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PREFACE.

Tae first edition of this book was published in 1861, and
has been long out of print. A New Edition having been

asked for by friends, and some professional men, this is
\ issued with sundry improvements.

The chief ‘objects in view have been to illustrate the
use of the Slide Rule by a great number of Examples,—
to shew the use of the line D in Superficial and Solid
Mensuration, for the use of practical men,—and to explain
the utility of ¢nverting or reversing the Slide.

Attention is requested to the ¢ Table of Contents,” which
will shew to what a variefy of uses the Slide Rule may
be applied. The article under the head of ¢Slide Rule”
(by the late Professor De Morgan) in Knight's Encyclo-
pedia, vol. “Arts and Sciences,” may also be consulted.

It would be well to cut out the Plate, and mount it on
linen, ‘as better suited for reference. Several Examples ”
refer to this Plate in elucidation.
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. 3 4-8 » {3 4.8 »
133. Line 14, for T , read 7
143. Last line, for « (x1X) ” read “ xv}.” (See Addenda, for p. 142.)
147. Erase Formula XXIV,, and substitute

C 8284 1 Area of included octagon
D 1 11 Side of square
area

or Area = Side 2 X 8284, and Side =

166. Line 12, for “ 2892,” read ¢ 289%.”

167. Footnote, for “p. 165,” read “ p. 170.”

168. Line 7, for * 3:568,” read ‘‘ 4°75.”

,» Line 6 from bottom, for ¢ 426,” read “ 424.”
. “dﬁxh” “c’xh”

178. Line 1, for -’ re vl

194, Line 7 from bottom, for ¢ 1077-0,” read *10,770.”

‘8284
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123.

139.

142.

ADDENDA.

Line 19, for “ 353:036,” read “ 35°036.”

Two lines from bottom, and 6 lines from bottom, for *“ 43560,”
read  4356.”

In the Figure, the “first parallel to the left” (1,000 yards), has
been omitted.

Line 4, for “32'5,” read ““ 3'25.”

Line 4, for “ 651’ = '39,” read “ ‘651’ = 39.”

Line 13, after “ INvoLuTION,” add *“ and EvoLuTIiON.”

Line 18, for “3 ft.” read “ 2 ft.”

In the first Example, erase the final “ 0,” of each of the last
5 lines.

ADDENDA.

. Ex. 126, add “ See p. 303, nine lines from bottom.”

Ex. 246, add “ See also footnote to Ex. 254.”
Add Ex. 312} — z = 256 X 3/320, solved as follows

E1l 320
D -25 171
93 .92 .
Add Ex. 3194z = 2—3, solved as follows z = 72'T>:7—2, (as
in Ex. 256) = 41:47.
Add Ex. 32032 = /75 X 82, solved as follows :—
g9 75
D9 8
C 1 3
Add D Side of cube Diag. of cube
Add A Area in Sq. feet Feet long
B Inches wide 12
Add another Formula X V3
C 433 39 Area of equilateral triangle
D1 3 Length of any one side

area

or Area = Side? X 433, and Side = a5
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PART 1L

ARITHMETIC.

(LINES A AND B)






THE SLIDE RULE

—— .

- DESCRIPTION OF THE INSTRUMENT.

TaE Plate is a fa.c-s1mlle of the face of the Rule; the Slide being
partly drawn out.

The line A on the upper stock, and the line B on the Slide, are
identical. ‘They are used together, for the solution of such questions
a8 do not involve Squares, Square Roots, Cubes, or Cube Roots. '

The line C is identical with A and B, but is used only in connectxon
with the line D.

The line D on the lower stock (sometimes called.the Square line), is
used in conjunction with the line C, for the solution of questions
which do involve Squares, Square Roots, and some cases of Cubes and
Cube Roots.

The Slide takes out, and can be put in with the other face of it
upwards. On this other face are :—

(1) Line E (sometimes called the Cube line), whlch in conjunction
with D, is used for questions involving Cubes and Cube Roots.

(2) Line Log. (or Num.), which, if set even with D, the numbers on
it will be the logarithms to three places, of the numbers underneath
on D.

On the back of the instrument are often pnnted or engra.ved various
useful Formule, referred to in AprENDIX L.

Many of the ordinary Carpenter’s Rules have a brass Slide Rule let
into the wood. The lines A, B, C, D, thereon, are the same as those
of the Slide Rule above described, except that the square line D
begins with 4 instead of A (see APPENDIX H) ; but they do not possess
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the lines E, and “ Log.” Any one possessing such a Rule, may profit by
the teaching of the present work, but as the divisions on such Rules
are not always carefully graduated, the results obtained from them
cannot be depended upon. This fact, as well as their being in brass,
which makes it difficult for the eye to see the divisions, renders them
almost useless except to learn upon.

There are various makers of Slide Rules; but the writer of this
Handbook, from his own experience of many years, can recommend
those made by Messrs. Elliot, of 449, Strand. The accuracy with
which they are graduated is remarkable.

[Messrs. Elliot also make the “Double” Slide Rule, so called from
its having another Slide on the back, divided into a scale of Natural
Sines and Tangents, most handy in Surveying, Navigation, and Plane
Trigonometry in general. A small work elucidating the use of this
Slide is in preparation.]

HOW TO READ THE DIVISIONS.

Havr-an-hour’s viva voce teaching, is better than pages of writing ;
but in default of this, the learner must make up his mind to exercise
a little patience in going through the next few pages, Slide Rule in
hand ; or he may buy a Plate like that at the beginning of this book,
mount it on linen, and carefully cut out the Slide. He will soon be
induced to purchase the instrument itself. A person accustomed to
figures, would soon learn to read the Slide Rule by attention to the
“ Examples ” in page 17.

The lines A, B, C, are identical (but C need not be looked at till we
come to the use of the line D). They are lines of double radii ; that
is, from 1 to 10 comes twice over.

It will be seen that from 4 to 5,—8 to 6,—6 to 7,—7 to 8,—8
to 9, —9 to 10, the sub-divisions are to tenths. From 2 to 3, and
from 3 to 4, are tenths and half-tenths. From 1 to 2, are tenths and
fifths of tenths.

The values assigned to the figures engraved on the Rule are
arbitrary ; that is, the 8, for instance, may be considered 3, or 30, or
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300, or 3000, &c., or it may be considered °3, ‘03, ‘003, &c., according
to the value of the numbers involved in the question to be solved.

For instance, suppose we take the 4 (on either radius) to represent
40, Since the space between it and the following & is sub-divided
into ten parts, the first division will be 41, next 42, and so on to the
&, which will be 50.

Now let us again assume the 4 to be 40, and count back. It will
be seen that the space between 4 and 8 is sub-divided into ten long
divisions, and each of these again into two. The first long division to
the left of 4 will be 39, but the first short division to the left of 4 will
be 39'5 ;* so that reading back from 4 (as 40) we read 39'5, 39, 38°5,
38, 375, 37, &c., till we get back to the 3 as 30.

Now let us assume the 1 (either at the extreme left or that near the
middle) of the line A, or B, to be 100. The first long division to the
right will be 110, the next long division will be 120, then 130, and
so on to the 2, which will be 200. But the first short division after
the 1 (considered as 100) will be 102, then 104, 106, 108, and then
110. )

Now let us assume the 6 on either radius to be 6. The first division
to the right will be 61, then 62, 63, &c., till we come to the 7,
which will be 7.

Now let us assume the 6 on the first radius to be 600—the 6 on
the second radius will be 6000 ; for the two radii always bear their
decennary proportion. So if the 2 on the second radius be considered
*02, the 2 on the first radius will be ‘002.

To find 125.

Assume the 1 at the extreme left of the line A, or that near the middle
of the line, to be 100. The next long division to the right will be
110 ; the next long division will be 120. Two short divisions to the
right of the 120 will be 124 ; and half way (to be estimated by the
eye) from this to the next short division (which would be 126) is

* The reader is supposed to know that half = *5; one-quarter = ‘25 ;
and three-quarters = ‘75. (APPENDIX G.)

B 2
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125.* (If the 1 had been considered as 10, the place found would be
12'5.) See the Plate.

To find 3325.

Assume the 3 on either radius to be 3000 ; the third long division
will be 33000, and kalf way between this and the next short division
(which would be 3350) is 3325. (It may be ‘03325, *325, 3'25, &c.,
according as the 1 is assumed to be 03, 3, 3, &c.)

To find 2’875:

Assume the 2 on either radius to be 2. Eight long divisions
forward make 2'8. The next short division is 2'85; and half way
between this short division and the next long one (which would be 2'9)
is 2-875.

To find 314.

Assume 3 on either radius to be 300. The next long division is
310. The next short division would be 315. Then 314 lies 4 of the
distance from 310 to 315; or 1 of the distance short. The eye soon
gets accustomed to this estimation of distances between cut divisions.

To ﬁnd' 1035.

Assume 1 on either radius to be 1000. The next short division
is 1020. Half way to the next would be 1030, but three-quarters of
the way would be 1035. The next division would be 1040.

* In pointing out the place required, it is better not to use any kind of
pointer, but to use the slide. If the place sought is on A, draw out the
slide till 1 on B comes under the place sought. If the place sought is on
B, draw out the slide till the 1 on A comes over the place sought. The
instrument can then be laid down and time taken to consider if the right
place is really picked out. Thus in the above example, if the Plate is
referred to, it will be seen that the 1 on B is under 125, or 1:25, or 125,
or ‘123, according as we value the 1 on A.
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To use the lines A and B together.

‘We have hitherto treated each line separately and independently ;
but when A and B are worked together, it does not follow that the
engraved figure on the one, need be of the same value as the engraved
figure on the other ; still each line retains ¢ts own decennary increase
or decrease.

Refer to the Plate. Let the 1 in the middle of the line A, represent
10, but let the 1 at the extreme left of B represent 100. Then over
this 100 on B, will be 125 on A, and under the 1 on A which we have
taken to represent 10, will be 800 on B, as under :—

A 12 2 J10] 15 50 5625 100
B |100] 160 800 1200 4000 4500 8000

Again, instead of referring to the Plate, set the instrument itself.
Assume 2 on the first radius of B to be ‘2, and set it under the 8
of the first radius of A, which assume to be 50. Then we shall have :—

First radius. Second radius.

A A
~ N

200 400 750 1000
‘8 16 3 4

A 25 475 ][50
B 1 19 |2

J

' .

Again, set *45 of the second radius of A, over 21 of the second radius
of B. Then we have :—

First radius. Second radius.

A A

r Y r TN

A 0643 ‘09 1 225 289 [45| ‘75

B 3 42 467 105 135 ]2_1| 35
The learner will not fail to observe the constant proporiion between
the numbers on the lines A, and those on B. In the first case, the
numbers on B are 80 times as great as those over them on A. In the
second, the numbers on A are 250 times as great as those under them
on B. [It is this proportion between the whole series of numbers on
A and those on B, place the Slide as we will, that indicates the

rationale of the Slide Rule as an instrument of computation.]

Keeping this element of proportion in view, the learner (if he does
not mind time) can test his own accuracy of setting, by selecting three
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such numbers as are well defined on the instrument, and finding from
them a fourth proportional.

