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10 PRACTICAL GEOMETRY.,

3. To do the same otherwise.

From the given point A, with
any convenient radius, describe the 3
arc d ¢ b; from d, cut the arc in ¢,
and from ¢, cut the are in b; also,
from ¢ and b as centres, describe >
arcs cutting each other in ¢; then
will the line A ¢ be the perpendic-
ular as required. a - A

. Note.— When the three sides of a triangle are in the propor-
tion of 3, 4, and & equal t:h, respectively, two of the sides
form a nght angle; and observe that in each of these or the
rreceding problems, perpendiculars may be continued be-
ow the given lines, if necessarily required.

4. To bised any given angle.

Prom the point A as a centre, with
any radius less than the extent of the
angle, describe an arc, as ¢ d; and
from ¢ and d as centres, describe arcs
cutting each other at b; then will
the line A b bisect the angle as re-
quired. )

5 Totﬂzdthecenbeofaa}dc,ormdiw,thdm

cut any given poinds, not in a direct line.
From the middle point b as a

centre, with any radius, as b ¢, b d,

describe a ion of a circle, as

¢ sd; and from r and ¢ as centres,

with an equal radius, cut the por-

tion of the circle in ¢ s and d s;

draw lines through where the arcs

cut each other; and the intersection

of the lines at & is the centre of the

circle as required.

.

L4 a

L]
L
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6. To find the centre of a g »
. ! of given
Bisect any chord in the circle, as >
A B, bya ndicular, C D; bi- 7
sect also the diameter E D in f;
and the intersection of the lines ‘at
JS is the centre of the circle re- A B
B
7. To find the length of any given
arcq/'acz‘fde. 4 & >‘<‘

With the radius A C, o
equal to ith the length of
the chord of the arc A B,
and from A as a centre, 7B
cut the arc in ¢; also from B as a centre, with equal
radius, cut the chord mn b; draw the line C b; and

twice the length of the line is the length of the arc
nearly.

.8 Thmughanygivmpoint,todrawataﬁgmtoa
: . . A D [ )
Let the given point be at A; v
draw the Elnve APOC, on which’
describe the semicircle A D C;
draw the line A D B, cutting the

circumference in D, which is the
tangent as required.

9. Todrawﬁ'omortothecircumfmmqfacircle
lines tending towards the centre, when the centre 18 inac-
cessible.

Divide the whole or any given iaortion of the cir-
cumference into the desired number of equal parts;
then, with any radius less than the distance of two
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divisions, describe arcs cutting each other, as A 1
B1 C2 D2 &c; 5 8

draw the lines C 1,

B 2, D 3, &c., which

lead to the centre as B D

required. L ¥

A

To draw the end lines.

As A r, F r, from C describe the arc r, and with the
radius C 1, from A or F as centres, cut the former arcs
at 7, or r, and the lines A r, F' r, will tend to the centre
as required.

10. T'o describe an arc, or segment of a circle, of
large radii.

Of any suitable material, construct a triangle, as A
B C; make A B, B C, each equal in len, to the
chord of the arc D E, and height, twice that of the arc

B
] g =
14
71 A c'%

Bb. At each end of the chord D E fix a pin; and at
B, in the triangle, fix a tracer, (as a pencil,) move the
triangle along the pins as guides; and the tracer will
describe the arc required.

11. Or otherwise.
Draw the chord A C B; also draw the line H D
I, paralle], with the _ 2 3 Ps 23 =n 4

chord, and equal to

the height of the \?2 H
segment; bisect the

chord in C, and A1 2 8 [C3 2 1

erect the perpen-
dicular C D; join A D, D B; draw A H perpendicular
to A D, and B I perpendicular to B D; erect also the
perpendiculars A n, B n; divide A B and H I into any
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number of equal parts; draw the lines 11, 22, 33,
&ec. ; likewise divide the lines A n, B n, each into half
the number of equal parts; draw lines to D from each
division in the lines A n, B n, and, through where they
intersect the former lines, describe a curve, which will
be the arc or segment required.

12 To describe an ellipse, having the two diameters

On the intersection of the
two diameters as a centre, with
a radius equal to the difference
of the semi-diameters, describe
the arc @ b; and from b as a
centre, with half the chord b ¢ a,
describe the arc cd; from o, as
a centre, with the distance o d,
cut the diameters in d r, d t ; draw the lines 7, s, s, and
t, 8, 8; then from r and ¢ describe the arcs s, s, s, 8;
also from d and d, describe the smaller arcs s, s, s, 3,
which will complete the ellipse as required.

13. To describe an elliptic arch, the width and rise of
span being given.

Bisect with a line at right \ »
angles the chord or span A I :
B; erectthe perpendicular A »
g, and draw the line ¢ D r
equal and parallel to A C; 4 % c * B
bisect A C and A ¢ in r and
n; make C !/ equalto C D, u
and draw the line I r ¢ ; draw
also the line n 8 D ; bisect &
D with a line at right an%les, 3
and meeting the line C D in

- g; draw the line g g, make C P equal to C k, and draw-

the line g P ¢; then from g as a centre, with the radius-
2 D, describe the arc s D ¢; and from k and P as cen--
tres, with the radius A k, describe the arce A s and B4,
which completes the arch as required. Or,
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14. Bisect the chord A B, u.ndﬁxutnght angles any
straight guide, as b ¢ ; pre-
pare, of any suitable mate-
rial, a rod or staff, equal to
Imlf the chord’s length,

; from the end of the
equal to the height
of the arch, fix a pin ¢,
and at the extremity a
tracer f; move the staff,
keeping its end to the
guide and the fixed pin to the chord; and t.he tracer
will describe one half the arc required.

15. To describe a parabola, the dimensions being
given.

Let A B equal the length, and C D the breadth of
the required parabola; divide C A, C B into a.ny num-

a D

3 AR l
~ e~ 1—44_{%

A 1 2 3 [9 3

ber of equal parts; also divide the perpendiculars A a
and B b into the same number of equal parts; then
from a and b draw lines meeting each division on the
line A C B; and a curve line drawn through each inter-
section will form the parabola required.

16. To obtain by measurement the length of any direct
line, though intercepted by some material object.

Suppose the
distance  be-
tween A and B
is required, but
the right line is
intercepted CY
the object
On the point d,
with any con-




PRACTICAL GEOMETRY. 15

' venient radius, describe the arc ¢ ¢, make the arc twice

. the radius in length, through which draw the line d c e,

. and on e describe another arc equal in length to once

' the radius, as e f f; draw the line e frequal toefd;
~ on r describe the arc jj, in length twice the radius;

' continue the line through rj, which will be a right
. line, and de, or er, equal the distance between dr,
by which the distance between A and B is obtained as

. required.

17. A round piece of timber being given, out of which
| to cut a beam of strongest section. )

Divide into three equal parts any o c
diameter in the circle, a8 A d, ¢ C;
from d or e, erect a perpendicular P
meeting the circumference of the
circle, as d B; draw A B and B C, a
also A D equal to BC,and D C equal
to A B, and the rectangle will be a
section of the beam a8 required. A B

18. To measure the distance between two objects, both
being inaccessible.

From any point C draw A B
any line C ¢, and bisect it
in D; take any point E in
i the prolongation of A C, and
draw the line E e, making
De equal to D E; in like
manner take any point F in
the prolongation o% C,and
make D f equal to F D.
Produce A D and eec till
they meet in a, and also B
Dand fc till they meet in
b; then a b equal A B, or
the distance between the
-, Objects as required.
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19, To ascertain the distance, geometrically, of any
tnaccessible object on an equal plane. [
Let it be required to find the A !

e between A and B, A
being inaccessible; produce the
line in the direction of A B to
any point, a8 D ; draw the line D =
d at any angle to the line A B;
bisect the line D d, through which
draw the line B b, making ¢ b
equal to B ¢; draw the linedba;
also through ¢, in the direction ¢
A, draw the line ac A, intersect-
Ing the line dba; then b g equal o
B A, the distance required.

20. Otherwise.

Prolong A B to any point
D, maklilgg B C equal to C
D; draw the line D ¢ at any
angle with D A, and the line
C b similar to B¢; draw also
the line D E F, which inter-
sects the line Da; thenab
equal B A, or the distance
required.

21. To find the proper position for an eccentric, in |
relation to the crank in a steam engine, the angle of |
ecceniric rod, and travel of the valve, being given. '

Draw the right line A
B, as the situation of the N
crank at commencement L2
of the stroke; draw also
the line C d, as the proper
given angle of eccentric
rod with the crank; then
from C as centre, describe ¢
8 circle equal to the travel

of the valve ; draw the line e f at right angles to the line

A
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C a, draw also the lines 1 1, and 2 2, parallel to the line
e f; and at a distance from e f on each side, equal to the
lap and lead of the valve, draw the angular lines C }J,
C 2, which are the angles of eccentric with the crank,
for forward or backward motion, as may be required.

22. The throw of an eccentric, and the travel of the
valve in a steam-engine, also the length of one lever for
communicating motion to the valve, betng given, to deter-
mine the proper length for the other.

On any right line, as A B, describe a circle A D,

ual to the throw
of eccentric and
travel of valve;
then from C as a
3entree:uwl:1dl a trlz:.-

ius to the
length of lever
given, cut the line A B, as at d, on which describe a
circle, quml to the throw of eccentric or travel of valve,
as may be required ; draw the tangents B a, B a, cut
ting each other in the line A B, and d B is the length
of the lever as required.

Note.— The throw of an eccentric is equal to the sum of
twice the distance between the centres of
formation and revolution, as a b, or to the

degree of eccentricity it is made to describe,
ascd. And

The travel of a valve is equal the sum of |
the widths of the two steam openings, and
the valve’s excess of length more than just
sufficient to cover the openings.

2. To inscribe any regular polygon in a given circle

Divide any diameter, a8 A B, into
80 many equal parts as the polygon is 3
required to have sides; from A and B
a8 centres, with a radius equal to the
diameter, describe arcs cutting each
other in C ; draw the line C D rou'ih A »
the second point of division on the
diameter e, and the line D B is one
- side of the polygon required.
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4. To consiruct a square upon a given right line.
From A and B as centres,
with the radius A B, describe £k~
the arcs A ¢ b, B ¢ d, and from
¢, with an equal radius, describe
the circle or portion of a circle a3 ,

ed, A B,bc; from bd cut the /‘

circle at ¢ and ¢; draw the
lines A e, B¢, also the line st,

which completes the square as A R
required.
25. To form a square equal in ares o a given
Let A BC be the given tri- 2
angle ; let fall the perpendicu- 84 3
lar B d, and make A e half the

height d B; bisect e C, and de-
scribe the semicircle en C; &
erect the perpendicular A s,or © ¢ A @ ]
side of the square, then A 3¢z is the square of equal
area as required.

26. To form a square equal in area to a given rec-
tangle.

Let the line A B equal the length and breadth of
the given rectangle ; bisect the D
line in ¢, and describe the semi-
circle A D B; then from A
with the breadth, or from B
with the length, of the rec-
tangle, cut the line ABatC, * ©° ¢ 3
and erect the p:;})endiculn.r C D, meeting the curve at
D, and C D equal a side of the square i

7. To find the length for a reciangle whose area shall
be equal to that of a given square, the breadth of the rec-
tangle being also given.

Let A B C D be the given square,and D E the given
breadth of rectangle; continue the line B C to F, and
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draw theline D F'; also, - -
continue the line D C
to g, and draw the line

A lelto D F; © G
frog mwrsection of ¢
the lines at g, draw the

linegd ekto D E,

and rallel to D
g; thenED dgis the A B
rectangle as required.

28. To bised any given triangle. ©

Suppose A B C the given triangle ;
bisect one of its sides,as A Bine,
from which deseribe the semicircle
A r B; bisect the same in r, and
from B, with the distance B r, cut
the diameter A B in v; draw the
line v y parallel to A C, which will
bisect the triangle as required.

A v € F ]

29. To describe a circle of greatest diameter in a giv-
en truangle.

Bisect the an%es A and B, and draw the intersecting
lines A D, B D, cutting A\
each otherin D ; then from
D as centre, with the dis-
tance or radii D C, de-
scribe the circle C e f, a8 .
required.

30. To form a rectangle of greatest
surface, in a given triangle.

Let ABC be the given triu.nﬁle; 2
bisect any two of its sides, as A B, B 2
Cyine andall; dmt}lvttge}inecg’;d:]aso
atright angles wi e line e w
ﬁenﬁnes ep,d(f,mdcppdis the rec- 7
tangle require
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DECIMAL ARITHMETIC.

Decimar AriTEMETIC i8 the most simple and ex
plicit mode of performing practical calculations, on
account of its doing away with the necessity of frac- |
tional parts in the fractional form, thereby reducing
long and tedious operations to a few figures arranged
and worked in all respects according to the usual rules
of common arithmetic., . i

Decimals simply signify tenths; thus, the decimal of |
a foot is the tend}: part of a foot, the decimal of that |
tenth is the hundredth of a foot, the decimal of that |
hundredth is the thousandth of a foot, and so might the
divisions be carried on and lessened to infinity ; but in
practice it is seldom necessary to take into account any
degree of less measure than a one-hundredth part of
the integer or whole number. And, as the entire system
consists in supposing the whele number divided into
tenths, hundredths, thousandths, &c., no peculiarity of
notation is required, otherwise than placing a mark or
dot, to distinguish between the whole and any part of
the whole; thus, 3425 gallons signify 34 gallons 2
tenths and 5 hundredths of a gallon; 11-04 yards sig
nify 11 yards and 4 hundredths of a yard, 16-008 shil-
lings signify 16 shillings and 8 thousandth parts of a
shilling ; from which it must appear plain, that ciphers
on the right hand of decimals are of no value whatever;
but placed on the left hand, they diminish the decimal
value in 8 tenfold proportion, — for ‘6 signify 6 tenths;
‘06 signify 6 hundredths; and -006 signify 6 thou-
sandths of the integer, or whole number.

REDUCTION.

Reduction means the construing or changing of vul-
5;1: fractions to decimals of equal value; also finding

e fractional value of any decimal given.

Rule 1. Add to the numerator of the fraction any
number of ciphers at pleasure, divide the sum by the
denominator, and the quotient is the decimal of equiva-
lent value. ’

smm—
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Rule 2. Multiply the given decimal by the various
fractional denominations of the integer, or whole num
ber, cutting off from the right hand of each product, for
decimals, a number of figures equal to the given number
of decimals, and thus proceed until the lowest degree,
or required value, is obtained.

Er. 1. Required the decimal equivalent, or decimal
of equal value, to .3 of a foot.

%0 =25, the decimal required. '
Ezx. 2. Reduce the fraction § of an inch to a deci-

mal of equal value.
1000

- = *125, the decimal required.
Exr. 3. What is the decimal equivalent to § of a gal-

lon?
7000

, —8-—=-875, the decimal equivalent,
Ez. 4. Required the fractional value of the decimal
40625 of an inch.

40625

Multiply by 8

325000

Xf=4 2

-50000

X&=xv 2
1-00000 g and .3, of an inch, the value

required.
Ez. 5. What is the fractional value of 625 of a
cwt, ?

625
Multiply by 4 q 4

2:500
X281lbs, 28

14:000 — 2 quarters and 14 1bs,, the
value required.
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Ezr, 6. Ascertain the fractional value of 875 of an
imperial gallon.

875
Multiply by 4 quarts 4
3:500 '
X 2 pints 2 .
1-000 = 3 quarts and 1 pint the |
= value requim{ i

Ex. 7. What is the fractional value of 525 of a £,
sterling ? .

528
Multiply by 20 8h. 20

10-500
X 12 pence 19

6-000 — 10 shillings and 6 pence,
B the value required.

Independent of the mark or dot which distinguishes
between integers and decimals, the fundamental rules,
viz., Addition, Subtraction, Multiplication, and Division,
are in all respects the same as In Simple Arithmetic ;
and an example in each, illustrative of placing the
separating point, will no doubt render the whole system
sufficiently intelligible, even to the dullest capacity.

Ez. 1. Add into one sum the following integers and °
decimals.

16625 ; 11-4; 20-7831; 12:125; 8-04; and 7-002.
16625

11-4
207831
12125
8:04
7.002 .

759751 = the sum requi
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Ez, 2. Subtract 119-80764 from 234-98276.

23498276
119-80764

115-17512 — the remainder required.

Ez. 8. Multiply 6210372 by 16732,
6210372
16732

12420744
18631116
72604

37262232
6210372
1039-11944304 — the product required.

Observe that the number of figures in the product
from the right hand, accounted as decimals, are equal
. to the number of decimals in the multiplier and multi-
plicand taken together.

Ex. 4. Divide 39-375 by 9-25.
925) 33;-0335 (4256 — the quotient required.

2375 Observe that the number of deci-
1850 mals, in the divisor and quotient
ey together, must be equal to the

% . number in the dividend.

6250
5550

700

' Note.—'The operation might be still continued, so as to

. reduce the quotient to a degree of greater exactitude ; but in

. practice it is quite unnecessary, being even now. reduced to a
measure of greater nicety than is commonly required.



DECIMAL ARITHMETIC.

DEFINITIONS OF ARITHMETICAL SIGNS

EMPLOYED IN THE FOLLOWING CALCULATIONS, WHICHK

OUGHT TO BE PARTICULARLY ATTENDED TO.
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DECIMAL APPROXIMATIONS.

POR YACILITATING CALCULATIONS IN MENSURATION.

#
3
“

1bs. avs. of cast iron

wrought do.
steel.

copper. e
brass. shul
zinc.

lead.

tin.

mercury.
cast iron.
wrought iron_
steel.

copper.
brass.

zinc.

lead.

tin.

mercury.

Linedt feet multiplied by 0:00019 = miles.
%  yards “ 000668 =
Square inches “ 007 = squaze feet.
4  yards “ 0002067 = acres.
Circular inchen % 00546 ==square feet,
Cylindrical inehes # *B004546 = cubic feet.
“ - foet & 62989 == cubic yards,
Cubic inches “ 00038 = cubic feet.
*  feet “ 03764 = cubic yards.
o« b 6232 = imperial gallons.
< inches “ 003607 =  « ¢
Cylindrical feet ¢ 4895 = @«
“ inches # 002832 o= ¥
Cubic inches “ 263 =
[ “« “ .281 = “«
- “ “ m =T “«
« “ “« 3295 o “«
“« « L] 9037 = «
“ L4 “« ” = “«
“ “ “@ Alm = [
6 u “ 9636 = M
“ o« “ 4908 = ¢«
Cylindrical inches ¢ 20656 =
“ “ 2168 = “
“ ~ 2223 === “°
“ “ 9533 mx  “
# “ 9385 = «
“ « 1 J— «
“« “« 3223 = “«
“« “ 207 = o«
rg “« -m o “«
Avoirdupois b, “ 009 ~=cwts.
“ 00045 ==tons.

c -
b
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g8

DECIMAL EQUIVALENTS TO FRACTIONAL
PARTS OF LINEAL MEASURES.

One inch, the integer, or whole number.

%8s Fho || s 4 28125 iu&

o ok 53125 o Badly || 167 slavly
o35 g Rads || 5 3 15035 2 4 & gy
195 g fevy || o8 295 . 84

375
<  fave | s fedy

6565 ey || o  Bevh

One foot, or 12 inches, the integer.

9166 _ 11 inchea. || 4166 5inches. || 0625 _ § of inch.
w 8 lo ({3 o 8 4 ““* .m 8 . “
7 3 9 « 25 3 « 041688 § ©
6666 & 8 « 1666 & g ¢ WIB T «
5838 § 7« 0833 £ 1 « 083 F} o«

5 6 « o701 © § o« 01041  § ¢

One yard, or 36 inches, the integer.

972 35 inches. || ‘6389 23 inches. || ‘3055 11 inches.
M5 34« 6111 9@ o« T8 10 <«
9167 33 « 5833 g1 « 25 9 «
'8889 K>) «“ 5556 3 €D [ m 3 8 [
o1 331 « 5278 19 « ‘1944 o 7
|33 T 30 « 5 E_ 18 « 1666 S 6 «
8056 € 29 « wm € 17 « 1989 5 «
T W« 445 § 16« ‘11§ &«
5 o o« 4186 15 0833 © 3 «
™ W« 3889 14 0555 2 o«
€94 2B “ 3611 18« “®n 1 o«
6667 M ¢« |/ 333 1@ «




MENSURATION.

MxzNsURATION is that branch of Mathematics which
is employed in ascertaining the extension, solidities,
and capacities of bodies, capable of being measured.

1. MENSURATION OF SURFACE.
To_measure or ascertain the quantily of suiface in
any right-lined figure whose opposile sides are parallel to
each other, as a
Square,  Rectangle, Rhomboid,

[ /=

Rule. — Multiply the length by the breadth ; the pro-
Juct is the area or superficial contents.

Application of the Rule to practical Purposes.
1. The side of a square piece of board is 8,3, inches
in length ; required the area or superficies.
Decimal equivalent to the fraction 48 = ‘1875, (see page 26 ;)
and 81875 X 8:1875 = 67-03515626 square inches, the area.

" 2. The length of the fire grate under the boiler of a
steam engine is 4 feet 7 inches, and its width 3 feet
6 inches ; required the area of the fire grate.
7 in. =-5833 and 6 in. =5, ésee Table of Equivalents, p.26;)
hence 46833 X 3:5 = 16-04155 square feet, the area.

3. Required the number of square yards in a floor

whose length is 134, and breadth 9% feet.
136 X 915 = 131625 =~ 9 = 146256 squn.reyardu

Note 1.— The above rule dered equall, licable to
figures whose sides are not pera.llel to ench other, by ukmg
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the t:lem breadth as that by which the contents are to be esti-

mated.
v 2 The square root of any given sum equals the side of a
square of equal area. .
3. Any.square whose side is equal te thediagonal of another
aquare, contains double the area of that square. A t
4. Any sum or area, (of which to form a rectangle,) divided
mﬂm breadth, the quatient equals the length ; or divided by
] , the quotient equals the breadth of the rectangle

requir

TRIANGLES.
two sides of a right-angled triangle being given
to i the ird o0k o '

Rule 1. — Add toglether the squares of the base and
Kerpendicula.r, and the square root of the sum is the

ypotenuse or longest side.

Rule 2. —Add together the hypotenuse and any one
eide, multiply the sum by their difference, and the
Tuaremntnfthepmductequnlstheotherside.

e ind ..r!pplwatwn to praf:tzf:al szrposes.'

1. Wanting to prop a building with raking shores,
the top ends of wgich to be 25 feet from the ground,
and the bottom ends 16 feet from the base of the
building ; what must be their length, independent of any
extra length allowed below the surface of the ground?
255 1 269 = +/ 881 = 296816 feet, or 6816 X 12=8 inches;

Y e quently, 29 feet 8 inches nearly.

* # 9 From the top of a wall 18 feet in height, a line
was stretched across a canal for the purpose of asocer-
taining its breadth ; the length of the line, when meas-
ured, was found to be 40 feet; required the breadth
from the opposite embankment to the base of the wallL

40— 18 =22, and 40 + 18 X 22 = 4/ 1276 = 3572, or 35 feet
9 inches nearly, the width of the canal.
Triangles similar to each other are proportional to
each other; hence their utility in ascertaining the
heights and distances of inaccessible objects,

—aw——

L



EEE————— ]

MENSURATION, x»r

Thus, suppose the height
of an inaccessible object D ig
required; I find by means of
two staffs, or otherwise, the
height of the perpendicular
BC and the length of the A -y a
base line A B; also the dis- I

tance from A to the base of the object G D;.

then AB: BC::AG:GD. And su?pose'AB.ze feet,
B C =2 feet, and A G = 150
6 :2:: 150 : 50 feet, the height of D from G.

Again, suppose the inaccessible &is-
tance’A be required ; make the line B 4,
BC, a right angle, and B'C of three or
four equal parts of any convenient dis-
tance, through one of which, and in a
line with the object A, determine the ¢
triangle C D F'; then the proportion will
be as
]
CF:CD::BF:BA. Let CF=10yards, CD =53, and
BF =30, 10 :53 :: 30 : 159 yands, the distance flom B.

To find the area of a triangle when the base and per-
yendicular are given. i

Rule. —Multiply.- the base the perpendicular
Jeight, and half ghg product is tht;ym'ea.

1. The base of the tri- ¢
angle A D B is 11,3, inches
in length, and the height D
C, 3% inches; required the .»
aren, )
o =109375 and § =575, (see page 26:)
hence TR0 X 33 _ 1579076 aquase inciws, the sres.
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2. The base of a triangle is 53 feet 3 inches, and the
mepdicuhr7feet9 inches ; required the area or su-
cies.

Biﬁ;;(m == 206-34375 aquare feet, the area.
When only the three sides of a triangle can be given,
to find the area. :

Rule. — From half the sum of the three sides subtract
each side severally; multiply the half sum and the
three remainders together, and the square root of the
product is equal the area required.

Required the area of a triangle, whose three sides
are respectively 50, 40, and 30 feet.

ﬁ—oi"%’_ﬂo = 60, or half the sum of the three sides.
60 — 30 = 30 first difference,
60 — 40 =20 second difference,
60 — 50 = 10 third difference,
then 30 X 20 X 10 X 60 = 4/360000 = 600, the area required.

Trin.naﬁles are employed to
great advantage in deter-
mining the area of any recti-
lineal figure, as the annexed,
and by which the measure-
ment is rendered compara-
tively simple.

POLYGONS.

Polygons, being composed of triangles, may of course
be similarly measured; hence, in regular polygons,
multiply the length of a side by the perpendicular
height to the centre, and by the number of sides, and

the product is the area,

=
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Application of the Fable.
1. The radius of a circle being 63 feet, tequired the

side of the greatest heptagon that may be inscribed
therein.

867 X 65 = 56355, or b feet '75 inches nearly.

2. Each side of a ofpentugon is required to be 9 feet; !
c

required the radius of circumscribing circle:
852 X 9 ="7-668, or 7 feet 8 inches.

3. A perpendicular from the centre to either side ef
an octagon is required to be 12 feet; what must be the
radius of eircumseribing circle ?

1-08 X 12 = 1296, o¥ 1% feet 113 incheh.

4, Each side of a hexagon is 43 yards; required its
superficial contents. -

432 X 2:698 = 52-6095 square yards.

THE CIRCLE AND ITS SECTIONS.
Observations and Definitions.

1. The circle contaims a greater area than any other
lane figure boanded by the ame perimeter or owt-
ine.

2. The sreas of circles are fo each other as the
squares of their diameters; any cirele twice the diam-
eter of another contains four times the area of the
ether.

3. The radius of a circle is a
stexight line drawn from the celitre
to the eireumference, as O B. ]

4. The diameter of a circle 1 & ©
straight line drawn through the
centre, and terminated both ways
at the ‘circumferencé; as CO A. v,

&. A eliord is & straight lin joining any two points
of ‘the cifeuriference, a8 D ¥, joming any po

é Theversed 5ind is u sinight tine joining the cherd
and eireumference,as BQ.
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7. Andre 1 ¢ 1y part of the circomrference,as CD E.

8. A semicircle is half the circumftrence cut off by
a diameter, as CE A.

9 A segment is any portion of a circle cut off by a
chord, as DEF,

10. A sector is a past of a circle cut off by two radii,
as AOB.

General Rules in Relation fo the Circle.

1. Multiply the diameter by 3-1416, the product is
the circumference.
2 (lum y the circumference by -31831, the product
18 the diameter.

3. Multiply the square of the diameter by 78534,
the product is the area,

4. Multiply the square root of the area by 1-12837,
the product is the diameter.

5. Multiply the ainmtlater by 8862, the product is the

area.

side of a square of equa
6. Multiply the side of a square by 1-128, the prod-

uct is the diameter of a circle of equal area.

Application of the Rules as to Purposes of Practice.
1. The diameter of a circle being 7% inches, ve-
quired its circumference. .
71875 X 3-1416 = 2258025 inches, the circumference.
Or, the diameter being 304 feet, required the circum-
0.
31416 x 3048 = Y5-B188 fket, the circumierence.

- 2 A #traight line, or the circumference of a circle,
being 274-89 inches, required the circle’s diameter cor~
responding thereto.

271-89 X -31831 = 875 inches diameter.

Or, what is the diameter of a circle, when the cir-
¢ce is 39 feet?
SI831 K 39 = 1241409 feet, and -41409 )5112 = 4-95908 inches,
or 12 Ruét B inchew, very nemly the diameter.
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3. The diameter of a circle is 3§ inches; what is 1its
area in square inches ?
3-756% = 14-0625 X “7854 = 11:044, &c., inches area.
Or, sup, the diameter of a circle 25 feet 6 inches,
required the area.
25:5% = 650-25 X 7854 = 510-706, &c., feet, the area.
4. What must the diameter of a circle be, to contain
an area equal to 706-86 square inches?
4/ 706-86 = 26-586 X 112837 = 29-998 or 30 inches, the diam-
eter required.
5. The diameter of a circle is 14} inches; what must
I make each side of a square, to be equal in area to the
given circle ?
1425 X -8862 = 12-62835 inches, length of side required.

Ant%:hord and versed sine of a circle being given, to
Jfind the diameter.

Rule. — Divide the sum of the D
squares of the chord and versed sine
by the versed sine, the quotient is
the diameter of corresponging circle.

1. The chord of a circle A B
equal 6} feet, and the versed sine
CD equal 2 feet, required the cir-
cle’s diameter.

653 + 22 = 4625 = 2 = 23-125 feet, the diameter.

2. In a curve of a railway, I stretched a line 72 feet
in length, and the distance from the line to the curve I
found to be 1} ft.; required the radius of the curve.
51855626

126 X 2

To find the length of any given arc of a circle.
Rule.— From eight times the chord of half the are
subtract the thord of the whole arc, and one third of
the remainder is equal the length of the arc.

»
[

TA -+ 1'25% = 5185-5625, and = 2074:225 ., the radius.
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Required the len B
of the arc ABC, fﬁz
chord A B of half the .\o

arc being 4 feet 3 inches, A
and chord A C of the whole arc 8 feet 4 inches.

425 X 8= 34,and 34 — 8:333 — 2""‘;67 =8555 feet, the
length of the arc.

- To find the area of the sector of a circle.
+ Rule.— Multiply the length of the arc by its radius,
" and half the productis the area.

The length of the arc A C B,
equal 94 feet, and the radii F A,
¥ B, equal each 7 feet, required the
area.

