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THE WORKSIOP COMPANION.

PRACTICAL GEOMETRY.

GromETRY is the science which investigates and
demonstrates the properties of lines on surfaces and
solids; hence, PracTicar Gromerry 18 the method
of applying the rules of the science to practical pur
poses.

1. From any given point, in a straight line, to erect a
perpendicular ; or, to make a line al right angles with a
given line,

On each side of the point A, from
which the line is to be made, take
equal distances, as A b, A ¢; and
fron b and ¢ as centres, with any
distance greater than b A, or ¢ A,
describe ares cutting each other at
d; then will the line A d be the per- >/
pendicular required. ™~

2. When a perpendicular 1s to be made at or near th
end of a given line.

With any convenient radius, and
with any distance fromn the given line
A b, describe a portion of a circle, as
b A ¢, cutting the given point in A;
draw, through the centre of the circle
n, the line b n c; and a lin2 from the 3 A

pint A, cutting the intersections at ¢,
1s the perpendicular required.

»




10 PRACTICAL GEOMETRY.

3. To do the same otherwise.
From the given point A, with
any convenient radius, describe the t
arc d ¢ b; from d, cut the arc in ¢,
and from ¢, cut the arc in b; also,
from ¢ and b as centres, describe
arcs cutting each other in £; then
will the line A t be the perpendic-
ular as required. -5 A

Note.— When the three sides of a triangle are in the propot-
tion of 3, 4, and 5 equal parts, respectively, two of the sides
form a right angle; and observe that in each of these or the

receding problems, the perpendiculars may be continued be-
ow the given lines, if necessarily required.

4. To bisect any given ang:le.

From the point A as a centre, with i
any radius less than the extent of the
angle, describe an arc, as ¢ d; and
from c-and d as centres, describe arcs

cutting each other at b; then will £ &
the line A b bisect the angle as re-
quired. >

5. To find the centre of a circle, or radius, that shall
cut any three given points, not in a direct line.

From the middle point b as a
centre, with any radius, as b ¢, b d,
describe a portion of a circle, as
¢ sd; and from r and ¢ as centres,
with an equal radius, cut the por-
tion of the circlein ¢ s and d s;
draw lines through where the arcs
cut each other; and the intersection
of the lines at s is the centre of the
circle as required.
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6. To find the cenire of a given 7
sircle.
Bisect any chord in the circle, as >
A B, by a perpendicular, C D; bi- 7
sect also the diameter E D in f;
and the intersection of the lines at
f is the centre of the circle re- & 2
quired. B
7. To find the length of any given Nl
arc of a curcle. e

With the radius A C, ¢
equal to jth the length of
the chord of the arc A B, ,
and from A as a centre, =/ g =
cut the arc in ¢; also from B as a centre, with equal
radius, cut the chord in b; draw the line C b; and
twice the length of the line is the length of the arc
nearly.

8. Through any given point, lo draw a langent o a
circle.

Let the given point be at A;
draw the line A C, 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.

A D n

9. To draw from or to the circumference of a circle
lines tending towards the centre, when the cenfre is inac

cessible.
Divide the whole or any given portion of the cir-

camference into the desired number of equa parts*
then, with any radius less than the distance of twe
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divisions, describe arcs cutting each other, as A 1
B1 C2 D 2 &c.;
draw the lines C i 13

B 2, D 3, &c, which
lead to the centre as
required.

T'o 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 r, or r, and the lines A r, F r, will tend to the centre
as required.

10. To 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 lengtgh to the
chord of the arc D E, and height, twice that of the arc

K oy
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

tnangle 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, parallel with the 23 os "2 wiy

chord, and equal to
the height of the
segment ; bisect the
chord in C, and A1 2 3 [c3 2 1 B
erect the perpen-
dicular C D join A D, D B; draw A H perpendicular
to AD,and BI perpendlcula.r to B D, erect also the
perpendlculars An,Bn;divide AB and H I into any
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number of equal parts; draw the lines 11, 22, 33
&c. ; 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
given.

On the intersection of the
two diameters as a centre, with
a radius equal to the difference
of the semi-diameters, describe
the arc a b; and from b as a
centre, with half the chord b c a,
describe the arc c¢d; from o, as
a centre, with the distance o d,
cut the diameters in d r, d ¢ ; draw the lines 7, s, s, and
t, 3, s; then from r and ¢ describe the arcs s, s, s, 33
also from d and d, describe the smaller arcs s, s, s, 8,
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 %
B; erectthe perpendicular A 2
¢, and draw the line ¢ D r
equal and parallel to A C;
bisect A C and A ¢ in r and
n; make C [ equal to C D, d
and draw the line [ r ¢ ; draw
also the line n s D; bisect s
D with a line at right angles,
and meeting the line C D in
g ; draw the line g ¢, make CP equal to Ck, and draw
the iine g P 7; then from g as a centre, with the radius
g D, describe the arc s D 7; and from k and P as cen-
tres, with the radius A k, describe the arcs A s and B4
which completes the arch as required. Or,
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14. Bisect the chord A B, and fix at right angles any
straight guide, as b ¢ pre-
pare, of any suitable mate-
rial, a rod or staff, equal to
half the chord’s length, as
de f; from the end of the
staff, equal to the height
of the arch, fix a pin e,
and at the extremity a
tracer /; move the staff,
keeping its end to the
guide and the fixed pin to the chord; and the 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 any num-

a D z
3| 3
PIIRNSS Z7
1 = L i

L s
A 1 2 3 C 3 2 i -

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 oblain by measurement the length of any direct
line, though intercepted by some malerial abject.

Suppose the :
distance  be-
tween A and B
is required, but
the right line is
intercepted by
the object C.
On the point d,
with any con-
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renient radius, describe the arc ¢ ¢, make the arc twice
‘he 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 fr equal to e fd;
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 d r
by which the distance between A and B is obtained as
" required.

17. A round /n'ece of timber being given, out of whick

to cut a beam of strongest section.

Divide into three equal parts any p__—¢
diameter in the circle, as A d, e C;
from d or e, erect a perpendicular
meeting the circumference of the
circle, as d B; draw A B and B C,
also A D equal to B C,and D C equal .
to A B, and the rectangle will be a
section of the beam as required. A~—_—3

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

From any point C draw
any line C ¢, and bisect it
in D; take any point E in
the prolongation of A C, and
draw the line E e, making
D e equal to D E; in like
manner take any pomnt F in
the prolongation of B C, and
make D f equal to F D.
Produce A D and ec till
they meet in @, and also B
D and fc till they meet in
b; then a b equal A B, or
the distance between the
ebjects as required.

1%
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19. To ascertain the distance, geometrically, of any
maccessible object on an equal plane.