Take, for instance, the Plate (or a Slide Rule set as the Plate is),
where we see 4 on B exactly under 5 on A. Then what on B, is under
31 on A? The learner may hesitate between 24'7 and 249 ; but if he
wants to test his accuracy by calculating with pen and paper, he takes

. 4
the proportion 5 : 4 :: 31 : answer. Or, answer= >;31 =248 A

person accustomed to the instrument, would read 24'8 without hesita-
tion. [Of course the paper Plate, though excellently engraved, may
not be quite so dependable as the wooden Rule, as it is liable to
expand unequally.]

Take a Slide Rule, and set 1 on A over 75 on B.

A 1 ‘142

B 75 z
What is the value of z ? An experienced eye would see that the 14°2 is
over a place a very little to the right of 1060, but not as far as 1070,
and would probably call it 1065. By the test given above, we have
1:75 ::142 : 1065.

It has been already mentioned (p. 5) that the numbers on the
second radius are ten times the value of the same numbers on the first
radius ; but there are cases where a beginner is apt to be puzzled,
especially with decimals.

Thus, if the Rule is set as follows :—

3 z
24 36800
and z is required. If we read straight on from 24 on the first radius, we

come only as far as to 368 on the second. In all such cases we multiply
the lesser couple, or divide the greater couple, by 10, 100, or 1000. In the

Ex. (a) aboveA 3 A 30 and then we can read

B2 l® thesameasB 2200
straight on on B, and over 36800 we find 460 on A.
As these are cases constantly occurring in Multiplication and
Division of Decimals, it will be well to give a few more Examples, as
follows :—

Ex. (a) g

Ex. () g '3?4 6; o What is the value of z?
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Read as if it wereg 3]:?)4, and we easily see that over 627 is 24'1

nearly. See Ex. 7.

Ex. (c) A 10604 T What is the value of z?
B 1 54325
Here we multiply the 1 and the ‘0604 by 100, and get
A 604 2 . .
B 160 535t = 328, as in Ex. 8.
A x 1 .
Ex. '
x. (d) B 864 36 What is the value of 2 7
Here we divide the 1 and the 36 by 100, and get
A 01 x .
= E . .
B 36 864 z = ‘024, as in Ex. 20,
A 1 x .
Ex. . h fx?
x. (e) B 05 i ‘What is the value of =
Here we multiply the 1 and the ‘09 by 1000, and get
A 1000 x .
== E . .
B 90 i z = 4900, as in Ex. 32
A x 1 .
Ex. (f) B 00292 185 ‘What is the value of x?
Here we divide the 1 and the 185 by 100, and get
A 01 x .
= 01 . 23.
B 00185 Gogge © = 1% asin Bx. 23

A z 5 .
Ex. (9) B %5 . What is the value of x ?
Here we divide 5 and 9 by 10, and we get
A x 5 .
= 06 Ex. 58.
B 1% 9 x 0694, as in Ex. 58
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THE SPECIAL USE OF THE SLIDE RULE.

THE special use of the Slide Rule is to solve quickly (within certain
limits of accuracy) all Arithmetical questions involving Multiplication
or Division, or both combined,—Squares and Square Roots, Cube
and Cube Roots, not excepted.*

It is evident, therefore, that it embraces all cases of Proportion
(Rule of Three), Reduction, Per-centages, Simple Interest, Fellow-
ship, &c., as also Mensuration, superficial and solid, including Land and
Timber-measuring, Gauging, &c. The additional line of Logarithms
on the back of the Slide assists in working out approximately,
Compound Interest, Annuities, Leases, &c.

On many occasions (as will be noticed hereafter) the Slide Rules
once set, is in itself a “Table” for converting Moneys, Measures,
‘Weights, &c., of one nation into those of another ; and it is a “ Ready
Reckoner ” in the ordinary computations of civilized life.

The variety of cases to which the Slide Rule may be applied, will be
seen by reference to the ‘“ Index of Contents ;” and if its utility were
more generally known few accountants, artizans, engineers, merchants,
tradesmen, or housekeepers would be without one.

And now is the proper place to check the exorbitant expectations
some persons indulge in when they see the instrument used by an
experienced hand. They think that if they also can get hold of a
Slide Rule they will be able at once to apply it. Let it be understood,
then, that little can be done without some acquaintance with Decimals,
and the ordinary processes of Arithmetic. For instance, if the
possessor of a Slide Rule does not know how to state a Rule of Three
sum, the instrument will no more show him how to do t, than a pen
put into a child’s hand will teach it how to write a letter.

The chief difficulty to a beginner, but which soon wears off in
practice, is the fact that the Slide Rule does not deal with Fractions,
as such. All parts of wholes must be taken as Decvmals. For instance,
in “Division,” 267 divided by 15 would not give the answer as 1712
but as 17'8. Again, in “ Multiplication,” if we have to multiply 13}
by 8% (as in Ex. 2) we must set it as 13'5 X 875. Again, 4£ 2s. 6d.

* 1t has nothing to do with Addition or Subtraction.
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would be considered 4125£. So 26lbs. 8o0z. would be 26:5lbs.
Hence it 18 especially valuable for the “ Metric system.”

The decimal equivalents for the fractions of most frequent occur-
rence, as also of s. d. in Decimals (to three places) of 1.£, and vice versa,
should be committed to memory from ApPPENDIX G. The Examples
80 to 85, under the head of “ Reduction,” will show that the Slide Rule
itself will easily give the value of decimal equivalents quite near
enough for all practical purposes. A knowledge of “ Tables ” of Weights
and Measures, English and Foreign, (ApPENDIX M) will be very useful.

DEGREE OF ACCURACY.

It is not to be expected of the Slide Rule, that the answers taken
out should always be absolutely exaet. It is sufficient that they should
be near enough for all practical purposes, where gquickness is the first
object. After a little experience, the greatest errors should not exceed
so5th part of the exact answer. The average error should not exceed
¥50 OT,8ay 1d. onevery 3I. Very much depends on whether the numbers
employed fall on a graduated division, or on a space between two
divisions, as in taking out 314 in page 6. In very many cases the error
is only igg, @s will be seen from the following fifteen Examples, none
of which occupied above a minute—some only a few seconds—in
solving. These Examples will also show the variety of circumstances
where the Slide Rule may be advantageously employed.

(@) Multiply 245 by 125. Answer, 30600. Error, 147, the exact
product being 30625. (Ex. 3.)

(b) Divide 2360 by 8. Answer, 295. Quite correct. (Ex. 14.)

(¢) Price in pence of 1341bs. at 84d. per Ib. Answer, 118d. Error,
w1z ; the exact answer being 1183d. (Ex. 2.)

(d) Reduce 47lbs. to the decimal of a cwt. Answer, *42. Error,
177% the exact decimal being *419643. (Examples 5, and 93.)

(e) If a chest of tea weighing 841bs. cost 19£ 4s., what is the quantity
(in 1bs.) that I should get for 1£ 8s.7 Answer, 6°12lbs. Error, yg3,
the exact quantity being 6-125lbs. (Ex. 100.)
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(f) How many Pounds are equivalent to 560 Rupees, when the ex-
change is 1s. 104d. per Rupee ? Answer, 52'5£. Error, none. (Ex. 49.)

(g9) What remains of 690£ after deducting 173 per cent. discount?
Answer, 569£. Error, 5%, the exact answer being 569°25£.
(Bx. 114.)

(k) Ibuy Stock at 118 in a Railway paying 6} per cent. dividend.
‘What interest do I get for my money? Answer, 5'3 per cent. Error,
150, the exact answer being 5:29961. (Ex. 115.)

(¢) Which is the greatest and which is the least fraction of &, 13,
13, or §§. Answer, 1§ is the greatest, and 1} the least.* (Ex. 212.)

(k) There are three maps drawn to the respective scales of 200, 220,
and 320 feet to an inch. Given 5280 feet to a mile, and say how
many inches in each map correspond to 1 mile. Answers, 264, 24, 16
All quite correct, and done in a few seconds. (Ex. 35.)

() How much is 33 of 21, of 45, and of 807 (See Ex. 64.)
Answers, 16°8, 36, 64. All exact, and with one set of the Slide.

(m) What is the Square Root of 65?7 Answer, 2'62, in a few
seconds. Error, rglyy, the exact answer being 2:622. (See Ex. 250.)

(n) Divide 5 by the Square Root of 20. Answer, read in a few
seconds, 1'118. Exact answer is 1'118034. (Ex. 254.)

(o) Solve \/ 7 ><56162. Answer, read off in a few seconds, 4'5.

The answer is exact. (Ex. 261.)

21 180 21 X 320 21 X 6200 .
(p) Solve,\/ 1>2i8 , \/ 65’ 68’ without

moving the Slide when once set. Answer, in one minute, 15, 20, and ::\‘-:
88. Exact answers are 15, 20, and 88'034. (Ex. 295.)1 o

* These answers were obtained in a few seconds. Query, the time it
would take by the usual process? (See Examples 212 to 221.)

+ It is when there is a ‘“series’ containing certain constant numbers,
that the use of the Slide Rule is shown to most advantage, as in (&), (),
(p) : also Examples 11, 29, 34, 66, 75, 96, 134,155, 217, 225, 292, 304, &e.
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PROPERTIES OF THE SLIDE RULE.

LeT the Slide be drawn out to any extent right or left—little or
much—and the following “ Proportion” will hold good :—
As any number on B,
Is to any number over it on A ;
So is any other number on B,
To the number over 4t on A.

A 5 10
B 4 8

Here 4 :5::8 : 10—or 8 : 10 :: 4 : 5, as seen in the Plate.*
Or set 8 on A, over 2 on B : then

A 8 16 20 24 %8
B 2 4 5 6 7

Where 2 : 8 ::4:16.—0r20:5::28:7.—0r6:24 :: 5 : 20.

It may be asked, “If every sum 1s to be worked as a ‘ Proportion,’
how do you manage with Multiplication or Division ?”

As regards Multiplication, the reply is as follows : If z = 125 X 245,
it is the same as 1 : 125 :: 245 : z, as shown in Ex. 3.

As regards Division, the reply is as follows: If z = 228@ , it is the
same as 8 : 1 :: 2360 : z, as shown in Ex. 14.

Hence every case of Multiplication and Division can be set as a
“Rule of Three,” and every case that can be set in the form

¢ = bXe
a

is adapted to the Slide Rule, and can be solved at once, as shown in
Examples 37 to 61.