95X 7= 665 - 2= 3275, the area. .
Notgn; ’ll“he most si‘!n le means whe;e- A A
: to the area of the segment of a
circle is, to first find the area g?"a sector v
whose arc is equal to that of the given
ent; and if it be less than a semicircle, subtract the area
of the triangle formed by the chord of the segment and radii
. of its extremities ; but if more than a semicircle, add the area
of the triangle to the area of the sector, and the remainder, or
sum, is the area of the segment.
. Tims, suppose the area of the u%gment A C B e is required
and that the length of the arc A C B equal 9% feet, F A and
F B each equal 7 feet, and the chord A B equal 8 feet 4
inches, also the perpendicular e F equal 3} feet.

9'7: XT 34195 foet, the area of the sector.
8333 x 376

2._=.15-m feet, area of the triangle.
And 34125 — 15-624 = 18-501 feet, the area of the segment.

To find the area of the space conlained between two
concentric circles. v
Rule.— Multiply the sum of the inside and outside

dimmeters by their difference, and by <7854, the product
is the area. .
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1. Suppose the external circle
A B equal 32 inches, and internal
circle C D equal 28 inches ; re-« A
quired the area of the space com- a )
tained between them. U
32 4+ 28 =60, and 32 — 28=4, hence {
60 X 4 X ‘7854 =188'496 in., the area.

2 The exterior diameter of the fly-wheel of a steam
engine is 20 feet, and the interior diameter 18} feet;
required the area of the surface or rim of the wheel,

20 4 185 == 38:5 and 20— 185 =15, hence 3% X 15 %, W54
=4535, &e., feet, the area.

To find the area of an ellipsis or oval.

Rule. — Multiply the longest diameter by the sfort-
est, and the product by 7854 ; the result is the area,
An oval is 25 inches by 16-5; what ase its superficial ‘

contents ?
25 X 16'5 = 4125 x 7854 = 323-9776 inches, the ared.

Note.— Multiply half the sum of the twe diameters by
si}fﬂq, and the product is the circumference of the oval or
ellipsis. ‘

To find the area of & parabola, ar its segment.

Rule. — Multiply the base by the perpendicutar
hej ht,nmitwotgdrdnofthemoduotisﬂmaren.

‘%hatisthenreaofnpam la. whose base is 20 feet
and height 127

20 X n=mx2

3

Note.— Although the whole of the precedin Prnctical li-
cations or examples are given in measures og eet or
these being considered as the most generlly familiar, yet the
rules are equally applicable to any oger unit-of measurement
whatever, as yards, chains, acres, &c. &ec. &c.

=160 feet, the ares.

——
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2. MENSURATION OF THE SUPERFICIES, SOLID
ITIES, AND CAPACITIES OF BODIES.

To find the solidity or capacity of any figure in the
cubical form.

Rule. — Multiply the length of any one side by its
breadth and by the depth or distance to its opposite
side; the product is the solidity or capacity, in equal
terms of measurement.

Application of the Rule to practical Purposes.

1. Required the number of cubic inches in a piece
of timber 234 inches long, 74 inches broad, and 3§
inches in thickness.

23:5 X 715 x 3625 =660-203 cubic inches.

2. A rectangular cistern is in length 8} feet, in
breadth 5} feet, and in depth 4 feet; required its ca-
pacity in cubic feet, also its capacity in British impe-
rial gallons. )

85 % 525 % 4 =178 cubic feet, and 1785 X 6232 (see Table
of Decimal Approximations, p. 25) = 1112:412 gallons.

. 3. A rectangular cistern, capable of containing 520

imperial galions, is to be 7§ feet in length, and 43 feet

in width; it is required to ascertain the necessary

depth.

725 % 45 X 6232 = 203318, and 0 00108 = 92557 feet, or 2
feet 63 inches nearly.

4. A rectangular piece of cast iron, 20 inches long
and 6 inches broad, is to be formed of sufficient dimen-
sions to weigh 150 Ibs.; what will be the depth re-
quired ?

20 X 6 X263 {see Table of Decimal Approximations, Cast

Iron, p. 25) = 31:96, and =4469in., or 4and {1 in., the

thickness required. 3196
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T find the convez surface, and solidity or capacdy, of
cylinder.

Rule 1. — Multiply the circumference of the cylinder
gz:itx length or height; the product is the convex sur- |
e.

Rule 2. — Multiply the area of the diameter by the
length or height, and the product is the cylinders solid-
ity or capacity, as may be required.

Application of the Rules.

1. The circumference of a cylinder is 374 inches, |

and its length 54§ inches; required the convex surface
1n square feet.

54756 x 37-6 X ‘007 (see Table of Approximations) = 14-371
square feet.

2. A cylindrical piece of timber is 9 inches diameter,
and 3 feet 4 inches in length; required its solidity in
cubic inches, and also in cubic feet.

3feet4 inches =40 inches, and 92 X-7854 X 40 = 2544696 cubic
inches ; then 2544:696 X -00058 = 1:4759 cubic feet.

. Sup‘pose a well to be 4 feet 9 inches diameter, and
163 feet from the bottom to the surface of the water;
how many imperial gallons are therein contained ?

4752 X 165 X 4-895 = 1822-162 gallons.

4. Again, suppose the well’s diameter the same, and
its entire depth 35 feet ; required the quantity in cubic
yards of material excavated in its formation.

4-75% X 35 X 02909 = 22:973 cubic yards.

5. I have a cylindrical cistern capable of holding
7068 gallons, and its depth is 10 feet; now I want to
replace it with one of an equal degth, but capable of
ho?d.ing 12,500 gallons; what must be its diameter ?

4-895 X 10 = 48:95, and :% ="V 2553 = 15-9687 feet, or
15 feet 11§ inches,
<. & A cylindrical prece of lead is required, 74 inches
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diameter, and 168 Ibs, in weight; what must be its
length in inches?
7-6‘x-3223=18,ud-1f‘-§- =93 inches.

To find the le of a cylindrical heliz, or spiral,
wound round a cy’l?tmliier K

Rule.— Multiply the circumference of the base by
the number of revolutions of the spiral, and to the
square of the Froduct add the square of the height; the
square root of the sum is the length of the spiral.

JApplication of the Rule.

1. Required the len%tzh of the thread or screw twist
mg round a cylinder inches in circumference 33
times, and extending along the axis 16 inches,

22 X 35 = T7 = 5929, and 16¢ = 256, then +/ 5929 + 256

==78:64 inches.
. 2 The well of a winding staircase is 5 feet diameter,
and height to the top landing 25 feet ; the hand-rail is
to make 24 revolutions ; required its length.
b feet diameter = 156-7 feet circumference.
157 x 2:6 = 39-25% = 1540-5625, and 25% = 625, then
/1540 4- 625 == 465 feet, the length required.

To find the conver surface, solidity, or capacity of a
cone or pyramid.

Rule 1. — Multiply the circumference of the base by
tgle slant height, and half the product is the slant sur-

ace.

Rule 2. — Multiply the area of the base by the per-
pendicular height, and one third of the product is the
solidity or capacity, as may be required. .

JApplication of the Rules.

L Required the area, in square inches, of the slant
* surface of a cone whose slant height equal 184 inches,
and diameter at the base 63 inches.

625 X 3-1416 = 19635 circumference of the base ; and

19636 % 18775 S:!:xl&'ls =184-078125 square inches.
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, 2 Roguiced the guantity of Jead, in squsre foot |
sufficient to cover the slant surface of a hexagonal :
amid whose slant height is 42 feet, and the breadth of
each side at the base 4 feet 9 inches.

475 X 42 X 6 sides _

5985 square feet. 1

2
3. What is the solidity of a cone, in cubic inches, the
diameter at the base being 15 inches, and perpendiculaz
height 32} inches ?
li&i‘j;“ﬂ =19144125 cubic 1nches.
4. In a square solid pyramid of stone 67 feet in
height, and 164 feet at the hase, how many cubic feet ?

165 X165 X 67 _ 608025 cubic foet.

3 ’

To find the solidity or capacity of any frustum of a
cone or pyramid.

Rule. — If the base be a cirele, add into one sum the
two diameters, or, if a regular polygon, the breadth of
ohe side at the top and at the base; then from the
square of the sum subtract the product of these di-
ameters or breadths; multiply the remainder by <7854,
if a circle, or by the tabular area (see Table of Poly-
gons, p. 39‘ and by one third of the height; and the
product is the content in equal terms of unity.

Note.— Where the whole height of the cone or pyramid can
be obtained, of which the given frustum forms a part, the most
simple method is, first to find the whole coutents, then the
contents extending beyond the frustum; and, subtracting the
less from the greater, leaves the te of
the frustum required.

c
Application of the Rules.
1. The perpendiculer height A B ‘
/=P

of the frustum of a hexagonal pyra-
mid C D E, is 74 feet, and the breadth
of each side at top and base equal
31 and 2 feet; required the solid
cf:;'benta of the frustum in cubic

)



378 4 2:5= 625, and 625 X 625 = 39-0625, then. 3753 6=
9-375, and 39-0625 —9-376= 296875 x 2-098 (tabular oxea, p
31) = T7-138 X 2'5 or § of the height = 192-845 cubic feet.

2. Required the solidity of the frustum of a cone,
the top diameter of which is 7 inches, the base diameter
94, and the perpendicular height 12.

T 9P =27225, and TX 95=665, then 21925—G65=
?)5]'175 X 1854 = 161-876 X 4 or } of-the height = 646:3' qubic
inches.

3. A vessel in the form of an in- o
verted cone, 88 A BC D, is. 5 feet in
diameter at the top, 4 feet at the
bottom, and 6 feet in depth; re-
il:il'ed its capacity in imperial gal-

ns.

F+4=9=8l, and 5x 4=20, hence 81 —20=261 X
and by 2 or § of the depth = 95-8488. cubic feet, and X 6
= 5971427 gallons.

To fmd. the solid contents.of & wedge..

Rule. — To twice the length of the base add the
length of the edge; multiply the sum by the breadth
of the base, and by the perpendicular height from the
base, and ane sixth of the product is the solid contents,

pplication of the Rule.

Requived the solidity of a wedge, in
! cubic inches, the base ABCD being 9.
" inches by 3%, the edge E F 7 inches,,
and the perpendicular height G E 15.

BLTE:M = 21875 cubic inéhes.

o
To find the conver surface, the solidity, or the capacity,
o a sohere or gloge. o

Rule 1, — Multiply the square of the diameter by
31416 ; the product is the convex surface.

Rule 2. — Multiply the cube of the diameter by
5236 ; the product is the solid contents. -
4 =
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Rule 3. — Multiply the cube of the diameter in feet
by 3263, or in inches by -001888; the product is the
capacity in imperial gallons.

Application of the Rules.

1. Required the convex surface, the solidity, and the
weight in cast iron of a sphere or ball 103 inches in
diameter.

105 X 31416 = 346:3614 square inches. $ ar
10-5% X -5236 = 606132 &'g., cubic inches; and - m
606132 X 263 (see Table of Approximations, p. 25) = 1894 Tbe.

2. A hollow or concave copper ball is required, 8
inches diameter, and in weight just sufficient to sink to
its centre in common water; what is the proper thick-
of copper of which it must be made ?

Weight ?‘f a cublc“mch of c;v;ptz: —;.- ggy lks. guee p. 63.
i‘l’i%?‘i“;"% 484828 cub. in. of water to be displaced.

Andq'. = 150334 cubic inches of copper in the ball.
Then 8 x 31416 = 2010624, and;)m
1

= 0747 inches, the

thickness of copper required.
0747 X 16 = y}; of an inch full, or 3 Ibs. copper to a square foot.

3. What diameter must I make a leaden ball, so as
to weigh 72 Ibs, ?

5236 % 4103 = 21483308, and =
21483308
inches, diameter.

=34/ 340 =697



INSTRUMENTAL ARITHMETIC,

OR

UTILITY OF THE SLIDE RULE.

THE slide rule is an instrument by which the greater
gortion of operations in arithmetic and mensuration may
e advantugeously performed, provided the lines of
division and gauge points be made properly correct,
and their several values familiarly understood.

The lines of division are distinguished by the letters
ABCD; AB and C being each divided alike, and
containing what is termed a double radius, or double
series of logarithmic numbers, each series being su
posed to be divided into 1000 equal parts, and distxib-
uted along the radius in the following mannér: —

From 1 to 2 contains 301 of those parts, being the log. of 2.
“ 3 « 4m « 3.
“« 4 “« 602 “« 4,
“« b5 “« 699 “« 5.
“® 6 " 778 [ 6.
“® 7 “@® 845 «“« 7.
g 8 “° m «“ 8
“ 9 “ o“ 9,

954
1000 being the whole number.

The line D, on the improved rules, consists of only a
single radius; and although of larger radius, the lo
rithmic series is the same, and disposed of along the
line in a similar proportion, forming exactly a line of
square roots to the numbers on the lines B C.
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NUMERATION.

Numeration teaches us to estimate or properly value
the numbers and divisions on the rule in an arithmeti-
cal form.

Their values are all entirely governed by the value
set upon the first figure, and, being decimally reckoned,
advance tenfold from the commencement to the termi-
nation of each radius: thus, suppose 1 at the joint be
one, the 1 in the migddle of the rule is ten, and 1 at the
end one hundred: again, suppose 1 at the joint ten, 1
in the middle is 100, and 1 or 10 at the end is 1000,
&c., the intermediate divisions on which complete the -
whotle system of its notation. ..’

TO MULTIPLY NUMBERS BY THE KULE.

Set 1 on B ogposibe to the multiplier-on A; and
against the number to be multiplied on B is the prod-
uct on A. - :

Multiply 6 by 4. i

Set 1 on B to 4 on A; and against 6 on Bis 24 on A. The
slide thus set, agajpst Ton Bis 28 on A. .

8 “« “

2 32
g « 36 «
. 10 “« 40 «
12« 48 «
15 “° m “@°
25  « 106, &c. &e.

TO DIVIDE NUMBERS UPON XHE RULE.

Set the divisor on B to 1 on A; a\d against the
number to be divided on B is the quo’tien on A.

Divide 63 by 3.

Set3on Bto10n A; and against 63 on B j\21 on A.

t——
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PROPORTION, OR RULE OF THREE DIRECT.

Rule. — Set the first term on B to the second on A ;
and against the third upon B is the fourth upon A.

1. If 4 yards of cloth cost 38 shillings, what will 30
yards cost at the same rate ?
Set4-on B to 38 on A ; and against 30 on B is 285 shillings on A.

gﬁpose 1 pay 31s. 6d. for 3 cwt. of iron, at what
at per ton? 1 ton = 20 cwt.

Set3 upon B to315 mA, and aga.\nstm“pon Bis 210

upon A. :

Rule. — Imﬂie shde, and the opentlon is the
same as dn-ee
1. I know. Qat sui‘th%n are. _capable of performing a
certain gwert ongfswork in eight days, but I want
the same pe m three how many men must
there be employed¥
Set 6 uponCto 8 upon A;and agnmst3 upon C is 16 upon A.
2. The lever of a safety valve is 20 inches in length,
and 5 inches between the fixed end and centre of
the valve ; what weight must there be placed on the
end of the lever to equipoise a force or pressure of 40
Ibs. tending to raise the valye?
Setb upon C to 40 upon A ; and against 20on C is 10 on A.
3. If 8% yards of cloth, 1} yards in width, be a suf-
ficient quantity, how much will be required of that
which is only §ths in width, to effect the same purpose ?
Wet 15 on C to 875 on A ; and aghinst 875 upon C s 15 ysris
spon A.
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SQUARE AND CUBE ROOTS OF NUMBERS.

On the engineer’s rule, when the lines C and D are |
ual at both ends, C is a table of squares, and D a |
table of roots, as —

Squares, 1 4 9 16 25 36 49 64 8lonC.
Roots, 1 2 3 4 6 6 7 8 9onD.

To find the geometrical mean proportion befween too
numbers.

Set one of the numbers upon C to the same number
upon D; and against the other number upon C is the
mean number or side of an equal sqgare upon D.

Required the mean proportion tietwxen’'20 and 45.

Set 20 upon C to 20 upon D ; and aga.idgt‘%"u;on Cis 30 on
D. KEl .

To cube any number, set the number upon C to 1 or
10 upon D ; and against the same number upon D is
the cube number upon C.

Required the cube of 4.

Set 4 upon C to 1 or 10 upon D; and against 4 upon D is 64
upon C. .

To extract the cube root of any number, invert the
shide, and set the number upon B to 1 or 10 upon D
and where two numbers of equal value coincide, on the
lines B D, is the root of the given number.

Required the cube root of 64.

Set 64 upon B to 1 or 10 upon D ; and against 4 upon B is 4
upon D, or root of the given number.

On the common rule, when 1 in the middle of the
line C is set opposite to 10 on D, then C is a table of
squares, and D a table of roots,

To cube any number by this rule, set the number
upon C to 10 upon D; and against the same number 1
upoa D is the cube upon C.
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MENSURATION OF SURFACE.

1. Squares, Rectangles, &c.

Rule. —When the length is given in feet and the
breadth in inches, set the breadth on Bto 12 on A ; and
against the length on A is the content in square feet on B.

If the dimensions are all inches, set the breadth on
B to 144 upon A; and against the length upon A is
the number of square feet on B.

Required the content of a board 15 inches broad and
14 feet long.

Set 15 upon B to 12 upon A ; and against 14 upon A 18 175
square feet on B.

2. Circles, Polygons, &c.

Rule. — Set ‘7854 upon C to 1 or 10 upon D ; then
will the lines C and D be a table of areas and diameters.
Areas, 314 706 12:56 19-63 2827 3848 50-26 6561 upon C.
Diam.,2 3 4 b 6 7 8 9 upon D

In the common rule, set <7854 on C to 10on D ; then
C is a line or table of areas, and D of diameters, as be-
fore.

Set 7 upon B to 22 upon A ; then B and A form or
become a table of diameters and circumferences of cir-
cles.

Cir.,, 314 628 942 12:56 157 18-85 22 2513 2827 upon A.
Dia,1 2 3 4 b 6 7 8 9 upon B.

1
" P from 3 to 12 sides. — Set the gauge-point
upon Cto 1 or 10 upon D; and agmnst the length of
one side upon D is the area upon C.
Sidesy, 8 5 6 7 8 9 10 11 12
Gauge-points, 433 17 26 363 482 618 769 937 1117.
ired the area of an equilateral triangle, each
gide 12 inches in length.
* Set 433 upon C to 1 upon D; and against 12 upon D are
62-5 square inches upon C.
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l TABLRE OF GAUGE-POINTS FOR THR ENGINEER’S RULE.
; Names. REFRLLLLL R L] P
{Cubic inches 578 | 83 (1728 || 106 |1273 || 105 | 121 |
Cubic feet 1144 | 11833 | 22 [ 12| 33|
Imp. gallons 163 | 231 | 277 | 294 | 353 || 306 | 529
Water in lbs. 16 | 23| 276 || 293 | 352 || 303 | 524
Gold “ 814 (1175 | 141 || 149 | 138 || 165 | 269-| ¢
ﬂlver “ 15 | 216 % 276 | 33 ﬁg 5|
ercury ¢ 118 | 169 216 Rh, ]
Brass «“ 193 | 177 | 333 || 354, @ 369. &
Copper  “ . 18| 26 | 319 || 331 | 897, |f 343 %
Le “« 141 [ 203 | 243 || 268 | SE [P e* |
Wro'tiron “ 207 | 297 | 557 || 338 | 453 [1.994. | 689
Cast iron 292 | 32 | 384 || 407 Aﬁ 33
Tin “ 219 | 315 | 378 || 401 | 419 | 728
Steel “ 202 | 292 | 352 || 372 385 | 671
Coal « 1271183 | 22| 33| 28 242 42
Marble ¢ 591 | 85 (102 || 116 | 13 [l 113 | 1956
Freestone 632 | 915 | 11 ({1162 | Whj{ 4L | A
FOR THE COMMON SLIDE RULE.

Names. F,FFP LLLLL| FL ] L ) B | L
Cubic inches 36 | 518 | 624 || 660 | 799 4113
Cubic feet 625 9108 114 |1 1y’| 206
Water in lbs, 10 | 144 | 174 |l 184 |- 2011 191 | 329 | 4
Gold “ 6507|735 | 88|l 96| 118 || 939 | 180
Silver “ 938 | 136 | 157 || 173 | 208 || 173 | 354
Mercury 738 | 122 | 127 || 132 | 162 |} 141 | 242
Brass “ 12| 174 | 207 || 221 | 265 || 23 | 89%
Cogger “ 112 | 163 | 196 || 207 | 247 || 214 | Q21
Le “ 880 | 126 | 152 || 162 | 194 || 169 |.289
Wro’t fron 129 | 186 | 222 || 235 | 283 || 247 | 498
Cast jron ¢ 139 | 2| 3 [ 254 | 301§ 965 | 4569:
Tin « 1371135 | 235 || 25 | 300 || 261 463
Stoel «“ 136 | 183 | 22 || 233 | 273 || 239 | 418 |
Coal « 795 | 114 | 138 || 146 | 176 | 151 | 262
glmle. « 30| 53637726 81| 72| 12K
reestone ¢ 394! 57) 691l 7281873 ) 755 | 133, |,

|
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/
. MENSURATION OF SOLIDITY AND CAPACITY.

General rule. — Set the length upon B to the gauge-
point upon A ; and against the side of the square, or
'ﬁngeter on D, are the cubic contents, or weight in lbs.
on C.

' 1. Required the cubic contents of a tree 30 feet in
length, and 10 inches quarter girt.

Set 20 upon B to 144 (the gauge-point)- upon A ; and against
10 upon DESBNM feet ltlpon C.g pointyupon A o

2. In a cylipder 9 inches in length and 7 inches
r, how many cubic inches ?

. Set 9 upon B to 1273 (the gauge-point) upon A ; and inst
700D isl:MG inches on(C. point) upon A 3 e

* 3. What is the weight of a bar of east iron 3 inches
| square, and 6 feet long ?
- Set6 B1q 32 (th -point A ; and against
" Supon D n 168 1oe, wpon 0 POIm) PR e
i By the common rule.
.. 4. Required the weight of a cylinder of wrought iron
~10 inches long, and 54 diameter.

Set 10 B to 283 (G. Pt. A; and against
T nr;?mté_ ( )upon A; and against 5§ upon
5. What is the weight of a rope 25 yards lo
 and 4 inches circumference ? &y rope 257 e

. Set 25 upon B to 47 (G. Pt.) upon A ; and against4on D is
" 8316 Ibs. an C. (. Pr) opon &5

© 6. What is the weight of a short-linked chain 30
yards in length, and y%sths of an inch in diameter ?

Set 30 upon B to 52 (G. Pt. n A ; and ageinst 6 on D is
.‘”‘611..0!’:?:- ( )upon A;
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LAND SURVEYING.

If the dimensions taken are in chains, the gange-
zg;nt is 1 or 10; if in perches, 160 ; and if in yards,
0. g
Rule. — Set the length upon B to the gauge-point
on A; and against the E:gadth upon A is the content in
acres upon B. .
1. Required the number of acres or contents of a
field 20 chains 50 links in length, and 4 chains 40 links
in breadth. -
Set 20-5 on B to 1 on A ; and against 44 on A is 9 acres on B

2. In a piece of ground 440 yards long,and 44 broad,
how many acres?

S§t 440.upon B to 4840 on A ; tnd against 44 on A is 4 acres
on B.

POWER OF STEAM-ENGINES.

Condensing Engines. — Rule. Set 3-5 on C to 10 on
D; then D is a line of diameters for cylinders, and C
the corresponding number of horses’ power ; thus,
HPr3) 4 56 8101216 2025 30 40 50 on C.
C.D.101n. 10§ 12 13} 15§ 17 18% 21§ 24 26§ 20} 33§ 37 on D.

The same is effected on the common rule by setting:
SonCtol120n D. R

Non-condensing Engines.— Rule. Set the pressure
of steam in 1bs. per square inch on B to 4 upon A ; and
against the cylinder’s diameter on D is the number of
horses’ power upon C. t

Required the power of an engine, when the cylindep
is .?;.0 inches diameter and steam 30 lbs. per squarg
inc|

Set 30 on B to4 on A; and against 20 on D is 30 horsegp®
power on C. =
The same is effected on the common rule by settingg

the force of the steam on B to 250 on A. v B

-
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OF ENGINE BOILERS.

How many superficial feet are contained in a boiler
23 feet in length and 53 in width ?

" Set1 upon B to 23 upon A ; and against 55 upon B is 126-5
square feet upon A. :

If 5 square feet of boiler surface be sufficient for
each horse-power, how many horses’ power of engine is
the boiler equal to ?

Set & upon.B to 126-6 upon A ; and against 1 upon B is 255
wpon A. -

STRENGTH OF MATERIALS.

MaTERIALS of construction are liable to four different
kinds of strain; viz, stretching, crushing, transverse
action, and torsion or twisting: the first of which de-

nds upon the body’s tenacity alone; the second, on
its resistance to compression ; the third, on its tenacity
and comgression combined ; and the fourth, on that

roperty by which it opposes any acting force tending
o change from a straight line, to that of a spiral direc-
tion, the fibres of which the body is composed.

. In bodies, the power of tenacity and resistance to

compression, in the direction of their len, is as the

cross section of their area multiplied by the results of
. experiments on similar bodies, as exhibited in the fol-
lowing table.
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Table showing the Tenacities, Resistances to

Pmpertmofllw comﬂwnMatcnalaqf

ston, and
Abeolute Compared with Cast Iron
Tenacity | Resistance
Names of Bodies. in lba. |io “!l:: 1t Its otiff
T son s 'm
el = N e el
Ash . . 14130 — 023 | 26 |[0089
Beech 12225 8543 | 015 | 21 |0075
Brass 17968 | 10304 | 0435| 09 |0-49
Brick 275 562 — — -—
Cast iron . . | 13434| 86397 | 1:000| 10 |1-000
Copper (wrought) .| 33000 — - | .= —_
Elm 9720| 1033 | 021 | 29 |0073
Fir, or Pme, white .| 12346| 2028 | 043 | 24 {01
red 11800 565375 | 0-3 24 101
“« .u ellow 11835 5445 | 025 | 29 |0-087
Granite (Aberdeen) — | 10910 - —_ -—
Gun-metal (copper 8,
and tin 1) 356838 — 065 | 125 |0-535
Malleable iron . . | 56000 — 1112 | 086 |13
Larch . . .| 12240 5568 | 0136| 23 |0-053
Lead 1824 — 00% | 26
Maho y, Hondums 11475 8000 | 024 | 29 |0487
Marble . 661} 6060 — — &
Oak . 11880 9504 | 025 | 28 |0-093
Rope {Lin.in circum, ) 200 — - -] -
Steel . 128000 — _ - -
Stone, Bath . . 478 — — - —_—
¢« Craigleith T2 5490 — — —
“ Dundee. .| 20661| 6630 -— —_— —
“  Portland . 857 3729 —_ -— f—
Tin (cast) . .| 46 — 0182| 075 |0-25
Zinc (sheet) 9120f — 0365| 05 1076
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Note.— It must be understood and also borne in mind that,
in estimating the amount of tensile strain to which a body is
subjected, the weight of the body itself must also be taken into
account ; for according to its position so may it approximate to
its whole weight, in tending to produce extension within itself';
as in the almost constant application of ropes and chains to
great depths, considerable heights, &c.
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that greater Tenacity than
%cm:;ugu,umm@m

of Muschenbroek.

Bwedish copper 6 pts.
Chili copper 6 parts, Malacea tin 1
Japan copper 5 parts, Banca tin 1;
Anglesea

Block tin 3, lead 1;
Block tin 8, zinc 1;
Lead 1, zinc 1;

RESISTANCE TO LATERAL PRESSURE, OR TRANS-*

6 parts, Cornish tin 1;
Common block tin 4,lead 1,zinc 1;
Malacca tin 4, regiulul of antimony 1;

’

STRENGTH OF MATERIALS.

3 “ )
«

VERSE ACTION.

The strength of a square or rectangular beam to re-
sist lateral pressure, acting in a perpendicular direction

to its length, is as the breadth and square of the depth, .
and inversely as the length ;

breadth of another, all other

— thus, a beam twice the
circumstances being alike,

equal twice the strength of the other; or twice the
depth, equal four times the strength, and twice the
length, equal only half the strength, &c., according to

the rule.
Table l% Data, containing the Resulls of i
on the Elasticity and Strength of various tes of
Timber, by Mr. Barlow.
S'Feclunf Value| Value; Species of Value | Value|
imber, of . | of & imber. | of E. | of 8,
Teak . . . .|1747 |2462||Elm . . . .| 5064|1013
Poona . . . . [12226]2221 || Pitch pine . 88-68| 1632
English Oak . . [105 |1672||Red pine . . .[133 [1841
. |Canadian do. . [1556-5 |1766 || New England fir (1585 | 1102
Dantzic do. 862 | 1457 ' Rigafir . . .| 90 [1100
Adriatic do. .| 70-5 {1383 || Mar Forest do.| 63 {1200
Ash . . . . .{119 (202%||Larch . . . .|76 900
Beech . . . .|98 (1556 | Norway spruce . 105-47| 1434

———

e Sum of

Malacea tin 1; tenacity per s ‘inch %,000 II:.

5
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To find the dimensions of a beam capable of sustain-
a given weight, with a given degree of deflection,
supported at both ends.

Rule. — Multiply the weight to be supported in lbs.
by the cube of LEe length in feet; divide the product
by 3% times the tabular value of E, multiplied into the
Eiven deflection in inches; and the quotient is the

readth multiplied by the cube of the depth in inches.
" Note 1.— When the beam is intended to be square, then the
fourth root of the quotient is the breadth and depth required.

Note 2. —1If the beam is to be cylindrical, multipx the
quotient by 17, and the fourth root of the product is the di
ameter.

Ex. The distance between the supports of a beam ot
Riga fir is 16 feet, and the weight it must be capable
of sustaining in the middle of its length is 8000 lbs.,
with a deflection of not more than § of an inch; what
gn_lstl:)e ;:he depth of the beam, supposing the breadth
- 8 inches

16 X 8000 . p 3 1oan
m—lbl'ﬁ—,—s— v/ 1897 = 12:35 in., the depth.

To determine the absolute strength of a rectangular
beam of timber, when sy, at both ends, and loaded
in the middle of its length, as beams in general ought to
be calculated to, 8o that may be red capable of
withstanding all accidental cases of emergency.

Rule. — Multiply the tabular value of 8 by four
times the depth of the beam in inches, and by the area
of the cross section in inches; divide the product by
the distance between the supports in inches, and the
quotient will be the absolute strength of the beam in lbs,

Note 1. — If the beam be not laid horizontally, the distance
l‘n:_t‘v.veen the supports, for calculation, must be the horizontal

- Note 2.—One fourth of the weight obtained by the rule, is
the greatest weight that ought to be applied in practice as per-
mamesnt load.
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Note 3. —If the load is to be ied at any other point than
the middle, then the strength will be as the product of the
two distances is to the square of half the length of the beam
between the supports ; — or, twice the distance from one end,
multiplied by twice from the other, and divided by the whole
Iengl.g, equal the eflfective length of the beam.

