926037 | 18.2482876 | 6.931300
334 | 111556 37259704 | 18.2756669 | 6.938232
335 | 112225 87595375 | 18.3030052 | 6.945149
336 | 112896 87933056 | 18.3303028 | 6.952053
337 | 113569 382727538 | 18.3575598 | 6.958943
838 | 114244 | 38614472 | 18.3847763 6.965819
339 i 114921 88958219 | 18.4119526 | 6.972682
340 ' 115600 39304000 | 18.4390889 | 6.979532
341 ' 116281 39651821 | 18.4661853 | 6.986369
342 ' 116964 40001688 | 18.4932420 | 6.993491
343 | 117649 | 40353607 | 18.5202592 | 7.000000
844 | 118336 | 40707584 | 18.5472370 | 7.006796
845 | 119025 | 41063625 | 18.5741756 | 7.013579




SQUARES, CUBES, AND ROOTS.
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Numb.; Square. | Cube. Square Root. | Cube Root.
846 | 119716 | 41421736 | 18.6010752 | 7.020349
847 | 120409 | 41781923 | 18.6279360 | 7.027106
848 | 121104 ;| 42144192 | 18.6547581 | 7.033850
849 | 121801 | 42508549 | 18.6815417 | 7.040581
850 | 122500 | 42875000 | 18.7082869 | 7.047208
851 | 123201 | 43243551 | 18.7349940 | 7.054003

| 352 | 123904 | 43614208 | 18.7616630 | 7.060696
853 | 124609 | 43986977 | 18.7882942 | 7.067376
854 | 125316 | 44361864 | 18.8148877 | 7.074048
355 | 126025 | 44738875 | 18.8414437 | 7.080698
356 | 126736 | 45118016 | 18.8679623 | 7.087341
857 | 127449 | 45499293 | 18.8944436 | 7.093970
858 | 128164 | 45882712 | 18.9208879 | 7.100588
859 | 128881 | 46268279 | 18.9472953 | 7.107193
360 | 129600 ; 46656000 | 18.9736660 | 7.113786
861 | 1830321 | 47045881 | 19.0000000 | 7.120867
862 | 131044 | 47437928 | 19.0262976 | 7.126935
863 | 131769 | 47832147 | 19.0525589 | 7.133492
864 | 182496 | 48228544 | 19.0787840 | 7.140037
865 | 133225 | 48627125 | 19.1049732 | 7.146569
866 | 133956 | 49027896 | 19.1311265 | 7.153090
867 | 134689 | 49430863 | 19.1572441 | 7.159599
868 | 135424 | 49836032 | 19.1833261 | 7.166095
869 | 186161 | 50243409 | 19.2093727 | 7.172580
870 | 136900 | 50653000 | 19.2353841 | 7.179054
871 | 187641 | 51064811 | 19.2613603 | 7.185516
872 | 138384 | 51478848 | 19.2873015 | 7.191966
878 | 139129 { 51895117 | 19.3132079 | 7.198405
874 | 139876 | 52313624 | 19.3390796 | 7.204832
875 | 140625 | 52784375 | 19.3649167 | 7.211247
876 | 141376 | 53157376 | 19.3907194 | 7.217652
877 | 142129 | 53582633 | 19.4164878 | 7.224045
878 | 142884 | 54010152 19.4422221 | 7.230427
879 | 143641 | 54439939 | 19.4679223 | 7.236797
380 | 144400 | 54872000 | 19.4935887 | 7.243156
381 | 145161 | 55306341 | 19.51922183 | 7.249504
882 | 145924 | 55742968 | 19.5448208 | 7.255841
883 | 146689 | 56181887 | 19.5703858 | 7.262167
384 | 147456 | 56623104 | 19.5959179 | 7.268482

o3




162 A TABLE OF
Numb.| Square. Cube. 8quare Root. | Cube Root.
385 | 148225 | 57066625 | 19.6214169 | 7.274786
886 | 148996 | 57512456 | 19.6468827 | 7.281079
387 | 149769 | 57960603 | 19.6723156 | 7.287362
388 | 150544 | 58411072 | 19.6977156 | 7.293633
889 | 151321 | 58863869 | 19.7230829 | 7.299893
890 | 152100 | 59319000 | 19.7484177 | 7.306143
391 | 152881 59776471 | 19.7737199 | 7.8312383
392 | 153664 | 60236288 | 19,7989899 | 7.318611
393 | 154449 | 60698457 | 19.8242276 | 7.324829
894 | 155236 | 61162984 | 19.84943382 | 7.831087
395 | 156025 | 61629875 | 19.8746069 | 7.337234
396 | 156816 | 62099136 | 19.8997487 | 7.343420
397 | 157609 | 62570773 | 19.9248588 | 7.349596
398 | 158404 | 63044792 | 19.9499373 | 7.855762
899 | 159201 63521199 | 19.9749844 | 7.361917
400 | 160000 | 64000000 | 20.0000000 | 7.368063
401 | 160801 64481201 | 20.0249844 | 7.374198
402 | 161604 | 64964808 | 20.0499377 | 7.380322
403 | 162409 | 65450827 | 20.0748599 | 7.8386487
404 | 163216 | 65939264 | 20.0997512 | 7.892542
405 | 164025 | 66430125 | 20.1246118 | 7.398636
406 | 164836 | 66923416 | 20.1494417 | 7.404720
407 | 165649 | 67419148 | 20.1742410 | 7.410794
408 | 166464 | 67911312 | 20.1990099 | 7.416859
409 | 167281 | 68417929 | 20.2237484 | 7.422914
410 | 168100 | 68921000 | 20.2484567 | 7.428958
411 | 168921 | 69426531 | 20.2731349 | 7.434998
412 | 169744 | 69934528 | 20.2977831 | 7.441018
413 | 170569 | 70444997 | 20.3224014 | 7.44'7038
414 | 171396 | 70957944 | 20.3469899 | 7.453039
415 | 172225 | 71473375 | 20.3715488 | 7.459036
416 | 173056 | 71991296 | 20.3960781 | 7.465022
417 | 173889 | 72511713 | 20.4205779 | 7.470999
418 | 174724 | 73034632 | 20.4450483 | 7.476966
419 | 175561 73560059 | 20.4694895 | 7.482924
420 | 176400 | 74088000 | 20.4939015 | 7.488872
421 | 177241 74618461 | 20.5182845 | 7.494810
422 | 178084 | 175151448 | 20.5426386 | 7.5600740
423 | 178929 | 175686967 | 20.5669638 | 7.506660




SQUARES, CUBES, AND ROOTS.
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Numb.