Let it be required to find the
distance between A and B, A
being inaccessible; produce the
line in the direction of A B to
any point, as 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 cb
equal to B ¢; draw the line dba;
also through ¢, in the direction ¢
A, draw the line ac A, intersect-
ing the line d b a; then b a equal
B A, the distance required.

20. Olherwise.

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

R1. To find the proper position for an eccentric,
relation lo the crank in a steam engine, the angle of
eccentric rod, and travel of the valve, being given.

Draw the right line A
B, as the situation of the -
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 e
a circle equal to the travel ' d
of the valve ; draw the line e f at right angles to the line

A
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C 4, draw also the lines 1 1, and 2 2, parallel to the line
¢ f; and at a distance from e f on each side, equal to the
.ap and lead of the valve, draw the angular lines C 1,
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, being given, to deter-

" mine the proper length for the other.

On any right line, as A B, deseribe a circle A D,
equal to the throw a
of eccentric and
travel of valve;
then from C as a {
centre, with a ra-
dius equal to the
length of lever )
given, cut the line A B, as at d, on which describe a
circle, equal to the throw of eccentric or travel of valve,
as may be required; draw the tangents B @, B g, cut
ting each other in the line A B, and ¢ 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.

23. Tlo inscribs any regular polygon in a given circle
Divide any diameter, as A B, into
80 many equal parts as the polygon is

required to have sides; from A and B
as centres, with a radius equal to the
diameter, describe arcs cuiting each
other in C; draw the line C D through A
the second point of division on the
diameter ¢, and the line D B is one
side of the polygon required. D

|

&

iR
<
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24. T construct a square upon a given right line.

From A and B as centres,
with the radius A B, describe X e
Jhe arcs A ¢ b, B ¢ d, and from
¢, with an equal radius, describe
the circle or portion of a circle @ [ —5 7
ted, AB,bc; from bd cut the /‘«'

circle at e and ¢; draw the
lines A e, B, also the line s¢,
which completes the square as A B
required.

25. To form a square equal in area o a given
triangle.

Let A BC be the given tri- 2
angle ; let fall the perpendicu- &3
lar B d, and make A e half the
height d B; bisect e C, and de-
scribe the semicircle e n C;
erect the perpendicular A s, or
side of the square, then A stz is the square of equal
area as required.

T ¢ A a ]

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

Let the line A B equal the length and breadth of
the given rectangle ; bisect the D
line in e, 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 A BatC, =+ ¢ ¢ g
and erect the perpendicular C D, meeting the curve at
D, and C D equal a side of the square required.

27. To find the length for a rectangle 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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drawtheline D F ; also,
continue the line D C

to g, and draw the line /

A g parallel to D F; D i g
from the intersection of /
the lines at g, draw the |~

line g d parallel to D E,
and B d parallel to D //

g; thenED dgis the A B
rectangle as required.

=

98. T bisect any given trangle. ©

Suppose A B C the giventriangle ;
?isect one of its sides, as A B ine,
rom which describe 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 9 € B

29. To describe a circle of greatest diameler in a gw-
en truangle.

Bisect the angles A and B, and draw the intersecting
lines A D, B T), cutting
each other in D ; then from
D as _centre, with the dis-
tance or radii D C, de-
scribe the circle C e fyas ,
required.

30. To form a rectangle of grealest
surfuce, in a given {riangle.

Let A B C be the given triangle; P
bisect any two of its sides,as A B, B a
C, in e apd d ; draw the line e d; also
at right angles with the line e d, draw 5
the lines e p, dp,and e p p d 18 the rec-
tangle required{]
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DECIMAL ARITHMETIC

DEecimar ArrTeMETIC is 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.

Decimals simply signify tenths; thus, the decimal of
a foot is the tenth 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
practize 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 whole number divided into
tenths, hundredths, thousandths, &ec., 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
onthe right hand of decimals are of no value whatever;
but placed on the left hand, they diminish the decimal
value in a 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-
gar fractions to deciinals of equal value ; also finding
the 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. - '
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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 1umber
of decimals, and thus proceed until the lowest degree,
or required value, is obtained.

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

3_'1?_20 — 25, the decimal required.

Ezx. 2. Reduce the fraction } of an inch to a deci
mal of equal value.

1_-;:1) =125, the decimal required.

Ez. 8. What is the decimal equivalent to  of a gal
lon?

7—@2:'875, the decimal equivalent.

Ex. 4. Required the fractional value of the decimal
40625 of an inch.

40625

Multiply by 8

3-25000

Xf=4% 3

+50000

Xfz=1% 2
1-00000 g and z,1,2,.of an inch, the value

. T required.

Erx. 5. What is the fractional value of 625 of s
cwt. ?

62

- Gt

Multiply by 4 grs.

2:500
X28lbs. 2B

14:000 = 2 quarters and 14 lbs,, the
value required.
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Er. 6. Ascertain the fractional value of ‘875 of ax
imperial gallon.
875
Multiply by 4 quarts 4

3-500

1000 = 3 quarts and 1 pint. che
value required.

Er.7. What is the fractional value of 525 of ‘a £.

sterling ?
525

Multiply by 20 sh. 20
10500 £
X 12 pence 12 _
6-000 = 10 shillings and 6 pence,
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 7:00%
16-625

75-9751 — the sum reguired.
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Er. 2. Subtract 119-80764 from 234-98276.

234-98276
11930764

115-17512 = the remainder requirsd

Ez. 3. Multiply 6210372 by 16-732.
62-10:372
16:7:32

12420744
18631116
43472604
372122032
6210372
103911944304 — the product required.

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

Er. 4. Divide 39375 by 9-25.
925 ) 39 375 (4256 — the quotient required.
3700

2375 tObserve that the number of dect

1850 mals, in the divisor and quotient

5950 together, must be equal to the
4(i;25 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
measare of greagr nicety than is commonly required.
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DECIMAL APPROXIMATIONS.

FOR FACILITATING CALCULATIONS IN MENSURATION,

tineal feet multiplied by -00019 = miles.

“

yards

Bquare inches

“«

“

yards
Circular inches
Cylindrical inches
feet

Cubic inches

“«
“«
“

“

feet

“

inches
Cylindrical feet
inches

Cubic inches

“«
“«
«
g
“«
“©
“°

“

Cylindrical inches
“

Avoirdupois Ibs.

“
“

“

«“«
“«

“«

“
«
“«
“«

“
&«

«“«

“
“

000368 = «

007 = square feet.
*0002067 = acres.
‘00516 =square feet.
0004546 = cubic feet.
‘02809 = cubic yards,
‘00058 = cubic feet.
‘03704 = cubic yards.