Ez, In a building 18 feet in width, an engine boiler
of 53 tons is to be fixed, the centre of which to be 7
feet from the wall; and having two pieces of red pine,
10 inches by 6, which I can lay across the two walls
for the ‘gurpose of slinging it at each end,—may I
with sufficient confidence apply them, so as to eﬁyect
this object ?

@;xﬂdﬂso Ibs. to carry at each end.

And 18 feet —'7 =11, double each, or 14 and 22, then

14 ;;” = 17 feet, or 204 inches, effective length of beain.

Tabular value of S, red pine, =341 X ;oz: 10 % 60 _ 15776 Iba.
the absolute strength of each piece of timber at that point.

To determine the dmmnown:d of a rectary beam
capable o riing a required weig a given
degree oj[ dwon, when fized at one end.

Rule. —Divide the weight to be sugported, in Ibs.,
by the tabular value of E, multiplied by the breadth
and deflection, both in inches ; and the cube root of the

uotient, multiplied by the length in feet, equal the
3epth required 1n inches.

Ex. A beam of ash is intended to bear a load of 700
Ibs. at its extremity ; its length being 5 feet, its breadth
4 inches, and the deflection not to exceed 4 of an inch,

Tabular value of E =119 X 4 X 6 =238 the divisor;
then 700-2- 238 = 34/2:94 X 5 = 7-25 inches, depth of the beam.

f

\
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To find the absolute strength of a redangular beam,
when fized at one end, and loaded at the other.

Rule. — Multiply the value of S by the depth of the
beam, and by the area of its secuon, both 1in inches;
divide the product by the leverage in inches, and the
quotient equal the absolute strength of the beam in 1bs.

Ez. A beam of Riga fir, 12 inches by 43, and pro-
jecting 6§ feet from the wall ; what is the greatest
weight it will support at the extrexmty of its length ?

‘Tabular value of S = 1100
12 X 45 = 54 sectional area,

Then, 1_1_0_"47;;’22‘ = 91384 Ibs,

When fracture of a beam is produced by vertical
pressure, the fibres of the lower section of fracture are
separated by extension, whilst at the same time those
of the upper portion are destroyed by compression;
hence exists a point in section where neither the one
nor the other takes place, and which is distinguished as
the pont of neutral axis. Therefore, by the law of
fracture thus established, and proper data of tenacity
and compression given, as in the table, (p. 52) we are
embled to form metal beams of strongest section with
the least possible material. Thus, in cast iron, the resis-
tance to compression is nearly as 64 to 1 of tenacity;
comequenﬂy a beam of cast iron, to be of strongest

section, must be of the following form,

and a parabola in the direction of its

length, the quantity of material in the

bottom flange being about 64 times that

e upper. But such is not the case with beams of
O.Imber, or although the tenacity of timber be on an
average twice that of its resistance to compression, its
ﬂe:ublht is so great, that any considerable length of
ere columns cannot be situated to its support,

it
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requires to be strengthened or trussed by iron rods, as
in the following manner. R

=

And these applications of principle not only tend to
diminish deflection, but the required purpose is also
more effectively attained, and that by lighter pieces ot
timber.

To ascertain the absolute strength of a cast iron beam
of the preceding form, or that of strongest section.

Rule. —-Multipl{ the sectional area of the bottom
flange in inches by the depth of the beam in inches,
and divide the product by the distance between the
supports, also in inches; and 514 times the quotient
equal the absolute strength of the beam in cwts.

The strongest form in which any given quantity of
matter can be disposed is that of a hollow cylinder ; and
it has been demonstrated that the maximum of strength
is obhtained in cast iron, when the thickness of the an-
nulus, or ring, amounts to }th of the cylinder’s external
diameter ; the relative strength of a solid to that of a
hollow cylinder being as the diameters of their sec-
tions.
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A Table showing the Weight or Pressure a Beam of
Cmbvmlinchinbn:ﬁh,wﬂlmlain,wiihoutde-
stroying its elastic force, when it is supporled at each
end, and loaded in the middle of ils lengih, and also the

ton in the middle which that weight will produce

Mr. Hodgkinson, Manchester.

Length, 7 feet. 8 feet. 9 feet. 10 feet.
Da‘n.h 'Wt.in| Defl. /Wt in! Defl.| Wt. | Defl.; W¢. ln| Defl.
io In. in.| Ibe. |iuin.| lbs. |inn.lin lbs.|io io.| lbe, fin in.

3 54 66
3% 1164| -46 | 1041 57
4 405 1360 5
4} 1924) 36 | 1721/ *443
5 28375 -32 | 2125| 4
6 3420( 27 | 3060{ *33
7 23 | 4165 29
' 8 6080| 203| 5440] 25
9 7695/ *18 | 6885 22
10 *162| 8500{ 2
i1 15 {10285/ -182
12 ‘l35ll%40 17
13 12514400 *154
14 186091 <115 16700} -143
18 feet. 20 foct.
6 1699:1-08 1530ll'34
7 2314 -93 | 2082!1-14
8 3027( 81| 2720:1-00
9 3825| 72| 3438 89
10 4722| 64| 4250| -8
11 5714| *59| 5142 *73
12 6796| *54 | 6120( *67
13 7980| -491 7182 61
14 46 | 8330( -57
15 10624] *43 | 9562| *53
18 +40 (10880 *5
17 13647| 38 |12282| 47

Note.—This Table shows the greatest weight that ever
ought to be laid upon a beam for permanent load ; and, if there
be any liahility to jerks, &c., ample allowance must be made
also, the weigzt of the beam 1tself must be included.
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_ To find the weight of a cast iron beam of given dimen-
sawns. -

Rule. — Multiply the sectional area in inches by the
lenith in feet, a.ndy by 3, the product equal the weight
in Ibs,

Ez. Required the weight of a uniform rectangular
beam of cast iron, 16 feet in length, 11 inches in
breadth, and 13 inch in thickness,

11X 1:5 % 16 X 32 = 844-8 lbs.

Resistance of Bodies lo Flexure by vertical Pressure.

When a piece of timber is employed as & column or
support, its tendency to yielding by compression is dif-
ferent according to the proportion between its length
and area of its cross section; and supposing the form
that of a cylinder whose length is less than seven or
eight times its diameter, it is impossible to bend it by
any force applied longitndinally, as it will be destroyed
by splitting before that bending can take place; but
when the %ength exceeds this, the column will bend
under a certain load, and be ultimately destroyed by
a similar kind of action to that which has place in the
transverse strain.

Columns of cast iron and of other bodies are also
similarly circumstanced, this law having recently been
fully developed by the expcriments of Mr. Hodgkinson
on columns of different diameters, and of different

len&hs.

hen the length of a cast iron column with flat
ends equals about thirty times its diameter, fracture
will be produced wholly by bending of the material.
When of less length, fracture takes place partly by
crushing and partly by bending. But, when the column
is enlarged in the middle of its length from one and a
half to twice its diameter at the ends, by being cast hol-
low, the strength is greater by }th than in a solid column
containing the same quantity of material.

-
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T'o determine the dimensions of a support or column to
bear, without sensible curvature, @ given pressure in the
direction of ils axis.

Rule. — Multiply the pressure to be supported in lbs.
by the square of the column’s length in feet, and divide
the product by twenty times the tabular value of E ; and
the quotient will be equal to the breadth multiplied by
the cube of the least thickness, both being expressed in
inches. )

Note 1.— When the pillar or support is a square, its gide
will be the fourth root of the quotient.

2. If the gillnr or column be a cylinder, multiply the tabular
value of K by 12, and the fourth root of' the quotient equal the
diemeter.

Ez.1. What should be the least dimensions of an
oak support, to bear a weight of 2240 Ibs. without sensi-
tIgle flexure, its breadth being 3 inches, and its length 5

eet ?

Tabular value of E =105,

PUOX B o m onns
m-— ‘\/8838—-‘05“!0]165.

Ex. 2. Required the side of a square piece of Riga
fir, 9 feet in length, to bear a permanent weight of
6000 1bs.

Tabular value of E =96,

6000 x 9* 53 N
Mm_lvw=4 inches nearly.
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Practical Utility of the preceding T'able.

Ezx. Wanting to support the front of a building with
cast iron columns 18 feet in length, 8 inches in diam-
eter, and the metal 1 inch in thickness ; what weight
may I confidently expect each column capable of sup-
peorting without tendency to deflection ?

Opposite 8 inches diameter and under 18 feet = 1097
Also opposite 6 in. diameter and under 18 feet = 440

. = 657 cwt.
Note.— The strength of cast irou as a column being 1-0000
“ steel “ =2518
“ wrought iron\ ¢ =1745
“ (oak() antzic ¢ = -1088
“ red deal “ = 0785

ieity of Torsion, or Resistance of Bodies to
Elasticity of tings of

The angle of flexure by torsion is as the length and
extensibility of the body directly and inversely as the
diameter; hence, the len%th of a bar or shaft being
Elven, the power, and the leverage the power acts with,

eing known, and also the number of degrees of torsion
that will not affect the action of the machine, to deter-
mine the diameter in cast iron with a given angle of
flexure.

" Rule. — Multiply the power in Ibs. by the length of
the shaft in feet, and by the leverage in zset; divide the
product by fifty-five times the number of degrees in the
angle of torsion; and the fourth root of ti:e quotient
equal the shaft’s diameter in inches.

Er. Required the diameters for a series of shafts 35
fept in length, and to transmit a power equal to 1245
Ibs., acting at the circumference of a wheel 2} feet
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radius, so that the twist of the shafis on the applicatien
of the power may not exceed one degree.
1245 % 35 X 25

= =4 =6671 i i .
B 1 4/ 1981 = 667 inches in diameter.

Relative Strength of Metals to resist Torsion.

Castiron . . . =1- Swedish bar iron. =108
Copper . . . = 48 English do.. . =112
Yellow Brass . = -511 Sheer steel . . =196
Gun-metal = 66 Castdo.. . . . =21
MECHANICS. -

PRELIMINARY REMARKS.

" MEecraNics, regarded as a science, comprehends the
sum of our knowledge relative to the sensible motions
of bodies either actually existing or expressed by the
opposition of forces tending to produce motion. The
science is thus resolvable into a code of discovered laws,
applying to the causes which occasion and modify the
direction and the velocities of motion, and is therefore
distinct from those branches of science in which, alv
though presenting phenomena of motion in sensible
portions of matter, we do not consider the circumstances
:nde};ws of these motions, but only the effects pro-

uced. :

When motion itself is considered, the reasoning. be.
longs to mechanics, and it is probable that as our kno
edge of the laws which govern the phenomena that arg
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‘evolved under the hand of the experimental philosopher
becomes more extended, & wider meaning will be given
to the science of motion. The definition which is here
given of mechanics is not coeval with the name. The
science, like most other sciences, has graduslly ex.
panded to its present extent. It was originally the sci-
ence of machines — these being the first subjects of
its speculation ; and, as everv material combination em-
ployed for producing or preventing motion may be
regarded as a machine, and may be resolved into the
same elementary principles as those employed in ma-
chines, — the mechanical powers, — the name “ mechan-
ics ” became to be applied to motion, the tendency to
motion of any bodies whatever. Mechanics still con-
tinues to be defined by some the acience of force, and
there does not appear to be any valid objection to the
definition. Force is the cause of motion, and its laws
are identical with the laws of motion ; and, consequently,
the science of force coincides, in all its parts, with the
science of motion, which is mechanics,

ELEMENTS OF MACHINERY.

THE LEVER.

To produce mechanical effects, it is rarely conve-
nient to apply directly our available force, —mean-
ing by mechanical effect moving a body of a certain
weight through a certain space, — the assistance of ma-
chinery is required. In fact, the essential idea of ma-
chinery is, that it renders force available for effecting
certain practical ends. Machines prepare, as it w.
the raw material of force supplied to us from natu
sources. It is transmitted and modified by certain
combinations of the elements of machinery, and is
given off, at last, in a condition suitable for pr:?;cmg the
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demired mechanical effect. We do not create force,;
the end of machinery is just to transmit it, and diffuse or
concentrate it in one or more points of action. The
various diffused or concentrated forces, then, being
added together, will just amount to the original avail-
able force,

All machinery, when analyzed, will be found to con-
sist of a combination of six simple machines, or ele-
ments, commonly called mechanical powers. This term
is not correctly applied to these elements. They are
not powers, or, 1n other words, sources of power or force ;
they simply transmit and diffuse or concentrate forces.
These six elements are, the lever, the pulley, the wheel
and axle, the inclined plane, the wedge, and the screw.

To understand, therefore, the nature of any machine,
a correct idea of these elements is requisite.

A lever is an inflexible rod, by the application of
which one force may balance or overcome another.
These forces are termed, respective&y, the power and the
resistance or weight, not from any difference in the action
of the forces, but with reference merely to the intention
with which the machine is used; and indeed the same
terms are used about all the other mechanical elements.
In applying the rod to operate upon any resistance, it
must rest upon a centre prop, or fulcrum, somewhere
along its length, upon which it turns in the performance
of its work. Thus, there are three points in every lever,
to be regarded in examining its action, namely, the two
points of application of the power and the weight, and
the point resting on the fulcrum. There is a certain rels-
tion to be observed between the magnitudes of the op-
posmf force, and their distances from the fulcrum,
namely, that, in every case, the power, mulL:Klied by its |
distance from the fulcrum, is equal to the weight,
multiplied by its distance from the same point. From
this, simple rules may be deduced for calculation.

To know the power to be applied, at a certain dis-
tance from the fulcrum, to overcome a resistance acting
also at a certain distance, multiply the resistance by its
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‘distance from the fulerum, which gives its moment, and
divide the product by the distance given. Quotient wil
be the power, it being observed that the distance and
the force be each expressed in the same unit of measure.
For example, a weight, 1120 lbs., at 3 inches from the
fulerum, is to be balanced by a force at the distance of
10 feet. Now 10 feet are equal to 120 inches; and the
woment of 1120 lbs. is 1120 X 3=3360. Divide this
by 120, we have 28 lbs. for the power required.

Again; to know the distance at which a given force
ought to be applied to balance a given weight at a certain
distance, we must, in like manner, multiply the weight
by its distance, as before, and divide by the given
power. 1120 lbs, for example, at 3 inches distance,
are to be balanced by a force of 28 1bs. To find the
distance of this weight, 1120 lbs. multiplied by 3, gzz
8360, which, divided by 28, give 120 inches, or 10

THE WHEEL AND AXLE, OR CRANE.

The mechanical advantage of the wheel and axle, or
crane, is as the velocity of the weight to the velocity
of the power; and, being only a modification of the
first kind of lever, it of course partakes of the same
principles. '

To determine the amount of effective power produced
Jrom a given power, by means of a crane with known

peculiarities.

Rule. — Multiply together the diameter of the circle
described by the handle and the number of revolutions
of the pinion to one of the wheel ; divide the product by
the barrel’s diameter in equal terms of dimensions ; and
the quotient is the effective power to 1 of exertive force.
" Er. Let there be a crane, the handle of which de-
scribes a circle of 30 inches in diameter; the pinion
‘makes 8 revolations for 1 of the wheel, and the Emel
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is 11 inches in diameter; required the effective power . ‘
in principle, also the weight that 36 lbs. would raise,”
friction not taken into account. ;

30 X 8=219 to 1 of exertive force,and 21-9 X 36 = 7855 Iba.
11 ' —
Given any two parts of a crane, to find the third that
shall produce any required proportion of mechanical ¢ffect.
Rule. — Multiply the two given parts together, and
the quotient is the dimensions of the other parts in equal
terms of unity.

Ez. Suppose that a crane is required, the ratio of -
power to eﬂm being as 40 to 1, and that a wheel and -
pinion 11to 1 is unavoidably compelled to be employed ;.
also the throw of each handle to be 16 inches; what
must be the barrel’s diameter, on which the rope or
chain must coil ? .

16 X 2=32 inches diameter described by the handle.

And 32 X 11 =288 inches, the barrel’s diameter.

40

THE PULLEY.

The principle of the pulley, or more practically the
block and tackle, is the distribution of weight on vari-
ous points of support ; the mechanical advantage derived
depending entirely upon the flexibility and tension of
the rope, and the number of pulleys or sheives in the
lower or rising block. Hence, by blocks and tackle of
the usual kind, the power is to the weight as the num-
ber of cords attached to the lower block; whence the |
following rules:— i

1. Divide the weight to be raised by the number of
cords leading to, from, or attached to the lower block;
and the quotient is the power required to produce an
equilibrium, provided friction did not exist.

2. Divide the weight to be raised by the power to be

.
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applied ; the quotient is the number of sheives in, or cords
attached to, the rising block.

Ezx. Required the power necessary to raise a weight
of 3000 1bs. by a four and five sheived block and tackle,
the four being the movable or rising block. *

Necessarily, there are nine cords leading to and from
the rising block ; —

Consequently, T= 333 1bs., the powér required.

Ez 2. 1 require to raise a weight 4256 lbs.; the
amount of my l;;ower to effect this ob{ect being 500 1bs.
What kind of block and tackle must I, of necessity, em-
ploy ?

! %%6- == 8-51 cords -~ of necessity, there must be 4 sheives,
: or 9 cords, in the rising block.

As the effective power of the crane may, by addi-
tional wheels and pinions, be increased to any required
amount, so may the pulley and tackle be similarly aug-
mented by purchase upon purchase. Two of the most
useful are known by the term runner and tackle, and the
second by that of Spanish burton.
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JApplication of the preceding Tuble.

1. What weight will a tractive power of 150 1bs,
draw up an incline of 1 in 340, the resistance on the
level being estimated at ,1 th part of the insistent
weight ?

In ’lxl)iqe with 40 in the left-hand column and under

7 S T 00417
Also, in the same line and under 360is . . . . . 00294
. 1 Added together = -00711
Then %0 = 21097 lbs. weight drawn up the plane.
00711

2. What weight would a force of 150 lbs. draw down
. the same ghne, the friction on the level being the same
" a8 before’ N

Friction on the level = 00417
Gravity of the plane = ‘00294 subtract
=+00123
150

And ——— = 121915 1bs. weight drawn down the plane.
00123

Example of Incline when Velocity is taken into Account.

A power of 230 lbs. at a velocity of 75 feet per min-
ute, is to be employed for moving weights up an inclined
plane 12 fect in heiﬁht and 163 feet in length, the least
velocity of the weight to be 8 feet per minute ; required
the greatest weight that the power is equal to.

230 X T3 X 16.":_28!1750___2’288 Ibs., or 1325

2x8 Y
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THE INCLINED PLANE.

The inclined plane' is the representative of the second
class of mechanical elements. Its fundamental law of |
action is that of the composition and resolution of forces. '
The manner in which the advantage is immediately de-
rived from it is, therefore, distinct from that of the first
class ; there is necessarily a fulcrum, a point round
which all the motion takes place, and through which
the power acts on the resistance ; whereas, in this class,

-there is no apparent centre of action. The advantage
gained by the inclined plane, when the power acts in a
lel direction to the plane, is as the length to the
eight or angle of inclination. Hence the rule. Divide
the weight by the ratio of inclination, and the quotient
equal the power that will just support that weig?n upon
the plane. Or, multiply the weight by the height of
the plane, and divide by the length —the quotient is
the power. '

Ex. Required the power or equivalent weight ca;
ble of su; ep(})rt.in a load of 350 1bs. upon a pla.ﬁg of lp"-m
12,0r3 il:aet in height and 36 feet in length.

3
1_? =9916 Ibs., ors‘f%?? —29-16 Ibs. power, as before

THE WEDGE. -
The wedge is a double inclined plane ; consequentl
its principles are the same. Hence, wh’en two bodig
are forced asunder by means of the wedge, in a direction

rallel to its head, multiply the resisting power by
E:lf the thickness of the head or back of the wedge, and
divide the product by the length of one of its inclined
sides ; the quotient is the force equal to the resistance.
Ez. The breadth of the back or head of a wedge
being 3 inches, its inclined sides each 10 inches, re-

i
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‘quired the power necessary to act upon the wedfe 80 88
to separate two substances whose resisting force is
equal to 150 lbs.

150X15. _ 995 1bs.

Note.— When only one of the bodies is movable, the whole
$¥readth of the wedge is taken for the multiplier.

i

. THE SCREW.

' The screw is another modification of the inclined
‘plane, and it may be said to remove the same kind of
practical inconveniences incidental to the use of the
atter, that the pulley does in reference to the simple
‘lever. The lever is very limited in the extent of its
action; so is the inclined plane. But the pulley multi-
Pplies the extent of the action of the lever, by presenting,
‘m effect, a series of levers acting in regular succession;
and just such a purpose is effected by the screw., It
wmltiplies the extent of the action of the inclined plane, .
‘by presenting, in effect, a continued series of planes.

The screw, in principle, is that of an inclined plane
wound round a cylinder, which generates & spiral of
uniform inclination, each revolution producing a rise
or traverse motion equal to the pitch of the screw, or
distance between the two consecutive threads,— the
pitch being the height or angle of inclination aund the
circumference the length of the plane. Hence, the me-
chanical advantage is, as the circumference of the circle
described by the lever where the power acts is to the
pitch of the screw, so is the force to the resistance in
sprinciple.

Ez. Required the effective power obtained by a
screw of # inch pitch, and moved by a force equal to
B0 1bs. at the extremity of a lever 30 inches in length.

30 X 2 X 31416 x 60

< ——eee == 107760 1bs. —
875

7

..



“ MECHANICS.

Er. 2. Required the power necessary to overcome a
resigtance equal to 7000 lbs. by a screw of 1} inch pitch
and moved by a lever 25 inches in length.

100X 125 _ 5573 Ibs. power.
2 x 2 X 31416 '

In the case of a screw acting on the periphery of a |
toothed wheel, the power is to the resistance as the
product of the circle’s circumference described by the
winch or lever, and radius of the wheel, to the pro-
duct of the screw’s pitch and radius of the axle or point
-whence the power 1s transmitted ; but observe that, if
the screw consist of more than one thread, the apparent
pitch must be increased so many times as there are
threads in the screw. Hence, to find what weight a
given power will equipoige,

Rule. — Multiply together the radius of the wheel
the length of the lever at which the power acts, the
magnitude of the power, and the constant number
6-2532; divide the product by the radius of the axle ;
into the pitch of the screw, and the quotient is the
weight that the power is equal to.

Ez. What weight will be sustained ¢n equilibrio by a

wer of 100 lbs. acting at the end of a lever 24 inches
in length, the radius of the axle, or point whence the
power 18 transmitted being 8 inches, the radius of the
wheel 14 inches, the screw comisﬁn% of a double
thread, and the apparent pitch equal § of an inch.

14 % 24 X 100 X 6-2832
625X 2X8

Note.—Tt is estimated that about one third more power must |
be added, to overcome the friction of the screw when loadnﬁ ‘
than is necessary to constitute a balance between power
weight.

=21111-55 lbs., the power sustained.
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OF CONTINUOUS CIRCULAR MOTION.

I~ mechanics, circular motion is transmitted by means

of wheels, drums, or pulleys; and a.ccordingly as the
. @riving and driven are of equal or unequal diameters,
8o are equal or unequal velocities produced. Hence the

principle on which the following rules are founded.

1. When Tune is not taken info Account. .

Rule. — Divide the greater diameter, or number of
teeth, by the lesser diameter or number of teeth; and
the quotient is the number of revolutions the lesser will
make, for one of the greater.

Ex. How many revolutions will a pinion of 20 teeth
make, for 1 of a wheel with 1257

125220 = 625 or 6} revolutions.

To find the number of revolutions of the last, to one
of the first, in a train of wheels and pinions.

Rule. —Divide the product of all the teeth in the
driving by the product of all the teeth in the driven;
and the quotient equal the ratio of velocity required.

Ez.1. Required the ratio of velocity of the last, to 1 of
the first, in the following train of wheels and pinions;
viz., pinions driving, —the first of which contains 10
teeth, the second 15,and third 18. Wheels driven first,
15 teeth, second, 25, and third, 32.
10x 15 x 18

—————— =225 of a revolution the wheel will make to
15 % 25 x 32

one of the pinion.

Ez. 2. A wheel of 42 teeth giving motion to one of
12, on which shaft is a pulley of 21 inches diameter
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driving one of 6; required the number of revolutions of
the last pulley to one of the first wheel.

42x 21
12X%6

2. When Time must be regarded.

Rule. — Multiply the diameter or number of teeth in
the driver, by its velocity in any given time, and divide
the product by the required velocity of the driven ; the
auotient equal the number of teeth or diameter of the

riven, to produce the velocity required.

Ez. 1. If a wheel, containing 84 teeth, makes 20
revolutions per minute, how many must another contain,
to work in contact, and make 60 revolutions in the
same time?

=12:25 or 12} revolutions.

84 x 20
60

Ez. 2. From a shaft making 45 revolutions per min-
ute, and with a pinion 9 inches diameter at the pitch
line, I wish to transmit motion at 15 revolutions per
minute ; what, at the pitch line, must be the diameter
of the wheel,

=28 teeth.

45% 9
15
Er. 3. Required the diameter of a pulley to make 16
revolutions in the same time as one of 24 inches mak-
ing 36.

=27 inches.

24 % 36
16 |
The distance between the centres and velocities of two |
wheels being given, to find their proper diameters.

Rule. — Divide the greatest velocity by the least ; the
quotient is the ratio of diameter the wheels must bear
to each other. :

=54 inches.
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Hence, divide the distance between the centres by
the ratio |- 1; the quotient equal the radius of the
smaller wheel ; and subtract the radius thus obtained
from the distance bhetween the centres; the remainder
equal the radius of the other.

Ez. 1. The distance of two shafts from centre to
centre is 50 inches, and the velocity of the one 25 rev-
olutions per minute, the other is to make 80 in the same
time; the proper diameters of the wheels at the pitch
lines are required.

80-25=232, ratio of velocity, and % =119, the radius
39 + 1

of the smaller wheel ; then 50 — 119 — 38-1, radius of larger

their diameters are 11'9 X2 = 23-8 and 381 X 2="16"2 inches.

To obtain or diminish an accumulated velocity by
means of wheels, pinions, or wheels, pinions, and pulleys,
it is necessary that a proportional ratio of velocity
should exist, and which is thus attained: multiply the
given and required velocities together; and the square
root of the product is the mean or proportionate velo-
city. B

Er. Let the given velocity of & wheel containing 54
teeth equal 16 revolutions per minute, and the given
diameter of an intermediate pulley equal 25 inches, to
obtain a velocity of 81 revolutions in a machine; re-
quired the number of teeth in the intermediate wheel
and diameter of the last pulley.
4/ 81 X 16=_36 mean velocity.

BX1_ o4 teeth and 2= 111 inches, dismeter of

36 81

pulley.

To determine the proportion of wheels for screw-cut-
ting by a lathe. ’

In a lathe properly adapted, screws to any degree of
pitch, or number of threads in a given length, may
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out by means of a leading screw of any given pitch, ac-
companied with change wheels and pinions; coarse
pitehes being effected generally by means of one wheel
and one pinion with a carrier, or infermediate whkeel,
which cause no variation or change of motion to take
place. Hence the following

Rule. — Divide the number of threads in a given
length of the screw which is to be cut, by the number
of threads in the same length of the leading screw at-
twched to the lathe; and the quotient is the ratio that
the wheel on the end of the screw must bear to that on
the end of the lathe spindle.

Ez. Let it be required to cut a screw with 5 threads
in an mch, the leading screw being of § inch pitch, or
containing 2 threads in an inch; what must be the ratio
of wheels applied ?

54 2=2-5, the ratio they must bear to each other.

Then suppose a pinion of 40 teeth be fixed upon for
the spindle, —

40 X 2:5=100 teeth for the wheel on the end of the screw.

But screws of a greater degree of fineness than about
8 threads in an inch are more conveniently cut by an
additional wheel and pinion, because of the proper de-
gree of velocity being more effectively attained; and
these, on account of revolving upon a stud, are com-
monly designated the stud-wheels, or stud-wheel and
pinion ; but the mode of calculation and ratio of screw .
are the same as in the preceding rule. Hence, all that
is further necessary is to fix upon any 3 wheels at
pleasure, as those for the spindle and stud-wheels;
then multiply the number of teeth in the spindle-wheel
by the ratio of the screw, and by the number of teeth in
that wheel or pinion which is in contact with the wheel
on the end of the screw; divide the product by the stud-
wheel in contact with the spindle-wheel ; and the quo-
tient is the number of teeth required in the wheel on the
end of the leading screw.

bt
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Ez. Suppose a screw is required to be cut containing
25 threads in an inch, the leading screw, as before,
having two threads in an inch, and that a wheel of 60
teeth 1s fixed upon for the end of the spindle, 20 for the
pinion in contact with the screw-wheel, and 100 for that
in contact with the wheel on the end of the spindle;
required the number of teeth in the wheel for the end
of the leading screw.

60 x 12:6 X 20

25-2=185, and —=— =150 teeth.

Or suppose the spindle and screw-wheels to be those
fixed upon, also any one of the stud-wheels, to find the
number of teeth in the other.