Square, Cube. 8quare Root. | Cube Root. |
424 | 179776 | 76225024 | 20.5912608 | 7.512571
425 | 180625 | 76765625 | 20.6155281 | 7.518478
426 | 181476 | 77308776 | 20.6397674 | 7.524365
427 | 182329 | 177854483 | 20.6639788 | 7.530248
428 | 183184 | 178402752 | 20.6881609 | 7.536121
429 | 184041 | 78953589 | 20.7123152 | 7.541986
430 | 184900 | 79507000 | 20.7364414 | 7.547841
431 | 185761 | 80062991 | 20.7605395 | 7.553688
432 | 186624 | 80621568 | 20.7846097 | 7.559525
433 | 187489 | 81182737 | 20.8086520 | 7.565858
434 | 188356 | 81746504 | 20.8326667 | 7.571178
435 | 189225 | 82312875 | 20.8566536 | 7.576984
436 | 190096 | 82881856 | 20.8806130 | 7.582786
437 | 190969 | 88453458 | 20.9045450 | 7.588579
438 | 191844 | 84027672 | 20.9284495 | 7.594363
439 | 192721 | 84604519 | 20.9528268 | 7.600138
440 | 193600 | 85184000 | 20.9761770 | 7.605905
441 | 194481 85766121 .| 21.0000000 | 7.611662
442 | 195364 | 86350388 | 21.0287960 | 7.617411
443 | 196249 | 86938307 | 21.0475652 | 7.623151
| 444 | 197186 | 87528384 | 21.0713075 | 7.628883
445 | 198025 | 88121125 | 21.0950231 | 7.634606
446 | 198916 | 88716536 | 21.1187121 | 7.640821
447 | 199809 | 893146238 | 21.1423745 | 7.646027
448 | 200704 | 89915392 | 21.1660105 | 7.651725
449 | 201601 90518849 | 21.1896201 | 7.657414
450 | 202500 | 91125000 | 21.2182084 | 7.663094
451 | 203401 | 91733851 | 21.2867606 | 7.668766
452 | 204304 | 92345408 | 21.2602916 | 7.674430
453 | 205209 | 92959677 | 21.2837967 | 7.680085
454 | 206106 | 93576664 | 21.3072758 | 7.685732
455 | 207025 | 94196375 | 21.3307290 | 7.691871
456 | 207936 | 94818816 | 21.8541565 | 7.697002
457 | 208849 | 95443993 | 21.8775583 | 7.702624
458 | 209764 | 96071912 | 21.4009346 | 7.708238
459 | 210681 | 96702579 | 21.4242853 | 7.713844
460 | 211600 | 97336000 | 21.4476106 | 7.719442
461 | 212521 | 97972181 | 21.4709106 | 7.725032
462 | 213444 | 98611128 | 21.49418583 | 7.730614




164

A TABLE OF

Numb.

Square.

Cube.

Square Root.

Cube Root.

463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498

499 .

500
501

214369
215296
216225
217156
218089
219024
219961
220900
221841
222784
223729
224676
225625
226576
227529
228484
229441
230400
231361
232324
233289
234256
235225
286196
237169
238144
239121
240100
241081
242064
243049
244036
245025
246016
247009
248004
249001

-260000

251001

99252847

99897344
100544625
101194696
101847563
102503232
103161709
103823000
104487111
105154048
105823817
106496424
107171875
107850176
108531333
109215352
109902239
110592000
111284641
111980168
112678587
113379904
114084125
114791256
115501303
116214272
116930169
117649000
118370771
119095488
119823157
120553784
121287375
122023936
122763473
123505992
124251499
125000000
125751501

21.5174348
21.5406592
21.5638587
21.5870331
21.6101828
21.6333077
21.6564078
21.6794834
21.7025344
21.7255610
21.7485632
217715411
21.7944947
21.8174242
21.8403297
21.8632111
21.8860686
21.9089023
21.9817122
21.9544984
21.9772610
22.0000000
22.0227155
22.0454077
22.0680765
22.0907220
22.1133444
22.1359436
22.1585198
22.1810730
22.2036033
22.2261108
22.2485955
22.2710575
22.2934968
22.3159136
22.3383079
22.3606798
22.3830293

7.736187
7.741753
7.747810
7.752860
7.758402
7.763936
7.769462
7.774980
7.780490
7.785992
7.791487
7.796974
7.802453
7.807925
7.813389
7.818845
7.824294
7.829735
7.835168
7.840594
7.846013
7.851424
7.856828
7.862224
7.867613
7.872994
7.878868
7.883734
7.889094
7.894446
7.899791
7.905129
7.910460
7915784
7.921100
7.926408
7.931710
7.937005
7.942293




SQUARES, CUBES, AND ROOTS. 165

Square. Cube. 8quare Root. ’ Cube Root.