* Besides the two readings given above, there are siz others equally
available, but the learner had better keep to the two above given. The
other six are :—

(1) 5:4::10:8 3 4: 8::5:10 (5) 8:4::10:5
(2) 10:8:: 5:4 (4) 5:10::4: 8 (6) 10:5:: 8:4
Theoretically, as explained in APPENDIX A, the four last are the more in
accordance with the principle on which the instrument is constructed : but
practically the two given, and those marked (1) and (2) in this note, are

more convenient to the eye.
c
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N.B. 1. If any three terms in a “ Proportion ” are given, the fourth
may be found. The first and last terms are considered as “ partners,”
and the two middle terms as “partners.” This being settled, the
arrangement is easy. Suppose we have m : § ::0 : 7, with m, o, 1,
given ; to finds. Here s is made the last term, and its * partner” o the
first term ; and the two others must be the middle terms. Hence we

haveo :m ::7:s Oro:r::m:s The setting on the Slide Rule
would be :—

A m s ] A r ]
B 0 y OTese g 0 m

N.B. 2. It will also be observed, that set the Slide as we please,
the numbers over or under each other on the lines A and B represent
a “series of EQuaL Fracrions.” Thus, if we look at the Plate, we see
Vs =th = & = & = &% = 4% & Or, if we like, we may
consider the numbers on B to be the Numerators, and those over them
on A, the Denominators, and we have 4 = 13 = 42 = J§ &c.* It
is this property that makes the Slide Rule so useful as a “Table ” of
conversion. For instance, if we know that 1 Meétre = 3'28 Feet, we |
have only to set 1 on A over 328 on B, and all the numbers on B will
give the Feet equivalent to the numbers of Métres over them on A.
See Ex. 12, and the “ Formulae "+ that precede Ex. 222.

N.B. 3. The Slide Rule will not directly solve a case where thres
numbers have to be multiplied together, but as to divide by a
reciprocal, is the same as to multiply by its integral number, we can
directly solve three multipliers if the reciprocal of one is known.
Thusx = 12 X 13 X 17. The reciprocal of 12 ought to be known? as it
13 X 17

‘08333
easily solvable, as shown in Example 59. So in Division : the Slide

Rule will not at once solve z = 72;:1616’ but if we know the reciprocal

so frequently occurs in mensuration. Hence we have z =

2016 x 0625

in Ex. 60.
> as in Ex

of 16 to be 0625, we have x =

* See Examples 205 to 221.

+ The line D worked with C, or with A, B, C, can also be used for many
most useful Formule, as seen in Part I1. of this work.

+ The “‘ Reciprocals ” of the most commonly occurring numbers may be
committed to memory, from Appendix G. See also Ex. 24.
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Inversion of the Slide.

The Slide may be taken out, and put in again with the figures on

turned upside down, as follows : —

A 72 12

0 S €
in which case the “ Proportion” reads cross-ways, .. 3 : 72 :: 5 : 12,
or,5:12::3:72,0r,3 X 12 =172 X 5.

The beginner, however, need not trouble himself about this, till he
comes to the cases where one constant number,—or two constant
numbers to be multiplied together,—has to be divided by a *series”
of varying Divisions, as in Examples 33 to 36, and Examples 75 to 79.

In using the line D (Parr IL) this inversion of the Slide is also
useful.

MULTIPLICATION.

[Trz answers will be given as near as they would be read off by an
-experienced hand. In some cases there is no error at all.]

The set of the Rule is as under:

A Multiplier Product
B 1 Multiplier *
Ex. 1.—Multiply 15 by 7 ;—or 7 by 15.*
A 15 85 = Ans.
B 1 7
A 7 85 = Ans.
orp 1 15

It is in fact a “Raule of Three ” sum, as shown in page 13. Here
1:15::7:z,0r1:7::16:x.

Ex. 2.—Multiply 133 by 8% ; or 8§ by 133.*

*The distinction between ‘‘ Multiplier” and * Multiplicand " is need-
less, as they are both Multipliers.
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A 135 118 = Ans,

B 1 875

A 875 118 = Ans.
g 1 135

Here1:135::875:2,0r1 :875 ::135 : 2. The eract product
is 118125. Error z}z.

EX. 3.—Multiply 125 by 245. (See Plate.)

A 125 30600 = Ans.
B 1 245

The eract product is 30625. Error y5%z. To know how many
figures there will be in the Product, see page 17.

Ex. 4.—Multiply 3175 by 69°5.

A 317 2210 = Ans,
B 1 695
The ezact product is 2206'625. Error z3;. To know how many
figures there will be in the Product, see page 18.

*EX« 5.—What is the total weight, in Cuwt, of 14 packages, each
weighing 2 cwt. 1 qr. 191bs.? (242 X 14).

A 242 339 cwt. = Ans.
B 1 14

The eract answer is 33:875 cwt. Error = y7%%.

Ex. 6.—What would be the rent of 8 ac. 2 ro. 18 po. at 5£ 15s.
peracre! (z = 861 X 575.)} .

A 861 49'56. = Ans.
B 1 575

*In Ex. 5, the 1qr. 191bs, or 471bs., is reduced to decimals of a Cwt. in
an instant, by the Slide Rule, as in Ex. 18, quite near enough for an
Slide Rule work. It gives ‘42 cwt. ; whereas the exact decimal is -419643
cwt. All these Reductions to a decimal, are very quickly shown by the
Slide Rule. The mental Rules in Appendix G may also be referred to.

+ As in Ex. 18 we divide 1%, so here 2 ro, 18 po. = %% acre = *612.
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The eract answer is 8'6125 X 575 = 49°521875£ or 5d. more than
the Slide Rule gives.

Ex. 7,—Multiply 627 by -384. Ex. (b) p. 9.
A 384 241 = Ans.
B 1 627

The ezact answer is 24:0768. Error = org-

EXx. 8.—Multiply 0604 by 543-25.

A -0604 328 = Ans. .
B 1 54325 Ex. (¢)p. 9.

The exact answer is 32'8123. Error = zggy.

Ex. 9.—Multiply 12 x 13 X 17. See Ex. 59.

Bx. 10.—Multiply 119 by 3}. See Ex. 43.

To find how many figures in the Product.

RULE.—As soon as the Slide is set for the Multiplication, look at
the first figure of the Product, and see if it is less than the first figure
of either * Multiplier. If it is,—the “number of figures in the
Product ” is equal to the sum of the figures in the two Multipliers.
But if it is greater,*—the number of figures in the Product will be
one less than the sum of the figures in the two Multipliers.

For instance 985 X 1923. As soon as the Slide is set, we see that
the first figure of the Product is 1. Now though this is equal to the
first figure of one Multiplier, it is less than the first figure of the other
Multiplier : therefore the number of figures in the Product is 3 + 4,
or seven. (1894155).

Again, 3213 X 1122. As soon as the Slide is set, we see that the
first figure of the Product is 3 Now though this is equal to the first
figure of one Multiplier, it is greater than the first figure of the other

* No case can occur where the first figure of the Product is greater than
the first figure of one Multiplier, and less than the first figure of the other

Multiplier.
c2
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Multiplier. Therefore the number of figures in the Product is
(44+4) — 1, orseven. (3604986).

But it sometimes happens, that the first figure of the Product, is the
same as the first figure of both Multipliers. In this case we see what
is the second figure of the Product, and comparing it with the second
tigures of the two Multipliers, proceed as before. Thus, if we have
950 4 960, the first figure of the Product is also 9 ; but the Slide
Rule shows us with certainty the second figure to be 1; hence the
Product has 3 + 3, or six figures. (912000). '

Again in 112 X 12100, the first figure of the Product is also 1;
but the second figure is seen to be 3 ; hence the Product has (34 5)—1,
or seven figures. (1355200).

If there are Decimals

Proceed asif there were no decimal point, but all were integers ; and
afterwards cut off as many decimals from the Product as equals the
sum of the decimals in the two Multipliers. Thus in Ex. 6, or
8'61 X 575, we proceed as if it were 861 X 575. We see, as soon as
the Slide is set, that the first figure of the Product is 4. This by the
preceding Rule would show that the Product has 3 + 3, or six figures,
or 495000. Then cut off four for decimals, and the answer is 49°5.

Again, if we have 151 X ‘0604, we proceed as if it were 151 X 604 ;
and as we see the first figure of the Product to be 9, we know that the
number of figures jn the Product will be (3 4 3) — 1, or five. It
reads 91200, but cutting off four for decimals, we have 9-1200.

To Multiply a “series” of numbers by a constant Multiplier;
or to Multiply a constant number by a “series ” of Multipliers.

The set of the Rule is :

A “Constant number”  Product Product Product, &e.
B 1 Multiplier ~Multiplier Multiplier, &c.

EX. 11.—Multiply 124 by 4, by 56, by 7'6, and by 12 (as
shown in the Plate).
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A 126 50 70 95 150
B 1 4 56 76 12

N.B. Of course this is the same as multiplying 4, 5'6, 7'6, and 12,
each by the “ constant” 124.

Ex. 12.—Suppose we know the English inch to be equal to
25°4 French millemétres, what are the values in millemétres of 3%
inches, 67 inches, and 12 inches ?

A 254 889 170 305 millem.

B 1 35 67 12 inches

Ex. 13.—If we know the Russian “ Verst” to be equal to ‘663
miles, how many miles are equivalent to 300, 800, and 1880 versts ?

A ‘663 199 530 1246 miles
B 1 300 800 1880 versts

N.B. 1. Examples 12 and 13 indicate how  Tables of Conversion ”
are formed by the Slide Rule, as will be shown more fully further on
under the head of ForMULZ, and Examples 222, 225, 232, &c.

N.B. 2. When « Fraction has to be multiplied by a “series” of
multipliers, see Ex. 64.

DIVISION.

[The answers will be given as near as they would be read off by an
experienced hand. In some cases,—as in Ex. 14,—there would be no
error at all.]

The set of the Rule is as under:*

A 1 Quotient
B Divisor Dividend
A Divi .
* The Rule may also be set 1vllsor z::::::;i
A Dividend Quotient
or g Divisor 1 ; but though the latter of

these is often used, the set given in the text is preferable, especially in
 Long " Division, page 23.
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Ex:; 14.—Divide 2360 by 8 (as in the Plate).

A 1 295 = Ans.
B 8 2360
It is in fact a “Rule of Three” sum, as shown in page 13. Here
8:1::2360 : =,

Ex. 15.—Divide 88493568 by 256.

A 1 346000 = Ans.
B 256 88493568

Of course we cannot profess to set 88493568, but we can set very
near 885 ; and with this we get an answer with only an error of j573-
The ezact guotient being 345678, as in Ex. 28.

N.B. To know before we take up the Slide Rule, how many figures
there will be in the Quotient, see page 22.

*EBX. 16,—Divide 15£ 13s. 93d. by 7.

A 1 2:24£ = Ans.
B 7 1569

The error is less than 3d.

EXx. 17.—Divide 5592:65 by 40°6.

A 1 138 = Ans.
B 406 559265

Ezact quotient is 137°75. Error = —l——
5510

N.B. To know beforehand how many figures there will be in the
quotient, see page 22.

Ty a7
EX. 18.—Divide 47 by 112, (x - 1%

A 42 = Ans. 1
B 47 112

*In Ex. 16, the learner is supposed to know (from Appendix G) ho
to reduce 13s. 93d. into decimals of 1£, to three places of I:ll:aciumls. ) Th‘:

ezact solution is 15°639583£ + 7 = 2-24137£ ; or 2£€ 4s. 9°9d.
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*EX. 19,—Divide 3667 by 4825. " (= = i_g';z,

A ' ‘076 = Ans. 1

B 3667 825
*Ex, 20.—Divide 864 by 36. (z = %%_4‘

A ‘024 = Ans. 1

B 864 3%
*Bx, 21.—Divide "184 by 2}. (z - g‘;

A 067 = Ans. 1

B 184 575
*EX. Z22.—Divide 441 by 09. ( . = %

= ! 4900 = Ans.