232 = imperial gallens
.(x)m = [y “«®
4.895 — “« “«®

.(xyﬂng — “« “«

263 = lbs. avs, of cast irom
*281 = %  wrought do.
83 = « gteel¥ -
3225 ‘= L copper.
3037 = “ brass.

-26 = “ zinc.

4103 = “ lead.

2636 = ~ tin.

4908 = - mercury.
2065 = L4 cast iron.
2168 =  “  wrought iron
2023 = “ steel.

2533 = » copper.
2385 (= &% brass.

W2 = L. zinc.

I3 - = " lead.

207 e < tin.

3854 = d mercury.
009 = cwts.

‘00045 =tcns.
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DECIMAL EQUIVALENTS,

DECIMAL EQUIVALENTS TO FRACTIONAL
PARTS OF LINEAL MEASURES.

One inch, the integer, or whole number.
90875 Fa Ay || 6 2 815 Fo gl
9375 Faqs || 585 Bezy || o
0005 fagh || 55 Bats | 2 teF
5 o 53125 ¢ §ady || 185 2lavs
3 -
sz fads |5 3o 215625 2 1 & oy
#125 £ favs || 4085 F degh || a5 §4
81 £ f&gly || 0B g devs || 05 g
1
75 ‘3 40625~ g 7'y || 0025 T
mers Bedy || s 03125 i
5  B&Te || 335 fads
65625 Bagy || s fath
One foot, or 12 inches, the integer.
9166 _ 1l inches. || -4166 Sinches. |f 0625 _ 3 of inch.
6333 S 10 « 3333 2 4 « 0508 S o«
75 g 9 « 05 g 8, et 04166 g } «
6666 € 8 « 1666 & o o« 03125 T3
5833 E 7 0« 0833 § b ST 02063 g g
.5 6 {3 .07991 ‘ (3 .0104] l “«
One yard, or 36 inches, the integer.
97% 35 inches. 6389 23 inches. <3055 11 inches.
9445 34« 6111 99« I8 10
9167 33« 5833 91 ‘25 9 «
8389 _ 32 5556 o 90 ¢ Q0 L8 «
|61l 2 31« 5278 19« (2944 Z 7w
|33 £ 30 « 5.0 Baga 1666 S 6«
8056 $ 29 472 T 17 o« 1389 $5 «
T8 Z W« 4445 § 16« RIS - SR £
75 97 '« 4156 15« 833 © 3 «
7222 2%« 38 14« 0555 2 o« °
6944 25« 3611 13 o« W= g e
wa7 24 « 3333 12«




e

MENSURATION.

MEeNsURATION is that branch of Mathematics which
= employed in ascertaining the extension, solidities,
end capacities of bodies, capable of being measured.

1. MENSURATION OF SURFACE.

To measure or ascertain the quantily of surface in
any right-lined figure whose opposite sides are parallel to
sach other, as a

Square, Rectangle, Rhomboid,

o

Rule. — Multiply the length by the breadth ; the pro-
duct 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
m length ; required the area or superficies.
Necimal equivalent to the fraction {3 = ‘1875, (see page 263)
and 81875 X 81875 = 67-03515625 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.263)
hence 4-5833 X 3'5 = 16-04155 square feet, the area.

3. Required the number of square yards in a floor
whose length is 133, and breadth 93 feet.

135 X 975 = 131'625 = 9 = 14625 square yards.

Note 1.—The above rule is rendered equally applicable to
figures whose sides are not parallel to each other, by taking
¥
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the n:je.'m breadth as that by which the contents are to be esti
mated.

2. The square root of any given sum equals the side of
square of equal area. i

3. Any square whose side is equal to the diagonal of another
square, contains double the area of that square.

4. Any sum or area, (of which to form a rectangle,) dividea
by the breadth, the quotient equals the length ; or divided by
the length, the quotient equals the breadth of the rectangle
required.

TRIANGLES.

Any two sides of a right-angled trangle being gwen,
to find the third side.

Rule 1. — Add together the squares of the base ana
perpendicular, and the square root of the sum is tha
hypotenuse or longest side.

Rule 2. — Add together the hypotenuse and any one
side, multiply the sum by their difference, and the
square root of the product equals the other side.

Application to practical Purposes.

1. Wanting to prop a building with raking shores,
the top ends of which 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?
252 4 162 = 1/ 881 = 29-6816 feet, or 6816 X 12 =8 inches;

tonsequently, 29 feet 8 inches nearly.

2. From the top of a wall 18 feet in height, a line
was stretched across a canal for the purpose of ascer-
taining its breadth ; the length of the line, when meas-
ured, was found to be 40 feet; required the breadth
from the opposite embankiment to the base of the wall.

40—18=22,and 40 + 18 X 22 =~/ 1216 = 3572, or 35 feet
9 inches nearly, the width of tie canal.

Triangles similar to each other are proportional ta
cach other; hence their utility in ascertaining the
heights and distances of inaccessible objects.
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Thus, suppose the height
of an inaccessible object D is
required; I find by means of
two staffs, or otherwise, the ¢
height of the perpendicular
BC and the length of the A - a
base line A B; also the dis-
tance from A to the base of the object G D;

then AB: BC::AG.GD. And suppose A B=06 feet,
B C = 2 feet, and AGP= 150
6:2::150 : 50 feet, the height of D from G.

Again, suppose the inaccessible dis-
tance A be required ; make the line B A,
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 ¢ s
triangle C D F'; then the proportion will
be as

D

CF:CD::BF:BA. Let CF =10 yards, CD =53, and
BF =30, 10:53 ::30 : 159 yards, the distance from B.

To find the area of « triangle when the base and per-
vendicular are given.

Rule. — Multiply the base by the perpendicular
teight, and half the product is the area.

1. The base of the tri- L,
angle A D B is 11,3, inches
in length, and tlte height D
C, 3% inches; required the i i
area. D

., =+09375 and § =375, (see page 26:)

hence "ﬁw = 1872075 square inches, the area.
)
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2. The base of a triangle is 53 feet 3 inches, and the
perpendicular 7 feet 9 inches ; required the area or sv-
perficies. i

i >2< LA = 206-34375 square feet, the area.

When only the three sides of a triangle can be gwen,
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.

w = 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.

Triangles 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
balf the product is the area.
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Application of the Table.

1. The radius of a circle being 64 feet, required tha
side of the greatest heptagon that may be inscribed
therein.

*867 X 65 = 56355, or 5 feet 7§ inches nearly.

2. Each side of a pentagon is required to be 9 feet

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 of
an octagon is required to be 12 feet; what must be the
radius of circumscribing circle ?

1:08 X 12 = 1296, or 12 feet 113 inches.

4. Each side of a hexagon is 4} yards; required its
superficial conteuts.

44? X 2598 =52-6095 square yards.