252004 | 126506008 | 22.4053565 | 7.947573
253009 | 127263527 | 22.4276615 | 7.952847
254016 | 128024064 | 22.4499443 | 7.958114
255025 | 128787625 | 22.4722051 | 7.963374
256036 | 129554216 | 22.49444388 | 7.968627
257049 | 130323843 | 22.5166605 | 7.973873
258064 | 181096512 | 22.5388553 | 7.979112
259081 | 131872229 | 22,5610283 | 7.984344
260100 | 132651000 | 22.5831796 | 7.989569
261121 | 133432831 | 22.6053091 | 7.994788
262144 | 134217728 | 22.6274170 | 8.000000
263169 | 135005697 | 22.6495033 | 8.005205
264196 | 135796744 | 22.6715681 | 8.010403
265225 | 136590875 | 22.6936114 | 8.015595
266256 | 137388096 | 22,7156334 | 8.020779
267289 | 138188413 | 22.7876340 | 8.025957
268324 | 138991832 | 22.7596134 | 8.031129
269361 | 139798359 | 22.7815715 | 8.036293
270400 | 140608000 | 22.8035085 | 8.041451
271441 | 141420761 | 22.8254244 | 8.046603
272484 | 142236648 | 22.8473193 | 8.051748
278529 | 143055667 | 22.8691933 | 8.056886
274576 | 143877824 | 22.8910463 | 8.062018
275625 | 144703125 | 22.9128785 | 8.067143
276676 | 145581576 | 22.9346899 | 8.072262
277729 | 146363183 | 22.9564806 | 8.077374
278784 | 147197952 | 22.9782506 | 8.032480
279841 | 148035889 | 23.0000000 | 8.087579
280900 | 148877000 | 23.0217289 | 8.092672
281961 | 149721291 | 23.0434372 | 8.097758
283024 | 150568768 | 28.0651252 | 8.102838
284089 | 151419487 | 23.0867928 | 8.107912
285156 | 152273304 | 23,1084400 | 8.112980
286225 | 153130375 | 23.1300670 | 8.118041
287296 | 153990656 | 28.1516738 | 8.123096
288369 | 154854153 | 23.1732605 | 8.128144
289444 | 155720872 | 28.1948270 | 8.133186
290521 | 156590819 | 23.2163735 | 8.138228

291600{ 157464000 | 23.2379001 | 8.143253



A TABLE OF

Square.

Cube,

Square Root.

Cube Root.

292681
293764
294849
295936
297025
298116
299209
300304
301401
302500
303601
304704
305809
306916
308025
309136
310249
311364
312481
313600
814721
815844
316969
318096
319225
820356
821489
322624
823761
324900
326041

. 327184

328329
329476
830625
8381776
832929
334084

335241

158340421
159220088
160103007
160989184
161878625
162771336
163667323
164566592
165469149
166375000
167284151
168196608
169112377
170031464
170953875
171879616
172808693
173741112
174676879
175616000
176558481
177504328
178458547
179406144
180362125
181321496
182284263
183250432
184220009
185193000
186169411
187149248
1881382517
189119224,
190109375
191102976
192100033
193100552
194104539

23.2594067
23.2808935
23.3023604
23.3238076
238.3452351
23.3666429
23.3880311
23.4093998
23.4307490
23.4520788
23.4733892
23.4946802
23.5159520
23.5372046
23.5584380
28.5796522
23.6008474
28.6220236
23.6431808
23.6643191
23.6854386
23.7065392
23.7276210
23.7486842
23.7697286
23.7907545
23 8117618
23.8327506
23.8537209
23.8746728
23.8956063
23.9165215
23.9374184
23.9582971
28.9791576
24.0000000
24.0208248
24.0416306
24.0624188

8.148276
8.153293
8.158304,
8.163309
8.168308
8.173302
8.178289
8.183269
8.188244,
8.193212
8.198175
8.203131
8.208082
8.213027
8.217965
8.222898
8.227825
8.232746
8.237661
8.242570

| 8.247474
8.252371
8.257263
8.262149
8.267029
8.271903
8.276772
8.281635
8.286493
8.291344
8.296190
8.301030
8.305865
8.310694
8.315517
8.320335
8.325147
8.329954
8.334755




SQUARES, CUBES, AND ROOTS.
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Numb.

Square,

Cube.

Square Root.

Cube Root.

580

582
583
584
585
586
587
588
589
590
591
592
598
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
517
618

336400
837561
338724
339889
341056
342225
343396
344569
345744
346921
348100
349281
350464
851649
352836
354025
355216
356409
357604
358801
360000
361201
362404
363609
364816
366025
367236
368449
369664
370881
372100
373321
874544
875769
376996
378225
3879456
880689
381924

195112000
196122941
197137368
198155287
199176704
200201625
201230056
202262003
203297472
204336469
205379000
206425071
207474688
208527857
209584584
210644875
211708736
212776173
213847192
214921799
216000000
217081801
218167208
219256227
220348864
221445125
222545016
223648543
224755712
225866529
226981000
228099131
229220928
230346397
281475544
232608375
233744896
234885113
236029032

24.0831892
24.1039416
24.1246762
24.1453929
24.1660919
24.1867732
24.2074369
24.2280829
24.2487118
24.2693222
24.2899156
24.3104916
24.3310501
24.3515918
24.3721152
24.3926218
24.4181112
24.4335834
24.4540385
24.4744765
24.4948974
24.5153018
24.5356883
24.5560583
24.5764115
24.5967478
24.6170673
24.6373700
24.6576560
24.6779254
24.6981781
24.7164142
24.7386388
24.7588368
24.7790234
24.7991935
24.8193473
24.8394847
24.8596058

8.339551
8.344341
8.349125
8.353904
8.358678
8.363446
8.368209
8.372966
8.377718
8.382465
8.387206
8.391942
8.396673
8.401398
8.406118
8.410832
8.415541
8.420245
8.424944
8.429638
8.434327
8.439009
8.443687
8.448360
8.453027
8.457689
8.462347
8.466999
8.471647
8.476289
8.480926
8.485557
8.490184
8.494806
8.499423
8.504034
8.508641
8.513243
8.517840
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A TABLE OF

Numb.

Square,

Cube.

Square Root.

Cube Root.