B 09 441
*Bx, 23.—Divide 00222 by "185. (x - 3%22'

A 021 = Ans. 1

B ‘00222 e
EX. z%.—Find the « RGCiproca,l ”of 112, (.2' _ ]-%‘2

A -0089= Ans. .
P ! 112

The ezact answer is ‘00893857 (Z.e. 11b. reduced to the decimal of
lewt).

N.B. There is no difficulty in knowing where the decimal point will
come, in the case of “Reciprocals” of whole numbers ; for the dot

* In such Examples as 18 to 24, the remarks in page 9 will assist ‘the
learner in placing the decimal point in the Quotient : otherwise APPENDIX
C must be referred to.
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and the 0's together, always equal in number the number of figures in
the divisor (or denominator).

Ex. 25.—Find the “Reciprocal ” of *7854. ( 7854 )

A 1 1:273 = Ans,
B 7854 1

The ezact answer is 1:27324.

Ex, 26.—Divide 350 by 6}. See Ex. 59%.

Ex, 27.—Divide 2016 by (7 X 16). See Ex. 60.

To find beforehand, how many figures there will be in the
Quotient.

RuLe.—When the first figure of the Divisor is greater than the first
figure of the Dividend, the number of figures in the Quotient will be
equal to the difference between the number of figures in the Divisor,
and those in the Dividend. If the first figure of the Divisor is less, the
number of figures in the Quotient will be one more than the difference.

If the Divisor and the Dividend both begin with the same figure, be
guided by their second figures.—If their two first figures are the same,
be guided by their third figures—and so on.

For instance, in Ex. 15, the difference in the number of figures in
the Divisor and Dividend is five ; but as we see the first figure of the
Divisor to be less than the first figure of the Dividend, we know
before we begin work, that the number of figures in the Quotient will
be siz.

Where there are Decimals.

5564'85 26737 731'43
7405 7 4425’ 81

the divisor is less than the integral part of the dividend, the number
of integral figures in the Quotient will be just the same as there

In such cases as > ——"", where the integral part of
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would be if the decimals were erased. The three Quotients being
137, 60°4, 9°03. In all other cases of “Division of Decimals,” if the
notation of the Rule itself is not considered sufficient by the learner,
from what has been explained in page 9, he can find where the decimal
point will come, before commencing work, by the rules in AppENDIX C.

Long Division.

Since two figures of the Quotient at a time, can be taken out with
certainty, much guessing and rubbing out is avoided.

Ex. 28.—Divide 88493568 by 256.
Leave the instrument set as follows, throughout the whole operation :

A 1
B 256 885 (near enough)

In the first place we know by the Rule given in page 22, that the
Quotient will consist of siz figures ; and as an approximation, we may,
if we like, read the Quotient as 346000, as in Ex. 15. But in working
out the detail, we first take out the two first figures, 34, and go on as
far as “rem.” with pen or pencil.

256 ) 88493568 ( 34
768
1169
1024

“rem.” 145

Leaving the Rule still untouched, and bringing down the remaining
figures of the Dividend, we have 56 given us as the two next figures
of the Quotient.

256 ) 1453568 ( 56
1280

1735
1536

199
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Leaving the Rule still untouched, and bringing down the remaining
figures of the Dividend, we have, over 19968 on B, the two last figures
of the Quotient, namely 78, which need not be worked out. So the
full Quotient is 345678. (Ex. 15.)

(L] To divide & “ series ” of numbers by & “ Constant Divisor;”
b . .
or -, where b varies, but a is’constant.

f‘_ 1 Quotient Qgtient Quotient
B Constant Divisor Dividend Dividend Dividend

Ex. 29.Divide 27, 58, 345, 610, by 8. (See Plate.)

A 1 337 795 431 764
B 8 27 58 345 610

Ex. 30.—Divide 88'9,—170,—305,—each by 25'4 (i.e. Reduce
889 &c. millemétres to English iuches, as in Ex. 12).

A—_ 1 35 67 12 inches
B 254 889 170 305 millemétres

Ex. 31.—What is the weight in 1lbs. avoir. of 1000 Shillings
and of 1000 Sovereigns? the Shilling weighing 87-273 grains, and the
Sovereign 123'274 grains. (Here 87273 and 123274 are each to be

divided by 7000).
A 1 © 12+47bs. 17:611bs.
B 7000 87273 123274

EXx.: 32.Thefineness of Standard silverin England is 222dwts.
In India 220dwts. In France 216dwts. Required the “touch,” or

. . 216 220 222 .
percentage of pure silver, in each. (Here 240 240° 240’ there being
240dwts. in 11b. Troy). :

A 900 916 925 1
B 216 220 222 240

*The learner is supposed to know that there are 7000 grains in 1lb.
Avoir. See APPENDIX M.
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[II.] To divide one constant number by a “series” of’ varying
Divisors.

b . .
or —, where b is constant, but a varies.
(Invert the slide, as in page 15.)

A Quotient Quotient Quotient Constant Dividend
0 Divisor Divisor Divisor 1

Ex. 33.—Divide 225 by 26, by 87, and by 126.

( Horo %25, 225 225
e 96 877126

A 179 2:59 866 225
) 126 87 26 1

Ex. 34.—Required a “series” of reciprocals, for 3%, 5}, 83
and 12. (Here the “ Constant dividend” is I, and it has to be
divided by 3'75, 5°25, 875, 12.)

A ‘0833 114 190 266 1
0 12 875 525 375 1

+ExX. 35,—How many inches to a mile are each of three Plans
drawn to the respective scales of 200, 220, and 330 feet to an inch ?
(e 220, 20, 9250
200’ 220° 330
A 16 24 264 5280
o 330 220 200 1

+EX. 36.—A person at three different times, invests in a
Railway when it is at 12, 10, and 6 discount, but which pays regularly

* Or the Rule may be set as under :

A 1 26 87 126
o) 995 866 2:59 179

+In all cases where the Slide is inverted, as the numbers on A decrease
back by tens, the numbers on ) under them increase forward by tens, and
vice versd.
D
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6 per cgnt. How much per cent. interest does he get on each

. 600 600 600
investment ? \(
AN

887 90’ 94
A 6383 666 6:817 600
0 94 90 88 1

N.B. This is more properly solved as in Ex. 77.

To multiply two numbers, and at the same time to divide their
Product by a third number, or
bXxe
z = .
a
This 1is the “ specialite” of the Slide Rule, expediting an endless
variety of computations. Anyone reading the above heading, will see
b X
that it is in fact a “Rule of Three sum,” for z = ;( c,is the same
asa:b:c:a

" The Rule is set as under :

A Either multiplier Answer
B Divisor Other multiplier
375 .
Ex, 37.—Givenz = -7—3w . Required the value of z
A 376 9% =a
B 3 76

N.B. The Rule, as set in the Plate, will show this.

Ex. 38.—How many yards in a minute, does a person advance,

s 35 X 1760
who walks 3} miles in an hour ? (ac =—%0 )
A 35 : 103 yds.
B~ 60 1760

.

EX. 39.Since a shilling weighs 87:273 grains, what weight
20 X 87273 )

in 1bs. Avoir. is 20 shillings? (2 = 7000
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A 25 Tbs. 20
B 873 7000

The ezact answer is "249351b. ; or 4} grains less than 11b.

EX. 40.—The Mint price of Standard Gold is £3 17s.

104d. per Troy oz. What is the value of one grain, in pence ?
(- - 389375 X 240

480
A 1944 3'89
B 240 480
' .13 .13 o
EXx. 21.—What is T of 112¢ (or = of 1 ewt. in lbs)
13 x 112
Tz = 17 .
A 13 ' 8565 = Ans.
B 17 112

BxXx. %2.—Multiply 119 by 3}, (i.e. if Radius = 119, what is

119 x 22
the Circumference?) z = __;<__
A s 99
B 119 7
24 X 24
Ex. 43, Divide 242 by 8. (2 = =3, )
4 24 72 = Ans.
B 1 o4
360 X 7
Ex. 44.—Divide 350 by 6. (2 =
A 57 = Ans. 350
B 7 )

Ex. 45.—Half a guinea a day, is how many pounds a year?
105 X 365
(‘ = 20
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A 105 . 1915 €
B 20 365

The eract answer is 191°625, or 533 erTor
EX. 46,—18}bs. of meat at 7} per 1b., is how many shillings ?
(- 18% X 7:25
T2
A 11°2s. 18'5
B 725 12

EBxX: @7.—At 17 yards for 15s. what is the price per yard in

pence ? ( = 15 X 12.
17
A 10°6d. 15
B 12 17

Ex. 48.—What is the price in £, of 96 yards of Calico, at 63d.

96 X 6°75
per yard? (a: = %0 )
A e1g 675
B 96 240

ExX. 49.—What is the equivalent in £, of 560 Rupees, when

560 X 225
the exchange is 1s. 101d. per Rupee ? ( = "0 -
A s25e 560
B 225 240

Ex.50.—680 articles were sold for £4 13s. 6d. Required the

) . 467 X 960
average price of each, in Sfarthings. (x = 6’0

A 467 6:6f.
B 680 960
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Ex. 51.—How many Square yards are there in a rectangular

5 45
Plot of ground 152 ft. long, and 444 ft. broad ? ( = 1—2—);‘_‘ :
A 152 752 = Ans.

Ex. 52.—How many inches must be cut off a board 94 inches

3 . . 144
wide, to obtain a piece equal to three Square feet ? ( -=v3 );.5 . )
A 3 45 in.
B 95 144

EBx. 53.—How many feet length of matting 2 ft. 3 in.
wide, will cover a floor that measures 21 ft. by 14 ft. 8 in.?
(s - 21 X 1467

225
A 21 136 ft.

B 225 1467

BxX. 54%.—What remains of £690, after deducting 174 per cent ? v
82
(z = Wg of 690.) See Examples 41, and 114
A 825 5698
B 100 690

1
Ezact answer, 569°25. Error, o7

Ex. 55.—How many gallons of water fall on every acre,
for every inch of rain-fall? Take 277-274 cubic inches to a Gallon,

43560 X 12 X 12
and 43560 Square feet to an acre. (z - 200 x 12 X 12

277274
A 144 22622 gall.
B 277°274 43560

N.B. This, at 224 gallons to a Ton, is 101 Tons weight.

Ex. 56.—Increase 384 by § of itself. (2 = T of 384.)
D2
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672 = Ans.
4 384

-

A
B

2 11
Ex, 57,—Decrease 83 by 7 of itself. (z =3 of 8'375.)

A 71 = Ans. 11
B 8375 13
.. i) 5 X '125
*Ex. 58, Divide fby8. (e=555="5— ")
A '0694 = Ans. 5
B ‘125 9

Ex. 581.—Dividle 350 by 6} This is the same as

) 350 x 7
350 +— 7,01‘$— *—23"—

A 57 = Ans. 350
B 7 43
. 13 X 17
* L. B —_  —
Ex, 59, -Multiply 12 13 X 17. (s = Z535 )
A 13 2652 = Ans.
B ‘0833 17
Ex. 60.—Divide 2016 by (7 X 16) : or 2 = 210 >7<.96_25,
A ‘0625 _ 18 = Ans.
B 1 2016

*Px., G1,—What is the price, in £, of 15 pieces of linen, each
o 27 X -225
containing 27 yards, at 4s. 6d. per yard ! (z' = e )

* In Examples 58, 59, 60, 61, it is supposed that the learner has made
himself acquainted with the most common *‘reciprocals ;” such as those
of 8,12, 15, See Ex. 34. (See APPENDIX G.)
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A 27 9118
B 0667 225

Perp.