60 x 125 60x12-6x 20

———— =20 teeth, or —————<— =100 teeth.
160 x 100 160
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Table of Change Wheels for Screw-culting ; the leading
Sa'gwch.being of & inch pilch, or containing 2 threads 1n
an in

Numb.of Number of Number of
£ |teethin |8 teeth in a teeth in
H § 3153 § 2333,
s S -0 Sa8(8 . LR
H R SR A SR EERE
S5 |3 [SEE |=EleE PR/ lsBleBis
I5|eoz|S=]E5|eslnBlsdlEx]|St|zlz /e 8|Eg
Es|S8|38|ealS8l55/1253 8|55 58l8s28|R8
22|35 (35| 2R 3T EE R 28 |35 EEEE|NE
1 |80 40} 83 40| 55|20 | 60§19 | 50| 95(20 [100
13 80 | 500 84/ 90 | 85|20 | 90| 194| 80 (120| 20 |130
14 |80 | 60| 83| 60| 70|20 | 75]20"| 60 [100| 20 120
13 |80 | 70| 94| 90| 90|20 | 95]204| 40| 90{20 | 90
) 80903340 60|20 | 65]21 | 80 120] 20 | 140
¢4 |80 90]10°t 607 75/20 | 80|22 | 60 (110|20 | 120
24 | 80 {100{104| 50 | 70|20 | 75]224| 80 [120] 20 {150
24 |80 |110]11°| 60 | 55|20 [120] 223/ 80 [130| 20 (140
3 |80 [120]12 | 90| 90|20 {120]233| 40| 95|20 | 100
34| 80 [130]12%| 60 | 85|20 | 9024 | 65 120( 20 |130
34 | 80 |140]13 | 90 | 90|20 [130]25 | 60 (100] 20 | 150
33 [ 80 {150]134| 60 | 90|20 | 901 54| 30( 85(20 | 90
4 |40 | 80|13§| 80 [100|20 [110}26 | 70130] 20 | 140
44|40 | 85|14 | 90| 90|20 |[140|27 | 40| 90{ 20 [120
43 | 40 | 90|14 60 | 90|20 | 95{274| 40100{ 20 |110
43 (40| 95]15°| 90| 90|20 |150]25°| 75 {140 20 | 150
5 140 |100|16 | 60| 80[20 {120]284f 30| 90| 20| 95
54 |40 [110{164 80 (10020 {130}30"| 70 (140] 20 | 150
6 |40 1201638011020 120132 | 30| 80{ 20 | 120
63 |40 |{130]17°| 45| 85|20 | 90|33 | 40 (110| 20 | 120
7 | 40 {140]174| 80 100/ 20 (140}34 | 30 20 | 120
74 | 40 {150]18 | 40 | 60|20 |120]35 | 60 {140| 20 | 150
8" |30 1120] 18| 80 (10020 1150136 | 30 20 | 120
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Table by which to determine the Number of Teeth, o1
Pitch of Small Wheels, by what is commonly called the

Manchester Principle.
Diametral | Circular Diametral CircuE'—

pitch. pitch. pitch. pitch.

3 1-047 9 349

4 ‘785 10 314

b 628 12 ‘262

6 -624 14 224

i i 449 16 196
i B 8 393 20 157

Ezx. 1. Required the number of teeth that a wheel
of 16 inches diameter will contain of a 10 pitch.
16 X 10 =160 teeth, and the circular pitch =314 inch.
Ez. 2. What must be the diameter of a wheel for a
9 pitch of 126 teeth ?

1?: 14 inches diameter, circular pitch ‘349 inch.

Note.—The pitch is reckoned on the diameter of the wheel
instead of the circumference, and designated wheels of 8 pitch,
12 pitch, &c.

Strength of the Teeth of Cast Iron Wheels at a given

Pelocity.
Pitch h Breadth Strength of teeth in horse-power at
of teeth of teeth of teeth | 8feet per | 4 feet per | 6 feet per | 8 feet por
In inches | in inches. | in inches. | second. second. second. secoml.
3-99 19 76 20-57 R-43 41-14 5485
378 18 72 17-49 2332 3498 4664
357 17 68 1473 19-65 29-46
336 16 64 1228 16-38 24:56 3R74
315 15 6 10-12 13-50 2024 26-98
294 14 56 82 10:97 16-44 21-92
273 13 52 6:58 878 13-16 17:54
252 12 48 518 6-91 10-36 1381
231 11 44 ‘399 532 798 10-64
, 21 10 4 300 . 400 6-00 8:00
1-89 9 36 218 291 4-36 581
| 168 8 32 1-53 204 3-06 3-08
1-47 7 28 1027 137 204 272
196 4 | 24 64 86 | 188 | 184 |
| 1-05 5 375 *50 75 100
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PRACTICAL PROPERTIES OF WATER

By analysis it is ascertained, that water is composed
of the gases oxygen and hydrogen ina state of chemical
union ; its distinguishing properties, like that of other
liquids, being nea.rly incompressible, gravity, capnblhty
of flowing, and constant tendency to press
every direction; also that of bem% easily changed by_
the absorption of culoric to an aériform state of any re-
quired density or degree of elastic force: hence the
principle of the hydraulic press, the water-wheel, the
steam engine, &c.

Effects produced by Water in its natural State.

Because of liquids possessing the properties of gravity
and capability of flowing freely in every direction, sides
of vessels, flood-gates, sluices, &c., sustain a pressure
equal to the product of the area multlpl ied by half' the
depth of the fluid, and by its gravity in equal terms of
unity.

But when a sluice or opening through which a liquid
may issue is under any given continued head, the pres-
sure is equal the product of the area muluphed into the
height from the centre of the opening to the surface of
the fluid.

Ez. 1. Required the pressure of ,water on the sideg
of a cistern 18 feet in length, 13 in width and 9f4n
depth. o} '

The terms of measurement or unity are in feet, 1 cubic foot ot
water = 625 Ibs. ; hence 18 X x&z+1:3><9x?2-—155x§§t‘L

45 % 625= 15@937 5 Ibs, Weight of water on bottom = 18 X
13 X 9 X 62:5=131625 lbs.

Ez.2. Required the pressure on a sluice 3 feet square,
and its centre 30 feet from the surface of the water,

Ix3Ix 30x625=l6875 Ibs. pressure.

it
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The weight of water or other fluid is as the quantity,
but the ({)ressure exerted is as the vertical height. Hence,
a8 fluids press equally in every direction, any vessel
containing a fluid sustains a pressure equal to as many
times the weight of the column of greatest height of
that fluid, as the area of the vessel is to the sectional
area of the column.  ,, f¢ . o Sdo

Exr. Let a cubical vessel, whose sides are each 4
square feet, have a tube insertéd 1 inch indiameter, and
6 feet in height, and let both vessel and tube be filled
with water; required the whole weight of the water
therein contained, and also the whole pressure exertéd
intending to burst the vessel.

Cubic contents of the vessel = 8 feet, and each foot = 62-5 Ibs. ;
then 625 X 8 = 500frea of pipe’s section = 7654 inches,am‘i
height 72 inches, also a cubic inch of water = 03617 Ibs.;
hence, 7854 X 72 X 03617 = 2 lbs. - 500 = 502 lbs., tota
weight of the water.

Again ; the whole height of the col = 9Ginches ; then 7854

X 96 X 03617 =233 Ibs., pressure of column on an equal

144 X 4 x G sides

-1854
==4400-4 times the area of the pipe’s diameter in the whole
surface ; therefore, 4400-4 X 2:33 = 10253 Ibs., or tota] amount
of pressure exerted.

To find the velocity of water .'asuiné"&"&rcuar orifice
at any given depth from the surface. >

Rule. — Multiply the square root of the height or
depth to the centre of the orifice by 8:1; and the product
is the velocity of the issuing fluid in feet per second.

Ez. Required the velocity of water issuing through
an orifice under a head of 11 feet from the surface.
© 7 4/ 11=233166 X 81 =26-864 feet, velocity per second.

In the discharge of water by a rectangular aperture in
the side of a reservoir, and extending to the surface,
-the velocity varies nearly as the square root of the height,
ana the quantity discharged per second equal §rds of
the velocity due to the mean height, allowing for the

" area. 144 square inches = 1 square foot, and
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contraction of the fluid according to the form of the
opening, which renders the coéfficient in this case equal
to 5+1; whence the following general rules.

1. When the aperture extends to the surface of the
fluid. Multiply the area of the opening in feet by the
squaxe root of its depth also in feet, and that product by
51; then will grds of the last product equal the quantity
discharged, in cubic feet, per second.

2. When the aperture 18 under a given head. Mul-
tifply the area of the aperture, in feet, by the square root
of the depth, also in feet,and l}y 5°1; the product is the
quantity discharged, in cubic feet, per second.

Er. 1. Required the quantity of water in cubic feet
per second, discharged through an opening in the side
of a dam or weir, the width or length of the opening
being 64 feet, and depth 9 inches, or <75 of a foot.

‘Square root of 75 = -866.
en 65x 75X ~t;o6 X51x2 =14-3839 cubic feet.

Ez. 2. What would be the quantity discharged
through the above opening, if under a head of water 4
feet in height?

Th

Square root of 4=2,and 2 X 51 = 10-2 feet, velocity of the
water per second. And 6:5 X *75 X 2 X 5'1 = 49725 cubic
feet discharged in the same time.

The combined properties of gravity and fluidity which
water possesses, renders it so available as a source of
motive power; gravity being the property by which the

_power is produced, and fluidity that by which it is so
commodiously qualified to the various modifications in
which it is employed.

Water, it is ascertained, is subject to the same laws
of gravity as those of solid bodies, and thereby accumu-
lates velocity or effect in an equal ratio when falli
through an equal space, or descending from an eql:ﬁ
height. Hence, the velocity attained i8 as the square
root of the height of its fall; and it is now quite satise

annde °
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factorily decided, that, because of the non-elastic prop-
arty of water, its greatest is obtained when acting by
gravity throughout its whole height, whether it be ap-
plied on a water-wheel, turbine, or other machine
through which circular motion is to be the immediate
result. .

In regard to water-wheels, and other machines
through which motion is produced by the effort ot
water, much discrepancy of opinion has, until lately,
existed, both as to form and velocity, besides other
essential points requisite in gaining a maximum of
effect with the least possible strain; but these doubts
are now in a %l:eat measure removed through experi-
ments by the Franklin Institute in this country, added
to those in France by Morin, and the results of a pa-
tented machine by Whitelaw and Stirrat, Scotland,
combined with pertinent observations and remarks by
interested parties in this as well as other countries.
Hence have been deduced the following demornstrative
conclusions : —

1. That, to gain a maximum of effect by a horizontal
water-wheel, the water must be laid upon the wheel on
the stream side, and the diameter of the wheel so pro-
portioned to the height of the fall, that the water may

. may be laid on about 523 degrees distant from the
summit of the wheel, or the height of the fall, being 1
the height or diameter of the wheel equal 1-108.

2. That the periphery of a water-wheel ought to move
at a velocity equal to about twice the square root of the
fall of the water in feet per second, and the number of
buckets equal 2:1 times the wheel’s diameter in feet;
also, that precautionary means be adopted for the
escape of the air.out of the buckets, either by making
the stream of water a few inches narrower than the
wheel, or otherwise.

3. ’I‘hat, because of water producing a less efficient
power by impulse than gravity, turbines, or machines
through which the motion is obtained by reaction, are

y preferable to undershot, or low-breast whe~*~—
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4. That a head of water is required sufficient to
cause the velocity of its flowing to be as 3 to 2 of the
wheel; 1 of the wheel's diameter being an approximate
height, near enough for practical purposes.

5. That the ei?ective power of a wheel constructed
according to these restrictions, is equal to the produet
of the number of cubic feet and velocity in feet per
minute, multiplied into -001325.

Ezample for general Nlusiration.

Suppose a fall of water 25 feet in height, over whieh
is delivered 112 cubic feet per minute; required the
various peculiar requisites for a wheel to be in aceord-
ance with the preceding rules.

1st. 25 X 1-08 = 27 feet, the wheel’s diameter.
2d. 4/ 25 X 2 =10 feet, velocity of the wheel
in feet per second.
Also: 27 X 2:1 = 567, say 57 buckets.
3d. 27--9=3 feet, head of water required.
4th. 112 X 10 X 60 X C01325 == 89 horses’ power.

The turbine of Fourneyron, in France, and the

tented water-mill of Whitelaw and Stirrat, Scotland,
E:.ve, of late years, attracted a considerable share
of public attention; their simplicity of eonstruction
and asserted effects in like situations, being equal to
those of the best applied water-wheels. Intheir manner
of construction they differ, but in principle they are the
same ; the action of each being created by a centrifugal
and tangential force, caused by the weight or impulsion
of a column of water whose height or sltitude is equal
to twice the height of the fall due to the water’s velo-
city; and in order to produce a maximum of effect in
either the one or the other by the pressure and centrif-
ugal force of the effluent water, it is necessary that the
emitting tubes or helical channels of the machine be so
curved that the apertures shall be in a right line with
the radius of the wheel,

a——
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1. That turbines are equally adapted to great as to
“small waterfalls.
2 That they are capable of transmitting a useful
effect to from 70 to 78 per cent. of the absolute power.
3. That their velocities may vary considerably from
the maximum effect, without differing sensibly from it.
4. That they will work nearly as effectnally when
drowned to the depth of 6 feet as when free, and,
consequently, they will make use of the whole of the
fall when placed below the level of extreme low water.
5. That they receive variable quantities of water,
without altering the ratio of the power to the effect.

STEAM POWER.

THeRE is no application of science to the arts of
more importance, and more extensive in its effects, than
that of the employment of steam for driving all kinds
of machinery. It is not my intention to enter into the
details of the power of steam or the steam-engine, but
to give some practical rules, the utility of which have
been tested.

Steam is of great utility as a productive source of
motive power; In this respect, its properties are, elastic
force, expansive force, and reduction by condensation.
Elastic signifies the whole urgency or power the steam
is capable of exerting with undiminished effect. By

nsive force is generally understood the amount of
diminishing effect of the steam on the piston of a
steam-engine, reckoning from that point of the stroke
where the steam of uniform elastic force is cut off'; but
it is more properly the force which steam is capable of
exerting, when expanded to a knewn number of times
its original bulk. And condersation, here understood,
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is the abstraction or reduction of heat by another body
and consettuently not properly a contained property of
the steam, but an effect produced by combined agency,
in which steam is the principal; because any colder
body will extract the heat and produce condensation,
but steam cannot be so beneficially replaced by any
other fluid cafpable of maintaining equal results.

The rules formed by experimenters, as corresponding
with the results of their experiments on the elastic
force of steam at given temperatures, vary, but ap-
proximate so closely, that the following rule, because
of being simple, may, in practice, be taken in preference
to any other.

Rule.— To the temperature of the steam, in degrees
of Fahrenheit, add 100 ; divide the sum by 177 ; and the
6th power of the quotient equal the force in inches of
mercury. )

Ez. Required the force of steam corresponding to a
temperature of 312°.

312 4- 100
177

=2:32776 =159 inches of mercury.

T estimate the amount of adva ined by usi:
aleamupmm‘velyina:teamngin:.‘agegm bty using

When steam of a uniform elastic force is employed
throughout the whole ascent or descent of the piston,
the amount of effect {)toduced is as the quantity of
steam expended. But let the steam be shut off' at any
portion of the stroke, — say, for instance, at one-half, —
it expands by degrees until the termination of the
stroke, and then exerts half its original force; hence
an accumulation of effect in proportion to the quantity
of steam.

Rule. — Divide the length of the stroke by the dis-
tance or space into which the dense steam is admitted,
and find the hyperbolic logarithm of the quotient, to
which add 1; and the sum is the ratio of the gain.
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Er. Suppose an engine with a stroke of 6 feet, and
the steam cut off when the piston has moved through
; required the ratio of gain by uniform and expansive
force.
6-2-2=23; hyperbolic logarithm of 3 = 1-0986 - 1 = 2-0936,
ratio of effect; that is, supposing the whole effect of the
;tem;l to be 3, the effect by the steam being cut off at

Again; let the greatest elastic force of steam in the
cylinder of an engine equal 48 lbs. per square inch,
and let it be cut off from entering the cylinder when
the piston has moved 44 inches, the whole stroke being
18; required an equivalent force of the steam through-
out the whole stroke.

18- 45=4,and 48 -4 =12.
Logarithm of 4 4+ 1 =2-38629.
Then 2:38629 X 12 = 28635 1bs. per square inch.

In regard to the other case of expansion, when the
temperature is constant, the bulk is inversely as the
pressure; thus, sugpose steam at 30 lbs. per square
inch, required its bulk to that of original bulk, when
expanded so as to retain a pressure equal to that of the
atmosphere, or 15 lbs.

15+ 30
15

It is because of the latent heat in steam, or water in
_an aériform state, that it becomes of such essential
service in heating, boiling, drying, &c. In the heatin
of buildings, its economy, efficiency, and simplicity of
application, are alike acknowledged; the steam, being
simply conducted through all the departments by pipes,
by extent of circulation condenses, —the latent heat
being thus given to the pipes, and diffused by radiation.
In boiling, its efficiency 18 considerably increased, if
advantage be taken of sufficiently enclosing the fluid,
and reducing theepu-eseure on its surface, by means of

=3 times its original bulk.
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an ;ai:-pmnp. Thus, water in a vacuum boils at about
a temperature of 98°; and in sugar-refining, where
such means are employed, the sirup is boiled at 150°.

Effects produced by Waler in an Aeriform State.

When water in a vessel is subjected to the action of
fire, it readily imbibes the heat, or fluid principle of
which the fire is the immediate cause, and, sooner or
later, according to the intensity of the heat, attains a
temperature of 212° Fahrenheit. If, at this point of
temperature, the water be not enclosed, but exposed to
atmospheric pressure, ebullition will teke place, and
steam or vapor will ascend through the water, carrying
with it the superabundant heat, or that which the water
cannot, under such circumstances of pressure, absorb,
to be retained, and to indicate a higher temperature.

Water, in attaining the aériform state, is thus uni-
formly confined to the same laws, under every degree
of pressure; but, as the pressure is augmented, so is
the indicated temperature proportionately elevated.
Hence the various densities of steam, and correspond-
ing degrees of elastic force.
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Table of the Elastic Force of Steam, and
Temperature of the Water with which i i3 in Contact.
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6528 | 1659
6732 | 1-711
69-36 | 1763
71440 | 1-814
13-44 | 1-866
75-48 | 1918
7752 | 11970
79:56 | 2:022
81-60 | 2:074
8364 | 2126
8568 | 2:178
87712 | 2229
89-76 | 2281
91-80 | 2333
9384 | 2:385
2437

2489

2-541

2:592

Elastic Force in | Temperature in Degrees of
B’I’l‘:?::r‘;r Mctres of Fahr. | Reaum, | Cent.
30:00| -762 |212:0| 80-0 [100-0
3060| -778 |212:8| 80-4 (1004
3264 -829 {216-3| 819 (1024
34-68 2196 833 [1042

2227 847 |1059
2256 86-0 {1076

1711

et
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The preceding table is peculiarly adapted for esti-
mating the power of steam engines on the condensing
principle, because, in such, the effective force of the
steam is the difference between the total force and the
resisting vapor retained in the condenser. The fol-
lowing table is more adapted for estimating the effects
of non-condensing engines; as, in such, the atmos-
pheric pressure is not generally taken into account,
ehgines of this principle being supposed to work in &
medium; or, the atmospheric pressure on the boilers,
to cause a greater density of steam, is equal to the
resisting atmosphere which the effluent steam has ta
contend with, on leaving the cylinder.

Steam, independent of the heat indicated by an im-
mersed thermometer, also contains heat that cannot be
measured by any instrument at present known, and, in
consequence of which, is termed latent or concealed
heat ; the only positive proof we have of its existence
being that of incontestable results, or effects produced
on various bodies. Thus, if one part, by weight of
steam at 2129, be mixed with nine parts of water at
62°, the result is water at 178-6°; therefore, each of the
9 parts of water has received from the steam 116-6° of
heat, and consequently, the steam has diffused, or given
out, 116-6 X 9 =1049-4 — 33-4 = 1016° of heat, which
it must have contained.

) Again; it is ascertained, by experiment, that if one
gﬂon of water be transformed into steam at 212°, and
at allowed to mix with water at 52°, the whole will be
raised to the boiling point, or 212°. From these and other
experiments, it is ascertained that the latent heat in
steam varies from 940° to 10440, the ratio of accumula«
tion advancing from 212°, as the steam becomes more
dense and of greater elastic force, Hence, the severity

of a scald by steam to that of boiling water.

Woater holding impurities in solution tends to retard
its attaining the aériform state, and so impairs the
amount of its elastic force at an equal temperature, ag
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exhibited in the following tables. Thus, common

water boils at 212° Fahrenheit.
Proportionate quantity in e
Name of substance. rop ol!(llo ;a‘r!ts 4 B"f""_‘ss
by weight of water. poin
Salts in sea water. 3-03. 21320 F.
Sulphate of soda . . . . . Pl 31-6 213
| Sulphate of iron . . . .. 2 64 216
Alum . .......... B 52 220
Sulphate of lime. . . .. g 45 220
Sulphate of magnesia . . 575 222
Muriate of soda . . . . . £ 30 . 224
Nitrate of soda. . ... . 60 U6
Acetate of soda ..... g 60 256

Elastic Force of Steam in Inches of Mercury.

Common water ) boiling point, 212° F. ¢ elastic force,30 in.
Sea water. . . at 212 “ “ 2305 «
Common water ) boiling point, 216° F. { elastic force, 32-5 in.
Sea water . . . at 216 « “ 246 «
Common water ) boiling point, 220° F. { elastic force, 351 in.
water . . . at 220 « “ 265 “
Hence the propriety of procuring, for steam, water 1n
its purest state.

Effects produced by Jir 1n s natural and also in a

Sate.

The weight or pressure of the atmosphere is equal to
the weight of a column of water 34 feet in height, or to
a column of mercury 30 inches in height, or to 14-7 Ibs.
average per square inch, at a mean temperature. But
air, like all other gases, is rendered lighter by the ap-

. plication of heat; for then the particles of the mass are
repelled from each other, or rarefied, and occupy a
greater space. Rarefied air, being specifically lightest,
mounts above that of corimon density; hence change
of temperature, and the principal cause of winds.

1
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Table of the Expansion of Almospheric Air by Heat.

Degrees of
Fabrenheit. Bulk.'

32° | 1000 65° 1077‘

Degrees of'
Fahrenheit.| BUK:

|Pe§'°°§ of | Bui
F t. *
i

) 100° | 1152

35 1007 70 1089
40 1021 75 1099
45 1032 80 1110
50 1043 85 1121
55 1055 90 1132
60 1066 95 1142

120 1194
140 1235
160 1275
180 1315
200 1364
. 212 1376

The pressure or gravity of the atmosphere, being
equal to a column of water 34 feet in height, is the
means or principle on which rests the utility of the
common pump, also of the syphon and all other such
hydraulic applications. In a pump, the internal pres-
sure on the surface of the liquid is removed by the
action of the bucket; and as by degrees the density
becomes lessened, so the water rises by the external

ressure to the above-named height; and at such

eight it will remain, unless, by some derangement of
construction taking place, the atmospheric fluid is
allowed to enter and displace the liquid column. But
observe, if the temperature of the water or other liquid
be so elevated that steam or vapor arise through it,
then, according to the vapor’s accumulation of densitr,
may the action of the pump be partially or wholly
destroyed ; and the only means of evasion in such cases
is, to place the working bucket beneath the surface of
the liquid which is required to be raised.
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" Table showin%the Quantity of Waler per Lineal Fool in

Pumps, or Vertical Pipes of different Diameters.
Diameter | Number of | Number of || Diameter | Number of|Number of
of pump (gallous per| cubic feet || of pump |galluns ‘ger cubic fect
in inches. | lineal ft. | perlin. ft. || in inches. | lineal ft. | perlin f1.
2 -136 ‘0218 8 2176 3450
gz 172 0276 81 2314 3712
12 0340 8 2456 3740
24 67 0412 83 2603 4175
3 +306 0490 9 2-754 4417
gz +359 0676 9% 2-909 4666
416 0668 94 3-068 4123
33 -478 0766 9% 3-232 5184
4 544 0872 10 3400 5454
4 614 +0985 10, 3572
4 688 1104 19 3:748
43 ‘767 -1230 103 3:929
b -850 1363 11 4114
b 937 | ‘1503 |I' 11 4-303
si 1028 | <1649 || 11 4-496
63 1-124 *1803 113 4694
6 1-224 1063 12 4-806
gi 1328 | -2130 || 124 5:312
1:436 | -2304 13 5746
63 1-549 2489 13§ 6196
7 1666 | 2672 || 14 6664 (
7 1-787 | 2866 15 7650
7 1-912 3067 16 8-704
7% 2-042 3276 18 11-016
bew . 161

Examples illustrative of the Utility of the Table.

1. Required the quantity of water lifted by each
stroke of the bucket of a 94-inch pump, the length of
the stroke being 2} feet.

3-068 X 2:25= 6-903 gallons, each stroke.

2. What length of stroke with a 6-inch pump will

be necessary, to discharge 44 gallons of water per
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minute, the number of strokes being 18 in the given
time ?

__n =2 feet, the length of stroke.
1224 % 18

3. What must be the diameter capable of raisi
25 cubic feet of water per minute, the length of ::IIE
stroke being 2§ feet, and making 16 effective strokT
per minute ?

25
2‘5;% =625, or 10§ inches, nearly. §

It is by the oxygen of the atmosphere that com-
bustion is supported. The common combustibles of
nature are chiefly compounds of carbon and hydregesn,
which, during combustion, combine with the oxygem
of the atmosphere, and are converted into carbonic
acid and watery vapor, different species of foel re-
quiring different quantitiés of oxygen. The o&mnﬁty
required for the combustion of a pound of coal varies
from 2 to 3 lbs,, according to the quality of the coal.
60 cubic feet of atmospheric air is necessary, to pré-
duce 1 1b, of oxygen. .
The pressure or fluid properties of the atmosphere
oppose bodies in passing through it, the opposin% re-
sistince increasing as the square of the velocity of the
body, and the resistance per square foot in 1bs. as its
velocity in feet per second, multiplied into -002288.
Thus, suppose a locomotive engine in a still atmosphere,
at a velocity of 25 miles per hour, presents a resisting
frontage of 20 feet; required the amount of opposing
resistance at that velocity. .

25 miles per hour equal 36-67 feet per second. ’
'l‘}‘n_en 86:672 X 002288 X 20=61'5 lbs., constant opposing
orce. .
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' .
. Tuble of the Force and common i iven lo
! 4 Winds at different VMWWM

Welocity of the Wind tn]Force in Ibs,
Miles per | Feet per | per square F‘iven m?mﬁﬂ"
lionrl.'e second. foot. )
1 1-47 005 Hardly perceptible.
2 293 -020 Just ll:l
3 440 044 perceptible.
g g% ?729; Gentle, pleasant wind.
10 e | ae2 |} Pressant, brisk gale.
g ggﬁ; %% Very brisk.
g g‘:g} éf}% High winds.
40 65868 7-873 .
& 001 | oogs |§ Very bigh
50 7335 12:300 A storm or tempest.
60 8802 | 17715 A great storm.
I 80 11736 31-490 A hurricane.

In order to gain the greatest amount of the wind’s
impulsive effect, to produce rotary or circular motion b
the sails of a wind-mill, the total surface of the sails
presented to the wind -ought to be about seven-eighths
of the circle’s surface which is formed by their motion,
and each eail angled to the tsmme of motion as follows,
the whip or back being divided into six equal parts : —
Distance from centre of motion, 1 2 3 4 5 6 ;Smeaton’l

rule.

Angle with plane of motion 18°1918 16 1
By G. I’brrl:dcr, Liverpool, 24°21 muls’fl s

9
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FRICTION.

Friction is an effect produced by bodies rubbing
one upon another, which acts as a retarding influence
in the motion of all mechanical contrivances, but
might not unfrequently be considerably diminished by
a due regard to its laws, and a proper attention te
the selection of those materials on which a uniforra
smooth surface may be attained, and which, accordin
to experiments, are least liable to tear or become hotg,
and cause a roughness to arise when in working
contact. '

Several doubts existed, until lately, respecting the
laws of friction ; but those are now entirely removed,
through the experiments of Mr. G. Rennie, on his own
account, and those of M. Morin, acting for, and ander
the sanction of, the French government, from or by
which the following laws have been fully established : —

1. The friction accompanying the motion of twe
surfaces, between which no unguent is interposed,
bears the same proportion to the force by which those
surfaces are pressed together, whatever may be the
amount of that force.

2. This friction is independent of the extent of the
surfaces of contact.

3. Where unguents are interposed, a distinction is
to be made between the case in which the surfaces are
simply unctuous and in intimate contact with one
another, and the ¢ase in which the surfaces are wholly
separated from one another bw an dnterposed stratum
of the unguent. If the pressure upon a surface of
contact of given dimensions be increased beyond a
certain limit, the latter of these cases passes into the
first; the stratum of unguent being pressed out, and
the unctuous surfaces, which it separated from one
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another, being bronght into intimate contact. As long
as either of these two atates remain, the laws of its
friction are not affected by the presence of the unguent;
hut, in the transition from the one state to the other, an
exception is made to the independence of the friction
upon the extent of the surface of contact; for, sup-
posing the extent of two surfaces of contact, between
which & stratum of unguent is interposed, and which
sustain a given pressure, to be continually diminished,
it is evident, that the portions of this pressure which
take effect upon each element of the surfaces of con-
tact will be continually increased, and that they may
thus be so increased as to press out the interposed
stratum of unguent, and cause the state of the surfaces
to pass into that which is designated as unctuous,
thereby changing the coéfficient of friction. That
law of friction, then, which is known as the law of : :
- the independence of the surface, is to be received, in
the case where a stratum of unguents is interposed,
on]Iy within certain limits,

t will be understood, from what has been said, that
there are three states, in respect to friction, into which
the surfaces of bodies in contact may be made suc-
cessively to pass: one, a state in which no unguent is
present ; the second, a state in which the surfaces are
unctuous, but intimately 1n contact; the third, a state
in which the surfaces are separated by an entire
stratum of the interposed unguent.

Throughout each of these states, the coéfficient ot
friction 1s the same; but it is essentially different in
the different states.

4. It is & law common to the friction of all the
states of contact of two surfaces, that their friction,
when in motion, is altogether independent of the

elocity of the motion. M. Morin has verified this
rn.w, as well in various states of contact without inter-
posed fluids, as in the cases where water, oils, grease,
glutinous liquids, sirups, pitch, were inter in &
gontinuous atratum.
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"The variety of the circumstances under which

laws obtain in respect to the friction of motion, &
the accuracy with which the phenomena of motion
accord with them, may be judged of from one examplg,
taken from the first set of experiments of M. Monp
upon the friction of surfaces of oak, whose fibres werg
parallel to the direction of their motion upon ong
another. He caused the surfaces of contact to vary,
their dimensions in the ratio of 1 to 84, —from less
than 5 square inches to nearly 3 feet square; thd
forces which pressed them to?'et.her he varied from
88 Ibs. to 2205 1ba,, and their velocities from the slow-
est possible to 9-8 feet per second,— causing them to
be at one period accelerated motions, at another uni-
form, at a third retarded; yet, through all this wide
range of variation, he in no instance found the co-
efficient of friction to deviate from the same fraction
of 0478 by more than ¢ of the amount of the
fraction.