619
620
621
622
628
624
625
.| 626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
6563
654
655
656
657

383161
384400
385641
386884
388129
389376
390625
391876
393129
394384
895641
396900
398161
399424
400689
401956
403225
404496

.405769

407044
408321
409600
410881

412164

413449
414736
416025
417316
418609
419904
421201
422500
423801
425104
426409
427716
429025
430336
431649

237176659
238328000
239483061
240641848
241804367
242970624
244140625
245314376
246491883
247673152
248858189
250047000
251239591
252435968
253636137
254840104
256047875
257259456
258474853
259694072
260917119
262144000
263374721
264609288
265847707
267089984
268336125
269586136
270840023
272097792
273359449
274625000
2756894451
277167808
278445077
279726264
281011375
282300416
283503398

24.8797106
24.8997992
24.9198716
24.9399278
24.9599679
24.9799920
25.0000000
25.0199920
25.0399681
25.0599282
25.0798724
25.0998008
95,1197134
25.1396102
25.1594918
25.,1793566
25.1992063
25.2190404
25.2388589
25.2586619
25.2784493
25.2982218
25.3179778
25.8877189
25.3574447
25.8771551
25.3968502
25.4165301
25.4361947
25.4558441
25.4754784
25.4950076
25.5147016
25.5342907
25.5538647
25.5734287
25.5929678
25.6124969
25.6320112

8.522432
8.527018
8.531600
8.536177
8.540749
8.545317
8.549879
8.554487
8.558990
8.563537
8.568080
5572618
8.577152
8.581680
8.586204
8.590728
8.595288
8.599747
8.604252
8.608752
8.613248
8.617738
8.622224
8.626706
8.631183
8.635655
8.640122
8.644585
8.649048
8.653497
8.657946
8.662301
8.666831
8.671266
8.675697
8.680128
8.684545
8.688963
8.693876




SQUARES, CUBES, AND ROOTS.

Numb.

Square’

Cube.

Squne. Ro_o;. |

169

Cube Root.

658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
678
674
875
676
877
678
679

681
682

685
686
687
688
889
690

693
694 .
695
696 .

691
692 :

432964

434281
435600
436921
438244
439569
440896
442225
443556
444889
446224
447561
448900
450241
451584
452929
454276
455625
456976
458329
459684
461041
462400
463761
465124
466489
467856
469225
470596
471969
473344
474721
476100
477481
4778864
480249
481638
483025

484416 -

284890312
286191179
287496000
288804781
290117528
291434247
292754944
294079625
295408296
296740963
298077632
299418309
800763000
802111711
303464448
804821217
806182024
307546875
308915776
310288738
811665752
313046839
314432000
315821241
317214568
318611987
320013504
321419125
322828856
824242703
825660672
827082769
328509000
829939371
3381373888
3382812557
334255384
885702375
837153536

25.6515107
25.6709953
25.6904652
25.7099203
25.7208607
25.7487864
25.7681975
25.7875939
25.8069758
25.8263431
25.8456960
25.8650343
25.8843582
25.9036677
25.9229628
25.9422435
25.9615100
25.9807621
26.0000000
26.0192237
26.0384331
26.0576284
26.0768096
26.0959767
26.1151297
26.1342687
26.1533937
26.1725047
26.1916017
26.2106848
26.2297541
26.2488095
26.2678511
26.2868789
26.3058929
26.3248932
26.3438797
26.3628527
26.3818119

8.697784
8.702188
8.706587
8.710982
8.715873
8.719759
8.724141
8.728518
8.732891
8.737260
8.741624
8.745984
8.750340
8.754691
8.759038
8.763380
8.767719
8.772053
8.776382
8.780708
8.785029
8.789346
8.793659
8.797967
8.802272
8.806572
8.810868
8.815159
8.819447
8.823730
8.828009
8.832285
8.836556
8.840822
8.845085
8.849344
8.853598
8.857849
8.862095

P




170

A TABLE OF

-Numb.

698
699
700
701
702
703
704
705

707
708
709
710
711

713
714
715
716
717
718
719
720
721

7238
724
725
726
727
728
729
730
731
732
733
734
785

Square.

Cube.

Square Root.

Cube Root.

697

485809
487204
488601

490000
491401
492804
494209
495616
497025
498436
499849
501264
502681

504100
505521

506944
508369
509796
511225
512656
514089
515524
516961
518400
519841
521284
522729
524176
525625
527076
528529
529984
531441
532900
534361
535824
537289
538756
540225

338608873
340068392
341532099
343000000
344472101
845948088
347428927
348913664
350402625
351895816
353393243
854894912
356400829
857911000
359425431
360944128
362467097
863994344
865525875
367061696
368601813
870146232
871694959
373248000
874805361
876367048
877933067
379503424
381078125
382657176
384240583
385828352
387420489
389017000
390617891
392223168
393832837
895446904
397065375

26.4007576
26.4196896
26.4386081
26.4575131
26.4764046
26.4952826
26.5141472
26.5329988
26.5518361
26.5706605
26.5894716
26.6082694
26.6270539
26.6458252
26.6645833
26.6833281
26.7020598
26.7207784
26.7394839
26.7581763
26.7768557
26.7955220
26.8141754
26.8328157
26.8514432
26.8700577
26.8886593
26.9072481
26.9258240
26.9443872
26.9629375
26.9814751
27.0000000
27.0185122
27.0370117
27.0554985
27.0789727
27.0924344
27.1108834

8.866337
8.870575
8.874809
8.879040
8.883266
8.887488
8.891706
8.895920
8.900130
8.904336
8.908538
8.912736
8.916981
8.921121
8.925307
8.929490
8.933668
8.937843
8.942014
8.946180
8.950343
8.954502
8.958658
8.962809
8.966957
8.971100
8.975240°
8.979376
8.983508
8.987637
8.991762
8.995883
9.000000
9.004118
9.008222
9.012328
9.016430
9.020529
9.024628

P
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Numb.| Square.

Cube.

Square Root.

Cube Root.

736
787
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
758
754
755
756
57
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774

541696
543169
544644
546121
547600
549081
550564
552049
553536
555025
556516
558009
559504
561001
562500
564001
565504
567009
568516
570025
571536
573049
574564
576081
577600
579121
580644
582169
583696
585225
586756
588289
589824
591361
592900
594441
595984
597529
599076

398688256
400315558
401947272
403583419
405224000
406869021
408518488
410172407
411830784
413493625
415160936
416832723
418508992
420189749
421875000
428564751
425259008
426957777
428661064
430368875
432081216
433798093
435519512
437245479
438976000
440711081
442450728
444194947
445948744
447697125
449455096
451217663
452984832
454756609
456533000
458314011
460099648
461889917
463684824

27.1293199
27.1477439
27.1661554
27.1845544
27.2029410
27.2213152
27.2396769
27.2580263
27.2763634
27.2946881
27.3130006
27.3313007
27.3495887
27.3678644
27.3861279
27.4043792
27.4226184
27.4408455
27.4590604
27.47726383
27.4954542
27.5136330
27.5817998
27.5499546
27.5680975
27.5862284
27.6043475
27.6224546
27.6405499
27.6586334
27.6767050
27.6947648
27.7128129
27.7308492
27.7488739
27.7668868
27.7848880
217.8028775
27.8208555

9.028714
9,032802
9.036885
9.040965
9.045041
9.049114
9.053183
9.057248
9.061309
9.065367
9.069422
9.073472
9.077519
9.081563
9.085603
9,089639
9.093672
9.097701
9.101726
9.105748
9.109766
9.113781
9.117793
9.121801
9.125805
9.129806
9.133803
9.137797
9.141788
9.145774
9,149757
9,153787
9.157713
9,161686
9.165656
9.169622
9.173585
9.177544
9.181500

P2




A TABLE OF

Square.