ExX. 62.Since in any Triangle, the area = M,

what setting of the Slide Rule is adapted to this Formula ?

A A Base Area
nswen g 2 Perp.
A Perp. Area
B 2 Base

N.B. With the above set of the Rule, we can find the Area, when
the Base and Perp. are given ;—and also the Base, when the Area and
Perp. are given ;—and also the Perp. when the Area and Base are
given. For instance, in a Triangle whose Base is 45 inches, and Perp.
336 inches, its Area in Square inches is 755,

Ex. 63.—Put the Formula ¢ = % into a setting
adapted to the Slide Rule.
(B—-1) . T
3183 ‘R+r
N.B. The above is the Formula for finding the area of the outer of

two concentric plane Rings, whose radii are R for the outer, and r for
the inner.

A
Answer, B

Xc
a

b
Many more Examples of z =
of “Reduction.”

will be found under the head

bXe, . . .
Caseof z = ——ina “ Series,” where either  or ¢ varies, but «
the Divisor, remains Constant.

The Rule is, to keep whichever of b or ¢ is “constant,” over or
under a. (Compare Ex. 11.)

28
EXx. 64.— Multiply 35 by 21, by 45, and by 80. (This is the
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X 21 28 X 45 28 X 80

aameas:=—35 » T35 0 35 ; where 28 and 35 are
“ constant.”)*

A 168 28 36 64

B 21 35 45 80

Bx. 65.—What is & of 639, 5 of 689, and *; of 6897 (Here
2% 689 5 X 639 6 X 639

3 13 3 as in Ex. 64.)
A 106 265 318 689
B 2 5 6 13

Ex. 66. Divide 555 into three parts, bearing the relative pro-
. 555 X 5 555 X 65 505 X 7
portions of 5,63, and 7. (Herez = 35 ' 185 ° 185 °

where 18'5 = 5 + 6} + 7)

A 150 195 210 555
B 5 65 7 185

For other Examples like this, see under ¢ Distributive Proportion.”

Ex. 67.—If a Steamer consumes 80 tons of coals in 9 days,

how many days will 76 tons,—112 tons,—and 150 tons,—last?
(9)(1129)(1509)(76

0o * 80 °
A 855 9 12:6 16'9
B 76 80 112 150 tons

Ex. 68.—What number of yards in a minute, does each of
three persons advance, whose rates of walking are respectively 3, 33,

3 1760 3'5 1760 4
and 4 miles an hour? ( X 17 , >;0 76 ; X6(1)760)

*In Ex. 64, 28 may be on B, and 35 on A, as shown in the Plate :

A 21 35 45 ) 80
B 168 28 36 3
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A 88 yds. 103 yds. 117 yds. 1760
B 3 35 4 60

EBx. 69.—At 3}d. per Cubic yard, what will be the cost in £,
of excavating 470, 530, and 800, Cubic yards ?
(3'25 X 470 325 X 580 325 X 800

240 ’ 240 ’ 240
A 325 63648 7854 £ 10'83£
B 240 470 580 800 c. yds.

Ex.70.—A rate is levied on a row of houses, at 1s. 6d. per
foot of frontage. What is the frontage in feet, of three houses,

whose payments are £1 17s. 6d., £2 0s. 6d., and £2 6s. 6d.?
(37'5 X 12 405 X 12 465 X 12

18 18 18
A 12 25 2 3Lt
B 18 37 405 46'5£

EX: 71.—If a Gunpowder manufacturer uses 76 per cent.
of Nitre, 14 per cent. of Charcoal, and 10 per cent. of Sulphur, how
many lbs. of each ingredient will there be in 112 lbs. of powder?
(112 X 76 112 X 14 112 X 10 )

100 100 ° 100 °

A 112 =8§. 1568 = C. 8512 = N. 112
B 10 14 76 100

ExXe. 72.—Subtract 16 per cent. from 230, 245, and 265.
84 X 230 84 X 245 84 X 265
100 ° 100 ’ 100

A 84 - 193 206 223
B 100 230 245 265 |

BxX. 73.—How many £ are 845 Rs. equivalent to, when
the exchange varies from 1s. 103d., to 1s. 11d., and 1s. 113d.7
(845 X 225 845 x 23 845 X 235 )

240 ’ 240 ’ 240 '
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A 79-28 8108 8308 845
B 22:5d, 23d. 23'5d. 240

BX. 7%.—If £2500 are invested in a 4 per cent Loan, at

18 discount, what will be (I.) the interest, and (I1.) the annual income ?
(2500 X 4 100 X 4

82’ 82 -

A 4 4°88 Interest 122 £ Income
B 82 100 2500

EX. 7%}.—How many shillings, for 7 days, is £16, £22, and
16 X 20 X 7 22 %X 20 X 7 46 X 20 X 7
£46, a year? ( 365 , 365 , 365 ; where
20 X 7 =140 is constant.)

A 61s. 84s. 1768, 140
B 16 22 46 365
bXe, “ P .
Case of = = o~ in a “Series,” where both 5 and ¢ remain

constant, but « varies.

(Invert the Slide. See p. 15.)
BX. 75,—Divide (37'5 X 7'6) by 3, 4, and 5.

A » 67 7125 375

0 3 5 4 76

A 3 5 4 76
or 0 95 57 7125 375

*Bx. 76.—Five pumps empty a cistern in 8 hours. How many

similar pumps must be employed to empty it in 2}, 4, and 4} hours ?
5X'85X85bHxX8
( 25 * 4 ° 45 °

* It will be seen from these Examples of the ‘‘ Inverted Slide,” that if
the numbers on A are read from left to right, those under them on {, are
read from right to left ; and vice versd.
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A 5 89 10 16 hours
0 8 45 4 25

Ex. 77.—If purchases are made of Railway stock, where
the regular dividend is 63 per cent., at the rate of 8, 12,
and 14 discount, what Interest obtained by each purchase ?

65 X 100 65 X 100 65x 100
( 93 8B ) See Ex. 36.
A 7'56 7-39 707 65
o) 86 88 92 100

Ex, 78.—What should the price of £100 Stock in an

8 per cent. Loan be, to obtain, 5}, 6, and 6} per cent. interest ?
( x1008X1008X100

6 6}

A 100 124 € 133€ 1458
0 8 65 6 55

ExX, 79.—In Surveying, the Scale of 4 chains to an inch
is equivalent to 20 inches to a mile. What are 3, 4}, and
5 chains to an inch equivalent to, in inches per mile?

4X204x204x20)
( 3 * 45 b °

A 267 20 178 16 inches

0 3 4 45 5,

A 16 17°8 20 267 inches
R 45 4

See also the two last Examples (133, 134) under “ Rule of Three.”
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REDUCTION.*

To Reduce from greater to lower denomination, is simply * multi-
plication ; ” from lower to higher, is “ division.”

EXx. 80.—Reduce 12} miles, to yards. (Multiply 125 X 1760,
as in the Plate.)

A 125 22000 yds.
B 1 1760

E X, 81.—Reduce 30§ Square yards, 7.e. a Rod, Pole, or Perch,
—to Square feet. (Multiply 3025 X 9.)
A 3025 272'25 Sq. Ft.
B 1 9

EX., 82.—Reduce 2080 Acres, to Square miles.

. ., 2080
(Dwzde 640"
A 640 325 Sq. M.
B 1 2080

Ex. 83.—Reduce 263 Fluid ounces, to Imperial Pints.

... 26'67
(Dnule 20 -
A 20 1'33 Pints
B 1 26°67

BEx., 84.—Reduce 19680 to a Decimal. (i.e. Divide 98 by 160.

See note to Ex. 6.)

A ‘612 = Ans. 1
B 98 160

* Reduction of s. d. to £, and vice versd, is soon attained mentally, quitc
near enough fer all Slide Rule purposes. See ApPENDIX G.
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47
*EBx. 85,—Reduce 119 t0 & Decimal.  (i.e. Divide 47 by 112.
See Examples 6 and 93.)

A 42— ans 1
B 47 112

T'he ezact decimal is *419643. Error, i'117_b

17 . 17 X 4

ExX., 86.—Reduce g’ to farthings. ( =5 -
A 3'58 f. 17
B 4 19

8
Ex. 87.—Reduce 15 °f Half-a-crown, to shillings.

(a: = 1-85 X 2’5.)

A 138 8 -
B 25 15

8
Or we may take it as 5 of 30d. = 16d.

25
Ex, 88.—Reduce 33 of an inch, to the decimal of a Foot. (Or

g—g of an Oz. Troy to the decimal of a Ib. Troy). Here z = ?3‘2 = 12;

and such cases, unless we are acquainted with a few leading “ Reci-
proeals,” (see footnote 1 p. 14), cannot be solved in one setting ; but it
is supposed that the reciprocal of 12 4s known to be ‘0833, and then
25 X 0833

we have z = 33

+In Examples 84 and 85, and others like them, we may remember
that the Slide Rule exhibits equal fractions, (N.B. IL, p. 14), hence
A 98 - 612 and A 7 42

B 160 1000 ° B~ 112 = 100

E
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A ‘0631 Ft. 25
B 0833 = g 33

Bx, 89.—Reduce § of an Oz Avoir., to the decimal of 1lb.

7 X 0625
(Here [ = 16 = X_S_ . Seeremarks to preceding Example.)
A 0547 Ib, 7
BT 0625 = g5 8

Bx, 90.—Reduce ‘62 Acre, to Square feet. (Multiply
62 X 43560.)

A 62 27000 8q. ft.
B 1 43560

The exact answer is 27007°2.

Bx. 91.—Reduce 58 days, to the decimal of & year.

R .., b8
(t.e. Divide 365°
A *159 year 1
B 58 365

Ex, 92,—Reduce 80° 14’ 19'5” (the Longitude of the Madras
Observatory) to T@me. (Here we first reduce the seconds of arc
to dec. of & minute ; secondly, minutes of arc to dec. of a degree ; and
lustly, degrees of arc to Hours of time, by dividing by 15.)

1st E)b_” A 825’ . . 119'5:’
. %0 B 1 60
ong 1Y A e 14325
M % B 1 60

d 8024° A 535 h. 80'2!2’
Srd T BT 1 15

The ezact answer is 80°23875°, or 5°34925h. = 5h. 20m. 57-3sec.

Ex,: 93.—Reduce the 1 Qr. 191bs. of Ex. 5 to the decimal of
a Cwt.

-
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47 A
(a: =iz solved as in Ex. 85. )

EX. 9%,—Reduce the 2 ro. 18 po. of Ex. 6 to the decimal of
an Acre.

( = lgi,solvedasmEx 84, )

Ex. 95.—Reduce at one setting of the Slide, *475 Ac.—55 Ac.