W oW N e e

RULES, TABLES; ETC., RELATIVE TQ
BOILERS AND THE STEAM-ENGINE.=

. THE boiler of a steam-engine may be explained ad
that portion of the structure inwln{:h the vital prin-
ciple of the engine is generated; consequently, its
construction is of the utmost importance ; for upon the
proper efficiency of the boiler depends, in &' gveat
measure, the efficiency of the engine. 3
Boilers not unfrequently, because of unavoidal
uliarities, are necessarily constructed of vari
orms; but, for land or stationary engine boilers, if no
thwarting circumstances intervene, either the
or cyl orns are commonly resorted to; %

e
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frmer for those of condensing engines, and the latter
for those of the high-pressure principle,
‘ Inthe construction of boilers, much attention mﬁ
o be paid in avoiding thin films of water where
#iction of the fire is great; because it is neither con-
sistent with safety, nor can there be the proper quan-
tities of steam generated, according to the surface
exposed, unless under some extraordinary degree of
pressure. Also, convex surfaces, exposed to the action
of the steam, unless pr(ﬁ:ly supported, ought strenu-
l?fl{cto be avoided. water spaces, concave
es, or straight plates securely {ed, with ample
abenm -room, are the chief requisites to be attended to.

1. :To determine the proper quantity of
faoemaboo‘lerﬁranmgxmwdhaqhndaq'agwm
eapacily, and steam at any density required.

Rule. — Multiply 375 times the area of the cylinder
in feet by the velocity of the piston in feet per min nzz
and divide the product by the volume of steam to 1
water ot the density required, (see Table, p.ﬁ‘
and the quotient is the amount of effective
lurfacemsquarefeet.

uired the amount of effective heating sur-
k:e in iler for an engine whose cylinder is 44
square feet in area, and the piston’s velocity 224 feet
per minute, the ure of the steam to equal 5 lba.
per square inch a ovethepreasureofﬁlemnosphele.(_

Sl&)::xm 295 square feet, nearly ; the fire-grate ba-
ing in sccordance with the following rule.

‘. Multiply the number of square feet of heating sur-

&ceby'lt!,the pmduct equal the area of fire-grate in
dqonre feet,

thus:
295 x -12 = 35-4 square feet of furnace bar.

<
~— By effective heating surface is meant borisontal sur-
ge flame, or heated air; vuﬁcdnrndemrhu

ing sbout I foet to equal in effoct 1 of horizontal sart——
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S 7o determine the proper dimensions for a wagon-
shaped boiler, when the amount of effective heating sur-
Jeros <1 sgquare feet is obtained by the preceding rule.

& The bottom surface ¢qual half the whole surface,

The length of the boiler equal twice the square
foot of bottom surface.

3. The width equal one-fouith the length; and

4. The height equal one-third the length.

Er. Required the dimensions for a boiler of the
wagon form, that may present an effective heating sur-
firce of 295 square feet,

Bottom surface = 205-=-2, or 147-5 square feet.
Le‘ndg‘;h . . . =4/1415x 2, or 496 feet.
Wi v o . =242 -4, or 6:06 feet.
Height . . . ==2426-18, or 808 feet.

Note.— The amount of side or vertical surface mﬁull twice

the lemgth of the boiler, added to the width, aad maltiplied by
75 to obtaia that of effective surface ; hence,
1475 % 17
e—f’—ll—- =47 foot, depth of side flue.
24% x 84606

8. Tv determine the dimensions for a cylindrical

Rule. — Extract the square root of 134 times the
effoctive heating surface in square feet, and twice the
root equal the boilers circumference in feet; also, the
cirtumference equal the length.

Ex. Let a cylindrical boiler be required with an
effective heating surface of 86 square feet; what must
be its length and diameter in feet?

A/86 X 134 = 1074 X 2=2148 feet circumference, ot §'
feet 10 inches dismeter, and 2148 foet in length.

Note.— When #n internal flee is to be insarted T a Wil
e eXtortial surfach ¢F the boiler may be dimiinished 1h emyd
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.squal to half the exposed surface of the flue. Observe, also,
.that the heis;h: of the contained water in boilers ﬁnenlly
ought to be about two-thirds the whale height of the boiler

+ Specified Particulars relative to the Boiler and Engine.

Diameter of cylinders, . . . . . . 14 inches.
of stivke, . . . . . . . . 18 «
Lapof thevalve, . . . . . . . . . 1 inch
Diameter of driving wheels, . . . . . feet.
‘ Length of internal fire-box, . . . 2 feet 11§ inches.
Width of do. . . “ 5 o«

Length of (‘:_yiindrical part of boiler, 8 « 8 «
Diameterofdo, . . . . . . . 3 «
Length of tubes, . . . . . .8 « 118 «
Number of tubes, , . . .

Interior diameter of do., . . .
Diameter of blast-pipe, . . . . . . .

About 112 1ba. of coke, consumed in this boiler
- evaporate 84 gnlions of water; and from 20 to 25 lbs.
of cdke are consumed per mile. .

Heating Powers of Combustible Substances.

1bs. of | lbs, of boil- Ibs. of

of combustible, m ei:n‘ orated | Stmospheric

Specles

from 3 | Ty 11b. of air to each

o 812°. g *
| Wood in its ordinary state [ 26 472 447
- { Wood chereoal . . . ... ol 13:37 1146
Coal . oovivieenn 60 10-90 9%
Coke . o s venveeass 65 11-81 1146
Turf . .. cvn e inn 30 545 460
‘Turf charcoal ..... . 64 1163 9-86
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Table q)’Dinwmioufor.S‘umE?gim Q/lwula'tby-*

—

Siate - Marine Engines, N m-h-nn&; o
by Bo«l«fm & \h!;l:.n. b{hphr, &’ “by various Iglhn.—. \-,’
E| g ’sj 3 s 3 Diamaters of cylinders, | -*.,
SR E i H ji| EETs, |
) .I:'; [ped :‘,
zg B 3% 25 R Sg z} 95 the. | 20 tbe. [ 40 10a. [ 60 a.| "3 !
611 3 1012 |2 1 3
8 Sl 15|% (931l 2 44 o~
1018 |23l 20] 27 3 6| 5 .
12 (195 | 4 || 25| 298 4| 7 6 | 63|~ x
14 | 21 ﬁ 30({3 (3 & !/ |
16 40|3% |38 6| 9 oz
18 5 50| 40 |4 1 9 =
20 (244 (5 || 60/43 (4 || 8|1 7|2 C
2(% |6 | 70 9 | 11} | 10. iR
uU|n 80 :% 10118 |11 B
25 | 274 90, 50 11 | 124 | 11§ 8l - =
2% | 28 10053 |5 l12]|15 |12° [108 | of |~ €
28 (29 [6 |110 g& 14114 |1 113 | 10 o
3 (3 (6 {120 16 |15 (1512 103 | = §
35 130| 603 18| 158 | 144 | 128 |13 |- =
40 gi 1501 65 |6 |{ 20 | 1 1 1 1) S
50 7 ||200] 744 {6 || 25 | X 174 (15 |1 -
60 7 1250|184 16 Il 30 1 16} |1 __J 2 &
T
The unit of nominal power for steam-engines, or the 5. g
usual estimate of dynamical effect per minute of a ~ _
horse, called, b}v_ engineeu, a horse-power, is 33,000 1bs., =
at a velocity of 1 foot per minute; or, the effect of a 4
load of 200 lbs., raised by a horse, for 8 bours a day, &

at the rate of 2§ miles per hour, or 150 lbs. at the rate
of 220 feet per minute.

oI’ Cousps 50 e
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WOooDs

¥

-—

5.l54|° |4%8 .| Comparative
£E|ge| |9g5s
E’H-. o;:" § gl8% 2 & g
Names. §§ ?g :3 §§§E g % H
582812 1522862 |8
@ |<e|® P28 8| & |~
Englishoak . . . ... 934 | 58 11880 |100100 | 100
Riga do.......|872| 54| 41%f 12888 | 93{108|126
Dantzicdo. . ..... 756 | 47 | 48| 12780 |1171107| 99
Americando. . . . .. 672( 42 | 53 | 10253 |114]| 86| 64
Beech . ........ 852] 48 | 45 | 12225 | 77/103]138
Alder ......... 800| 46 | 4831 9540 | 63| 80|101
Plane . vee..{640| 40| 55| 10935 | 78| 92!108
Sycamore ... |604(38 591 9630 | 59| 81|11}
stnut . .. ... .|610| 38 | 59 | 10656 | 67! 89118
Ash .......... 845] 52 | 43 | 14130 | 89119 {160
e e e e . |673| 42 83 78| 82 86
Mahogany, Spanish . [800/ 50 [ 45 | 7560 | 73| 67| 61
“ onduras |637| 40 | 55 | 11476 | 93| 96| 99
Walnat ....... .|671( 42 | 83 49| 741111
Teak. ..o00evnen 750 | 46 | 483] 12915 [126)109| 94
Poona .........|[640|40 | 56| 12350 | 99(104) 82
Africanoak . ..... |94| 59 | 38 | 17200 |101|144|138
Poplar ......... 385| 34| 66| 5928 | 44| 50| &7
Cedar . ....... .]561)33 |68 | 7420 | 28] 62106
Riga fir . .| 7834748 9540 | 98| 80| 64
Memeldo. ..... .1546| 34 166 | 9540 [114| 80| 56
Scotch do.. . .. .. 528|33|63) 7110 | 55| 60| 65
Christ. Wht, deal . 590 37 | 60 | 12346 | 104|104 | 104,
Amern, white lpruce 561| 34 | 66 | 10296 | 72| 861
Yellow pine......{461( 28 { 80 | 11853 { 95| 99103
Pitchpine . . .. ... 660 | 41 %ﬁ 979 | 18| 62
Larch. .. .... Lo ]5%0] 31 | 12240 | 79/103{1
Cork ..........|2401151149 ]| — —
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] LIQUIDS. GASES. .
> | =5 || Atmospheric air being the

-E § &3 ltanglalrd of companl%n,

: E_. s i 3 or 1000.

Names. § é‘ “..; EE 25
g é’ ) Names. is
w 8 o'k

Acid, sulphuric | 1850 | 18:5 || Hydriodic acid gas | 4340
“ “nitric .. | 1271 | 1277 || Chlorine « «
“ muriatic . | 1200 { 12-0 || Carbonic « « 1527
¢ fluoric . . | 1060 | 10-6 || Nitrous oxide ¢ 1527
“ citric .. | 1034|103 || Cyanogen - “ 1805

“ acetic .. | 1062 | 10-6 Oxygen “ 1111
Water from the Carbonic oxide « 972
Baltic . . ... [ 10156 { 102 | Carbureted hy-
Water from the . drogen “ 972
, Dead Sea . . . | 1240 | 124 || Prussic acid ¢ 937
Water from the Ammonijacal « 590
. Mediterranean | 1029 | 10-3 || Steam of water ¢ 623
* \¢| Water, distilled | 1000 | 100 || Hydrogen “ 69
Oils, expressed :

linseed. . . 940 | 94 || Weight of water at the

sweet almond| 932 | 93 common temperature :
whale ....| 923| 92 icn‘l:ic lg::m:gﬁhlz Ib.
hempeeed . . | 926 | 93 =
olive . . ... 95| 92| 1.5 &= §Bimpgals
'| Oile, essential: Lcylin.in= -098421h.
cinnamon . . | 1043 | 10-4 1 .ﬂ:;@‘l 1bs.
lavender . . . | 894 | 89 1 & « = 5imp. galls.
mrg:ntine ..| 80| 87 2982 feet = 1 cwt.
amber ....| 868 87| 112imp. galls.=1 cwt.
Alcohol. . ... | 825 82|24 <« “ =lton.
Ether, nitric. . | 908 | 91
Proof spirit . . | 922 | 92
Vinegar. . . .. 1009 | 101
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PRACTICAL TABLES.
WEIGHT OF METALS.

WROUGHT IRON; SQUARE, ROUND, AND FLAT.

Table L contains the weight of Square Iron in sizes,
from } inch to six inches square, advancing by § inch;
and from 6 to 12 inches square, advancing by } inch;
and in lengths, from 1 foot to 18 feet. The sizes are
arra i the first column of each page, and the
1 along the top; the weight in lbs. immediately
under the lengths, and in a line with the sizes.

Table IL contains the weight of Round Iron in sizes
from } inch to 6 inches diameter, advancing by § inch;
and from 6 to 12 inches diameter, advancing by } inch;
and in le from 1 foot to 18 feet. The sizes,
lengths, and weights are arranged as in Table L.

Table IIL contains the weight of Flat Iron in
widths, from } inch to 6 inches diameter, advancing by
§ inch; in thickmesses from } inch to 1 inch, advancing
by } inch; and in lengths, from 1 to 18 feet. The
widths, lengths, and weights, are arranged as in the
preceding tables, and the thicknesses alongside of the
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TABLE, E.—S,QUABE IRON.
=i 7 -

4ft.

size.| 1ft. | 2ft. | 3ft. 5ft. |6ft. | 71t | 8ft. | 9ft.
inch.| lbs. | 1be. | Ibs. | Tbs. | 1bs. | 1bs. | 1bs. | Ibs. | Ibs
Pt 02| o4/ o6l o8] 11 18 15 170 19
1 o5 10| 14/ 18 24 29| 33| 38 43
4 o8| 17| 25| 34| 42 51| 59 68 76
[ 13 26 40| 53] e6 79 92| 106 119
3 19 38 57 w6 95| 114| 133| 152 1711
3 26| 52| 78| 104 129| 155 181/ 207] 233
1 34| 68| 101 135 169 203 237 270| 304
13 23| 86| 128 171 214 257 9299| 342 385
14 53| 106| 158 211 264 317 37°0[ 499| 475
13, | ©4] 128 199) 956 320\ 383 47| S| 675
13 76| 159 28| 304 380 456) 539 68| 684
18 89| 17-9| 268 357 44-6] 536 25| 7T14| 80-3
1% | 104} 207 3811 414 51-8] 621 795 828 932
1% | 19| 238 356| 45| 50-4] 71| 8aM| 951| 1059
b 135 20| 406| 54-1| 676 81| 946| 1082 1217
Q4 | 153] 305 458| 611l 763 96| 106:8| 1221 13744
Q% | 1#1; 342| 53| 684| 856| 1027| 119:8] 136-9| 1540
28 | 191f 381 579 763 953 l144| 1335| 152:5| 1716
2% | e11| 42| 634| 845 1056 1267 1478 169-0| 190-1
28 | 233 46:6] 699 932 1165 139-8| 1630 186-3| 2096
23 | 256| 511 767| 1029] 1978 1534 178-9| 2845 230-0
2% | or9| 559 838 118 1307| 1676] 1957 2235| W15
3 | a04| 608 919 1217] 1521| 1825 212-9| 243-3| 737
3L | 330 660 99-0( 132:0] 1651 198-1| 231-1| 964-1| 297-1
3% | 357 714| 1071] 1428 178'5| 214-2| 2499| 285'6| 321-3
38 | 385 71-0| 1155| 154-0| 192'5| 231-0| 269'5| 308-0| 3465
34 | 414] s28| 1242| 165-6| 207-0| 248-4| 2898 331-3| 3727
38 | 444 s88| 1333| 1777| 2221| 2665 3109| 355-3| 399-8
3% | 45| 951| 1426| 100-1| 237-7] 2859| 3027| 380-3| 4278
3% | 58| 1015| 152:3] 9030| 2538|3045 355:3| 406-0| 4568




I

PRACTICAL TABLES.
TABLE I.—SQUARE IRON.

i



112 PRACTICAL TABLES.,
TABLE I.—SQUARE IRON.

size. lﬁ.|2ﬁ.l3ﬁ. ar |5 |6n. |70 |8t |on

inch. | Ibs | lbs. | Ibs | Ibs. | Ibs. | Ibs. | Iba | lbs. | Iba
4 | 541| 1089) 163:3| 216:3| 270-4| 3%4-5| 3786| 4327| 486:8
4} | s75) 1  1m6| s  287-6) 3451 4026| 4601 5177
43 | er1f1 1839 305-3| 366:3| 427-4| 488-4| 5495
43 | 7)1 194105 3935 38849 4529| 517-6| 5823

44 2053| 73-8| 3422 4107| 479-1| 547-6| 616-0
44 144:6| 216-9| 989-9| 361-5| 433-8| 506:1| 578-4| 6507
4 152-5| 298-8| 305-1| 381-3| 4576| 533:8] 610-1| 6364
4 160-7| 41| 3913] 4017 482:0| 5623 6427 7230

5 84'5| 169-0| 953-4| 337-9| 422-4| 5069 591-4| 675-8| 760-3
5% | s8-8| 177-6| 266-4| 355-1| 4439 5327 6215 710-3| 799-1

5% | 932| 186:3| 279-5| 3727 - 5590 6522 745-3| 8385
5 | 1)1 2030] 390-6| « 585-9| 6836 781-3| 8789
58 | 1009 ¢ 3067 s090| t 6134 7157| 8179] g2
58 | 220-9| 427-8| 5348| 64147| 748.7| 8556| 96

223'5| 335:3| 447:0| 558:8] 670-5| 782:3| 894-0|1005-8)
5% 233-3| 3500 4667] 5834 7000| 8167| 933-4]1050:0

6 | 1917| 943-3| 3650| 486-7| 608:3| 730-0 841:6] ¢
6% | 1320| 964-1) 3961| s289| 660-9| 7929| 224:3|1¢
64 | 1499| 2856 4984] 571:3) 7141 856:9] Q0711425
61 | 1500| 3080 4620| 6160] 7701| 9241|10781 |15

19( 4960] 6625| 2289| 993:8|1150-4(12251|14004]
71 | 1777| 355-3| 5330 710-7| 888-4{1066-0/1243-7|141-¢
73 | 190-1| 380-3] 5704| 760-5| 950-7(1140-8(1331-0|1521-1
7% | 203-0] 4060 609-1] 819-1(10151]15

:

(

8% | 230-1| 4601 ¢ 920-3/1150-3
49| 4884 976-9|1231°1

8% | 2588 - - +2/1294:0

9 | ar38] se1¢




PRACTICAL TABLES.

TABLE I.—-8QUARE IRON.

113

11

121t

13f

1.

151

16ft.

17 ft.

181t

684:5
231
7626
8033

9317
976+
10224
1069-5
11176
1160-0

12296
1320°4

1540-1
1656-3

17767
19014

2163-4
23007

379

Tbs.

594-9
627
6716
7117
752-9
7954
8389
8837

929-3

9766
1024-8
10742
1124-6
1176°5
1229-3
1283-4

1338-3
1452:4
15710
1694-1

18220
19544
209151

3

23797
2530-7

W46

@

30117

1bs.

6490
6902
7
T16°4
014
8677
9152
88440

10138
10654
11180
1171-9
1225+9
1283-4
1341°1
14001

14600
1584-4
1713-8
18481

1987:8
2AR1
2816
24363

2596+0
2760-8
2030-6
31056

3855

1bs.
7031
477
7937
841-1
8898
9400
9914
1044-3

10982
11542
12112
12695
1329-1
13904
14528
18167

1581-6
17165
18566
20022

21532
23097
2471-8
26393

2812-4
2090-9
31749
3364-4

3559-3

Iba,
%72
8052
8548
9058
9583

10123
10677
11247

118277
12430
13044

1431-4
14973
15646
16334

17033
18486
1999-4
20562

2318-8

2661-9
28423

3028°7
322019
3419-1
36232

38331

Ibe.
8113
8628
9158
970-5

10267
10846
11440
1205-0

12672
13318
1397°5
14649
15336
1604-3
16763
17501

18250
1980-6
21422
23102

2484°5
2665+1
2852-0
30454

132450
3451-0
3663-3
3882-0

Ibs.
8653,
920-3
9769

10352
1095-2
1156+9
12202
12853

13517
14205
1490-7
1562-5
16358
-2
1788-1
18667

19466
21126
2285-1
24642

26501
28428
30422
32484

3461-4
36811
3907-5
4140-8

4106‘9‘4380’7

9194

9778
1379
1098-9
1163-6
12202
12065
1365-7

14362
1509-3|
1583-9
1660-2
17381
1818-2
1899-9
1983-4

20683
0447
24279
2618-2

2815-7
3020-4
3232-3
514

36777
3011-1
41517
4399-6

4654°5

ihe,

9736
10353
1009-0
11646
12321
13015
13128
1446-0

15206
15968-1
1677-0
17578
1840-3
19252
20116
2100-1

2190-0
W76+7
25707
QI

2081-4
31981
342244
3654-4

3894-0
41412
4396+0
4658-4

Al

499
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PRACTICAL TABLES.,

TABLE I.-~-BQUARE IRON

1ft

M | 3ft.

41t

5ft.

6ft.

7$H

sft.

ofk

ibs.
1\
3051
N13

3379

R L

4778
4470

4867

Ibs. | lbs.
578-4| 8677
6101 9152
648-7| 964°0

678810138
710-3|1065-4
745-3|11180
781-3{1171-9.

817-9/1296-9
8556/ 1983-4
8940113411
933414001

973-311460-0

Ibs.
11569
19202
12853

13517
1420°5
14807
1562-5

16358
171142
1788-1
1866-7

10466

Ibs.

'1446°1
15253
16067

16896
17757
18634
19531

20448
2139-1
2235-1
23334

24333

1bs.
17353
1830-3
19280

75
2130-8
22360
2343-8

53-8
2566+9
26821

Ibe.
2024°5
U354
2493

2365-4
2486-0
2608-7
344

W7
2004-7
31202

lbs.
2313-8
1404
25707

7034
W11
2081-4
31250

717
3425
35762

9800-13266-8! 37335

mo-o‘mmlm&

2603-0
27455
2692-3

30410
31902
335440
35157

36806
38573

42002

4379-9_




PRACTICAL TABLES. 115

TABLE 1I.—-BQUARE IRON.

sive. 10ft. 11 ft. 12,13 ft.[14 ft. |15 f.[16 f. |17 ft.[ I8 R,

ineh.| Tbe. | Ihe. | lbs. | Ibe. | Ibs. | Ihe. | Ibs. | lbe. | Ibs.
© 93 20022 | 31814 3470-6| 3759-9| 4049-1 | 4338-3 | 4627-5 | 49167 | 5206-0
9} [3050-6|3365-6)3660-7| 39657 | 4270-8) 45758 48809/ 5186-0( 54910
3856-4
40550

93 [3213-8 35347 4177-3(4498-6| 4820-0| 5141-3| 5468-6| 5784-0

10 xmelam-l 4393-0(4730-9| 5068+ 54067 | 57446 60826
' | 104 |2551-4/390654961-6 4616+ 4971-9 | 5397-0 | 5682-2| 6037363994
104 |372677]4099-4 44721 [4844-7 | 5017-4|5500-1 | 5062863354 6708-1
103 |3006-3] 42970/ 4687-5| 50782 5468-8  5850-4| 0950-0 | 6844-7 70313

11 |4089-6| 44986 4907553165 | 57254 6134+4| 65434 6952-3/7361'3
114 [aa781 47:0»9'5133-7 5561-6|5089-4 64172/ 6845-0| 7972-8( 77006
114 4702/ 4917353643 5811:3] 6258-3| 67054 7159-4| 75004 80484
113 | s000'8! 5130558002 |60669| 65336 7000-3 | 7466-0 | 7853-6 84003

12 m]ma.m 6396-5:6813-21 7299-8| 7786-5| 827321 67508




PRACTICAL TARBLES.

TABLE II.—-ROUND IRON.

size.| 1. [3R. (3R |4t [ 5f. [Gf. |7f. | 8ft |9f
inch.| 1be | Ibs. | lbe. | Ibs. | Iba. | Ibe | Ibe | Ibe | Wba |
3| o2 o3 o5 o7 o8 10 14| 13 1s}

| o4 o7 11 15 19 98] 26 30| 34

4| o7 13| 20 27 33 40 46 &3 69

84 10| 21| 31| 42| 59 63| 73| 83 o4f

3 15 30| 45 60| 75 90 105 119 134)

#| 90| 41 el e1| 109) 19| 19| 163 183

i i
1 27| s3] o 106 133 159 186 2 239
13 | 34| 7] 104] 134| 168| 03| 285 °69] 322
14 | 43| &3] 195 167] 209 20| 09| 334| 375
13 | 50| 100] 151| 901 951 30| 351 409 452
13 60| 119| 179| 39| 9299| 358| 418 478 537
18 | 70| 140| 10| 280 351 41| 491| 551 €31
13 | s1] 163| 24| 325| 406 488| 569| 650 7I2f
1 nmqma-ammmu7m§
1

2 106] 212 318 495| 531| 637 743] 849 955(
24 | 120| 40| 360 480 so6| 710 &30 959 1079|
2} | 135] 9269| 403 538 672 806 941 107:5| 1210
28 | 150 300| 449 600| 749 89| 1048| 1198| 1348|.
2% | 167| 334 501 668 834 100-1| 1168 133-5] 1509
28 | 188| 36-6| 549 73| 15| 1098] 1981| 146:3| 1646
2% | 9201| 402| eo2| 80-3| 1004 1905 140-5] 1606 1807
2% | 219| 439| es8| 8| 1097] 1317| 1596| 1756 1975
3 | 29| 478| 77| 956| 1104] 1433( 1679 101-1| 2130
3% | 99| 519| 778| 1037| 1206| 1556| 181-5( 2074| 33|,
33 | 980| 561( 841 1199 1409( 1639 1963| 994-3| 2534
88 | 09| 605 97| 1910| 1519 1814 2117| 2010 I’
34 | 25| 50| 975 130-0 1av6| 1951| 297-6| 260-1| 2ow6|
38 | 349 e8| 1047| 139-5| 174| 200°3) 42| 9701| S148|,
3% | 3ra| 74| 1190] 1403| 1867 20| 261:3| 2987| s300|!
3% | 309| 797| 1196| 1505| 1903| 239 w790 3189| 3596,




v PRACTICAL TABLES. 17

TABLE II.—ROUND IRON.

size,|10R[11 f. 12&[13&. 14R|158. 16&.\17&.’18&
inch. | Ibe. | lbs. lbi.llbs Iba | lbs. lbs.|1b|.|lb|.
<3| i 18 21| 23 25 30
3| | 4 48| 52| 56 67
4| 68 73 86| 93| o9 119

§ | w04 15 136 146 156 188

| 149 164 194| 20-9| 204 269

¥ | 03| 24 24| 284| 305 366

1 %5 202 845 372 45| 461 478
13 | 36| 30| 403 437 470 538| 571 605
13 | 47 49 501 584 668 709 751
1§ | s02| s52| €0 652 703 753 803 853 903
‘14 | so7| es7| 717| 76| 83-6| 89-6/ 956( 1015 107°5
1§ | 701y 771 841 911 981| 1052| 112:2( 119-2) 1262
13 | s13| so4| 75| 1057| 1138| 121-9| 130-0| 1382 146°3
1§ | 93| 1097| 1120| 121-3| 130-7| 140-0| 149-3| 1587 168:0
9 | 116:8] 127-4| 138-0( 148:6| 159-2| 169-9| 180-5 192:1
2% | 131-9| 1439| 155-8| 167-8| 179-8| 181-8| 193-8| 2058
2% |- 161-3| 1747| 188-2| 201-6| 2150| 228-5| 2419
W (1 1947| 209-7| 224-6| 239-6 2546 2696
2% | 216+9| 233-6| 250-3| 267-0| 2837 3004
2% | 78| 956-1| 274-4| 2037| 311-0| 320°3
2% | 200-8| 240+ 2612( 2811 301-1| 321-3| 3413 3614
2F | o41-4| 9684| 2853 3072| 3202| 351-1| 373-0| 3950
8 | 2096| 9867 334-4| 358-3| 382-2| 406°1| 430:0
33 | 9%50( 3111 : 863-0| 3889 4148 440-7| 4667
-84 | 2804 308-4| 336:5 ¢ 309-6| 420-6| 448-6 4767 5047
38 | 3024 8699| 9631| 4934 453-6| 4838 Bl41| 5443
b au—x-g-:]amqwmmqmm-:m
B8 3637| 418-6| 453:5| 488-4| 523-3| 558Q| 5031| 62794
'3k .| s798| 4107| se0| 4853) 50| 5600| 507:3 6346 6720
3% | sge6| 4385 478-4| 5182| 858:1| 508-0| 637-8] 677°7) 7176
1 I




PRACTICAL TABLES.,

TABLE II.—ROUND IRON.

size.| 11t | 2. | Sft. |4t |SR. | 6f. | 71t | Bft. |Of
inch.| the. | 1bs | iba | Ibs. | 1bs. | Ibe. | Ibe. | Ibe. | tbat
4 | 45| s49| 197-4| 1609] 2193 254-8| 297-9| 3307| 309
4} | 45| 03| 1355 1807| 2:959| W1-0| 3162 3814| 4066
4} | 480| 959| 1430 191-8| 2398| 267-7] 3357| 3836| 4316]
4% | 508 101°6| 152-4| 203:3| 2541| 304-0| 3557| 403-5| 4573
44 | s38| 1005| 1613| 2150| 268:8| 3226| 376+3| 4301/ 4838
48 | s68| 1136| 170-4| 22ra| 2830( 340-7| 397-5| 4548 5111
4% | 00| 1198| 179-7| 239-6| 209-5| 3504 419-3| 4792 5391
41 | 31| 1962| 1893 252-4| 3155 3786| 4417| 5048| 5678
5 m1mmo4m-om-e4oo-sm-sm-om
5% | 697| 130-5| 209-2| 2789 3487 4184 488:1| 557-8( 6A1-6
5% | 734 146-3| 2195 2027 365-9| 439:0| 5199( 5854 6585
5% | 767| 1534 230-1| 376-8| 3835 460-2| 536-9| 613-6| 6908
53 | 803 160-8| 240-9] 931-2] 4015 4818| 5621| 6434 TR
58 | s8¢0 168-0| 252-0| 336-0] 4200 5040| 588-0 67R0| 7560
5% | e78| 1756 963-3| 3511 438-9] 5967| 6144 7022| 7900
5% | o018l 1833| ovao| 3565| 45849 5198| ea14| 31| B4
6 | 958| 1911] 9867| 3829| 477-8| 573-3| 668-9) 7644

63 | 1037] 2074 311-1] 4148] 5185| eana| Tes-9| 8206

64 | 1109| 2043{ 336-5| 4486| 5608| 6730( 7851

6% | 1010| 9419 300-9| 4898 6048| 7258| 8467

7 | 1300 260-1{ 3901| 530-2| 650-3| 780-3| 81

73 | 1305| m91| 4186 5589 697-7| 8373 976:8

73 | 1403] 2087| 448.0| 507:3| 7416| 896-0|10459

7% | 1505 31849| 478-4| 6378 797-3 9567|1116

8 | 1699| 339-7| 5090-6| 679-4| 849-3/1019-1(1189-0

| 83 | 1807} 3614| 5491| 7998 903-5(1084-21964-9

84 | 1018 3836 505-4| 7679] 950-0/11508|1349¢

8% | 92033{ 406-5| 000-8| 813:0{1016-3|12196| 14996/ 1086-1

h 215-0] 450-1| 6451| 860-9/10759]1290-315053{17900




PRACTICAL TABLES. 119

TABLE II.—ROUND IRON,

10fL.|11 ft.|]124.|13 ft.[14 ft. lSﬂ.’lGﬁ.'lﬂt. 181t

Ibe. | Ibs. | Ibs. | Ibs. | lbs. | lbs. | 1bs. | Ibs. | lbe.
4924:6| 467-1| 509°6| 552-0| 5045 637'9i 676:4| 721-9| 764-4{
4517| 496-9| 5421| 5873 6324 GTI‘GI T22-8| 761-0( 8131
5275 575-4| 623-4| 6713 719‘3i 7672 8152! 8631
5590 6098 660-6| 711-4 7@‘2‘ 8130 863-9| 9147
591:4| 645:1| 698-9| 752°6| 806-4 8602 913-9| 867-7

4795

5082

5376 |

567-9| 624-7| 6815 7382| 795-0| 851-8 908-6| 965-4|10222
588-0

6309

658-9| 718-8 . 8386 898-5: 958-41018-3/1078-2
694-0| 757°1| € 883-3| 946+4 1009-5 1072611357

667-5| 734-3| 801-0| 867-8 934-5/1001-3 1068-0|1134-8 12015
697-3| 767-0] 836:8| 9065 976-2|1046-0 11! 777 +4{1255%

731-7| 804-9| 878-1) 9512 4 1097-6|117 T v
767-0| 8137| 920-4| 997-1/1073-8 1150'5|122' T
- 803-0| 883-3| 963-6|1044-0(1124-3 I204~6i12f
840-0| 934-0|1008-01082-0|1176-0 1960'0|134 o

T AN gepe 2eoeIgec ppeeses|f

B

grre| ¢ -..3|11411[1228913166 140 T T
L . 212829]15745 1466117 77
965:5{1051-1|1 12| 1307-7(1433-3 15288 1694-4 17100}
1. . - |1944-4|13489|14519| 15556, 1659:3(1763:0 18667
1. . [13459(14581 )L 24:1704:6/19067|20189
109 . _|14515|1: 1 419 e
! |
Lo e o Y18s0TR0T T e
1305415350 1674:5| 18141 1053620802 |~ T
1. emmeejeaslp o T T
L. | 1as5j2 g ’ ![_
B ... .. Py, mem
 1seof1 T, eageerl
_ [mefs .. o m'm S
- sssels | : | Bem T
I |

E‘ ":l'
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PRACTICAL TABLES,

TABLE 1I.—-.ROUND IRON.

gize.