Cube.

Square Root.

Cube Root.

600625
602176
6038729
605284
606841
608400
609961
611524
613089
614656
616225

' 617796

619369
620944
622521
624100
625681
627264
628849
630436
632025
633616
635209
636804
638401
640000
641601
643204
644809
646416
648025
649636
651249
652864
654481
656100
657721
659344
660969

A

485484375
467288576
469097433
470910952
472729139
474552000
476379541
478211768
480048687
481890304
483736025
485587656
487443403
489303872
491169069
493039000
494913671
496793088
498677257
500566184
502459875
504358336
506261573
508169592
510082399
512000000
513922401
515849608
517781627
519718464
521660125
523606616
525557943
527514112
529475129
531441000
533411731
535387328
587366797

27.8388218
27.8567766
27.8747197
27.8926514
27.9105715
27.9284801
27.9463772
27.9642629
27.9821372
28.0000000
28.0178515
28.0356915
28.0535203
28.0718877
28.0891438
28.1069386
28.1247222
28.1424946
28.1602557
28.1780056
28.1957444
28.2134720
28.2311884
28.2488938
28.2665881
28.2842712
28.3019434
28.3196045
28.3372546
28.3548938
28.3725219
28.3901391
28.4077454
28.4253408
28.4429253
28.4604989
28.4780617
28.4956137
28.5131549

9.185452
9.189401
9.193347
9.197289
9.201228
9.205164
9.209096
9.213025
9.216950
9.220872
9.224791
9.228706
9.232618
9.237527
9.240433
9.244335
9.248234
9.252130
9.256022
9.259911
9.263797
9.267679
9.271559
9.275435
9.279308
9.283177
9.287044
9.290907
9.294767
9.298623
9.802477
9.806327
9.810175
9.314019
9.317859
9.821697
9.825532
9.329363
9.333191




S8QUARES, CUBES, AND ROOTS,
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,)hnnb.

Square. «

Cube.

Square Root.

Cube Root.

814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844

846
847
848

850
851
852

662596
664225
665856
667489
669124
670761
672400
674041
675684
677329
678976
680625
682276
683929
685584
687241
688900
690561
692224
693889
695556
697225
698896
700569
702244
703921
705600
707281
708964
710649
712336
714025
715716
717409
719104
720801
722500
724201

| 725904

539353144
541343375
543338496
545338513
547343432
549353259
551368000
553387661
555412248
557441767
559476224
561515625
563559976
565609283
567663552
569722789
571787000
573856191
575930368
578009537
5800938704
582182875
584277056
586376253
588480472
590589719
592704000
594823321
596947688
599077107
601211584
603351125
605495736
607645423
609800192
611960049
614125000
616295051
618470208

28.5306852
28.5482048
28.5657137
28.5832119
28.6006993
28.6181760
28.6356421
28.6530976
28.6705424
28.6879766
28.7054002
28.7228132
28.7402157
28.7576077
28.7749891

28.7923601

28.8097206

28.8270706
28.8444102
28.8617394
28.8790582
28.8963666
28.9136646

28.9309523
28.9482297
28.9654967

28.9827535
29.0000000
29.0172363
29.0344623

29.0516781

29.0688837

29.0860791

29.1032644
29.1204396
29.1376046
29.1547595
29.1719043
29.1890390

9.337016
9.340838
9.844657
9.348473
9.352285
9.856095
9.359901

9.363704
9.367505
9.8371302
9.875096
9.378887
9.382675
9.386460
9.390241

9.394020
9.597796

9.401569
9.405338
9.409105
9.412869
9.416630
9.420387
9.424141

9.427893
9.431642
9.435388
9.439130
9.442870
9.446607
9.450341

9.454071

9.457799
9.461524
9.465247
9.468966
9.472682
9.476395
9.480106

P3
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A TABLE OF

Numb.|

Square.

Cube.

Square Root.

Cube Root.

853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891

727609
729316
731025
732736
734449
736164
737881
739600
741321
743044
744769
746496
748225
749956
751689
753424
755161
756900
758641
760384
762129
763876
765625
767376
769129
770884
772641
774400
776161
777924
779689
781456
783225
784996
786769
788544
790321
792100
793881

620650477
622835864
625026375
627222016
629422793
631628712
633839779
636056000
638277381
640503928
642735647
644972544
647214625
649461896
651714363
653972032
656234909
658503000
660776311
663054848
665338617
667627624
669921875
672221376
674526133
676836152
679151439
681472000
683797841
686128968
688465387
690807104
693154125
695506456
697864103
700227072
702595369
704969000
707347971

29.2061637
29.2232784
29.2403830
29.2574777
29.2745623
29.2916370
29.3087018
29.3257566
29.3428015
29.3598365
29.3768616
29.3938769
29.4108823
29.4278779
29.4448637
29.4618397
29.4788059
29.4957624
20.5127091
29.5296461
29.5465734
29.5634910
29.5803989
29.5972972
29.6141858
29.6310648
29.6479325
29.6647939
29.6816442
29.6984848
29.7153159
29.7321375
29.7489496
29.7657521
29.7825452
29.79938289
29.8161030
29.8328678
29.8496231

9.483813
9.487518
9.491219
9.494918
9.498614
9.502307
9.505998
9.509685
9.513369
9.517051
9.520730
9.5244.06
9.528079
9.531749
9.585417
9.539081
9.542743

9.546402 |

9.550058
9.553712
9.557363
9.561010
9.564655
9.568297
9.571937
9.575574
9.579208
9.582839
9.586468
9.590093
9.593716
9.597337
9.600954
9.604569
9.608181
9.611791
9.615397
9.619001
9.622603
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Numb.