—and ‘85 Ac. to Poles. (Here we have to multiply a “ Series” of
numbers, by a constant Multiplier 160, as in Ex. 11.)

A 76 po. 88 po. 136 po. 160
B ‘475 55 ‘85 1

*Bx, 96:—Reduce at one setting of the Slide, 1 gr. 24 lbs.—

2 gr. 18 Jbs.—and 3 qr. 10 1bs., to decimals of a Cwt. (Here we have

to divide a “ Series” of numbers, by a constant Divisor 112, as in
Ex. 29.)

A *464 cwt. *661 cwt. *84 cwt. 1
B 52 74 94 112

The decimals to four places, are 4643, ‘6607, ‘8393, Whlch shows
how near the instrument will read.

RULE OF THREE.t

. A Second term Fourth term
either 5™Fret term Third term
A First term Third term

B Second term Fourth term

.

*In Ex. 96, it is supposed that the learner sees at once that
9 qr. 18 1bs. = 52 lbs., 3 qr. 10 lbs. = 94 Ibs,, &c.

3'It has not been thou, t desirable to make any distinction as to Rule
of Three tnverse, a term tﬁat ought to be exploded. (Examples 106, 129.)
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Bx,97.—3:37} :: 76 :2. What is the value of 2?7 (See
Plate.) '

A 37°5 9% ==z
B 3 76

N.B. It will be observed that this is exactly the same as
375 ‘6
r = ——;< T in Ex. 37. [Either the 375, or the 7°6, may be made

the second term.

Ex. 98.—2 :126 :: 150 : 16'0. Required the value of z.

thar A 126 169
ciher g 112 =« 160
A n2=2s 150

BT 128 169

Ex: 99.— If 19 cwt. of sugar cost £57, what will 37 cwt. cost ?
(19 : 57 ::37 : 2)

A 57 11€
B 19 37

Ex. 100.,—If a chest of tea weighing 84 lbs. cost £19 4s. how
many lbs, do I get for £1 8s.7 (192 :14::84 :x.)

A 14£ 612 lbs.
B 1924 84 lbs.

The exact answer is 6°125 1bs. or 6 1b. 2 oz.

Bx. 101.—If one acre of land is rented for £5 15s., what
would 8 Ac. 2 r. 18 po. rent for? (Simple * multiplication ”
1:8%61 ::5756: 2. See Examples 6 and 94.) .

A 861 49518
B 1 575
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*Ex. 102.—If one ounce of Gold plate is sold for £3 11s., what .
will 5 oz. 17 dwts. 14 grains sell for? (This is simply to multiply
588 by 8'55.)

A 355 2098
B 1 588

EX. 103.—If the side of a Square acre is 2087 feet, what is
the length in inches, of the side of a Square acre, on a Map drawn to

2087
the scale of 330 feet to a mile? (330 : 2087 :: 1 : 7, or o

330
as in Ex. 17, &c.)
A e324in. 1
B 2087 330

Ex. 10%:—O0n a protractor engraved to the scale of 4 inches to

a mile, what is the measure in decimals of an inch, of a space
equivalent to 100 yards ? (1760 : 4 :: 100 : z.)

A -2273 in. 4
B 100 1760

EX,: 105.—What are the Parochial Rates, in pence per £, if
they amount to £37 on a house rated at £194¢ (194 : 37 :: 240 : x.)

A 37 45°8d.
B 194 240

* BxXs 106:—If 39 men can do a work in 168 days, in how many
days can 72 men do it ?

A 39 91 days
B 72 168

EX. 107.—A bankrupt whose debts are £6400, realizes assets
to the amount of £5600. How many shillings in the £ will his
creditors get ? (560 : 640 :: 20 : 2.)

*Ex. 102. The ounce decimal ‘88, for 17 dwts. 14 grains, is the same

as17s. 7d. would be of £1 ; namely ‘87916. See ArrENDIX G, for mental
Reduction to dec. of 1 oz. Troy.

E 2
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A 17-5s. 640 Debts_
B 20 560 Assets

N.B. The Rule set as above, will give any required term, if the
other three are known., Thus if the assets of £560 are enough to pay
17s.6d. in the £, the debts are £640. A creditor to whom £640 are
due, will at 17s. 6d. in the £. get £560.

Ex. 108 .—How much is 16 per cent.of 330? (100 : 16 ::330 : z.)
Or 330 X °016, as in Examples 7 and 8.

A 100 330
B 16 528 = Ans.

Ex,: 109.—How much per cent. is 7§d. in the £¢
(240d. : 7°5d. :: 100 : 2.)

A 100 240
B 3125 = Ans. 75

Ex: 110.—If 12s 6d. is § the hire of a cart, what is the whole
hire? (5:7::125 :4.)

A 7 175
B 5 125

EX. 111.—What is 45, three sixteenths of ? (3 :16:: 45 : x.)

A 16 240 = Ans.
B 3 45

BxX. 112.—What Capital at 4 per cent. will an annual ex-
penditure of £2320 represent f (4 : 100 :: 2320 : z.)

A 100 580008

B 4 2320

Ex. 113.—If a bookseller takes off 2d. in the shilling for ready
money, and my cash payment comes to 7s. 6d., what would have been
the ordinary price? (10:12::75: z.)
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A 7°5s. 10
B 9 12

EX. 114, What remains of £690, after deducting 174 per
cent.? (100 : 825 :: 690 : z.) See Ex. 54.
A 825 5694
B 100 690

. 1
The exact answer is £569 5s. Error 3977
Ex. 115.—If I buy £100 stock in a Railway paying 6} per
cent. at £118, what interest do I get for my money ?
(118 : 625 :: 100 : x.)
A 53 = Ans. 625
B 100 118

Ex. 116.—If after paying 7d. in the £ Income Tax, a person’s
net income is £1747 10s., what was his gross income ?
(233d. : 240d. :: 17475 : .)
A 240d. 18008
B 233d. 174754

EBx.117.—When the Income Tax was 9d. in the £, a person’s
net income was £481 5s. What would it be when the Income Tax
was 1s. 4d. ; his gross income remaining the same ?

(231d. : 224d. :: 4815 : z.)

A 224d. 4678

B~ 23ld. 48152

Ex. 118, By selling goods for £25, I lost } of what they cost
me. What did I pay for them? (5:6::25:42.)

A 6 30€
B 5 2L

Ex.119.—Lost 5 per cent. by s‘el]ing goods for £40. How
much per cent. ghould I have gained had I sold them for £441
, (40 :44 ::95:2) A “Double Rule of Three ” sum, as in Ex. 122
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A 44£ 10458
B 40£ 95

This gives the answer = 44 per cent.

Ex. 120.—A person sold goods for £36, making a profit of 17
per cent. Required the original cost. (117 :100 :: 36 : z.)

A 3077 € 100
B 36 117

ExX. 121.—A person sold a watch for £32, being 22 per cent.
below its original cost. What was that cost ? (78 : 100 :: 32 : z.)

A 41¢ 100
B 32 78

The exact answer is £41 0s. 6d.

*EX. 122, By selling wine at 15s. a gallon, I lose 6 per cent.
At what price per gallon ought I to have sold it, to gain 174 per cent. !
(94 : 1176 :: 15 : x.)

A 18758, 1175
B 15 ) . 94

Ex. 123.—A Square whose perimeter is 44 feet, has an Area of
121 Square feet ; but a Circle with the same perimeter, has an Area of
154 Square feet. How much per cent. greater is the Area of a Circle

than that of a Square, having the same perimeter ?
(121 : 154 ::100 : 2.)

A 1273 154
B 100 121

The answer therefore is 27'3 per cent.

*Ex 122. Properly, = = %f—w, but the two 100's may be

mentally rejected. It is, in fact, a “Double” Rule of Three,
(1) 94 :100 :: 15 : Original cost. (2) 100 : 1175 :: Original cost : .
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XESx. 124.—In Timber measuring, the “ Customary ” content is
21-46 per cent. too little. How much per cent. must be added to a
given “Customary ” content, to know the ¢ True ” content ?

(78'54 : 100 :: 100 : z.)
A 100 127-324
B 7854 100

Therefore the amount to be added is 27-324 per cent.

XEX. 125.—What discount should a 5 per cent. Loan be at, to
obtain interest at 6 per cent.? (6: 5 :: 100 : z.)

A b 8333
B 6 100
This gives the “answer ” 16§ Discount, (or 100 — 88}).

*ExX. 126.—How many £ of Stock can be bought for £3625,
when £100 Stock sells for 90§? (In cases like this it is better to

-

25 725
consider 90§ as 18,,_ Then we have r 100 :: 3625. Or
725 : 8 :: 362500 : z.)

A 40008 362500
B 8 v 725

ExX. 127.—What length in yards, of papering 21 inches wide,
will cover a surface of 733 Square yards? (21 : 36 ::73:33 : z.)

A 36 1257 yards
B 21 73 33

Bx. 128.—What is the price in shillings of 17 dozen, at
115. 43d. per Gross? (12 :17 ::11:375 : x.)

*Ex. 126. As the learner is supposed to know (APrExDIX G) the
decimal equivalent of § to be °625, the Rule might be set as follows :
‘:; 9;.?;;5 3695’ but it is not easy to set 90-625

exactly ; so the setting given above is better.
4 The learner will see that the original ‘¢ proportion ” is
144 :11°375 ::17 X 12 : ¢,—
which is equal to 12 : 11'875 :: 17 : @ The “‘ reduction” of 44d. to the
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A 161s. 17
B 11375 12

The ezact answer is 16s. 13d.

ExX. 129,—If I lend a person £334 for 7 months, for how many
months ought he to lend me £6727 (672 :384 ::7 : 2.)

A 4 months 384
B 7 672

Exs 130.—If a yard of cloth costs 14s. 6d.,how many £ will
28, 32, and 36 yards cost, respectively? (Here we have a “series” of
Rule of Three sums, with a first Term = 1 ; and thus it becomes a

series of Multiplications as in Ex. 11.) !
A 725£ 2038 2328 2618 .
B 1 28 32 36

Ex, 131, If the average rate of an Express train is 45 miles

an hour, how many hours will it take to run 185, 270, and 306 miles ?
(Here we have a series of Divisions, as in Ex. 29.)

A 1 411h. 6h. 6:8h.
B 45 185 270 306

EX. 132.—Three persons had each an 84 Ib. chest of tea given
them to divide equally-among friends. One had to divide his among
14 persons ; the second among 18 ; and the third among 24. In what
quantities did they respectively make up their packages? (Here
14 : 1 ::84 : 2.—18:1 :: 84 :9—24:1::84 :2; or a constant
number 84, to be divided by a “series” of Divisors as in Ex. 33.
Invert the Slide.

A 35 467 1bs. 6 1bs, 84 lbs.
0 24 18 14 1

decimal of a shilling, is done instantly, as in Ex. 85. (see note) for
45 37—liths
12 ~ 1000
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Eix,. 133.—Five pumps empty a cistern in 8 hours. How many
similar pumps must be employed to empty it in 24 h., 4 h.,,and 43 h.?