1t

21t

3ft.

4ft.

5ft.

61t

7ft

8t |as,

inch.
9%
93

10

104
104
103

11

11}
114
113

12

272
2396
2524

266-3.
2189
2027
3068

»n12

3511
3665,

1bs.

4543
4792
5058

5305
5578
5854
6036

6424
6720
702-2
7331

7644

Ibs.
6815
7188
7571

1bs.

2086

958-4
10095

7989110652

8368,

8781
9204

963-6
1008-0
1053-3
10996

11466

11157
11708
12072

1284-9
13440
1404-4
1466°1

1528-8

Ibs.
11358
1198-0
1261-9

133144
13946
14634
1534:0
16061
16800

1785-5
18327

1911-0

Ibs.
13629
14376
1514-3

15977
16735
17561
1840-8

1927°3
2016-0
21066

Ibs.
1590-1
16772
1766+

2199-3;

T

e, | e
1817-2{20444
1016:8|21564

1864-09139-3| 23966
1952592314 |281043
2048+ 23415 |04 Q|
2147-6 /24544 | 27612

2248-5 2569+7 | 28909
2352-03688-0| 30940
2457-7|2308-8|3150D
2565-8|2932-3| 32088,

2016-0 20914

2293-212675:5.3057-7 | 34399




Ny

PRACTICAL TABLES. 1
TABLE II.—_ROUND IRON.

size |102L[11 ﬁ.kﬁﬁ. 1314150168 l7ﬁ.|18ft.

| umhmmmmmmulm

9496-7 |9793+82833+0(3160-1 (34073 3634-4 | 3861+6 4088-7
9} [2396:026356 98752 3114833544 3594033306 | 40739 | 43126
ammtmsmm-ammmms

9929-9|3195-5 34617 |3726-0| 3094'3,4260-8 m‘m:m,
10} [2789-2]3068-2(3347-1 (3626-0|3904-9| 4183-9| 4462-8 (47417 umsf
i1 104 |2926-9{3319-6(3519+33804-0( 4397-6| 4390-3|4683-0| 49757, 52684,

' 1104 |30680{8374-3]3651-6|3068-4| 4205-2| 46020 | 4008-85215-6 {5592 4

11 [3019-9]3533-4/3854:6|4175-8|4497-0| 48182 5139-5!5460-7 | 5781-9
113 [3360-0|9696-0[4032-0{ 43681 | 4704-1| 5040-1 | 53761 {57121 60181!
114 [3511-0|38091 {43199 4564-4 |4915-5| 5266-6|5619-7| 50636 63190
113 |3665-4|4031-9|4398-4|4765-0|5131-5| 5496+0| 58646 | 62311 swm!

12  [sm91|@04-3}4586-5| 49687 (5350057331 6116»3'6497‘5 6879-7\




e PRACTICAL TABLES.
TABLE {II.--FLAT IRON.

Tk wid! 1t 20| 3n|an| 5nl6g|7a

inch. | inch. | Ibs. | Ws. | Ibs. | Ibs. | Tos. | 1bs, | Fos.
3 |1 08| 17| o6 a:! 43 &1 59
i | 14 | r1f o1 88 49 &9 u] T4
4 | 14 | 19 o5 38 51 f»si 74 &4
4 | 13 | 15 89 44f 59 74| 89| 104
1|9 17 34} 51 68 85| 10| 118
3 | 24| 1o a8 53 76| 95| 14| 138
s 2 | 1 48 €3] 84 lo-cl 197} 1
4 | 21 | 93 «68f 70 03 L6 ::l 163
3|3 25 &1 78| 101] 197 177
3 | 83 | 27 55| &g 110f 137] 16:5) 199
32 | 33 | 30 59| 84 1) 148} 177 07
1 | 3% | 39| es| 95| 127 158] 190

314 88} 101} 18- 20-3] 237} 970 3044
$ | 43 TR 108} 144 m-:l 251 287 ml
3| 44 76 11-4! 152 a8l 66| 30-4| 349
i |4 80| 120} 161 91| 981 31| 861
11|5 84| 127| 169 580
$ | 54 89| 133 mrl m,
4 | 58 93 139 186 as
t | 5% 97| 146| 194 437
116 101{ 159| 203 56
1)1 a5] 38| 51 114
3 11 39| 48| 63 43
3] 14 38| 57| 18 7.1,
3} 13 44| 67| 89 o
] 2 &1 76| 101 ;|8
$ 2% 57| &3] 114

-4 ] 2% o3| 95| 197




PRACYICAL TABLES. 18
TABLE III.—-FLAT IRON.

k.| Wid | 100/ 118 L4158
sh. | inch. | Ibs. Ibs. | lbs.
- &5 118| 197
d 10-6 14-8( 158
2 »T 1777| 190
148 0L
169 W4
H 190 85
N1 3N
82 U9
B3 389

WS

§8X3 IT¥E BEEY ¥

i
2%% 48%% § ¥%E? 333%

T

g

g

=
3

H §

BEET 2PV BESS BERC REE® Ep-
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B35e § %58 %%l
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PRACTICAL TABLES.

TABLE III.~FLAT IRON.

ek

Wid.

m; an

3ft

4ft

5ft

6 ft,

"M

8ft

B MU WM WU ohe G ERehegns - Eeamealede O o ol eBs -‘-g

t
-

BERS BEEY SED- o 2R S~ Beee NI

1bs,
k)

38,
41
44

48

lbe.

0
76
84
89

95

101

101
114
197
139

154
165

177

19-0
0,

Iba,
139

152
165
1797
190

23|
25
288
Ul

Ibe.
13-4

190
*20-6
W
288

W3
269
285,
301

317,
333
349
364

85
106,
197

48

169
190
A1
B2

B3
s

N7

x|

1bs.
209

as
M7
2066
85

304
N3
342
36-1,

38|
399

418
437

Ibs.
A4

266
288
311
333,

466

Ibs.
279

507
s
558
583
608

169}
203}

513

8§70

65-6

1
190

3

S¥5 %

ST
2 783t 33 3w

485

542

627/




PRACTICAL TABLES. e
TABLE III.—FLAT IRON. '

110k, | Wid.|10ft] 111t 12ft]13ft| 141t| 15ft| 16| 17R, iﬂ!]-

" fnch. | inch. | 1bs, | Ibs. | Ibs, | Ibs. Ibe, { Ibe: | the. {1bs

i 340| 363| 418 453 e 503| 697

' 380| 418 o 10| 08| 646| 634
414] 453 536 61-8| 65-9| 70-0| 748

44:4] 488 577 65| 710} 754| 799

475 529 618 71'8| 76:0| 80-8| 855,

Ibs,
48'8
553
51
631
665
659 70-9] 76-0) 81-1] 863 913

754
799
843
.

887
931

456
494
539
570
507 60|
539 847| 700 08| 86:9| 91| 970
570 64| 749 85+6| 91-3| 97-0[1097
602 729] 783 90-3| 96-3{102:3| 1084
633 760] 824 95+0(1014{107-7[1140
665 798| 865 998106511131 1198
637 37| 90-6| o1-6|1065(111-5{ 1185|1255
75| 94-7/109-0|1093(116:6( 1939|1812
760 9149 98-6{106-5|1141|12147{199-3/196:9
169 20| 22:0| 97| 254| 70| 287| 80-4
911 253 av5| 206| 317| 33| 369] 380
. 953 90-4| 33-0| 355 380| 40-6| 431| 456
28 355| 38:5| 414| 44| 47:3] 503 639
338 a9 4713 541 57-5| 608
380 s04] 559 60-8| 64-6| 684
429 549| 681 656 71-8| 760
485 604

81-1| 869
B7-9| 933
94-8100-8
8847 95-0]101-4]107+7(114-0{

607
570
634
651| 67| 74:4| 790} 83-6
760
a4
887

BELC REE® REE- O SPLC DARS BREC R
3

- 833§
g33

&
[
PO,
N

»

i

mw'ml weateas.slsnandlvesnlen



196 PRACTICAL TABLES.
. TABLE III.—FLAT IRON
ITew. | wia) 16 20 30/ 25| 5#| 68| 70 sn{siﬁ
tch. | inolt | 1bs | b | b, | Tbe. | 1be. nm|m-. 1be. | 1bay
3 | 44 | 18 1y 505 57:4| 64$
3 | 44 | 7o 159 2 532| 606] 634
3 | 43 | 90161 a1 so2| o42{ 799
3|5 | o4 100 250 591 676] 76
3| 5| o9 9o 363 eed|: @i 710 709
4 | 58 | o3: 379| 46 651| 744] 83
3| 5 wal o 7| 816
3] 6 eo.al 704 811 014
g |1 169{ 19
b |1 211 2
§ | 14| - 254( 985
§ |18 | 97 »a 11 1es
$ |2 | o2 84 169| 21| ¢ 299
1 21 | 48] 95 333
§ | 24 | 53] 108 370
| %A | 58 116 07
§ 13 191 3%-0| 444
$ |3 197| 206 a9l 481
§ | 8 148) 234/ 294 : 518
t |3 158] 298| ¢ 555
4|4 .. 109 59-1
§ | 43 | 90| 180 ®9
8§ | 4% | 95 190 665
| 41 | 100 201 304] « 709
$ 15 |06 21|97 9
& | 5% | 11| 2249| 383 665| 774
8 | 5% | 1re| 9349| 349| 46:5) 581| 69-7| 819
it § | 5h | 199 949 204) 436l 60| 790| 850 oralac

——




PRACTICAL TABGLES. m
TABLE fII.—FLAT IRON.

P

Th'k. | Wid. |10t 116t| 12t 130t 14t 150 16| 178 168

é :
F

= o 28z sani
2

Ibs. | Ibe. | lbe. | Ibs. | Iba, | Ibs. | lbe, | Ibs, | ibe.
718 790| 86-2| 934]160°5/107-7(114-9129-1|129-3
76:0( 836/ 912 08-9(106-5/114-1{121+7|129-3|136-0
1043
1

80-3| 883 96:3 119+4|190+4{198+¢|136-4{ 144-5

90| 1014 118-3|198+7| 13549 143-6|1562°1
88:7| 97°6|106+5{ 115+4{194-2(133-1| 1420 1. 1597
83-0/1022{111°5/120-8{ 130-1 | 139-4|148+7 l58-0|167'8

652

972(106-9|116-6 196-3| 136-0| 145.8{ 1555 | 1 1749

101+4|111-5/ 191+7|132+8| 141-9{ 152111623 172-4 1625

21-1| 232! 953| 275| 29-6| 31-7| 338' 35-9| 380
964| 990( 31-7| 34| 37-0| 306| 422! 440| 475
317 30| 12| 44| 475| 507 539 570
37:0| 407| 444 48:1| 518 855 mlm 665

| nd
L

| el ud
Ll

8

45| 507| 549! 60-1| 634| 676, 71-8| 760
53] 570 518( 66| ;;-:lm;m 855
2% | p28| 38} 604| me-8( 739 845 80-8| 950
2% | 581 639 697 753 81-3] 87:1] 929 9837|1045

|

633 697| 76-0| 62:4| 887| 95:0(101:4 1077|1140
687) 755 82-4| 89-3| 96:1/103-0{1000 116-71236
84 | 739] 81-3] 887| 96-1{163:5/110-0(118:3 1257|1331
799| #71| 951|1030/1100|118-8|196:8 134-7|142°6

4 | 845 029]1014/100:8/118-3/1967| 1359 143-6|153-1
4* 80-8| 98-8(107-8(116-7|125-7|134°7 143'7‘1.52-0 1616
4} 95-1/104:6/114-1|123-6133-1{142-6| 1521 161-6{1711
4% 1100-3{110-4]120-4|130-4| 140-5/150-5| 1605 170-8{180-6
5

53

o

;-‘- SRR RIPIREE  PERCPEE  RIRIPE e W el e
X
3
[

105-6|116-3126-8|137-3| 1479{158-4
110-0/129-01331 1. 15531664
116-2|197:8{139-4| 1510/ 162-6(174-3




198 PRACTICAL TABLES

.

TABLE 1I1.—-FLAT IRON

13-3| 26°6| 39-9 53-9( 665, 798| 93-1/106-5/1198
139 97-9| 41-8| 55:8( 69-7| 837 97-6/111°5| 1255
14:6| 29-1| 43-7| 58:3| 729, 87°4{102-0 llﬁrﬂpl!ﬂ‘ﬂ

30-4| 456| 60:8( 76-0| 91-3/106°5|121-7|136D

51 10°1} 159 20-3| 95:3| 30-4| 355 406 496

6-8{ 135 20-3( 27-0 33-8' 40-6| 47-8( 5¢4'1| 608
10-1} 20-3| 30-4| 406 60'7! 60-8 709| 81-1| 9R9

40-6| 5¢1| 67-6| 8l°1{ 54°6/108:1|197
50-7| 67-6) 84-5 101-4{118:3 lmlmi-l

08| 8111014 1917|1419 1002 105

— ,
Tik|Wid| 18| 20) 30/ 48] 52 68| 70| 8nlonf
inch, | inch. | ibs. | lba. | lbs. | Ibs. | Ibs. ; lbs. { Ibe. | lbe. | Db
[ 6 127| W-3| 80| 507 634! 760 83-7]101°4(114°1
Y 1 5| 51| 76| 10| 137( 159| 17-7| 20-3| Q8| :
3 13 32 63| 95 127 158| 190 222| 24| W5|
3 14 38| 76| 114 159| 190/ 298| 266| 30-4| 2|
3 13 | 44 89| 133 177| 238} 266| 311 355| 399
3 P] 51 10-1| 1549{ 20-3| 25-3| 30-4| 355 456/
‘ 2% 57| 114| 17:1| 28| 28-5; 3449| 39-9| 456/ 513
3 2% 6-3( 127) 19-0| 253| 31-7| 380| 444| 50-7| 510
3 P 7-0{ 139 79| 349| 418 488 558 67
3 3 7-6| 159] 298| 04| 380| 456| 533| 60-9] 684/
i 34 83| 165 24-7| 330 418 494| 577| 659| 742
3 33 89| 17-7| 2%-6| 55| 444 532| 61| 71-0] 799
3 33 95| 19-0| 98-5| 38-0 475 57-0| 66:5| 761 856
3 4 10-1| 20-3| 30-4| 406 507, 60-8{ 70-9| 81-1| 91Q
3 43 108{ Q15| 3-3| 43°1| 539 64-6| 754| 862 970
3 43 11-4| 298| 349} 456| 57-0| 68-4| 79:9| 91-3|1027
3 43 12°0{ 24-1{ 36:1| 48%| 60-3| 728 84:3| 96-3|1084
] 127| 258 380( 50-7] 634 760| 88-7|101-4(1140
H
i
i
4
1
1
1.
1
1
-+

-

169

mmvhww; (-} ggﬂu
H
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PRACTICAL TABLES.

TABLE III.—FLAT IRON.

199

Th'k,

Wid.

10ft

11ft

12ft

13f

14ft

15ft

16ft

171t

E

Dok ok ok sl puk ok DS BROASIDRIRD  DEO MO NE S MBI ES  BSOES RN M AN o

—

inch.
6

1
13
14
13
2

DR COW

Ibs.
126+7

253
317
380
444

1014
1077
1141

1331

1457

1521

50-7
67-8
1014
1359
160-0

Ibs.
1394

Pret}
349
418
488

558
627
697
767

Ibs.
1521

304
380
456
532

608
684
760
837

836
906
978
1046

1rs
1185
125:5
134

1394
146-4
1533
160-3

1673

558
744
115
1487

1859

212
989
1065
1141

1817
1993
1369
1445

1521
1597
167-3
1749

185

608
811
1’17
1639

Ibs.
164-8

412
594
577

659
742
824
90-6

989
107:1
1154
1236

Iba,
1774

355
444
532
6

709
799
887
976

106'5
1153
1242
1331

1318,
1401
1483,
1565

1648
1730
1812

14149
150-8
1587
168-6

1774
186-3
18549

189-5/204-0

197-7(212-9

659 70-9
879| 946

Ibs,
1901

3840
475
570
66°5

760
855
950
104:5

1141
1236
1331
1426

1521
161-6
1711
180-8

190-1
199-6
2002
218-6

298-1

760/
1014

131-7(1419
1757|189-3
202-8{219-7 936-6|953-5 (9704
202-8|993-11943-3(963-6963-9 | 304-3 | 394-4

1521

lbs.
203-8

406
507
60-8
710

811
913
101+4
1115

12147
1318
1420
1521

1622
1724

Ibs,
254

431
539
648
754

97-0
1077,
1185

1293
140-0
150-8
1616

17244
1839

1835
1926

2028
2129
2231
233-2

33

811
108-1
1639

267

193-9
2047

2154
21963
W70
247°8

258°5)

Ibs.
281

456
510

919
10347
114-0)
1355

136-9
1483,
1589
171-1
1939
2167

201

|




130 PRACTICAL TABLES.

The tables are all calculated to the nearest tenth o2
a pound. To the weights of bars of Wrought Iron, add
ydgth part for bars of Soft Steel ; and from the same
weights subtract ;1 th part for bm of Cast Iron. i

“a

1

Proportional Breadths for hexngonal or six-sided Nuts
pe Jor Wro{lght fron Bolts.

"Din. of bolts. Breadth of nuts. Din. of bolts. Breadth of nuts

$ £ inch. 14 14§ inch.
A A
S S
2 g 13 2% “
‘. l% 114 l& 22 [ {4
1 12‘ (13 li 3 € .

Note.—'The thickness of the nut is equal the bolt’s diam

-




1)

WEIGHTS OF IRON, COPPER, ETC.

WEIGHT OF A

SUPERFICIAL FOOT OF PLATE OR SHEET

IRON, COPPER, AND BRASS, IN POUNDS.

Iron. = No.! Iron. | Copper. | Brasa.] No.| Iron. | Copper. | Brass.
wofras| | rjes | s [1aws] j16] 95 | 20 | et
Y5l 95 2|12 | 139 |13 17| 218 @ | 4

m 45 14| sfu | |21 fgis| e8| 215 | 204
) Bl s8] afr0 | [ [[Elw]| 1w | 1w | 1m0
Sl 4 gl 5874|100 |o6rf|8)e0| 154 178 | 169
m Yoos(|® 6 se| o4 |ewflBlaf1e | 1 | 154
8| 8ps [[&) 7|75 | o7 |exs||g|m| 5] 145 |1
a| vs1rsf|>) 8 o0s6| 79 | 7s4f{Z| | 1i2] 13 | 143
g 3@ g| ofom| 72 |oesiigime 1 116 | 11
£l % S{wjom| o5 |eisjiZies| 9| 1m ) 9
£l B HEIM] s s |55 [IZlm| 8| @ | @
s 12 438 508 | 481 w| ®m| | ™

3 [0 B3| 43 |42l || w| | 7
3l ulon| 36 |3l |w| s6| | @

1 |40 1| sm| 3w | a1 »| 5| |

t to be namp~Sa

1 W 2
r.m.u R .m.@m
© -.m-
w*.?,n.u mwm
¢ .mmm
Mu Tty .m.m.m
g s
£ m.mm
Sicies .mw
| .
i
3]



132 COMPARATIVE WEIGHTS OF BODIES.

being that of a common sheet, so designated, viz., 4 feet
by 2 feet, in lbs., thus: —
A 70 1b. plate is yths of an mch in th:cknon g
“ 46& g &@ g é “ & “® *u .

‘

[

“«93 « & '115" “ o« o« o« “ = < I

on

“ g« 312' @« « u o« « = el
“ 6 « “ a&_ “ o« 6« “ :

The thickness of lead is also in common determmd
or understood b; ﬁ{ the weight; the unit being thatof a
square or superficial foot ; thus: — .

4 Ibs. lead is yh;th of an inch in thickness,
6 " &« & _‘_Au_ @ « “ “ “
7& [ €«@ “ “ o« &«@® “ g
ll “° “" 4“* ’ag “« «u &“* “" “«

15 o “ o« * “ « "« «“

COMPARATIVE WEIGHTS OF DIFFERENT BODIES.

Bar iron being 1, |- Cast iron being 1,
Cast iron = 95 Bariron = 107
Steel =102 Steel =108
Copper = 116 Brass =116
Brass =109 Cop =121
Lead = 1-48 Lea = 1-56

1. Suppose 1 have an article of plate iron, the weight
of which is 728 lbs., but want the same of copper, and
of similar dimensions, what will be its weight ? :

128 X 1:16 =844+48 lba.

2. A model of dry pine, weighing 324 lbs., and in
which the iron for its construction forms no material
portion of the weight, what may I anticipate its weight
to be in cast iron?

32:6 X 16 =520 lbs.

Note. —1t frequently occurs, in the formation or construc-
tion of models, that neither the qunht nor condition of the
timber can be properly estimated ; and, in such cases, it may
be a near enoug] tppmximmon to reckon 15 Ibs. of cmimn
to each Jb. of mode) .




COPPER PIPES, ETC. 188

‘20 ASCERTAIN THE WEIGHTS OF PIPES OF
VARIOUS METALS, AND ANY DIAMETER

REQUIRED.

Thickness Wrought

| TR e |
o ‘326 | 11} lbe. plate, 38| 2 lbe.lead, 483

. T‘f 653 |23} “« o« 6| 4 « o« 967
ﬁ. 916 |35 « o« 114 By« 4 145
% 13 46}« « 15| 8 « « 1933
o 1627 |88 « « 19 | 9« « 2417
5 195 |70 « « 228|1 « « 29
oz 2277 |80 « « 266[13 « « 3383
$ 26 |93 « « 304[15 « « 3867

Rule. —To the interior diameter of the pipe, in
inches, add the thickness of the metal; muitiply the
sum by the decimal numbers opposite the required
thickness, and under the metal's name; also, by the
length of the pipe in feet; and the product is the

: ptpe
weight of the in Iba,
1 Reqmmfl Slee weight of a cqpper pipe whose in-

- terior diameter is 7§ inches, its length 6} feet, and the

metal } of an inch in thic
75 4 <125 = 7-625 X 1:52 X 6-25 =724 lbs.

' 9 What is the weight of a leaden pipe 18} oot in
length, 3 inches interior diameter, and the metal § of

- an inch in thickness ?

34 28==325 x 3867 x 18-5 = 232-5 Ibe.

Note.— Weight of a cubic inchof
Lead eq:ml 4103 1b.
t

Copper, shee 225 «
Brass, do. “« 3037 «
Iron, do. “« 29 «

= Iron, cast “ 8Ly 4
Tin, do. “« 2% “

* Zinc, do. “« 2B«
‘Water « %617« .



14 BALLS.

WEIGHT OF CAST IRON BAlES.: - ,»

Diameter | Weight || Diameter | Weight || Diameter Wemt
in inches. | in1bs. |! in inches. | in 1 in inches. | in

2072 10 13771
3362 ‘3 14328

1-57
37:80 )
42:35 1
4-1'21 1 2

100-39 13
10898

11806 1
12763 1

1. What will be the weight of a hollow ball or shell
of cast iron, the external diameter being 94, and in-
ternal diameter 8% inches ?

g)ponte are 11806, and
pposite 8% are 92-24 subtraet
— 2582 tbe, , weight required;

2. Requiring to remove a cast iron ball 378 1ba. 1a

weight, md in diameter 64 inches, and replace it by
one of lead of an equal weight, what must be tbe
diameter of the teaden ball? .
Weight of lenél bt'o that of cast iron =1-56 (see Table, page 132.)

Then l—= 34/176 = 5-6 inches, the dnmeter

e h-. tis et w\JBMLo onte Gt (,u c“!,“
ﬂuur’i v edben s L., .
D p 4 1l - % = \VC&S‘VL e ("\ ‘6\5l_:a\w
23 ¢ . Ml = 2t = 216 »_ .
ey lb, 22Tl 28 - 267 4k,

SO R L ST T T |

41
81

8

8

STT OB S QBB AR
283
>
23]
33

{psaasiereioiees
]!3




TI\ \ . -
|
TIMBER NEASURE. ] ‘
‘um.ns BY WHICH TO FACILITATE THE MEN- °

. SURATION OF TIMBER.
1. Hat or Board Measure.

f' P ‘(A‘(‘\Ap N L e
| Broadth | Areaofa || Breadth reaofs || Bresdth | Areaofa
| 15 oohen | tineek Bot. | 1 chee. | lineal ok, || in Incben. | tinent ot
0208 4 3334 8- 6667
0417 3542 68756
06256 316 ‘7084
1—1-0834 1292
1 1042 —- -1 4167 9-- 15
1 ‘125 43756 “T708
1 1459 4583 “1917
2- 1667 -4792 812
1875 6 b 10 8334
2084 5208 1 8542
2292 5416 1 876
S~ | % 5626 1 8959
3, <08 -—-1- <6833 n 9167
2916 7, 6042 11 9375
3125 625 11 9583
7 6468 11 9792

.&pplieatimandUaegfﬂuTaue-

 the number of square feet in a board or
phnk 164 feet in length, and 93 inches in breadth.
Opposite 9% is 8125 X 16-5 == 13-4 square feet.

92, A board 1 foot 2% inches in breadth, and 21 feet
inlength; what is its superficial content in square feet ?

ite 2% is 2292, to which add the 1 foot.
Then 1-2202 x 21 =258 square feet.

g

3 In a board 15§ inches at one end, 9 inches at the
other, and 14§ feet in length, how many square feet ?

15.!;-‘-9 =12}, or 1oms, and 1-0208 X Mf5==l4'8 sq. X,

o&ee, ol oA B e
ff/&lfr{d[’“‘d .a;“;é /). .‘:‘: t’/"'[zzfi'



%36 TIMBER MEASURE.

Q.Cubicor&MMmurc.

Mean | Cubic ﬁ:

Mean Cubic ft. Cabic ft.
} girthin | in each l 1|h1.hin in each ||} girth in | in each:
inches. linenl ft. lineal fi. [} “inches. lineal ft.
6 14 1361 = 22 3362 :.
6 -212 1 141 3438
294 1 146 3516
6! 317 1 1511 3598 .
7 310 15 1562 23 3673
7 364 1 1615 354
™ -39 1 1668 3835
417 1 1722 3917
8 44 16 1771 | o4 r
8 412 16 1838 | 4084
-501 1 189 2 4163
8! 581 1 1-948 2 4254
9 562 17 2006 o | 43
9. 594 17 2066 4498
626 17, 2126 | 4516
. 1 2187 .| 4605
10 694 18" 245 2 | 4694
1 3 18 2313 2 4785 -
1 “166 ] 2376 487
1 -803 18! 2449 4969
1 84 19 2:506 27 5062 .
n 878 19, 2574 27, 5158
11 918 19 264 77, 59252 .
11 1 2709 5348
12 1 ' -2 % 5444
29
29
29,
z0
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CAST METAL CYLINDERS. . 137

In the cubic estimation of timber, custom has estab-
lished the rule of } the mean girth being the side of
the square considered as the croes sectional dimensions ;
hence, multiply the number of cubic feet per lineal
ﬁ)ot, as in the Table of Cubic Measure, opposite the

4 girth, and the product is the solidity of the given
dimensions in cubic feet.

Suppose the mean } girth of a tree 21} inches, and
its length 16 feet, what are its contents in cnbic feet ?

3136 X 16 = 50-176 cubic feet.
xr’h=0785 A4 v A —prsd 520
‘ 7R e
CAST METAL CYLINDERS.

The cylinders are solid, each 1 foot in length.

Diam. Iron. Copper. Brass. Lead.
inches. hs. 1bs. Ibs. Ibe.
1 25 30 29 39
2 98 120 114 155
3 21 270 258 348
4 3 | 479 | 458 | 619, -,
L] 614 749 716 9677
6 884 1078 1030 139-3
7 1203 1468 1402 1896
8 1571 1917 1832 477
9 1988 2427 231-8 3134
10

CAST IBON PIPES.

This table shows the weight of pipes 1 foot lon
bores ﬁunl:neh to 12 i dﬁm g*
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DEGREES OF HEAT. 199
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TABLE FOR COMPOSITIONS OF BRASS, &c.

for yellow brass.
or Spelter.
for lathe bushes.
still harder.
for bearings of aham
for harder beari
fit for pulley bloc
fit for wheels.
gun metal.