Square.

Cube.

8quare Root.

Cube Root.

892

795664
797449
799236
801025
802816
804609
806404
808201
810000
811804
813604
815409
817216
819025
820836
822649
824464
826281
828100
829921
831744
833569

835396

887225
839056
840889
842724
844561
846400
848241
850084
851929
853776
855625
857476
859329
861184
863041
864900

709732288
712121957
714516984
716917375
719323136
721734273
724150792
726572699
729000000
731432701
733870808
736314327
738763264
741217625
743677416
746142643
748613312
751089429
753571000
756058031
758550528
761048497
763551944
766060875
768575296
771095213
773620632
776151559
778688000
781229961
783777448
786330467
788889024
791458125
794022776
796597983
799178752
801765089
804357000

29.8663690
29.8831056
29.8998328
29.9165506
29.9332591,
29.9499583
29.9666481
29.98383287
80.0000000
30.0166620
30.0333148
30.0499584
30.0665928
30.0832179
30.0998339
80.1164407
80.1330383
30.1496269
30.1632063
30.1827765
30.1993377
30.2158899
30.2324329
30.2489669
30.2654919
30.2820079
30.2985148
30.3150128
30.3315018
30.3479818
30.3644529
80.8809151
30.3973683
30.4138127
30.4302481
30.4466747
30.4630924
30.4795013
30.4959014

9.626201
9.629797
9.633390
9.636981
9.640569
9.644154
9.647736
9.651816
9.654893
9.658468
9.662040
9.665609
9.669176
9.672740
9.676301
9.679860
9.683416
9.686970
9.690521
9.694069
9.697615
9.701158
9.704698
9.708236
9.711772
9.715305
9.718835
9.722363
9.725888
9.729410
9.732930
9.736448
9.739963
9.743475
9.746985
9.750493
9.753998
9,757500
9.761000
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A TABLE OF

Numb.

Square.

Cube.

Square Root.

Cube Root.

931

933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969

866761
868624
870489
872356
874225
876096
877969
879844
881721
883600
885481
887364
889249
891136
893025
894916
896809
898704
900601
902500
904401
906304
908209
910116
912025
913936
915849
917764
919681
921600
923521
925444
927369
929296
931225
933156
935089
937024
9388961

806954491
809557568
812166237
814780504
817400375
820025856
822656953
825293672
827936019
830584000
833237621
835896888
838561807
841232384
843908625
846590536
849278128
851971392
854670349
857375000
860085351
862801408
865523177
868250664
870983875
873722816
876467493
879217912
881974079
884736000
887503681
890277128
893056347
895841344
898632125
901428696
904231063
907089232
909853209

30.5122926
30.5286750
80.5450487
80.5614136
30.5777697
30.5941171
30.6104557
30.6267857
30.6431069
80.6594194
30.6757233
30.6920185
30.7083051
30.7245830
30.7408523
30.7571130
30.7733651
30.7896086
30.80584:36
30.8220700
30.8382879
30.8544972
30.8706981
30.8868904
30.9030743
30.9192497
30.9354166
30.9515751
30.9677251
30.9838668
31.0000000
31.0161248
31.0322418
31.0483494
31.0644491
31.0805405
81.0966236
31.1126984
31.1287648

9.764497
9.767992
9.771484
9.774974
9.778461
9.782946
9.785428
9.788908
9.792386
9.795861
9.799833
9.802803
9.806271
9.809736
9.813198
9.816659
9.820117
9.823572
9.827025
9.830475
9.833928
9.837369
9.840812
9.844253
9.847692
9.851128
9.854561
9.857992
9.861421
9.864848
9.869272
9.871694
9.875118
9.878530
9.881945
9.885357
9.888767
9.892174
9.895580
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Numb.

Square.

Cube.

| Square Root.

970
971
972
973
974
975
976

978
979
980
981
982
983

985
986
987
988
989
990
991
992
993
994
995
996
997
998
999

1000

940900
942841
944784
946729
948676
950625
952576
954529
956484
958441
960400
962361
964324
966289
968256
970225
972196
974169
976144
978121
980100
982081
984064
986049
988036
990025
992016
994009
996004
998001

1000000

912673000
915498611
918330048
921167317
924010424
926859375
929714176
932574833
935441852
938318739
941192000
944076141
946966168
949862087
952763904
955671625
958585256
961504803
964430272
967361669
970299000
978242271
976191488
979146657
982107784
985074875
988047936
991026973
994011992
997002999
1000000000

Cube Root.

31.1448230
31.1608729
31.1769145
31.1929479
81.2089731
31.2249900
31.2409987
31.2569992
31.2729915
31.2889757
31.3049517
31.3209195
31.3368792
31.8528308
31.8687743
31.3847097
31.4006369
31.4165561
31.4324673
31.4483704
81.4642654
31.4801525
31.4960315
31.5119025

31.5436206

31.5753068
31.5911380
31.6069613
31.6227766

31.5277655°
31.5594677

9.898983
9.902383
9.905781
9.909177
9.912571
9.915962
9.919351
9.922738
9.926122
9.929504
9.932883
9.936261
9.939636
9.943009
9.946379
9.949747
9.953113
9.956477
9.959839
9.963198
9.966554
9.969909
9.973262
9.976612
9.979959
9.983304
9.986648
9.989990
9.993328
9.996665
10.000000




)
178 MISCELLANIES,

- MISCELLANIES.

REQUIRED the weight of a cast iron ball of 3 inches
diameter, supposing the weight of a cubic inch of the
metal to be 0.258 libs avoirdupois ? Hurron.

83 x .5286 x .258 = 3.6478976 libs avoir.

Required the weight of a hollow spherical iron
shell, 5 inches in diameter, the thickness of the metal
being 1 inch? HuTtTon.

5% x .5286 x .258 = 16.88610 — 8.6473976
= 13.23871 libs avoirdupois.