THE CIRCLE AND ITS SECTIONS.

Observations and Definitions.

1. The circle contains a greater area than any other
{)Iane figure bounded by the same perimeter or out-
ine.

2. The areas of circles are to each other as the
squares of their diameters; any circle twice the diam-
eter of another contains four times the area of the
other. :

3. The radius of a circle is a
straicht line drawn from the centre
to the circumference, as O B.

4. The diameter of a circle is a
straight line drawn throngh the
centre, and terminated both ways
at the circumference, as C O A.

5. A chord is a straight line joining any two points
of the circumference, as D F.

6. The versed sine is a straight line joining the chord
and circumference, as E G. :
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7. An arcis any part of the circumference,as C D E.

8. A semicircle is half the circumference cut off by
a diameter, as C E A.

9. A segment is any portion of a circie cut off by a
chord, as D K F.

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

General Rules in Relation to the Circle.

1. Multiply the diameter by 3-1416, the product 1s
the circumference.

2. Muitiply the circumference by 31831, the product
18 the diameter.

3. Multiply the square of the diameter by 7834,
the product is the area.

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

5. Multiply the diameter by -8862, the product is the
side of a square of equal area.

6. Multiply the side of a square by 1-128, the prod-
uct is the diameter of a circle of equal area.

S pplication of the Rules as to Purposes of Practice.

1. The diameter of a circle being 7% inches, re-
quired its circuinference.

71875 X 31416 =22:58025 inches, the circumference.

Or, the diameter being 304 feet, required the circurn-
ference.

31416 X 30-5 = 95-8188 feet, the circumference.

2. A straight line, or the circumference of a circle,
oeing 274-89 inches, required the circle’s diameter cor-
responding thereto.

274-89 X -31831 = 87°5 inches diameter.

-Or, what is the diameter of a circle, when the cir-
cumference is 39 feet ?

31831 X 39 = 1241409 feet, and 41409 X 12 = 4-96908 inches,
or 12 feet 5 inches, very nearly the diameter.
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3. The diameter of a circle is 3} inches; what j* 1ts
area ir square inches?
3152 = 140625 X “785% = 11044, &ec., inches area.
Or, suppose the diameter of a circle 25 feet 6 inches,
required the area.
255 = 65025 X 7851 = 510-706, &c., feet, the area.
4. What must the diameter of a circle be, to contain
an arca equal to 706-86 square inches?
A/ 706-86 = 26-556 X 1-12837 = 29-998 or 30 inches, the diam-
eter required.
5. The diameter of a circle is 144 inches; what must
I make each side of a square, to be equal in area to the
given circle ?
1425 X -8852 = 12:62335 inches, length of side required.

Any chord and versed sine of a circle being gwen, to
Jind the dvameter.

Rule.— Divide the sum of the n
squares of the chord and versed sine
by the versed’ sine, the quotient is
the diameter of corresponding circle.

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

652 + 22 = 4625 =- 2 = 23:125 feet, the diameter.
2. Inacurve of a raxlway, I stretched a line 72 feet

n length, and the distance from the line to the curve 1
found to be 14 ft.; required the radius of the curve.

5]805('2)
25 X 2

»
-]

722 - 1-25% = 51855625, and —— = 2074:225 ft., the radius.
T find the length of any given arc of a circle.

Rule. — From eight times the chord of half the arc
subtract the chord of the whole arc, and one third of
the remainder is equal the length of the arc.
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Required the length B
of the arc A BC, the —
chord A B of half the / |
arc being 4 feet3 inches, &
and chord A C of the whole arc 8 feet 4 inches.
495 X 8 =34,and 34 — 8333 = ﬁiﬂ =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 product is 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.
9-5 X T=1655 = 2=32-75, the area. ‘.

Note. — The most simple means where-
by to find the area of the segment of a A 3
circle is, to first find the area of a sector 3
whose arc is e?ual to that of the given
segment ; 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.

Thus, suppose the area of the sEg-ment A C B e is required,
and that the length of the arc A C' B equal 93 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;—)(’:34--!25 feet, the area of the sector.

8333 x 3-75___ 15-624 feet, area of the triangie.

And 34:125 — 15624 = 18-501 feet, the area of the segment.

To find the area of the space contained between two
concentric circles.

Rule. — Multiply the sum of the inside and outside
diameters by their difference, and by ‘7854, the product
is the area.

4
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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 con- &
tained between them. '
32+ 28 =60, and 32 — 28 =4, hence
60 X 4 X “7854=188496 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 + 185 =385 and 20— 18:5 =15, hence 38-5 X 1'5 x 7854
=435, &c., feet, the area.

T find the area of an ellipsis or oval.

Rule. — Multiply the longest diameter by the short-
est, and the product by ‘7854 ; the result is the area.

An oval is 25 inches by 16:5; what are its superficia!
contents ?

25 X 16-5 =412'5 x “7854 = 3239775 inches, the area.

Note.— Multiply half the sum of the two diameters by
3-1416, and the product is the circumference of the oval or
ellipsis.

T find the area of a parabola, or ils segment.

Rule. — Multiply the base by the perpendicular
height, and two thirds of the product is the area.

What is the area of a parabola whose base is 20 feet
and height 127

20 x m=2403x2

Note.—Althoth the whole of the preceding practical appli-
cations or examples are given in measures of feet or inches,
these being considered as the most generally familiar, yet the
rules are equally applicable to any other unit of measurement
whatever, as yards. chains, acres, &c. &c. &c.

=160 feet, the arca.
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2- MFNST/RATION OF THE SUPERFICIES, SOLID
ITIES, AND CAPACIT1ES OF BODIES.
Te find the solidity or capacity of any figure in the
eubucal 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, 7§ inches broad, and 33§

inches in thickness.

23-5 X 115 x 3:625 =660-203 cubic inches.

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

85 X 525 x 4 = 178'3 cubic feet, and 1785 X 6:232 (see Table
of Decimal Approximations, p. 25) = 1112+412 gallons.

3. A rectangular cistern, capable of containing 520
imperial gallons, is to be 7} feet in length, and 44 feet
in width; it is required to ascertain the necessary
depth.

520-000

725 X 45 X 6:232 = 203-318, and =2557 feet, or 2
o 203-318

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 lbs.; what will be the depth re-
quired ?

20 X 6 X263 (sce Table of Decimal Approximations, Cast

Iron, p. 25) = 31-96, and
thickness required. 31-96

= 4-69 in., or 4 and 1 in., tha
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To find the eanver surface, and solidity or capacity, of
a cytinder.

Rule 1.— Multiply the circumference of the cylinder
by its length or height; the product is the convex sur-
face. S

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

Application of the Rules.