25 : 5 :: 8 : ) Here the 1st Term or “ Divisor ” varies, and the other
4:5::8:9 Terms remain constant. See Ex. 76. Invert the
45:5::8:2 Slide.
A 5 89 h. 10 h. 16 h.
o 8 45 4 25

Bx. 134.—-What should the price of £100 Stock be, in an
8 per cent. Loan, to obtain 5§, 6, and 6} per cent. interest ?

55 :8 ::100 :z} Here the 1st Term or “ Divisor ” varies, whilst the
6 :8::100:y f other two Terms remain constant. Invert the
z

65 :8 :;100: Slide as in Ex, 78,
A 100 1248 1338 1458
0 8 65 6 55

DOUBLE RULE OF THREE.

Tax Slide Rule is not of so much use here, except in expediting the
multiplications, especially when the decimal equivalents for usual
fractions are known. See N.B. 3, p. 14.

ExX. 135.—A Steamer has fuel for 12 days when steaming 13 h.
25 m. per day. How many times as much fuel will be required for a
voyage of 14 days, steaming 17 h. 15 m. per day? (Here we are
supposed to know that the Reciprocal of 12 is ‘0833, and that .
25 m. = 417 h. See first footnote p. 30, and footnote p. 27.

12:14 ) o 14X 1725 X1
B 12 x 13417 °
' 14 2415
95
(L) 14x 1729  F— o
2415 X 0833 A - 1'5 times = Auns. 2415

(1)

13°417 B ‘0833 13417
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EX. 136.—If 40 bushels of corn serve 12 horses for 37 days,
how many days would 195 bushels serve 9 horses ?

0:195) _ 195X 12X 37 195 X 12 X 37
9: 12f PO imOT= e = 360 -
A 12 444
1st. 12 x 37 B 1 37
2 444 X 195 A 240 days = Ans. 444
* 360 B 195 ’ 37

EX. 137.—If 5 men can do a piece of work, in 27 days of 9
hours each, how many days would it take 6 men to do double the
quantity, provided they worked 10 hours per day ?

8:5) 5X9X2X2T 90X 2
10:9 27 :2,0rz = 60 =60
1:2
A 90 40'5 day = Ans.
B 60 27

ExX. 138.—If 7 men can mow 83 acres, in 12 days of 8} hours
each, how many acres can be mowed by 20 men in 11 days of 74 hours
each?

7 :20
20 X 11 X 7'8 X 83
12 .:11 »::83:2. Orz = = .
8} : 7%_} 7 X 12 X 825
. A 78 1720
1st. 220 X 7°8 B 1 990
A - 82 693
2d. 84 X 825 B 1 84
1720 X 83 A 206 Ac. = Ans 83
3d. 693 B 1720 693

The correct answer is 205°53.
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Bx: 139.—In 1852, when the Income Tax was 7d. in 1£, a
person’s net income was £500. What would his net income be in
1855, when the Income Tax was 1s. 4d. in 1£; his gross income
remaining the same ?

233:240) o 240 X 9224 X 500 _ 224 X 500
240:224 ;P IT =S o0 x 233 233 ¢
A 224 4818
B 233 500
1

The exact answer is £480676. Error = 1290°
Ex, 140,—If 7 masons take 12 days to build a wall 21 ft.
high, 4 ft. thick, and 30 ft. long ; how many feet in length can be

built by 12 masons in 30 days, if the wall is to be 30 ft. high, and
41} ft. thick ?

30X 12 X 21 X 4 X 30 lod o 12.X 30
T=TTU X 30 X 45 x 1 caneele 15
A 30 ' 80 ft. long
B a5 12

ExX. 141, Required the “commercial par” value of £1, in
Jranes,—by the following “ chain.”

z Francs = 20 Shillings

77-875 Shillings = 1 Oz Troy of Standard gold
1 Oz. Troy = 31'1 Grammes
1000 Grammes = 3150'58 Francs *
20 X 1 X 311 X 3150°58 622 X 315058
“‘ 77875 X 1 X 1000 77875
A 25'2 francs = Ans. 315058
B 622 71875

An experienced eye would see that the answer was something less
than 25°2. The exact answer is 251642 francs.

* See APPENDIX M for the French coinage.
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DISTRIBUTIVE PROPORTION.
{Sometimes known as “ Single,” or “ Double,” Fellowship.] v
Tais is simply a “ Series ” of Rule-of-Three sums, where the Slide
Rule is very useful, because the first, and one of the middle Terms are
constant : as shown in page 31, where in the equation z = b_;(_c’ a,

and either b or ¢, continue constant thronghout the “ Series.”

Ex. 142, Three persons put in respectively £5, £6 10s., and
£7, into a purchase which yielded a profit of £55 10s. How ought
they to share this profit? (Here 5 4 6} + 7 = 183, Then as in
Ex. 66.)

lS-V . 57-5 . 5 . ?M—X5
5:5855 :: 5 17, 0r —oom
S5 55 11 6 555 X 65
185 : 555 ::6°5 : y,or 185
555 X 7
185 : 555 :: 7 :3,0r 185
A 195 21 55'5
B b . 65 7 185
Whence, as a general setting of the Slide, we have :
A Share of gain or loss Total to be divided

B Share of amount subscribed  Total subscribed

ExX. 143.—1t is required to divide the number 34 into two

. 11 6

parts, which shall be to each other as 11 to 6. (i.e. T of 34, and 7
of 34 as in Ex. 65.) -

A 12 22 34
B 6 11 17

EX. 14%.—Divide a profit of £689 among A, B, and C, where
A hasinvested J5ths, B \5ths, and C {&ths. (Ex. 65.)

A 1088 2658 318 € 689
B 2 5 6 13
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BxX, 145.Three persons rent some grass land for £70. A
puts in 50 cattle for 4 months ; B puts in 40 for 7 months ; and C
putsin 30 for 12 months. What part of "the rent should each pay ?
(Here 50 X 4 = 200,40 X 7 = 280, 30 X 12 = 360. Total 840.)

A 1666 23-3£ 30£ 70
B 200 280 360 840

EXa 146.—A bankrupt owes to 3 creditors as follows :
£312 10s., £418 6s. 8d., and £596 3s. 4d. His effects sell for
£870 16s. 103d.** What will each receive ?

A 2058 2758 3918 870'84

B 3125 4186 5963 13275

N.B. The above answers were read off in half a minute. The ezact
answers are £205 1s. 63d.—£274 10s. 73d.— £391 4s. 8}d.

Ex. 14.7.—17 persons agreed to dine together every day during
the month of September, but they did not all attend regularly. One
dined 17 times : six dined 21 times: nine dined 27 times : and one
dined every day. At the end of the month, the Bill came to £91 10s.
How should they divide ?

A 445, 7485 9285 11885 132 1830s,
B 1 17 21 27 30 416

EQUATION OF PAYMENTS.

Bx. 148.—A person is indebted to another, £120 ; of which
half is due in 3 months, a quarter in 6 months, and the rest in
9months. If he wishes to pay the whole sum in one payment, after
how many months should he make it ?

* See line 3, page 11.
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_ (60X 3) (30 X 6) + (30 X 9) 630 .
z = 80 + 30 F 30 -ﬁ(—)whmhlsaSumm_
““Simple Division,” p. 19.

A 1 525 months
B 120 630

PROPORTIONING THE ‘DIFFERENCES” IN TABLES
OF LOGARITHMS.

I~ those Tables which have a column of “ diff. to 100,” it is worth
while for persons who have to use these Tables daily, to have a
Slide Rule; even if it were only for the purpose of taking out the
proportion of difference for the last two or three figures. It is a
simple “ Rule of Three ” sum (p. 39).

Ex. 149.—What number answers to Log. ‘104910, when
‘104828 = 1-273, and the “ diff. to 100” is 341? (Here we want to
know the value of the “82” difference in excess of ‘104828 ; or
341 : 100 :: 82 : z.)

A 100
B 82 341

showing instantly, that 24 must be added to 1273 to obtain the
answer 1'27324.

ExX. 150.—Required the Log. Sine of 51° 28’ 38", when the
Table gives 51° 28’ = 98933433, and the “ diff. to 10” is 168. (Here
10”7 : 368 :: 38" : z,0or z = 16'8 X 38.)

A 168 638
B 10 38

Then add 638 to 9:8933433, and we have the answer 9-8934071.

Ex. 151.—Roquired the Log. of 15432:35, when the Log. cf
15432 = 4-1884222, and the “diff. to 100” = 281. (Here
100 : 281 :: 35 : z.)
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A 98 ) 281
B 36 100

Then add 98 to 41884222, and we have the answer 4:1884320.

UNIFORM MOTION.

Ex. 152,—Two trains start at the same time, in opposite
directions, from places 180 miles apart ; one running at the rate of 50,
the other 22 miles, an hour. After what time will they meet, and at
this moment how far will each be from the place it left ? (All the
answers can be read off at one setting of the Rule.)

A 2:5h, 55miles 125 miles 180
B 1 22 50 72 = (50 + 22)

That is, they will meet in 24 hours from the time they start ; and at
this moment, the fast train will have travelled 125 miles, and the
ordinary 55 miles.

ExX: 153.—A ship that sails 5 miles an hour to another’s 8,
both being Bound in the same direction, has a start of 186 miles. In
how many hours will the faster come up to the slower, and at this
moment, how many miles will each have sailed ?

A 62°h. 186 310 miles 496 miles
B 1 3=(8-5)56 8

N.B. In Examples 152 and 153, the “time” can be found
independent of the “distance ;” or the “ distance” independent of the
« time.”

It will be observed that when the movement is in opposite direc-
tions, the “time” = miles -~ sum of miles per hour ; but if in the
same direction, the  time ” = miles < diff. of miles per hour. The
“ distance ” travelled by each, is of course = time X miles per hour.

Ex. 15%.—Suppose a body put in motion with a velocity of 24
foet per second, and three other bodies b, ¢, d, put in motion 3, 6,
and 8, seconds after, all in the same direction. Required to find their

F2
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respective velocities, so that they may all reach the same place in 12

seconds from the time that the first was put in motion. (Here b, ¢, d,

will be in motion respectively 9, 6, and 4 seconds ; whence their

24 X 12 24 X 12 24 X 12
4 > 6 7 9

respective velocities will be ,as in Jx. 76.

Invert the Slide.)
A 24 32, 48 1. 72 f1.
0 12 9 6 4

E X+ 155.—During the time the Short hand of a clock revolves
round the dial, at what times will it and the Long hand be together
again after XIT h.? (Add as many 11ths of an hour as hours elapsed
since XII. Or multiply any given hour by 60, and divide by 11.)

A suse 21816 32724 43636 b4nas 60
B I v VI VIII X 11

So that after VIII o’clock the hands will be together at VIII b
43 m. 379 s. (Observe that 5454 m. or A h. = 6 m. 2724 5.)

PER-CENTAGES.

Tar Slide Rale is eminently useful in this sort of computation, as
it immediately gives the answer to three figures, which is as close as
required in most per-centage comparisons. [See Examples 32, 36, 54,
71, 72, 108, 109, and 114 to 125.] \

Ex. 156.—How much per cent. is 6d. in the £7 (Here
240 : 6 :: 100 : z.)

A 25 6
B 100 240

Ex, 157,—How much per cent. is §? (Here 6:5 ::100 :z.)