It is proposed to determine the proportional quan-
tities of matter in the earth and moon; the density
of the former being to that of the latter, as 10 to 7,
and their diameters, as 7980 to 2160. Hurron.

7 3 .
%‘0 = 71 nearly: that is, 71 to 1 nearly.

There are two bodies, of which the one contains
. 25 times the matter of the other, or is 25 times hea-
vier; but the less moves with 1000 times the velocity



MISCELLANIES. 179

of the greater; in what proportion then are the mo-
menta, or forces with which they move? Hurron.

1000
55 = 40; that is, the less moves with a foroe 40

times greater.

It is proposed to divide the Beam of a Steel-yard,
or to find the points of division where the weights
of 1 2 8 4, &c. libs on the one side, will just
balance a constant weight of 95 libs, at the distance
of 2 inches on the other side of the fulcrum, the
weight of the Beam being 10 libs, and its whole
length 36 inches.

86:10::2: 55 = 20.000

3¢ —09 weight of short arm.
2 = length of short arm.
86 — 2= 384 = length of long arm.
10 —.55 = 9.45 = weight of long arm.
95 % 2=190 momentum of weight at end of short arm.
55x1=.55 do.  of short arm.
190.55 whole momentum of weight and arm.

9.45 X :
—%ﬁ = 160.65 momentum of long arm.

190.55 — 160.65 = 29.90, or 30, the excess of
momentum.

’19_—_30 inches from the fulcrum for the one lib weight.

8—'20= 15 . . . . . ’ . . . . two ' do‘

30
3

=7* . . . e e, o .o o.l . ;. foul' do

10.........threedo.
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How long after firing the Tower guns, may the
report be heard at Shooter’s-Hill, supposing the
distance to be 8 miles in a straight line?

14 112
8Xg=8x 14 = 3~ = 87§ seconds.

If a lever, 40 effective inches long, will, by a
certain power thrown successively on it, in 13 hours,
raise a weight 104 feet; in what time will two other
levers, each 18 effective inches long, raise an equal
weight 78 feet?

If 40: 104 : : 18 : 46.8, one of the 18 inch levers
would raise in 18 hours.

If46.8 X 2=98.6: 13 :: 78 : 10 hours 8} min-
utes, time to raise the weight 78 feet.

There are two bodies, the one of which weighs
100 libs, the other 60 libs; but the lightest is im-
pelled by a force 8 times greater than the other; the
proportion of the velocities with which these bodies

move, is required ? Hurron.
8 . .
lﬁ)—&;—xs = 40, that is, the velocity of the

greater is to that of the less, as 8 to 40.

Supposing one body to move 80 times swifter than
another; as also the swifter to move 12 minutes,
the other only 1; what difference will there be

™
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- between the spaces described by them, supposing
the last has moved 5 feet ?

80 x 5 = 150 feet in first minute. 150 x 12 =
1800 — 5 = 1795 feet difference between the spaces
described. .

If a Stone be 19} seconds in descending from the
top of a precipice to the bottom, what is its height?

19.5% = 380.25 x 164, = 6115.6875 feet.

There are two bodies, the one of which has passed
over 50 miles, the other only 5; and the first had
moved with 5 times the celerity of the second; what
is the ratio of the times they have been in describing
those spaces ?

25 velocity of first.  Space 5
5 do. of second. Velocity 5™
Space 50 .

Vel:city 35 =2 time of the second;

therefore the ratio of the times will be 2 to 1.

1 time of the second.

Counted 17” between the time of seeing the flash,

and hearing the report of a gun, what is the
distance from it ?

Sound flies through the air uniformly at the rate

of about 1142 feet in 1 second of time, or a mile in
4% or Y seconds.

) M. Feet ’
w-gg.# = 8.8574, or 8§ miles distance,

Q
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How far off was the cloud from which thunder
issued, whose report was 5 pulsations in the wrist,
after the flash of lightning, counting 75 pulsations
to a minute ?

60 X 5 -
——%—-: 4 X 1142 = 4568 feet, or 1522¢ yards.

A Stone being let fall into a well, it was observed,
that, after being dropped, it was 10 seconds before
the sound of the fall at the bottom reached the ear;
what is the depth of the well?

Let z be the depth in feet,
¢ the time of descent,
therefore 10 — ¢ will be the time of the sound’s ascent.

Then 16.083 2 = =
10 — ¢ X 1142 = z consequently
16.083 #2 = 11420 — 1142¢
16.083
complete the square, 22 4 71¢ 4 1260.25 = 1970.25

and ¢ 4+ 3855 = 4/1970.25 = 44.38, so that

t = 44.38 — 35.5 = 8.88 seconds, and z = 8.882
X 16.083 = 1267.34 feet nearly.

=t24-71¢ = 710 nearly

Suppose in a circle of 8 miles circumference, two
horses are started at the same instant, from the
same point, A runs at the velocity of 7 miles
an hour, B runs at the velocity of 5 miles an
hour; when will A overtake B?

™
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8 miles circumference = 15840 feet.
A runs at 616 feet per minute.
B runs at 440 do. do.
176 = difference of speed.
15840
176
A will overtake B in 90 minutes, running 616 x 90
= 55440 feet = 8 rounds of the circle, and 7920 feet.

= 90 minutes—i. e.

A left town 50 minutes before B, B being in-
formed of it, followed at the rate of 6 miles an hour,
and made up to A 9 miles from town; at what rate
did A travel?

B’s rate is 528 feet per minute.

5280 X 9 = 47520
528

B made up to A in 90’ 90’ X 528
m—. 3391-6; feet,

the speed at which A travelled per minute.

= 90/

PROBLEM.

To determine how far a man, who pushes with the
Jorce of 100 libs, can thrust a sponge into a piece of
ordnance, whose diameter is 5 inches, and length 10
Jeel, when the barometer stands at 30 inches : the vent
or touck-hole being stopped, and the sponge having
no windage, that s, fitting the bore quite close ?