1. The circumference of a cylinder 15 374 mches,
and its length 543 inches; required the convex surface
n square feet.

8415 x 37'5 X 007 (see Table of Approximations) = 14371

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.
3feet 4 inches =40 inches, and 9? x-785% X 40 = 2544696 cubic

inches ; then 2544696 X -00058 = 1-4759 cubic feet.
. Suppose a well to be 4 feet 9 inches diameter, and
163 feet from the bottom to the surface of the water-
tow 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
ity entire depth 35 feet; required the quantity in cubic
yards of material excavated in its formation.

4-75% X 35 X -02909 = 22973 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 depth, but capable of
holding 12,500 gallons; what must be 1ts diameter?.

4:895 X 10 = 4895, and :322050 ="V2553 = 159687 feet, or

15 feet II& nches.
6. A cylindrical piece of lead is required, 74 inchea
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diameter, and 168 lbs. in weight; what must be its
length in 1nches? ]
=3 168

+52 x -3223 = 18,and TB— =93 inches.

To find the length of a cylndrical heliz, or spiral,
tgound round a cylinder. y 1

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

\ Application of the Rule.

1. Required the length of the thread or screw twist-
g round a cylinder 22 inches in circumference 33
times, and extending along the axis 16 inchés.

922 X 35 = T2 = 5929, and 162 = 256, then A/ 5929 + 256

="7864 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 = 157 feet circumference.
157 x 2:5 = 39:25% = 1540-5625, and 252 = 625, then
/1540 + 625 = 465 feet, the length required.

To find the convex swrfuce, solidily, or capacity of a

cone or pyramid.

Rule 1. — Multiply the circumference of the base by -

the slant height, and half the product is the slant sur-
face. -

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.

Application of the Rules.

1. Required the area, in square inches, of the slan
surface of a cone whose slant height equal 183 inches
and diameter at the base 6} inches.

625 X 31416 = 19636 circumference of the base ; and
o R =184-£(1T£125 square inches.
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2. Required the quantity of lead, in sgnare feet
sufficient to cover the slant surface of a hexagonal pyr
amid whose slant height is 42 feet, and the breadth ot
each side at the base 4 feet 9 inches.

M = 5985 square feet.

3.-What is the solidity of a eone, in cubic inches, the
diameter at the base being 15 inches, and perpendiculaz
height 32} inches ?

1P X TIAX IS 19144125 cubie inches.

4. In a square solid pyramid of stone 67 feet in

height, and 163 feet at the base, how many cubic feet ?

165 X165 X 67 _ 608095 cubic feet.

3

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

Rule. — If the base be a circle, add into one sum the
two diameters, or, if a regular polygon, the breadth of
one 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 Pely-
gons, p. 31) 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 contents, then the
contents extending beyond the frustum ; and, subtracting the
less from the greater, leaves the contents of
the frustum required. ¢

Application of the Rules.

1. The perpendicular height A B
of the frustum of a hexagonal pyra-
mid C D E, is 73 feet, and the breadth ] =)
of each side at top and base equal
3% and 23 feet; required the solid
vontents of the frustum in cubic
feet, D ]
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8754+ 25 =6:25, and 625 X 6:25 = 390625, then 375 X 2:5 =
9-315, and 39-0625 — 9-375 = 29-6875 X 2-098 (tabular area, 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 diametet
94, and the perpendicular height 12.

74952 =27225, and 7 X 95=66-5, then 272:25—66:5=
205-75 X 7854 = 161576 X 4 or } of the height = 6463 cubic
inches.

3. A vessel in the form of an in- p c
verted cone, as A BC D, is 5 feet in
diameter at the top, 4 feet at thé
bottom, and 6 feet in depth; re-
i}uired its capacity in imperial gal-
ons.

A B

54+4=92=281, and 5 X 4=20, hence 81 —20 =61 X 7854,
and by 2 or } of the depth =95-8188 cubic feet, and X 6:232
= 597-1427 gallons.

To find the solid contents of a wedge.

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

Application of the Rule.

Required the solidity of a wedge, in
cubic inches, the base A BC D being 9 >
inches by 33, the edge E F 7 inches,
‘and the perpendicular height G E 15.

UESETLET SRR
D

c
To find the convex surface, the solidity, or the capacity,
of a sphere or globe.
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
-5%36 ; the product is the solid contents,

E
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Rule 3. — Multiply the cube of the diameter .n feet
by 3-263, or 1n inches by 001888; the produc. is the
capacity in imperial gallons.

L3

Application of the Rules.

1. Required the convex surface, the solidity, and the
weight in cast iron of a sphere or ball 104 inches in
diameter.

10:52 X 3:1416 = 346-5614 square inches.
10:53 x 5236 = 606-132, &c., cubic inches; and
606132 X 263 (see Table of Approximations, p. 25) = 159-4 lbs.

9, 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
ness.of copper of which it must be made ? :

i bic inch of water =036 R
Weight t‘)‘f a cubic inch o c;v;xpzl; - '3’22;7 lgs g see p. 63.
8 % 5236 X 03617
2
4-84828

3225

= 4-84828 cub. in. of water to be displaced.

And = 15:0334 cubic inches of copper in the ball.

Then 82 X 3-1416 = 201-0624, and -
3 201-0624

thickness of copper required.
“0747 X 16 = 1% of an nch full, or 3 Ibs. copper to a square foot.

=0747 inches, the

3. What diameter must 1 make a leaden ball, so as
to weigh 72 Ibs. ?

5236 x 4103 ~= 21483308, and i =34/340=697
21483308
nches, diameter.




INSTRUMENTAL ARITHMETIC

OR
UTILITY OF THE SLIDE RULE.

THe slide rule is an instrument by which the greatet
portion of operations in arithmetic and mensuration may
be advantageously 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
ABCDj; AB and C being each divided alike, and
containing what is termed a double radius, or double
series of logarithmic numbers, each series being sup-
posed to be divided into 1000 equal parts, and distrib-
uted along the radius in the following manner: —

From 1 to 2 contains 301 of those parts, being the log. of 2.
“ % 47‘7 “

3 3.
“« 4 “« 602 “« 4.
“ 5 “ 699 “ 5.
“ G “« ‘778 “« 6.
“« 7 “« 845 “@ 7.
“« 8 “« 903 “ a'
“« 9 “ “© 9

954
1000 being the whole number.

The hine D, on the improved rules, consists of only 3
single radius; and although of larger radius, the loga
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 middle 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,
&ec., the intermediate divisions on which complete the
whole system of its notation.

TO MULTIPLY NUMBERS BY THE RULE.

Set 1 on B opposite to the multiplier on A; and
against the number to be multiplied on B is the prod-
uct on A. 3

Multiply 6 by 4.