” The effect of different degrees of heat on different
- bodies, according to Fahrenheit’s scale, are shown

_ below:—

Cast iron thoroughly melted, .
(‘ast iron begins to melt,

Greatest heat of a

Zinc melts,

Memurybonll, e e e e e e e

Lead melts, .

The surfnce of pohehed steel becomes umform]y 2
deep blue, .

'The surface of polmhed steel becomes a pale straw

color,

smith’s forge, ..
Flint glasa furnace, strongest heat, . . e .
Welding heat of iron, greatest
Swedish copper melta

Brass melts, .

Tron red-hot in the lwxhght,
Heat of a common fire, . . .
Iron ht red in the dark, .
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CENTRE,

In a general sense, denotes a point equally remote
from the extremes of a line, surface, or so) eql



v

CENTRE OF. ATTRACTION .
Of a body, is that point into which, if all its matter - .

is collected, its action upon any remote particle would
still be the same.

7]

L
CENTRE OF EQUILIBRIUM )

Is the same, in respect to bodies itmersed in a fluid,’
as the centre of gravity is to bodies in free space.

CENTRE OF FRICTION

Is that point in the base of a body on which it re-’
volves, into which, if the whole surface of the base
and the mass of the body were collected, and made to
revolve about the centre of the base of the given body,
the angular velocity destroyed by its friction would be_
equal to the angular velocity destroyed in the given:
body by its friction in the same time. :

) CENTRE OF GRAVITY i
Of any body, or system of bodies, is that point upon',
which the body, or system of bodies, acted upon only
by the force o vity, will balance itself in all posi-_
tions ; hence it follows, that, if a line or plane, passing
through the centre of gravity, be supported, the bo:;%
or system will be also supported.

~

ot &

CENTRE OF GYRATION Ty

“TIs that point into which, if the whole mass were
collected, a given force, applied at a given distance,’
would produce the same angular velocity in the same
time as if the bodies were disposed at their respective
distances. "

This point differs from the Centre of Oscillation orly
in this, that, in the latter case, the motion is produced®




COXESION. m

by the gravity of the body ; but, in the former, the body
is put In motion by some other force, acting at one
place only.
. COHESION

Is that species of attraction which, uniting particle
to particle, retains together the component parts of the
same mass; being thus distinguished from adhesion, or
that species of attraction which takes place between
the surfaces of similar or dissimilar bodies. The
absolute cohesion of eolids is measured by the force
necessary to pull them asunder. Thus, if a rod of iron
be suspended in a vertical position, having weight
. attached to its lower extremity till the rod breaks, the
|\ whole weight attached to the rod, at the time of frac-
:: ture, will be the measure of its cohesive force, or abso-
" late cohesion.

: . The particles of solid bodies, in their natural state,
are arranged in such a manner, that they are in equi-
librium in respect to the forces which operate on them ;

. therefore, when any new force is applied, it is evident
that the et}uilibrium will be destroyed, and that the
wticles will move among themselves till it be restored.

hen the new force is applied to pull the body asunder,
the body becomes longer in the (Erection of the force,
which 18 called the exfension; and its area, at right
angles to the direction of the force, contracta. When
the force is applied to compress the body, it becomes
shorter in the direction of the force, which is called the

0 ion ; and the area of its section, at right angles

to the force, expands. In either case, a part of the

heat, or any fluid that occupies the pores or interstices
of the body, before the new force was made to act
upon it, be expelled.

. CASE-HARDENING.
. hardness and polish of steel may be united, in
acertain degree, with the firmness and cheapness of

,.




152 CASE-BARDENING,

malieable iron, by what is called case.hardewing;'sn
operation much practised, and of considerable use., ;

It is a superficial conversion of iron into steel, and
only differs from cementation in being carried on for &
shorter time. Some artists pretend to great secrets iff
the practice of this art, using saltpetre, sal-ammoniac,
and other fanciful ingredients, to which they attributé
their success. But it is now an established fact, that
the effect may be produced by a perfectly
tight box, and animal carbon alone.

The goods intended to be case-hardened, being pre-.
viously finished, with the exception of polishing, are
stratified with animal carbon, and the box containing
them luted with equal parts of sand and clay. They
are then placed in the fire, and kept at a light red heat
for half an hour, when the contents of the box are
emptied into water. Delicate articles, like files, may
be preserved by a saturated solution of common salt,
with any vegetable mucilage, to give it a pulpy con-
sistence. The carbon here spoken of is nothing more
than any animal matter, such as horns, hoofs, skins, or
leather, just sufficiently burned to admit of being re-
duced to powder. The box is commonly made of iron.
but the use of it, for occasional case-hardening upon a-
small scale, may easily be dispensed with, as it will.
answer the same end to envelop the articles with the. .
composition above directed to be used as a lute, drying.
it gradually before it is exposed to a red heat, other-;
wise it will probably crack. 1t is easy to infer, thut
the depth of the steel, induced by case-hardening, will_
vary with the time the operation is continued. ft may.
be varied from one hour to four, according to the dep’.{'
of steel required. In one hour, it will scarcely be the .
thickness of a fourpence, and therefore may be- re-
moved by violent abrasion, though sufficient to answer
well for fire-irons, and a multitude of other utenwils, in
the common usage of which its hardness prevents its
being easily scratched, and its polish preserved by
friotion with so soft a material as leather.
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To estimate, by means of an indicator, the amount of
¢ffective power produced by a steam-engine.

Rule. — Multiply the area of the piston in square
inches by the average force of the steam in lba., and by
the velocity of the piston in feet per minute ; divide the
product by 33,000, and 7 ths of the quotient equal the
effective power. <

Ez. Suppose an engine with a cylinder of 373 inches
diameter, a stroke of 7 feet, and naking 17 revolutions
per minute, or 238 feet velocity, and the average indi-
cated pressure of the steam 16-73 1bs. per square inch ;
required the effective power.

Ares = 1104-4687 inches X 1678 1bs., x 238 feet.

133‘?2 x1 93282 h ’ power.

{ . To determine the proper velocity for the piston of a
sleam-engine.

Rule. — Multiply the logarithm of the nth part of the
stroke ut which the steam is cut off by 23, and to the
product of which add 7. Multiply the sum by the dis-
tance in feet the piston has travelled when the steam is

. ont off, and 120 times the square root of the product
equal the proper velocity for the piston in feet per
minute.

* Ex. Let the steam be cut off in an 8-feet stroke
when the piston has travelled jth of the length; re-
q‘uired its proper velocity.

R I’T'ritbm of 4=060206

Maultiplied by 23
: 1-384738
. To which add 1
. 2%473:

o/ 169476 = 204 X 120 = 245 foet, velocity
per minute. -
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Table of Approzimate rg&pﬁrmmqm

ngines,
Candensing Engines. Non-condensing Engines.
mber of|{ Length | Velocity in|Number of
Longin Velocky nlNumber o) Lenet | Vor ™ bevemecions
in feet. i per min. || in feet. | minute. | per min.
B %2 | %
? 192i 32 3 2]2i
33 2038 29 217
4 214 ?& g* g i
HAEAEAEAE-EE]
? 2364 214 44 243
240 20 5 2474 244
17 u5 17§ ? 253 23
8 256 16 264 222

Of the Parallel Motion in a Steam-Engine.

When the power from the piston is communicated
by means of a beam or lever moving upon an axis, the
parallel motion becomes a very important portion of the
machine; for then it forms the lin}l:oof connection, and

by its properties renders the action of alternate circular |

motion, and reciprocating vertical motion, wmutual
agreeable, thereby properly insuring to the piston

a tmlti direct line to that of the cylinder; but to efieet
this, the greatest degree of exactitude of the various
parts is required, otherwise extra friction is created, and
gh:iﬁ‘ecﬁve power of the engine proportionately dimis-
is
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the various Distances o

PARALLEL MOTIONS.

Movable Points in a Parallel Motion.

which to det
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148 ’ LOGARITHMS.

LOGARITHMS. )

LoeariTaws literally sxinify ratios of numbers ; hence
Logarithmic Tables may be various, but those in com-
mon use for the facilitating of arithmetical operations
generally are of the following corresponding progres-
sions, viz. : — '

Arithmetical, 0, 1, 2, 3, &c., or series of | thips.

Geometrical, 1, 10, 100, 1000, &c., or ratio of nmneli.

And thus it may be perceived, that if the log. of 10 be
1, the log. of any number less than 10 must consist
wholly of decimals, because increasing by a decimal
ratio. Again; if the log. of 100 be 2, the log. of an
intermediate number between 10 and 100 must be
with so many decimals annexed; and in like manner,
the log. of any intermediate number between 100 and
lOOOe,fmust be'2, with decimals annexed proportionafly,
as before. ) i

APPLICATION AKD UTILITY OF COMMON LQ6A-
.RITHMIC TABLES.

The whole numbers of the series of rithms, as
1,2 3, &c., are called the indices, or munm
of the logarithm, and which must be added to ‘the
logarithm obtained by the Table, in propertion to the
pumber of figures contained in the given sum. T
suppose the logarithm be required for a sum of only
figures, the index is 1; if of three figures, the index is 24
«and if of four figures, the index is 3, &¢. ; being al

a number less by unity than the number of figures
given sum contains. o

i




LOGARITHNS. - MT

Er. The 1ndex of 8 is 0, because it is less than 10
The index of 80 is 1..because it ig less than 100, |
The index of 800 is 2, because it is less than 1000,
The index of 8000 is 3, because it is less than
10,000, &ec. -
- The index of a decimal is always the number whieh
denotes the significant fi from the decimal poi
and is marked with the sign, thus, —, to distinguish it

. from a whole number.” -

- JEx. The index of 32549 is — 1, becauge the first sig-
nificant figure is the first decimal. ’
The index of ‘032549 is — 2, because the first signi-

| ficant figure is the second decimal.

The index of 0032549 is —3, because the first sig-
nificant figure is the third decimal, &c., of any other

sam.
If the given sum for which the logarithm is required
contains or consists of both integers  and decirﬁa, the
index is determined by the integer part, without having
any regard to the other. - .

10(1)' To find the logarithm of any whole number under

Look fon;h the l}i‘mlx,l;:r ::der Nin l:hel firat of
any Logarithmic Table; then imnmediately on the right
of it # the logarithm required, with ts proper index.
Thus the log. of 64 is 1-806180, and the log. of 72 is
1-857332. e

. 2 To find the logarithm of any number behoeen 100
S ﬁg'“‘ P

* and 1000, or any sum not evdceding:

.Find the first three figures in the left-hand colun;
af the page under N, in which the number.is situate
and the fourth figure, at the top or bottom of the

3 then the logarithm directly under. the fourth
g:e.mdintlinewiththethreeﬁguminthecolm
on the left, with its proper index, is the logarithm re-

el
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quired, Thus, the log. of 450 is 3653313, and the iog.
of 7464 is 3:872072. Or, the log. of 3785 is 2
and that of <7854 is — 1-895091.

8. To find the number indicated by a given logarithm

Look for the decimal part of the given logarithm in
the different columns, and if it cannot be found exactly,
take the next less. Then under N in the left-han
column, and in a line with the logarithm found, are
three figures of the number required, and on the top of
the column in which the found logarithm stands is one
figure more; place the decimal point as indicated by
the logarithmic index, which determines the sum, prop-
erlﬁ_'valued, a8 required.

the logarithm cannot be found exactly ir the
Tables, subtract from it the next less that can be found,
and divide the remainder by the tabular difference; the
quotient will be the rest of the figures of the givém
number, which, being annexed to the tabular number
already found, is the proper number required.

Ez. Required the number answering to the loga-
rithm 3233568,

Given logarithm . . . .=3233568

Next less is the log. of 1712 = 3-233504
Remainder 64

Tab. Diff, = 253, and % =2

Hence the number required =1712-25.

For practical purposes in mechanics, lo‘_guithms are

seldom resorted to, unless for the raising of the powers
of numbers or extraction of their roots. These 2«»
tions, when tables are at hand, they very much facili-
tate ; involation, or the raising of powers, being per«
formed simply by multiplieation, and evolution, or the
extraction of roots, by division, as in simple ln!:}:menc.
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" Ez. 1. Required the are or second power of
WB791. suare. po

Loﬁ. of 25791 = 1-411468
Multiplied by 2 the power required.

ithm 2-822936 indicated number or square re-
quired:'gz;-l%.

Er. 2, What is the cube of 307146 ?

Logarithm = 1-487345
Multiplied by 3 the power required.

_ 2897[540_fnmhm 4-462035 indicated rumber or cube required
Etr. 3. Required the square root of 365. _

== 1281146 indicated namber or root = 19-105.

Log. =2. Y

Ex. 4 Find the cube root of 12345.

4091491
)

Log. = = 1:363830 indicated number or root == 23-1116.




e

150 LOGARITHNS.

M#W}mmlhw&

N.{ 4o0g. §N.{ Log. |N.| Log. }N.| Log
1| 0-000000 | 96 | 1-414973 | 51 | 1707570 | 76 | 1-830814
2 | 0301030 | 97 | 1-431964 | 58 | 1716003 | 77 | 1886401
3 | 0477191 | 98 | 1447158 | 53 | 1724976 | 78 | 1892003
4| 0609060 § 20 | 1vea398 | 54 | 1732394 | 70 | 1-ec7em
5| 0698070 ] 30 | 1477191 | 55 | 1740363 § 80 | 1-903090
6| o7rars1 | 31 | 1491362 | 56 | 1-748188 | 81 | 1-908488
7 | 0845098 § @ | 1505150 | 57 | 1755875 | &3 | 1913814
8 | 0903090 |33 | 1518514 | 58 | 1763428 | 83 | 1-919078
91 00543 | 34 | 1531479 ]| 50 | 1770852 ] 84 | 1994979
10 | 1:000000 | 35 | 1544068 | 60 | 1778151 | 85 | 1908419
11 | 1-041393 | 36 | 1556303 ] 61 | 1785330 | 86 | 1-934498
12 | 1079181 } 37 | 1568202 | 62 | 1-792302 | 87 | 1439519
13 | 1113943 | 38 | 1579784 | 63 | 1709341 | 88 | 1-944433
14 | 1-146198 | 39 | 1501065 | 64 | 1-806180 § 89 | 1949390 -
15 | 1176091 | 40 | 1-602060 | 65 | 1-812913 | 90 | 1-954943°
16 | 1204120 | 41 | 1-619784.] 66 | 1-819544 || 91 | 1-950041
17 | 1230449 | 42 | 1-623240 | 67 | 1896075 | 09 | 1-963788
18 | 1255973 | 43 | 1-633468 | 68 | 1-832509 | 93 | 1-958483
19 | 1278754 | 44 | 1-643453 | 69 | 1-838840 || o4 | 1973198
20 | 1-301030 | 45 | 1-653213 | 70 | 1-845008 | 95 | 1977794
21 { 1392219 | 46 | 1663758 | 71 | 1851258 | 96 | 1-989971
2 | 13442 | 47 | 1672008 | 72 | 1857332 | o7 | 1986778
23 | 1381728 | 48 | 1681941 | 73 | 1863393 | 98 | 1-901996
24 [ 1380911 | 49 | 1690196 | 74 | 1860932 | 99 | 1905633
95 | 1307940 | 50 | 1698070 | 75 | 1-675081 100 | 9-000000

Note. — The best Tables of rithms are those I? Tayler,
Gardiner, Hutton, , and Cailles The smaller works
are those by Lalande, Hassler, Renaud, Christison, and Wal-
lace, and those published in the “ Library of Useful Knowledge.”

.
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TABLE — WATER IN PIPES.
P . o :

This table shows the %uzmtity and weight of water
contained in one fathom of length of pipes of different
bores from 1inch to 12 inches in diameter, advanci

by half inch. The weight of a cubic foot of water is
{aken at 1000 ounces avoirdupois, and the imperial

gallon at 10 Ibs. A
. . ne KM?C& '{ L‘Q g“‘t
Diameter Quantity in Quantity in Weight in Ibs.
in inches, | cubic incbes. |imperial gdllons.| avolrdupois.
3 14-14 0-051 [ 0-51
1 56-55 0-205 2:05
13 127-23 0-460 . 4-60
2 226-19 0818 8-18
2% 385343 1-278 12-78
3 508-94 1-841 1841
34 692-72 2:506 25-06
4 904-78 3-272 3272
43 1145-11 4-142 41-42
b 1413-72 5113 51-13
g} 1710-60 6187 61-87
2035-756 7-363 73-63
3% 2389-18 8-641 86-41
7 2770-88 10-022 100-22
74 3180-86 11-505 11505
8 3619-11 13-090 130-90
8% 4085-64 14777 147-77
9 4580-44 16567 165-67
94 5103-52 18:459 184-59
10 565487 20-453 204-53
103 6234-49 22-560 225-50
11 6842-39 24-748 24748
113 7478-66 27-049 270-49
12 81438-01 20-452 204-58
Au Y. q5
[ b
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CHANGES INDUCED IN THE STRUCTURE OF
IRON SUBSEQUENT TO MANUFACTURE.

The important purposes to which iron is applied have
always rendered it a subject of peculiar interest; and
at no period has its importance been so general and
extensive as at the present time, when its application is
almost daily extending, and there is scarcely any thing
connected with the arts to which, either directly or
indirectly, it does not in some degree contribute. My ~
object is to point out some peculiarities in the habitudes
of iron, which appear to have almost wholly escaped
the attention of scientific men, and which, nlythonﬁ;
some degree known to practical mechanics, have
generally considered by them as isolated facts, and net * *
regardedv as the results of a general law. The circum-
stances, however, well deserve the attention of scientifie .
men, on account of the very important consequences to .§
which they lead. SREE

The two great distinctions, which exist in malleable -
wrought iron, are known by the names of red-skor¢ and
cold- qualities. The former of these comprisea
the tough, fibrous iron, which generally con+
sidembﬁa strength when cold ; the latter shows a bﬁﬁtz
crystallized fracture, and is very brittle when cold,
works ductile while hot. These distinctions are per-
fectly well known to all those who are conversant wi .
the qualities of iron ; but it is not generally known that
there are several ways by which the tough, red-shart-
iron becomes rapidly converted into the crystallized;.
and that, by this ¢ , its strength is diminished to a
very great extent. The importance which attaches to
this subject will not be denied. The principal causes
which produce this chs are percussion, heat,-and
mngﬁx?.t\ism; and it is doubtful whether either of these -
meafis;will produce this effect; and there appear strong
reasons for supposing that, generally, they are all in

L
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some degree concerned in the production of the ob-
served results, The most common exemplification of
the effect of heat, in crystallizing fibrous iron, is by
breaking a wrought-iron furnace-bar; which, whatever
quality it was of in the first instance, will, in a short
time, invariably be converted into crystallized iron;
and, by heating, and rapidly cooling by quenching with
water a few times, any piece of wrought iron, the same
effect may be far more speedily produced. In these
cases, we have at least two of the above causes in
operation — heat and magnetism. In every instance

“of heatinﬁ iron to a very high temperature, it under-
a cha

nge in its electric or magnetic condition;
or, at very high temperatures, iron entirely loses its
magnetic powers, which return, as it gradually cools to
a lower temperature. In the case of quenching the

“heated iron with water, we have a still more decisive

assistance from the electric and magnetic forces; for
Sir Humphrey Davy long since pointed out, that. all

.cases of ‘vaporization produced negative electricity in
- the bodies in contact with the vapor;— a fact which

has lately excited a good deal of attention, in conse-

: quence of the discovery of large quantities of negative
, eleetricity in effluent steam, These results, however,

ave practically of but little consequence ; but the effects

- of percussion are at once various, extensive, and of

high importance. We shall trace these effects under
several different circumstances.
In the manufacture of some descriptions of ham-

| “inered iron, the bar is first rolled into shape, and then

one-half the length of the bar is .heated in a furnace,
apd immediately taken to the tilt-hammer and ham-
mered ; and the other end of the bar is then heated
and hammered in the same manner. In order to avoid
unevenness in the bar, or any difference in its
color where the two distinct operations have terminated,
the workman frequently gives the bar a few blowa
with the hammer on that part which he first operated
upon. That part of the bar has, however, by this time,

L}
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become comparatively cold; and, if this cooling pro-
cess has proceeded too far when it receives this addi.
tional hammering, that of the bar immediately
becomes crystallized; and so extremely brittle that it
will break to pieces by merely throwing it on the
gmund, though' all the rest of the bar will exhibit the
est and toughest quality imaginable, This ¢
therefore, has been produced by percussion as the
rimary agent. We here see the effects of percussion
1n a very instructive form. And it must be observed,
that it is not the excess of hammering which produces
the effect, but the absence of a sufficient degree of
heat at the time the hammering takes place; and the
evil may probably be all produced by five or six blows
of the hammer, if the bar happens to be of a small
gize. In this case, we witness the combined effects of
mnssion, heat, and roagnetism. When the bar ig
mered at the proper temperature, no such crystals
lization takes place, because the bar is insensible te
magnetism; but, as soon as the bar becomes of that
lower degree of temperature at which it can be affected .
by magnetism, the effect of the blows it receives is to
produce magnetic induction; and that magnetic in-
duction, and consequent polarity of its particles, when
assisted by further vibrations from additional percussion,
produces a crystallized texture. For it is perfectly
well known that, in soft iron, magnetism can be almost
instantaneously produced by percussion; and it is
probable that, the higher the temperature of the bar at
the time it receives the magnetism, the more likely
will it be to allow of that rearrangement of its mole-
cules which would constitute the crystallization of the
iron, It is not difficult to uce the same effects by
repeated blows from a hand-hammer on small bars of
iron; but it appears to depend upon something peculiar
in the blow, which, to produce the effect, must occasion
a complete vibration ‘q.mong the particles in the nei
borhood of the part which is struck, And it is re-
nidrkhble that the effects of the blows, in all cames,

[} [y
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seem to be confined within certain limited distances
of the spot which receives the strokes.

Dr. Wollaston first pointed out that the forms in
which native iron is disposed to break, are those of
the regular octahedron and tetrahedron, or rhomboid,-
consisting of these forms combined. The tough and
fibrous character of wrought iron is entirely produced
by art; and we see, in these changes that have been
described, an effort at returning to the natural and
primal form ; — the crystalline structure, in fact, bein,
the natural state of a large number of metals;—an
Sir Hum‘)hrey Davy has shown, that all those which
are fusible by ordinary means assume the -form of
regular crystals by slow cooling. The general con-
clusion, to which these remarks lead us, appears to
Jeave no doubt that there is a constant tendency in
wrought iron, under certain circumstances, to return to
the crystullized state; but that this crystallization is
not necessarily dependent upon time for its develop-
ment, but is determined solely by other sircumstances,
- of which the principal is, undoubtedly, vibration. Heat,
within certain limits, though greatly assisting the
rapidity of the change, is certainly not essential to it;
but magnetism, induced either by percussion or other-
wise, is an essential accompaniment of the phenomena
attending the change. :
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STRENGTH OF JOURNALS OF SHAFTS.

Mr. Buchanan’s rule is—The cube root of the
weight in cwts. is nearly equal to the diameter of the
journal ; — it being prudent to make the journal a little
more than less, and to make a due allowance for wear-
ing.

Ex. What is the diameter of a journal of a water-
wheel shaft, 13 feet long, the weight of the wheel being:
15 tons?

By Mr. Bs rule,
3\/ 15 X 20 =67, or 7 inches diameter.

By Mr. Tredgold’s rule,
Weight in the middle, 0 X 13 =873 34/873 =94 inches
diameter.
Weight equally distributed, 33600 % 13 = 436800 -V 23650
=765 inches. 10
To resist Torsion or Twisting.

It is obvious that the strength of revolving shafts*
are directly as the cubes of their diameters and revolu-
tions; 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, re-
quires to be 7§ inches diameter; and therefore, the cube
of this diameter, which is = 421-875, serves as a multi-

* Shafts, here, are und d as the J s of shafts, the bodies
of shafts b’olnl "enenlly made square.

P
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plier to all other shafts in the same proportion; and,
taking this as a standard, he gives the following multi-
pliers, viz.: —

For the shaft of a steam-engine, water-wheel, or any shaft

connected with a first power, . . . . . . . . . 400

For shafts in inside of mills, to drive smaller machinery, or
- connected with the shafts above, . . . . . . . . 200
For the small shafts of a mill or machinery, . . . . . 100

From the foregoing, the following rule is derived,
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,,

Ez. 1. When the fly-wheel shaft of a 45-horse-power
steam-engine makes 90 revolutions per minute, what is
the diameter of the journal ?

M =200 3\/% = 51’3 inches diameter.
Exr. 2. The velocity of a shaft is 80 revolutions per
minute, and its diameter is 3 inches; what is its power?
3 x 80

= 54 horses’ power.

.Ex. 3. What will be the diameter of the shaft in the
first example, when used as a shaft of the second multi-

plier?*

58
T
‘The following is a table of the diameters of shafts,
‘veing the first movers, or having 400 for their multi-
pliers.
* The di of the second movers will be found by dividing the

in the Table by 1:35, and the diameters of the third movers,
by dividing the numbers by 1-56.

i
VA X200 _ 4P inches diameter.




DIAMETERS OF THB

Revolutions.

10]15|m325|3oT35|4o|45}50|55

Inches Diameter.

5.5

48

45

4-

37

38

36

33

32

31

59

61

47

44

41

39

37

36

25l 35

63

66

69

55

58

6

5.
5-2

56

46

49

44

41

4-

38

37

46

44

42

"

39

51

48

46

44

13

41

72

63

57

56

— ]
clo|w|lw|laln .s],‘.u".",.,',

74

6-6

59

56

5
52

48

49|

45

4-4

O

it

47

16

44

s
N

79

69

3

.58

56

b4

52

b

48|

.
-

Yt
N

83

—
87

72

67

62

59

66

54

62

5

76

71

6-6

61

68

56

s

54

52

18

9-

79

75

7

66

62

5

56

54

93

81

77

72

6-8

64

59

57

56

10-

‘85

Y

74

7t

68

63

&

59

10-7

93

84

79

74

71

69

67

65

114

98

89

84

79

74

71

69

66| 6

117

10-6

o3

88

83

78

4

72

69

TR

12

10-6

97

9.2

87

81

7-6

74

1 5

.t
=

12:6

11-

10-

93

9.

86

8-

78

74

13-4

11-4

10-4

98

91

88

84

8 N

75

3| &|

13-6

12

10-8

10-

93

9

86

82

77
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Revolutions.

60|65J70|75|80|85|90|96|100|105

Inches Diameter.

3

29

29

28

27

27

26

26

26

25

33

32

31

3.

3

29

29

28

28

7

35

36

35

36

34

35

33

34

32

32

3.

3

29

29

34

33

33

‘32

31

31

39

38

37

36

35

35

34

34

33

32

38

37

37

41

4-

39

38

44

4-3

42

41

3-6
37
—

4

36

35

35

34

33

37

36

36

35

34

39

38

38

37

36

45

JE——

44

44

43

42|

41

4

;4.

39

38

48

—_—

4-7

46

45

44

44

43

4-2

41

4

49

48

47

46

45

44

43

42

42

52

51

5

4-8

46

46

45

45

44

44

55

54

63

52

51

4-9

48

47

46

46

59

58

57

56

-6:5

53

52

51

b

49|

63

61

59

57

56

66

54

53

66

64

62

6-

59

58

57

52|
56|

56

52
58

67

65

64

62

61

6.

659

5:8

5.7

56

69

68

66

65

64

62

6

59

5-8

73

72

7

67

66

65

63

74

73

72

69

68

&8

—

67

6-2

66

61

~ilex

6

6%

"3'33@&"8&?8“813;‘:55:@qme-l,.]:'.m"
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It is a well known fact, that & cast iron rod willmis-
tain more torsional pressure than a malleable irom jed
of the same dimensions; that is, a malleable 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 mallegble is less than that
of cast iron to resist torsion, it is stronger than cast iron
to resiit lateral pressure, and that is in proportion as 9
isto 14. )

From the foregoing, it is easy for the millwright to
make his shafts of the iron best suited to overeome the
resistance to which they will be subject, and the pro-
portion of the diameters of their journals, according to
the iron of which they are made.

Ezx. What will be the diameter of a malleable iron
journal to sustain an equal weight with a cast iron jour-
pal of 7 inches diameter.

P =348,
As14:343::9:220% ; now 3/ 220-5 = 6:04 inches diameter.

STRENGTH OF WHEELS.

"The arms of wheels are as levers fixed at one end,
and loaded at the other; and, consequently, the Feateat
st ain is upon the end of the arm next the axle. For that
reason, all arms of wheels should be strongest at that
pact, and tapering toward the rim. ;

~ The rule for the breadth and thickness of arms, ac-
oording to their length and number in the wheel, is as
follows : Multiply the gowet 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 mnl-
tiplied by the deflection, will give the breadth, and
cube of the depth.

" Er. Supﬁ:;e the force acting at the cirffumference
of a spur-wheel to be 1600 lbs,, the radius of wheel 6
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foet, and number of arms 8, and let the deflection not
. exceed yith of an inch.
1600 6 . 163 = breadth and cube of the depth
2656 % 8 % 1

Let the breadth be 2'5 inches; therefore, ;i;; =652;

which is equal to the cube of the depth. Now the

cube root of 652 is nearly 4-03 inches: this, conse-
ently, is the depth or dimension of each arm in the
irection of the force.

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

The teeth are as beams, or cantilevers, fixed at one end and
loaded at the other. The rule applyi;;g irectly to them where
the lenell 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 example is given.

Ex, The greatest power acting at the pitch line of
the wheel is 6000 lbs., and the thickness of the teeth
13 inch, the length of the teeth being 0-25 feet; it is
required to determine the breadth of the teeth.

M:-l-@ =32 inches, the breadth required.
22 x 16 471

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; therefure, in the
above example, the breadth should be 64, or say 6§
inches.

The following data are gleaned from experiments,
which are, therefore, valuable, and of much use to the
practical mechanic.

Rule.— 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, lzith a velocity of 227 feet per secondutl
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Ezx. What is the power of a wheel; the teeth «f
which are 6 inches broad, 1-5 inch thick, and 1-8 inch
long, and revolving at the velocity of 3 feet per second ?

?8—6 = l—:-:-: 7-5, strength at 227 feet per second; then

2271:75::3= T5x3 = 9-91 horses’ power.
227

Rule. — The pitch is found by multiplying the thick-
ness by 21, and the length is found by multiplying the
thickness by 1-2,

Ezx. The thickness being 2 inches, what is the pitch
and length ?

2 x 21 =4+, pitch.
2 X 12=24, length.
Note. —The breadth of the teeth, as commonly executed by

the :est mechanics, seems to be from about twice to thrice the
pitch.