A column of quicksilver 30 inches high, and 5 in-
ches diameter, is 5% X 30 X .7854 = 589.05 inches;
Q2
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which, at 8,102 oz. each inch, weighs, 4772.48 oz. or
298.28 libs, which is the pressure of the atmosphere
alone, being equal to the elasticity of the air in its
natural state; to this adding the 100 libs, gives 398.28
libs, the whole external pressure. Then, as the
spaces which a quantity of air possesses under dif-
ferent pressures, are in the reciprocal ratio of those
pressures, it will be, as 398.28 : 208.28 : : 10 feet or
120 inches : 90 inches nearly, the space occupled by
the air; therefore 120 — 90 = 380 inches, is the
distance sought.

From this Problem of Dr. Hutton’s the following
formula is easily obtained, wviz.

a = whole length of tube, or volume of air in its
natural state.

b = pressure of air in its natural state.

d = space occupied by the compressed air.

n = distance the air is compressed.

z = force exerted to compress the air, or the
pressure of the air when compressed.

b+ x:b::a:d

a=(b +bx)d} d=ba+bx }
e

oV
8
L~
o'
L]
1l
&'“
S
v
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The follow%ng Table shows the force of air, when
compressed at — times, its volume calculated accord-

ing to the preceding Theorem.
e | Prewure onthe | ") Pressureon the | "™ Preseure o the
Libs. Oz, Libs. Ox. Libs. Oxz.
2| 15 8 [|18| 258 3 84| 501 3
4| 45 9 |2 | 288 9 |86 | 581 9
6| 75 15 | 22| 818 15 | 88| 561 15
8106 5 (2| 349 5 40| 592 5

10| 186 11 26| 379 11 | 42| 622 11
121 167 1 |28 410 1 | 44 | 653

14| 197 7 |80 440 7 | 46| 683 7
(16| 227 13 | 32| 470 13 | 48 | 713 13

To find the pressure of air at any number of
volumes, is very easy and simple—Multiply the
pressure of the air, say 15 libs on the square inch,
by the number of volumes required, then deduct
one volume for the circumambient atmosphere, or
multiply 15 libs by one less than the number of
volumes or atmospheres required.

Q3
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TABLE
OF THE PROPERTIES OF VARIOUS BODIES.

By the last column of this Table, the Rules for the strength of cast iron can be
applied to the various bodies.
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TABLE OF THE WEIGHT OF CAST IRON PIPES.

MISCELLANIES.

._.n.n —t QN = ot
3 NmONNN et N et ONONRRANAMNNON et OCNANONONN—ON~OMN~OMNM
B ;OO ONORN IOVt~ N—OEOINROENINOXNINOOVONS WO I =D
—t ~ — — — - —t — -t - — gt QX O
U [ ORI NNINNONDHINOIINROAIRIIIIIIDD
MWL | bt vt ot vk 4ehsckocotstmt 4 oot Hct st T fcticorite ¥ cuckoriem Th i e
o o .~ ~
on0g | 2 o & ® & < 3 0 3 ©
— - - — — — - — — —
m mﬂm77%544G%MOQ%ww2%%80@2%w06%w%M8M700MH7 o
% N O ONNANR—OOONRmM A~ MNMANNOOCOCO =~ N RONMNMORNRNO~=NO ~
NFONNNGFONRNFONFOENFOFHNOPHNODFQOOOIROIIFORN O
B | OO NN RNNINNNNOIDINNINNIIINNIINRNOIRRIIDR
WO, | a0ttt cckod { oo~ ovckort tenckoot dovckn ‘oncko o0 + {onko ~owckol
. o ~“o o o ~o o
atod | © ™~ ™~ ® ™ o = = =] ~ -
2 |2amvrogeggencoogIPooNAz T IZASNAR R ACFRRRER
m OO mmMA~MANNO~NeNONCORN~N~NRONON~N—~NRONOORN~O RO M
OO0 OO r m NO M NN NN RXRD—RRN A RNDMONRDFDONR
Buoy mmmm666669999999999999999999999999999999999
HOYY, | ~teeoknmteienko—anioomferenko—4oiteenko~ouakoosetenia~fonckossteolaa~denokosat ol B e e B e L S
. A -5 o al - - o
0 | i = N ) o) < < 0 0 © ©




188 MISCELLANIES.

The foregoing Table of the weight of cast iron
pipes, gives the length of pipe according to the
diameter of bore, as generally used in practice.

Diameter of bore in inches.
Thickness of metal in inches.
Length of pipe in feet.

It is found to be of great use in making out esti-
“mates of pipes :—for instance, it is required to know
the weight of a range of pipes 225 feet long, 73
inches diameter of bore, and metal §ths of an inch
thick.

9)225
" 25 pipes in the whole lengtb

One pipe weighs 4.0.22, which multiplied by 25,
is equal to 104.3.18, or 5 tons, 4 cwt.'3 quarters,
18 libs, weight of the whole range.

The following is a Table of the velocity of mo-
tion, for boring cast iron cylinders, pumps, &c. and
heavy turning, with fixed cutters.

It will be observed, that the surface bored is con-
stantly the same, 78.54 feet per minute; this velocity is
found to be the most advantageous: a velocity greater
than this, not only takes the temper out of the cutters,
but also causing more heat, expands the metal; and
if the machine stops but for a few seconds, a mark
is left from the contraction of the metal.

Turning has a velocity double to that of boring.

~
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TABLE.

BORING. TURNING.

Inches | Revolutions of || Inches | Revolutions of
diameter | Bar ¥ Minute. || diameter. | Shaft ¥ Minute.

1 25. 1 50.

2 12.5 2 25.

S 8.33 3 16.67

4 6.25 4 12.50

5 5. 5 10.

6 4.16 6 8.32

7 8.57 7 7.15

8 8.125 8 6.25

9 277 9 5.55
10 2.5 10 5. .
15 1.66 15 3.83
20 1.25 20 2.50
25 1. 25 2.
30 0.833 30 1.667
85 0.714 35 1.430
40 0.625 40 1.250
45 0.56 45 1.12
50 0.5 50 1.

60 0.417 60 0.834
70 0.358 70 0.716
80 0.313 80 0.626
90 0.278 90 0.556
100 0.25 100 0.50

N. B. The progression of the cutters may be
1-16th of an inch for the first cut, and for the last
1-24th,

If hand-tools are employed in turning, the velocity
may be considerably increased.
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