Set I on B to 4 on A; and against 6 on B is 24 on A. The
slide thus set, against 7 on B 1s 28 on A.
s 8 “ 32 “

9 “ 36 «
10 “ 40 «
12 « 48 «
15 « 60 «

25 “ 100, &c. &c.

TO DIVIDE NUMBERS UPON THE RULE.

Set the divisor on B to 1 on A; and against the
nuinber to be divided on B is the quotient on A.
Divide 63 by 3.

Set3on B to1on A: and against 63 on B is 21 on A.
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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 3¢
yards cost at the same rate ?

Set 4 on B to 38 on A ; and against 30 on B is 285 shillings on A.

2. Suppose I pay 31s. 6d. for 3 cwt. of iron, at what
rate is that per ton? 1 ton = 20 cuwt.

Set 3 upon B to 315 upon A ; and against 20 upon B is 219
upon A.

RULE OF THREE INVERSE.

Rule. — Invert the slide, and the operation is tha
same as direct proportion.

1. I know that six men are capable of performing ¢
certain given portion of work in eight days, but I wa.l
the same performed in three; how many men mus
there be employed ?

Set 6 upon C to 8 upon A ; and against 3 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 46
Ibs. tending to raise the valve ?

Set 5 upon C to 40 upon A ; and against 20 on C is 10 on A.

3. If 8% yards of cloth, 1} yards in width, be a suf
ficient quantity, nhow much will be required of thay
which 1s only %ths in width, to effect the same purpose ¢

Set 15 on C to 875 on A ; and against -875 upon C is 15 yarde
upon Au
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SQUARE AND CUBE ROOTS OF NUMBERS.

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

Squares, 1 4 9 1

62 36 49 64 8lonC.
Roots, 1 2 3 4 5 6 17

8 YonD.

To find the geometrical mean proportion between tiwo
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 square upon D.

Required the mean proportion between 20 and 45.

Set 20 upon C to 20 upon D ; and against 45 upon C is 30 on
D.

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
shde, 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 1
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
upon D is th2 cube upon C. ‘
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MENSURATION OF SURFACE.

1. Squares, Rectangles, &c.

Rule. — When the length is given in feet and the
oreadth in inches, set the breadth on Bto 12 on A ; and
aguinst 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 7-06 12:56 1963 28-27 33-48 50-26 63-61 upon C,
Diam.,2 3 4 5 6 A 8 9 upon D

In the common rule, set ‘7854 on C to 100n 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., 3-14 6-28 942 12:56 157 18-85 22 25:13 2827 upon A
Dia,, 1 3 4 5 6 i3 9 uponB

Polygons from 3 to 12 sides. — Set the gauge-poin
upon (% to 1 or 10 upon D;and against the length of
one side upon D is the area upon C.

Sides, 3 a0 =T 8 9 10% 11 1%
Gauge-points, 433 147 26 363 482 618 769 937 1117

Required the area of an equilateral triangle, each
side 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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:’ TABLE OF GAUGE-POINTS FOR THE ENGIVEER’S RULE.
Names. LA R S AR H IR |8 T e A | I A

Cubic inches 578 | 83 11728 || 106 (1273 || 105 | 121
Cubic feet 11144 | 1 fhss3 | 22 fl 121 | 33 |
Imp. gallons 163 | 231 | 277 || 291 | 353 || 306 | 529
Water in lbs. 16 23 | 276 || 293 | 352 || 305 | 528
Gold o 814 [1175 | 141 || 149 | 178 || 155 | 269
Silver ah 15 | 216 | 261 || 276 | 33+ || 286 5

Mercury « 118 | 169 | 203 || 216 | 258 || 225 | 389
Brass " 193 | 177 | 333 || 354 | 424 || 369 | 637
Copper 8. 18 26 | 319 || 331 | 397 || 345 | 596
Le €. 141 | 203 | 243 || 258 31 27 | 465
Wro’tiron « 207 | 297 | 357 || 338 | 453 || 394 | 682
Cast iron « 222 32 | 384 || 407 | 489 | 424 | 733

Tin “~ 1209|315 | 378 || 401 | 481 || 419 | 728
Steel e 202 | 292 | 352 [l 372 | 448 || 385 | 671
Coal - 127 | 183 | 22 33 | 28| 242| 42

Marble i 591 85 | 102 || 116 13 13| 195
Freestone « 632 1915 | 11 fl162 | 14| 141 | 21

FOR THR® COMMON SLIDE RULE.

Namea. FRPP, LLLLL) R | L F.| 5
Cubic inches 36 | 518 | 624 || 660 | 799 f| 625 | 113
Cubic feet 625 91108 || 114 | 138 || 119 | 206
Water in lbs. 10 | 144 | 174 || 184 | 22 |} 191 | 329
Gold . 507 | 7135 | 88 96 | 118 || 939 | 180

Silver o 938 | 136 | 157 || 173 | 208 || 173 | 354
Mercury « 38 | 122 | 127 || 132 | 162 || 141 | 242
Brass S 12| 174 | 207 || 221 | 265 23 | 397
Copper  « 112 1 163 | 196 || 207 | 247 || 214 | 371
Lead > 880 | 126 | 152 || 162 | 194 || 169 | 239

Wro’t fron « 129 1 186 | 222 (| 235 | 283 || 247 | 423
Cast iron ¢ 139 2 | 241 |1 254 | 304 || 965 | 458
Tin i 137 1 135 | 235 25 | 300 {| 261 | 454
Steel o 136 | 183 | 22 {1 233 | 278 || 239 | 418
Coal - 795 [ 114 | 138 || 146 | 176 || 151 | 262

Marble « 370 | 531637} 725 | 81 72 | 121
Freestone « 3941 571 69 || 728 | 873 || 755 | 132
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MENSURATION OF SOLIDITY AND CAPACITY.

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

L. 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 D is 2075 feet upon C. ‘ ;

2. In a cylinder 9 inches in length and 7 inches
diameter, now many cubic inches ?

Set 9 upon B to 1273 (the gauge-point) upon A ; and against
7 on D is 346 inches on C,

3. What is the weight of a bar of cast iron 3 inches
square, and 6 feet long ?

Set 6 upon B to 32 (the gauge-point) upon A; and against
3 upon D 1s 168 Ibs. upon C.

By the common rule.
4, Required the weight of a cylinder of wrought iron
10 inches long, and 53 diameter.

Set 10 upon B to 283 (G. Pt.) upon A; and against 5§ upon
D is 6665 Ibs. on C. ) . :

5. What 1s the weight of a dry rope 25 yards long,
and 4 inches circumference ?

Set 25 upon B to 47 (G. Pt.) upon A; and against 4 on D is
6316 lbs. on C.