: = re -
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3’| 18 |72 | 216 | 1080 | 1427 | 285
357 17 |68 | 206 | 963 | 1272 | 2554
3% | 16 |64 | 192 | 863 | 1127 | o254
315 15 |6 | 180 | 780 | 9u1
204 | 14 |56 | 168 | 663 | 863 | 179
273 | 13 (58 | 166 | &63 | 744 | 1488
252 | 12 |48 | 144 | 480 | 63 | 1268
231 | 11 |44 | 182 | 408 | 532 | 1064
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TABLES
or THR

CIRCUMFERENCES OF CIRCLES,

TO THE
NEAREST FRACTION OF PRACTICAL MEASUREMENT;
ALSO THE

AREAS OF CIRCLES

IN INCHES AND DECIMAL PARTS, LIKEWISE IN
FEET AND DECIMAL PARTS, AS MAY BE
REQUIRED.

Rules that render the following Tables more
i erallyuagful.ng g

1. Any of the areas in inches multiplied by -04328,
or the areas in feet multiplied by 6R32, the product is
the number of imperial gallons at 1 foot in depth.

2 Any of the areas in feet multiplied by 03704, the
pn;)l;ju‘.ct equal the number of cubic yards at 1 foot in
de

3, The area of a circle in inches multiplied by the
Jength or thickness 1n inches, and by 263, the product
equal the weight in lbs. of cast iron.

Note.—The French cubic metre, or unit of solid measure,
equal 35-31716 English cubic feet. Also the litre, or unit for
measures of capecity, equal 61-028 English cubic inchea, or
ahout 453 of an imperial gallon. . —
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CIRCUMFERENCES AND

Dia. in|Circum. |Area in |Side of ||Dia. in| Cir. in | Area in| Ar.in{
inch. | in inch.|sq. inch.| = =qu. || inch. | ft. - in. {8q. inch.| sq. R, |
Y5 | 196 | 0030 | ¢554| 3in. 93 | 7068) 28
3| 392 | o122 | -nor|l s 9| 7669 23
v | 689 | 0276 | 1661 { S} 10| 8295 2§
4 | 185 | 0490 | 2115 3; 10| 8946| 3 in.
Yo | 981 | 0767 | 2669| 33 1 | 9621 3%
8§ | 11718 | ‘1104 | -3223)f 3§ 113 | 10520 33
Y5 | 11514 | 1503 | 3111 3% 11§ | 104| 33
4 | 1570 | 1063 | 331/ 3% [ 12 | 118 9
Yo | 1767 | 2485 | -4995( 4in.|1 12:566 | 0879
. ) 1 18:364 | 0935
8 |19 | 3068 | 538l 4 |y 3§ | 5786 | 0903
43 | 215 | sz | 6093 1 1§ | 15033/ 1052
3 |we | | aos| 9 |13 | lomy) his
18 | 2552 | 5185 | 700 1 17720 | 1240
& |28 | 6013 | 7754 1 18665 | -1306
4% | 2945 | 6908 | 8308 6in.|1 19635 | -1374
BRI Ak
lin.| 8} 1854 :
1 22690 { 1588
| 8y | 9sdoifegd 1 23758 | -1663
13 | s | 1227 | 1in. a { 5 gg {;:lzg,
| 4 | 148 1 1 6 | zr108|-1897
B | 4 ) 1767 1o =gl 8274 | 1919
1§ | 5 | 20m| 175 1 g} 29464 | -2062
W | s | 2405 1o 15| 3or| 28
T4 5 | 2761 1H‘ { 3321% anee
2in.| 6} | 8141 | 13 1 35784 ”“’_m
% 61 | 3646 | 1§ | 1 57122 | 2598
o | 7 |39% | 2in | T | 170 | 56904 | 5|
7% 7% | 4430 | g ki 11 39-871 | -2¥91
B 4 74 |1 10 | 41482 | -89
23 3 | 4908 | oY% || 74 |1 11} | 42718/ 2990
2% 8t | 6412 | 29% || 74 |1 114 | 4178 | -008
R | o | oo o |3 | B i
% 9 6491 | 2% 2 487907
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AREAS OF CIRCLES.

Area mIDin. in

Cir. in | Area in Cir. iu |Area in
inch. | ft in. {sq. inch.| :q. . § inch. |ft. in.[sq. inch.| sq. ft,
8in.|2 1}) 50265 | -3518 f 13in. |5 43 [132:732 | 9291
2 14| 51-848 | 3629 1 138 |3 135297 | 9470
2 1§| 53456 | 3741 {4 13 3 137-886 | -9642
8 2 24| 55088 | -3856 [ 13 3 6 |140-500 | -9835
2 56745 | ‘39721 1 3 143-139 {1-0019
2 3 | 58426 | 4089 {1 13 3 6% 145-802 |1-0206
2 60-132 | 4209 1 1 3 7§ |148-489 {1-0294
2 61:862 | 4330 { 13; 3 174 |151-201 {1-0584
9in.| 2 63617 | 4453 4 14in. |3 7% |153-938 |1-0T16
9% |2 65396 | 4677 { 1 3 8% |156-699 |1-0968
9 2 6 | 67200 | 4704 3 1 3 8% (159-485 (1-1193
9 2 69-029 | 48324 1 3 93 [162-295 |1-1360
2 70882 | 4961 }i 1 3 165-130 (1-1569
2 72759 | 5093 | 1 3 9§ |167-989 (1-1749
2 74662 | 5226 |§ 1 3 104 {170-873 |1-1961
9, 2 7 | 76588 | -5361 Y 1 3 10% {173-782 |1-2164
10in. | 2 78-540 | 6497 H 15in. | 3 11} [176-715 |1-2370
10 2 80515 | -5636 { 15 3 114 (179-672 [1-2577
1 2 8| 82516 | 5776 {] 15 3 114 {182-654 |1-2785
1 2 84-540 | *5917 4 1 4 185-661 {1-2996
1 2 8f| 86500 | 6061 {1 1 4 188-692 {1-3208
1 2 88-664 | 6206 f 1 4 1 (191748 |1-3422 |
1 2 93| 90762 | 6353 |1 1 4 13 1194-828 {1-3637
I 21 92 6499 [] 1! 4 1% [197-933 |1-3856
11in.{2 1 95-033 | 6652 [] 16in. | 4 201-062 (1-4074
1 2} 97-205 | 6804 [i 16| 4 204-216 |1-4295
1 2 113 | 99402 | 69568 H 1 4 3 [207-394 |1-4517
11 2 113 (101623 | ‘7143 [ 16 4 210-697 |1-4741
11 3 103869 | “7270 [{ 16 4 213-825 (1-4967
11 3 106-139 | <7429 [1 16 4 217-077 |1-561956
11 3 108434 | 7690 i 16 4 220-353 |1-5424
1} 3 13(110758 | “T152 )} 1 4 5 (2236564 [1-56556
12in.|3 1§|113097 | 7916 }} 17in. |4 226-980 {1-5888
I 3 2 (115466 | 8082 {{ 17, 4 230-330 [1-6123
1 3 117-859 | -8250 f§ 17 4 63 (233705 |1-6369
3 120-276 | 8419 B 17 4 237-104 |1-6597
1 3 192-718 | -8590 f 17, 4 240-528 (1-6836
3 125-185 | -8762 { 17] 4 243-977 17078
3 4 (127676 | -8937 if 17: 4 247-450 |1-7921
3 4§ 1130192 | 9113 1 17 4 250-947 |1- 708"
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in | Cir. in | Ares in |Aren in!|Dia. in|Cir. in {Area in
ioeh. | ft. in. (8q. inch.| sq. R, [| inch. [R. {fu.|sq. inch.
18 |4 254469 |1-7812 23 |6 044156476
1 4 258-016 |1-8061 234 6 420-004
1 4 261-587 (1-8311 23416 1 {424:557
1 4 265-182 {1-8562 6 1§ (499135
1 4 10§ |268-803 |1-8816 6 14 1433737
1 4 104 |272:447 |1-9071 6 24 1438-3:3
1 4 10§ (276-117 {19328 2 28 1443014
bt 4 113 |279-811 |1-9586 23 3 |447690
19 |4 114 (283-629 (19847 (/2 0 |6 452-390
19} |5 0 |287-272 (1-9941 (|2 6 461-864
194 |5 291-039 (2-0371 || 2 6 4% |471-436
1 b5 204-831 120637 || 2 6 481-106
1 5 13298648 (20904 (2 1|6 63490875
1 5 1§ 1302489 (21172 (|2 14|6 73 |500-741
1 5 2 |306-3565 (21443 || 2 14| 6 8§ |510-706
1 5 28310245 |2-1716 || 2 1§[6 8% [520-769
20 |5 314-160 (2-1990 |{2 2 |6 530-930
b 318099 (2:2265 || 2 23| 6 104 |541-189

5 322063 122543 || 2 6 11} 1651-547

5 4 (326051 22822 |( 2 7 0 1662002

5 23103 1(2 8|7 572556

5 334-101 12-3386 || 2 7 1§ |683-208

5 338163 123670 || 2 T 593-958

b5 342-250 {23956 || 2 7 604-807

2 |5 346-361 |2-4244 1|2 417 615763
M4 |5 350-497 |2-4533 || 2 7 626-798
213 16 354-657 (24824 || 2 1 637941
218 {5 751358841 |2:5117 ({2 7 6% )649-182
214 |5 741363051 (2641212 B |7 T |660-521
2% |5 ¢ |367-284 |25708 || 2 7 7% |671-u58
213 | 5 8% |371-5643 [2:6007 || 2 7 683-494
2§15 375826 |2-6306 || 2 7 941695128
22 15 9} (380133 (26608 (|2 6 |7 10} [106-860
b5 94 [384-465 [2:6691 || 2 637 11 718690

5 388-822 12-7016 || 2 7 11§ |730618

5 104 [3Y3-203 (27224 || 2 8 742:644

b 397-608 (27632 |12 7 (8 14 (7154769

5 11 402038 |27980 |2 73| 8 2% |766-992

& 11§ 406403 |28004 |2 73|82} [Tr9 313
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in| €ir.in | Area in |Area in||Dia. in |Cir. fn |Areain | Atexin)
£, in, |f in. | 8q. inch. | sq. ft. |{ & inR.  in.| 8g.in. | sq s
2 8|8 44 804249 |58850 | 3 6 [10 117(1385-44| 9-6212
2 8 5| 816-865 (56729 || 3 63{11 1401-98| 91364
2 9 GS 820-578 (57601 || 3 64|11 14|1418-62| 9-8518
2 8 Gp| 842:390 (68491 || 3 6§11 2?( 1436-36] 9-9671
2 9|8 7| 855800 [6Ysus |[ 3 7 |11 37|1452:20(10-084
2 8 868:308 [6-0291 || 3 7411 1469-14(10-202
2 8 3| 881415 |6-1201 || 3 7a(11 1486-17/10-320
2 8 10°| 894-619 (62129 || 3 73|11 1603-30/10-489
2 10 | 8 1r§| 90792:2(6-3051 (|3 8 |11 64[1520-68|10-559
2 104] 6 14| 621-323(6:3981 || 8 8j{11 7 |153786/10-679
2 10f| v (§| 934822[6-4911 || 3 11 1556-2810-8¢0
2 108 9 13| 948419(6-5863 |3 8§11 84]|1572:81|10922
2 11| 9 1| 96211566815 (13 9 (11 9§11590-43|11-044
2 1139, 975908/6-7Ti2 || 3 94(11 10}/1608:15|11-167
e nll9 989-800/6 8738 [| 3 94|11 104{1625-97(11-291
2 11§| 9 4}| 100379 {6-9701 | 3 93|11 11§(1643-89|11-415
8 0|9 5101787 70688 || 3 10 {12 04|1661-90(11-534
] 9 103206 [7-1671 || 3 104(12 13{1680-02(11-666
s 9 68 1046-35 |72664 || 3 10412 2 |1698-23|11-793
3 9 7% 106073 |7:3662 || 3 10§{12 27(1716:54/11-920
8 1|9 8} 107521 |74661 |3 11 [12 1734-94/12:048
8 13 9 9 |108979 {75671 || 3 N}[12 4§(175345|12:176
3 14( 9 9% 110446 |76691 || 3 11412 1772:05/12-305
3 9 104 111924 77191 {[ 8 11§h12 6 |1790-76(12:435
3 %9113 113412 {78681 ||4 O |12 6%|1809-56|12-566
s 10 114909 {79791 || 4 04[12 174(1828-46(12:697 .
3 10 116416 (80846 |i 4 12 18474512829
3 10 13| 1179-32 {81891 || 4 12 1866-55|12-962
s 8|0 119469 (82951 || 4 1 |12 9%|188674/13-095
s 10 120995 84026 || 4 1}/12 10§/1906-03]13-229
-3 10 4| 122542 (85091 || 4 1§12 11§|192442{13-364
3 10 43| 124098 {86171 || 4 1%|13 0}[1943-91/13-499
3 410 125664 (87269 ||4 2 [13 1 [1963-60(13-635
3 10 68| 1272-39 88361 || 4 23/13 13|1983-18/13-772
3 10 73| 128825 89162 || 4 13 2§(2002:96(13-909
3 10 8| 130490 {9-0561 || 4 13 38|2022:84(14-047
3 5{10 83152025 (9168614 3 |13 43|2042:82|14186
3 5310 94| 133640 {92112 |[ 4 13 5 |2062-90(14:325 .
3 10 108] 135265 {9- 4 18 mmwh
3 10 1141 1369-00 {9-5061 1 4. 3%{1S 64/2103-86
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CIRCUMFERENCES AND

Dia. in in | Area in |Area in{|Dia. in|Cir. in |Area in
ft. in. 8q. inch.| sq. ft. || . in.|[ft. in. sq. inch.
4 4 212372 (14745 || 6 2 |16 2§|3019-07 |20-965
4 2144-19 14890 || 5 23|16 304347
4 g 216475 15033 (1 & 16 3067-96
4 218542 |15176 || 6 2816 3092-56
/14 b 2206-18 |i>s |6 3 |16 3117-25
4 222705 | 15465 || b 16 63[3142-04
4 E 2248-01 |15611 {|5 16 174(3166-92
4 1112269-06 {15757 || & 16 3191-91
4 6 2290-22 |15-901 ||6 4 |16 9 [3216-99
4 2311-48 |16-051 || 5 16 324217
4 6 2332-83 |16200 || & 16 10§(3267-46
4 2354-28 |16-349 || & 16 114329283
4 17 237583 161498 [| 6 b |17 3318-:31
4 17 2397-48 |16-649 || b 17 3343-88
4 7 2419-22 (16-800 || & 17 14(3369-56
4 244107 |16:951 || 5 17 3395-33
4 8 245301 (17104 (|5 6 [17 3§|3421-20
4 8 2485:05 (17257 || 5 63|17 44|3447:16
4 250719 17411 || 5 6§[17 347323
4 8 252942 |17:565 | 5 6%[17 3499-39
4 9 255176 (17720 || 6 7 |17 6
4 2574+19 |17:876 || 6 7}{17 73|35652-01
4 9 2596-72 (18033 ([ 5 74|17 8 |3578:47
4 261935 |18-189 || 5 17%{17 8%|3606-03
4 10 264208 |18-317||5 8 (17 9§|3631-68
41 2664-91 {18:506 || 6 83|17 10§/3658-44
4 1 2687-83 118665 || b 17 114368529
4 1 2710-85 |18-825 || 5 8§17 11§|371224
4 11 2733-97 |18-985((6 9 (18 373928
4 11 215719 |19-147 || 5 18 14]3766-43
4 11 2780-51 |19-309 || 6 18 23|3793-67
4 11 280392 |19-471 || 6 18 3%[3821-02
5 0 282744 119635 || 5 10 |18 3848-46
] 2851-05 119798 || 5 104]18 3875-99
5 287476 119963 || 5 104(18
] 2898-56 120-128 || 5 10|18 63|3931-36
5 1 292247 120:294{| 5 11 (18 7 (3959-20
5 1 2946-47 (20461 || 5 113[18 3987-13
5 1 297057 {20629 (| 5 114|18 4015-16
|5 1 299477 |20797 11 6 11§18 4043-28
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i e, | Frenaiar | Arenin e, || D87 10 | §EAT" | Aven i o

7 0 |92 113384846 (|10 0 {31 5 | 785400

1 122 3 | 394060 1131 8| 79-8540

2 |22 6} 40-3383 2131 114| 81-1795

3 |22 9] 412825 3132 2| 825160

4 (23 Ot 422367 4 83-8627

5 |23 24| 432022 5132 88| 852211

6 |23 63| 44-1787 6 |32 11| 865903

7 |23 11 | 45:1656 733 2| 879697

8 |24 1}| 461638 8 (33 61| 89-3608

9 |24 4} 471730 9133 93 90-7627

10 |4 73 481926 10 |34 03| 921749
11 |24 10§ | 49-2236 11 |34 3}| 935986 |.

8 0 |2 14]502656 (|11 034 6f| 950334

1 |25 4% 51-3178 1134,93( 9647583

2 |2 7§| 52-3816 2135 03| 979347

3 |2 11 | 634562 3135 44| 994021

: 4 (2% 2545412 4135 74|100-8797
i 5 |26 534l 556377 65135 101 102-3689
: 6 |26 8#| 567451 6|36 15]103-8691
\ 7 | 26 114 | 57:8628 7136 Ag 105-3794
‘ 8 |27 24| 589920 8136 711069013
9 |27 53| 601321 9 | 36 103 | 108-4342

10 |27 9 | 61-2826 10 | 37 2% |109-9772

11 |28 0} | 624445 11 |37 53|111-5319

9 0 |28 3}| 636174 || 12 0|37 Bg 113-0976

! 1 |28 63| 64-8006 1137 1141 114-6732
i 2 |28 94| 659951 2|38 281162607
3 |29 08| 67-2007 3138 5%|117-8590

4 |29 33| 684166 4 (38 8§|119-4674

5 (29 7 | 696440 5(39 0 |121-0876

.6 |29 10} | 70-8823 6139 3% 1227187

7 130 13} 72-1309 7139 6§|124-3598

8 |30 4| 73-3910 8 (39 941126-0127

9 130 74| 74-6620 9 |40 0%|127-6765

10 |30 118 | 75-9433 10 |40 3§ | 129-3504

11 |31 13| 772362 11 |40 6% |131-0360
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i b | Rrend by [ A fn oo, || Doy o | Gl tn | gren lonket, |

13 0 (4010 [1327396|| 16 0 |50 34|201-6624
1 134:4301 1[50 64]2031615 |
9 1361574 2|50 9§ |2052796
3|41 7}|137-8867 3|51 04]207-3946
4 {41 10§ | 1396260 4151 209-5264
5 §|141:3771 & |5 642116703
6 |42 43|1431391 6 |51 10 2138251
7|42 8 1449111 7152 13|2159806
8 146-6949 8 (58 442181662 |
9|43 2)|148489 9 |52 7§|2203537
10 |43 5}|1502943|| 10 |52 104 | 2225516
11 |43 8§ |152-1109 11 |53 1§{234-7603

14 0 1|1539384|| 17 0 |53 4 |226.9806
1 2% | 16557738 1/53 8 |2292105
2 6 |157:6250 2 | 53 113 | 2314625
3 94 1 159-4852 3154 3 |233-7065
4 03 | 1613553 4|54 5§|o359682
5 34 1163-2373 5 (54 B8§|238-2430
6 68 [ 1651303 6 | 54 118 | 2405207
7 9% | 167-0331 7 |55 24| 2s2u241
8 0% | 168-9479 8 (55 6 {2451316
9 4 1708736 9 (55 93 |247-4500
10 7% | 172:8091 10 | 56 04]249-7781
11 | 46 114 |174-7565 11 [ 56 33|252:1184

15 0|47 14|1767150({ 18 0 |56 254-4696
1(47 4 |1736332 1|56 9%|2568303
2 (47 71|1806634 2|57 0% |959-2033 ]
3 |47 10 | 1826545 3|57 4 |2615872
4 (48 211846555 4 |57 7}1263-9807
5148 5} 1866684 5 | 57 10} | 266:3364
6 [ 43 8}]1836123 6 |58 132688031
7 | 48 114 | 190-7260 7{53 4j|2719203 |
8149 231927716 8 |58 7§ |273-6678
9149 5§194-8282 9 | 58 104 | 276:1171
10 |49 8;|1968M6( 10 [59 2 |278:5761
11 150 0 |1989730 11

50 54 |281-0472



172 SQUARE AND CUBE ROOTS OF NUMBERS.

To find the square or cube root of a number consisting of integers and decimals.

M.—Muldply the dlﬂhmee between the root of the integer part of the given
number, and the root of the next higher number, by the decimal part of the Em
number, and uldﬂnpmdmtadn root of the given integer number; the sum
et required.

Es. Required the square root of 20-831.
Iqunmof!l—im
“ 8 QP um 4473

—— DI, dlMX m+4-un-4-m.~.,u-n¢m
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MISCELLANEOUS NOTES.

VARNISHES.
[From Dr. Ure’s Dictionary of Arts and Manufactures. ]

White Spirit Varnish. — Sandarach, 250 parts; mas-
tic in tears, 64; elemi resin, 32; Venice turpentine,
64; alcohol of 85 per cent., 1000 parts by measure.
The turpentine is to be added after the resins are dis-
solved. This is a brilliant varnish, but not so hard as
to bear polishing.

Varnish for the Wood Toys of Spa.— Tender copal,
75 parts; mastic, 12°5; Venice turpentiné, 6-5 y alcohol
of 95 per cent., 100 parts by measure; water, ounces —
for example, if the other be taken in ounces. The
alcohol must be first made to act upon the copal, with
- the aid of a little oil of lavender or camphor, if thought
. fit; and, the solution being passed through a linen
cloth, the mastic must be introduced. After it is
.dissolved, the Venice turpentine, previously melted in
a water bath, should be added. The lower the tem-
perature at which these operations are carried on, the
more beautiful will the varnish be. This varnish ought
to be very white, very drying, and capable of being
smoothed with pumice-stone and polished.

Varnish for Cabinet-Makers. — Pale shellac, 750
ga.ns; mastic, 64 ; alcohol of 90 per cent., 1000 parts

y measure. The solution is made in the cold, with
the aid of frequent stirring. It is always muddy, and
is employed without being filtered. ith the same
resins and f spirit, a varnish is made for the book-
binders, to do over their morocco leather.

Varnish. — Procure a bottle of Canada bal-
sam, which can be had at any druggist’s; draw out the
cork, and set the bottle of balsam at a little distange
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from the fire, turning it round several times, until the
heat has thinned it; then have something that will
hold as much as double the quantity of balsam; cn.n;{
the balsam from the fire, and, while fluid, mix it wi
the same quantity of good tugpentine, and shake them
together until they are well incorporated. In a few
days, the varnish is fit for use; particularly if it is
poured into a half‘g-:llon glass or stone bottle, and kept
1 a gentle warm This varmsh is used for maps,
prints, charts, drawings, paper ornaments, &c.

The Chinese Vm':g; ?:obt,ajned from a tree which
grows in Cochin-Ching, China, and Siam. It forms
the best of all varnishes.

Gold Lacker.— Put into a clean four-gallon tin 1 Ib.
ground turmeric, 14 oz. powdered boge, 34 lbe.
powdered gum sandarach, § 1b. ahef]';l:, and 2
spirits of wine. After being dissolved and strained,
add 1 pint of turpentine varnish, well mixed.

Red Spirit Lucker.—3 galls. spirits of winej 1 b,
dragon’s-blood ; 3 lbs. Spanish annotto; 34 lbs. gum
sandarach; 2 pints turpentine ; .- made exactly as the
gold lacker.

The Varnish of Watin, for Gilded Articles.— Gum
lac in grain, 125 parts; gamboge, 1253; dragon’s-blood,
125 ; annotto, 125; saffron, 32. Each resin must be
dissolved in 1000 parts by measure of alcohol of 90
per cent. Two separate tinctures must be made with
the dragon’s-blood and annotto, in 1000 parts of such
alcohol ; and a proper proportion of should be
added to the varnish, according to the shade of golden
color wanted. ,

Transfer Varnish. — For fixing engravings or litho-
phs upon wood, a varnish called mordant is used in
nce, which differs from others chiefly in containing

more Venice turpentine, to make it sticky. It consists
of sandarach, 250 parts; mastic in tears, 64; rosin,
125 ; Venice turpentine, 250; alcohol, 1000 parts by
measure.

€ommon Mastic Varnish. — Put us much gum mastic,
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unpicked, into the gum-pot, as nmy be required ; ard
to every 2% Ibs. of gum, pour in 1 gall. of cold turpen-
tine; set the pot over a very moderate fire, and stir it.
Be careful, when the steam of the turpentine rises near
the mouth of the pot, to cover with a piece of woollen
cloth, and carry it out of doors, as the vapor is very a
to catch fire. A few minutes’ low heat will perfectly
dissolve 8 1bs. of gum, which will, with 4 galls. of
turpentine, produce, when strained, 44 galls. of varnish;
to which add, while yet hot, 5 pints of pale turpentine
varnish, which improves the body and hardness of the
mastic varnish.

Pale Brass Lacker.—2 sprrits of wine; 3 oz
Cape aloes; cut small 1 Ib. fine pale shellac; 1 oz.
gamboge, cut small; no turpentine ;— varnish made
exuctly as before. But observe, that those who make
lackers frequently want some paler and some darker;
and sometimes inclining more to the particular tint of
certain of the component ingredients. Therefore, if a
4 oz phial of a strong solution of each ingredient be
prepared, a lacker of any tint can be produced at any
time. -

Iron-Work Black.— Put 48 1bs. asphaltum into an
iron pot, and boil for 4 hours; during the first 2 hours,
introduce 7 lba, litharge, 3 Ibs. dried copperas, and 10
galls. boiled; add 1-eighth lb, run of dark gum, with
2 galls. hot oil. After pouring the oil and gum, con-
tinne the boiling 2 hours, or until it will roll into hard
pills, like Japan. When cool, thin it off with 30 galls.
turpentine, or until it is of proper consistence. This
varnish is intended for the iron-work of coaches and
other carriages, &c.

To make Cloth, Silk, &c. water-proof. —Mix equal
quantities of alum and acetate of lead, and dissolve
the mixture in a gallon and a half of boiling water.
When the solution has cooled, remove the supernatant
liquid from the sediment, which consists of sulphate of
lead, and it is ready for use. Any article of dress,
when well saturated in this liquid, and allowed to dgy
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slowly, bears the action of boiling water, and docs not
permit it to pass through, although steam and air pene-
trate it freely.

Cement for China, Glass, &c. — To 1 oz. gum mastic
add as much spirits of wine as will dissolve it; soak
1 oz. isinglass in water till it is quite soft, then dis-
solve it in pure brandy till of the consistence of glue ;.
to this add } oz. gum ammoniac, well rubbed an
mixed. Put now the two mixtures together in a vessel
over a gentle heat, till properly united, and the cement ,
is ready for use. It must be kept in a phial well
stopped ; and, when about to be used, it ought to be.
set in boiling water to soften.

Preparation for Silver Solution.— Take 1 pint of
pure rain or distilled water; add to it 2 oz. cyanide of
potassium ; sheke them together occasionally, until the
latter is entirely dissolved, and allow the liquid to
become clear; then add } oz. oxide of silver, which
will very speedily dissolve ; and, after a short time, a
clear, transparent solution will be obtained.

Preparation of Gold Solution.— Warm a pint of
pure rain water, and dissolve in it 2 oz cyanide of
potassium ; then add } oz. oxide of gold; the solution
will at first be yellowish, but will soon subside to white.

SOLDERS.

For Lead.— Melt 1 part of block tin, and, when in
a state of fubion, add 2 parts of lead. Resin should be
used with this solder. .
For Ten.—Pewter, 4 parts; tin, 1; bismuth, 1; melt
them together. Resin is alse used with this solder.
b For Iron.— Tough brass, with a small quantity of .
orax.
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Cneakar o Culismdineat.

CAPACITY OF CISTERNS IN GALLONS.
For each 10 Tuches in Depth.
at

T lomd

. 195 | 8 feet diameter,. . 31333
D 306 |8« o« ..
. #4006} 9 « “ 396-56
. B99T| 9 «  « . 46140
. 7833110 « “ . . 48920
. 99111 « “ . . 59240
. 1240012 4 “ . . 06
. 14810118 « “« . 8214

171626 | 14 « “ 959-6
. 2068516 « “ . 11016
. 23988 |20 « « 1958-4

540 |2 « o« 9

SCREWS,

gmm.ininches,..}ﬁ%ﬁ}si}11&1*1%
. No. of threads, ..20 18 16 14 1211109 8 7 7 6
. Diam.ininches, ..1§ 1§ 1§ 1 2 23 23 2% 3 3} %
No.of threads, .. 6 5 5 44 48 4 4 3% 33 3} 3%
Diam. ininches, . .3§. 4 4} 44 44 b6 5% 5) 5§ 6
No.of threads, ..3 3 2% 27 2 2% 28 2§ 2% 2}

The depth of the thréads should be half their pitch.
The diameter of a screw, to work 1n the teeth of a
wheel, should be such, that the angle of the threads
does not exceed 10°,



178  WRIGHTS OF VARIOUS SUBSTANCES.

RECAPITULATION OF WEIGHTS OF VARIOUS

SUBSTANCES.

Names. Cube foot in Ibe. | Cublc inch in Iba.
Castiron . . . 450-55 2607
Wrought iron . . 48665 2816
Steel . . . . . 4898 B4

Jopper . e 555- N118
Lead . . . . . 70875 41015
Brass. . . . . 53775 3112
Tin . . . . . 456 263
White pine. . . 29-56 0171
Salt water (sea) . 643 03721
Fresh water . . 625 03616
Air . ..., 07529 C -
Steam . . . . 03689 -

Cast Iron expands ugn—u of its length for one
degree of heat; greatest change in the shade, in this
climate, v of its lengtl)y exposed to the sun’s rays,
1o'5o ; shrinks in cooli franﬁtoﬁot‘iu length;
is crushed by a force of 93,000°1bs. upon a square inch;
will bear, without permanent alteration, 15,300 Ibe. upon
a square inch, and an extension of yoiy of its length.
s 1840000 Toe. hesght of modalos of clasticy,
square, X s height of modulus of elasticity,
5,750,000 feet.

Wrovent Iron expands ygalygy of its le: for
one degree of heat; will bear, on agquare incm
out permanent alteration, 17,800 lhs., and an extension
in length of ygl55; cohesive force is diminished
by an increase of one degree of heat. Wei
modulus of elasticity for a base of an inch equare,
24,920,000 lbs.; height of modulus of elasticity,
2,550,000 feet.
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