6. What is the weight of a short-linked chain 3C
yards in length, and ¥ths of an inch in diameter ?

Set 30 upon B to 52 (G. Pt.) upon A ; and against 6 on D is
.29 5 1bs. on C.
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LAND SURVEYING.

If the dimensions taken are m chains, the gauge-
point is 1 or 10; if in perches, 160 ; and if 1n yards,
4840.

Rule. — Set the length upon B to the gauge-point
on A; and against the breadth 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
n breadth. .

Set 20-5 on B to 1 on A ; and against 44 on A is 9 acres on B.

9. 1n a piece of ground 440 yards long, and 44 broad,
how Imany acres ?

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

POWER OF STEAM-ENGINES.

Condensing Engines. — Rule. Set 35 on C to 10 on
D; then D is a line of diameters for cylinders, and C
the corresponding number of horses’ power ; thus,
HPr.3k 4 5 6 81012 16 2025 30 40 50 on C.
C.D.101n. 10§ 12 13} 154 17 183 213 24 26§ 293 333 37§ on D.

The same is effected on the common rule by setting
50n C to 12 on D.

Non-condensing Engines. — Rule. Set the pressure
of steam in Ibs. 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.

Required the power of an engine, when the cylinder
is %0 inches diameter and steam 30 lbs. per square
inch. :

Set 30 on B to4 on A; and against 20 on D is 30 horses’
nower on ‘C,

The same is effected on the common rule oy setting
the force of the steam on B to 250 on A.
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OF ENGINE BOILERS.

How many superficial feet are contained in a boiler
23 feet in length and 54 in width ?

Set 1 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 5 upon B to 126-5 upon A ; and against 1 upon B is 25:5
upon A.

STRENGTH OF MATERIALS.

MaTER1ALS of construction are liable to four different
kinds of strain; viz., stretching, crushing, transverse
action, and torsion or twisting: the first of which de-

- pends upon the body’s tenacity alone; the second, on
its resistance to compression ; the third, on its tenacity
and compression combined; and the fourth, on that
property by which it opposes any acting force tending
to 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, 1n the direction of their length, is as the
cross section of their area multiplied by the results ot
experiments on s'milar bodies, as exhibited in the fol-
lowing table.

5%
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STRENGTH OF MATERIALS,

"['able showini'e the Tenacities, Resistances to Compres-

ston, and other Properties of the common Materials of
Construction.
Abeolute Compared with Cast lron
S | T e I N
per sq. | sion iu lbs. '"ﬁ""g' sibility is| ness is
! inch. per sq..in,
Ash . ’ .| 4130 —_ 023 | 26 |0089
Beech . | 122251 8348 [ 015 | 21 |0-075
Brass . 2 .| 17968 10304 | 0-435| 09 |049
Brick = - v 275 562 —_ - P
Cast iron . 13434 | 86397 1000| 1-0 |1-000

Copper (wrought) . | 33000 — =
Elm . . : .| 9720) 1033 | 021 | 29 }0-073
Fir, or Pine, white . | 12346| 2028 | 023 | 24 |01

« “ red .| 11800 5375 | 0:3 24 {01
o “ yellow . | 11835 5445 | 025 | 29 |0-087

4
Granite (Aberdeen) — | 10910 — —
Gun-metal (copper 8,
and tinl) . .| 35838 — 065 | 125 | 0-535
Malleable iron . . | 56000 — 1112 | 086 {13
Larch . . .| 12240] 5568 | 0-136]| 2:3 |0-058
Lead ce o 18| — 0096 | 25 00385
Mahogany, Honduras | 11475| 8000 | 024 | 29 |0-487
Marble . 3 3 551| 6060 — —_ .
Oak . . . .| 11880 9504 | 025 | 28 |0-093
Rope (lin.in circum.) 200 — - — -—
Steel i 3 . 1128000 — — = i
Stone, Bath . ¥ 478 — —_ -5 (=
“  Craigleith . Ti2| 5490 —_ —_ =
: “ Dundee . .| 2661 6630 —_ —_ o3
! « Portland .| 87| 3729 | —. | — | —
Tin (cast). ; .| 471367 — 0182| 075 (025
Zinc (sheet) . .| 9120 — 0-365| 05 07
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Note.— Tt must be understood and also borne in mind that,
in esumating 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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Alloys that are of greater Tenacity than the Sum of
their Constituents, as determined by the Experiments
of Muschenbroek.

Swedish copper 6 pts., Malacca tin 1; tenacity per sq. inch 64,000 1bs,
Chili copper 6 parts, Malacea tin 13 o o 60, 7

'
Japan copper 5 parts, Banca tin 1; “ = 57,000 <
Anglesea copper 6 parts, Cornish tin 1; < i~ 41,000 ©
Common block-tin 4, lead 1, zinc 1; <, €. 13,000 «
Malacca tin 4, regulus of antimony 1; ¢ (o 12,000 ¢
Block tin 3, lead 1; « « 10,200
Block tin 8, zinc 15 L7 8% 10,000 ¢
Lead 1, zinc 1; - o~ 4,500 ¢

RESISTANCE TO LATERAL PRESSURE, OR TRANS=-
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 ; — thus, a beam twice the
breadth of another, all other circuinstances 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 of Data, containing the Results of Experiments
on the Elaslicity and Strenglh of various Species of
Tmber, by Mr. Barlow.

Species ot Value Valiue] Species of Value |Value
Timber. of E. | of 8. Timber. lofE. of 8.
Feak. ~ - o4 1747 12462 || ElIm . . . .| 5064|1013

Poona . . . . (122262921 | Pitch pine ., .| 8868| 1632
English Oak . . {105 |1672| Red pine . . .[133 |[1341
Canadian do. . (15565 | 1766 || New England fir |158:5 | 1102

Dantzic do. 862 | 1457 || Riga fir . . .| 90 |1100
Adriatic do. T70-¢ | 1383 || Mar Forest do.| 62 |1200
Agh . % 119 2026 || Larch . . . .

76 900
98 | 1556 || Norway spruce . 1105471 1474

Beech . . .
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To find the dimenswons of a beam capable of sustarn-
ing a given weight, with a given degree of deflection,
when supported at both ends.

Rule. — Multiply the weight to be supported in Ibs.
by the cube of the length in feet; divide the product
by 32 times the tabular value of E, multiplied into the
given deflection in inches; and the quotient is the
breadth 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.

Noie 2. —If the beam is to be cylindrical, multiply the
quotient by 17, and the fourth root of the product is t}‘;e di
ameter.

Ez. 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
must be the depth of the beam, supposing the breadth
8 inches?
16 x 8000 I,
9o—§<<:sm= 151758 = 3./ 1897 = 12:35 in., the depth

To determine the absolute strength of a rectangular
beam of timber, when supported at both ends, and loaded
in the middle of its length, as beams in general ought to
be salculated to, so that they may be rendered capable of
withstanding all accidental cases of emergency.

Rule. — Multiply the tabular value of S 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 Ibs.

Note 1. — If the beam be not laid horizontally, the distance
between the supports, for calculation, must be the horizontal
Aiatanna

Note 2.— One fourth of the weight obtained by the rule, is
the greatest weight that ought to be applied in practice as per-
manent load.
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Note 3. — If the load is to be applied at any other point than
the middie, then the strength will be as the product of the
two distances 1s 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
length, equal the eflective length of the beam.

Er. In a building 18 feet in width, an engine boiler
of 5} 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 | can lay across the two walls
for the purpose of slinging 1t at each end,—may 1
with sufficient confidence apply them, so as to effect
this object ?

2_24_2_)(2. = 6160 lbs. to carry at each end.

And 18 feet—7 = 11, double each, or 14 and 22, then
.li;_(s_?“l_ = 17 feet, or 204 inches, effective length of beam.

Tabular value of S, red pine, =E"_l_i_;_(;:_‘_0_x__ﬁo= 15776 lbs.

the absolute strength of each piece of timber at that point.

To determine the dimensions of a rectangular beam
capable of supporting a required weight, with a given
degree of deflection, when fired at one end.

Rule. — Divide the weight to be supported, in Ibs.,
by the tabular value of I, multiplied by the breadth
and deflection, both in inches ; and tlie cube root of the
quotient, multiplied by the length in feet, equal the
depth required in inches.

Er. 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 & of an inch.

Tabular value of E = 119 X 4 X 5 = 238 the divisor;
then 700 238 == 31/2:94 X 5 =725 inches, depth of the beam
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To find the absolute strength of a rectangular beam,
when fived at ofe end, and loaded at the other.

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

Ex. A beam of Riga fir, 12 inches by 44, and pro-
jecting 63 feet from the wall; what 1s the greatest
weight it will support at the extremity of its length ?

Tabular value of S = 1100
12 X 4-5 = 54 sectional area,

Then, ‘_‘_0_91%“_54 = 9138+4 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 point 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
enabled 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;
consequently 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 be'ng about 64 times that

of the upper. But such is not the case with beams ot
timber; for although the tenacity of timber be on an
average twice that of its resistance to compression, its

‘flexibility is so great, that any considerable length of

heam, where co.umns cannnt be situated to 1ts support,
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requires to be strengthened or trussed by iron ruods, as
i the following manner.

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

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

Rule. — Multiply 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 1n 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 obtained in cast iron, when the thickness of the an-
nulus, or ring, amounts to 1th of the cylinder’s external
diamete~ ; 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
Cast Iron, 1 inch in breadth, will sustain, without de-
stroying its elastic force, when il is supporled at each
end, and loaded in the middle of is length, and also the
deflection in the middle which that weight will produce
By Mr. Hodgkinson, Manchester.

[tength| 6 feet. 7 feet. 8 feet. Sfect. | 10 feet.

Depth (Wt. in|Defl. {Wt. in
in in. | Ibs. iin in.| Ibs.

3 | 1278| 24 | 1089 -33 | 954! -426| 85554 | 765 66
3% | 1739, -205 1482 28 | 1298| -365| 1164| 46 | 1041| 57
4 | 227218 | 1936| 245/ 1700/ 32 | 1520| -405/ 1360} -5
4% | 2875/ 16 2450| 17| 2146| -284] 1924136 | 1721 -443
5 | 3560| -144] 3050 -196| 2650| 256| 2375 32 | 2125| -4
g 5112| 12 | 4356/ -163| 3816| 213| 3420 27 | 30601 -33
8

Defl.|[We. inl Defl.] Wt. | Defi. W, in| Defl,
in in.| lbs. ]in m.fin Ibs.|in in.| lbs. |in in.

6958| <103 5929 -14 | 5194/ -183| 4655 23 | 4165 <29
9088/ -09 | 7744, *123| 6784| -16 | 6080 -203| 5440| 25
g | 9801 -109' 8586| -142| 7695/ *IR | 6885 22

10 — | — [12100, -098/10600| 128 9500| -162| 8500| 2

1 — | — | — | — [12826] -117[11495] 15 [10285| 182
12 — | = | — | — [15264 -107{13680| 135 12240} 17
13 — | = | = | = | — | — [16100] -125 14400| 154
14 — | = = = | = | — |18600' 11516700 -143

12 feet. 14 feet. 16 feet. 18 feet. 20 feet.

6 | 2548 48 | 2184 -65 | 1912| 85 | 1699 1-08 | 1530 1-34
¥ 3471! +41 | 2975 +58 | 2603 73 | 2314 -93 | 2082 1-14
8 | 4532 36 | 3884, -49 | 3396| -64 | 302)| 81| 2720 100
9 | 5733 -32 | 4914 44 | 4302) -57 | 3825| 72| 3438 -8
10 | 7083 28 | 6071| -39 | 5312 51 | 4722 *64 | 4250| 8
11 | 8570 26 7346? <36 | 6428 -47 | 5714| 59 5142 73
12 (10192 24 | 8736 33 | 7648| -43 | 6795| 54| 6120' 67
13 1]97l|'2‘2 10260 -31 | 8978 -39 | 7980| -49 7182 -61
14 113883 -21 {11900 28 |10412| 36 | 9255( *46 8330| 57
15 15937 19 113660 26 11952 34 110624! 43 | 9562

16 (18128, 18 115536 -24 113584/ -32 {12080| -40 {10880| -5

17120500, -17 |17500! -23' 15353 -3 ‘13647 <38 |12282| +47 |-
18 [22932!-16 '19556 21 17208!-28 '15700| -36 [13752] -44

Note.—This Table shows the greatest weight that evet
ought to be laid upon a beam for permanent load ; and, if thers
be any liahility to jerks, &c., amFle allowance must be made
also, the weight of the beam itself must be included

6

T




60 STREN¢.TH OF MATERIALS.,

o find the weight of a cast iron beam of given dimen-
ns.

$i0
Rule. — Multiply the sectional area in inches by the
length in feet, and by 3-2, the product equal the weight
in lbs.
Ex. Required the weight of a uniforin rectangular
beam of cast iron, 16 feet in length, 11 inches in
breadth, and 13 inch in thickness.

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

Resistance of Bodies to Flexrure by verlical Pressure.

When a piece of timber is employed as a 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 longitudinally, as it will be destroyed
by splitting before that bending can take place; but
when the length 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 atrain. >

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

When the length of & 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 Jth than in a solid colums
snntaining the same quartity of material.
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To determine the dimensions of a support or column fc
bear, without sensible curvature, a given pressure in the
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