A 5 833
B 6 100
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Ex. 158.—If Stock that I bought at 117, falls to 110, what is
the loss per cent, 7 (117 : 100 :: 110 : x.)

A 110 117
B 04 180

Giving the Answer = 6 per cent.

Ex. 159.—In “Timber measuring,” the customary content is
214 per cent. too little. How much per cent. must be added to a
given customary content, to show the ¢rue content ?

A 100 1273
B 785 100

t.e. 27°3 per cent. will have to be added.

Ex. 160.—0f 93498 Births registered, 47872 were males.
Find the per-centage. (It will be near enough if we take 48 out of
93'5.)

A 48 512
B 9356 100

The exact answer is 51°201 per cent., showing that in these Statis-
tical computations, the Slide Rule gives a result quite near enough,
and ymmedrately.

Ex, 161.—The population of Ireland in 1841 was 8175124,
and in 1851 it was 6552385. Find the decrease per cent.

A 801 ) 655
B 100 817

i » decrease of 19°9 per cent. The exact answer being 19-8497.

Ex, 162.—In 1856 the number of deaths in England and
Wales was 391369 ; the decrease below 1855 being 8:18103 per cent.
Find the nunmber of deaths in 1855.

A 91'8 391000
B 100 426000

The exact answer is 426240.
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Ex. 163,—In four villages, the populations whereof were 1045,
756, 898, and 865, the deaths during the cholera were 205, 160, 220,
and 159 respectively. Required the per-centage of deaths in each.
(Here 4 settings of the Slide are required, but the time taken to find
the answers should be compared with that by pen or pencil.)

1 A 19°6 per cent. 205
B 100 . 1045
9 A 212 per cent. 160
3 A 24°5 per cent. 220
° B 100 : 898
4 A 18°4 per cent. 159
° B 100 865

Ex. 164.—Shares that were originally 117, fell to 112, 110,
and 108 successively. Find the decline per cent. from the original
price, on each occasion. :

A 108 110 112 117
B 92¢ 94 957 100

Giving the answers 4-3,—6,—and 7°6 per cent.

Ex, 165 .—Shares that were at 66, rose successively to 68, 71,
73,and 75. Required the rise per,.cent. above the original price, on

each occasion.

A 66 68 71 73 75
B 100 103 107 11 112

Giving the answers, 3,—7,—11 ,—and 14 per cent.

EBx,. 166.—In five successive years there were respectively 55,
62, 66, 57, and 52 very rainy days. Required the per-centage each
year, by way of comparison.

A 52 55 57 62 66 365
B 142 151 156 169 180 100
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E X 167:—In three samples of Bone manure, weighing respec-
tively 195, 205, and 210 grains, the same quantity of Sulpbate of
lime, viz. 37 grains, was found in each sample. What was the per-
centage of that ingredient in each sample? (Invert the Slide, as in
Examples 75, 76, &c.) i

A e 180 19 37
g 200 205 195 100

EX.168.—The “automic weights” of Chlorine and Silver,
being 355, and 108°1, respectively; required the per-centage of
Chlorine, and of Silver also, in any quantity of Chloride of Silver.

A 3556 1081 1436 (= 1081 4 355)
B 2472 C. 7528 8. 100

STOCKS—INSURANCE—COMMISSION, etc.
Ex. 169.—If £3400 be invested in the 3} per cents. at 96,
what will be the annual dividend? (Here 96 : 3'5 :: 3100 : 2.)

A 1248 35
B 3400 96

ExX.170.—If a 4 per cent. Loan is at 14 discount, how
much must be invested to produce an Income of £1227 (Here
4:86::122:2)

A S6 26288
B 4 122

Bx, 171.—What is the price of £100 Stock, when a person can
purchase £2766 13s. 4d., for £2490 7 (Here 27666 : 100 :: 2490 : z.)

A 208 100
B 2490 27666

Ex. 172.—What interest do I get on Shares purchased at 62,
the dividend on the original £40 shares being 8 per cent.? (Here
62:40::8:2)
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A 516 per cent. 40
B 8 62

Ex. 173.—How many “years purchase ” are equivalent respec-

tlvely, to 3%, 43,5, and 6 per cent. ? (Here 100 is dividled by a
“sgeries of divisors,” as in Ex. 33.)

A 1677 20 2225 286 100
0 6 5} 45 35 1

ExX. 174.—Which is the most advantageous, investing in a
4 per cent. Loan at 14 discount, or in a 5 per cent. Loan at 8
premium ? (This requires two settings of the Slide, if we want to find
the interest in each case ; but if we only want to find which gives the
highest interest, see Ex. 217.)

1 A 4 465 per cent.
° B 86 100

g A b 463 per cent.
" B 108 100

Showing that the 4 per cent. Loan is the best.

ExX.: 175.—What is to be paid for insuring a vessel and cargo
worth £2225 at 3} per cent ? (Here 2225 X ‘0325, as in Ex. 8, and
(o) p-9)

A 0325 -
B 1 2225

Ex. 176.—What is the Premium on a Policy of Insurance for
£3750, the rate being £2 9s. per cent.? (Here 375 X 245, as in
Ex. 4.)

A 245 918758
B 1 3750

Ex. 177.—If I insure property valued at £3840, for £67 4.,
what is the rate per cent? (Here 3840 : 672 ::1 : 2.)
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A 0175 672
B 1 3840

Giving an answer of 1°75 per cent.

Ex. 178,—What is the Commission on £713, at 23 per cent. ?
(Here 713 x -0275.)

A ‘0275 19'618
B 1 713

Ex, 179,—What is the Brokerage on £7680 at 3, or 2s. 6d. per
et (Here 7680 X *00125.)
A 00125 ' 068
B 1 7680

SIMPLE INTEREST, OR DISCOUNT.

\ t=pXrTXt
Lt p = Principal, in £. i=’erxt

14 (rXxt)
=m—p

i
p='rxt

m
T 14t
m=p X (141t
m=p-41

.

t = Time, in years.

w3
|

r = Rate ; or interest on £1, in one year.

1 = Total amount of interest alone. = p X
m p—

m = Amount ; or principal plus interest. | r =
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EX. 180.—What is the Interest, Discount, or Dividend, on
£7250, for one year, at 4} per cent.? (¢ = 7250 X *0456 X 1.)

A 3268 7250
B ‘045 1

The exact answer is £326°25.

Ex. 181.,—What is the Interest, or Discount, for 2 years and
9 months, on £326, at 6 per cent. ?

. . . 326 X 2775
(4, = 326 X 2°75 X "06; whence 1 = 1666 )
A 5388 326
B 275 16°66

Ex.: 182.—What is the Interest or Discount on £151 for 91

days,at 5 per cent. per annum ?
151 X 4'55

(Her'e i = 151 X 05 X 91 = ——c——. ) See N.B. after Ex. 183.
A 1-88£ 465
B 151 365

N.B. At Five per cent., the interest is a penny a £ per month, or
nearly 1£ a week (19s. 2d.) on every £1000.

*»Px., 183.—If I have received £456 as Interest (simple)
in 3 years at 4} per cent., what was the Principal lent ¢
45 45x3
(P = 3x 0425 0425
A 45 3538
B ‘0425 *3333
N.B. When it is often required to know the Interest for a number of
days, it is worth while to use the “constants” mentioned in the
" «Qupplementary note,” farther on, and the Examples that follow it.
See also footnote.t

* Examples 181 and 183, show the use of knowing some *‘reciproeals.”

See footnote I, page 14.
473 days = ‘02 years; 146 days = '04; 219 = 06 ; 202 = 08 year.’
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EX. 184.—What sum lent out at 4 per cent. (simple
interest), will obtain interest amounting to £57 12s. in 4} years?

( _ _576 576

T 94 X 45 ‘18"
A 1 ) 8208
B ‘18 576

3

Ex. 185.—Find the present value (or Principal) of £2000
due 3 years hence, at 5 per cent. simple interest.

2000 2000
(P =1+ (05 x3) ~ 115" ) See p. 63 and Ex. 197.
A 1 17396
B 115 2000

The exact answer is £1739 2s. 7d. This shows that this sum as
Principal, will, with its 3 years’ interest, £260-87, amount to £2000.

EX. 186.—The present value of a sum of money due 6 months
hence is £540. Find what that sum is, at 4 per cent. simple interest.
(m = 540 X (1 4 '04 X %) = 540 x 1°02.)

A 540 5514
B 1 102

The exact answer is 550°8.£,

Ex. 187.—In how many years’ time will £425 amount to
£539 15s.—including the accumulated interest (simple) at 44 per

cent.? (t _ 53975 — 425 11475
: T 425 X 045 197125
A 1 6 yoars
B 19°125 11476

Here £539°75 — £425 = 6 years’ interest, or 114°75£.

Bx. 188.—In how many days’ time will £600 be payable, on a
present Principal, or value, of £580, carrying interest at 5 per cent. !

600 — 580 20 x 365
( = 580 % 05 X 365. Reduce to —2
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A 20 252 days
B 24 365

Ex, 189.—If a person receives £840 cash, for £1204 16s. due
73 years hence, carrying simple interest, what is the rate allowed ?
(- = 12408 - 840 _ 3648 '

840 X 73 6300
CA *0579 or 5'79 per cent. .1
B 3648 6300

EX. 190.—If a person returns £64 for the loan of £600
for one month, what rate of Annual Interest is charged ?

(o8-8 4
600 X P ~ 50°
A ‘08, or 8 per cent. 1
B 4 50

Ex. 191.—A person puts out his whole capital, at 4} per cent.
interest. After paying Income Tax at 4d. in the £, he finds his net
income for the year to be £1416. What is his capital ?

1 A 240 1440 = Gross Income
. B 236 1416

A 1 82000 = Capital
nd. g5 1440

Supplementary Note.

Ir the Time (t) is given in days, the | per cent. Divisor
Divisors in the margin will be useful to 3 12169
those who are in the habit of computing 3% 10428
interest (i) or discount for days: for 4 9125
. p X No. of days 4 8111
v= Divisor b . 7300

5% . . 6636

6 . . 6083

6 . . . 5615

7 .+ . 5214

8 4562
(found by d1v1d1ng 365 by
the rate of interest.)
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The set of the rule is:—
A Principal in £ Interest in £
B Divisor ' No. of days

EX. 192.—What is the amount of interest on £151, for 91
days, at 5 per cent. per annum ? (Ex. 182.)

A 1:888 151
B 91 7300

EX. 193.—What is the amount of interest (or Discount) on
£3842, for 80 days, at 6 per cent. ?

A 505 3842
B 80 6083 (constant)

The exact answer is 50°525.£.

Ex. 194..—In how many days will the interest on £72 at
7 per cent., amount to 8 shillings ?

A 4L 72
B 29 days 5214 (constant)

PRESENT VALUE,* AND TRUE DISCOUNT.

Ir 1 have a Bill of Exchange for £750, due 6 months hence, and
a person offers to discount it at 7 per cent. interest, the wusual
thing is, to calculate the interest for the 6 months, namely £26 5s.,
and deducting this, to return me £723 15s. But strictly speaking,
the sum to be returned ought to be the “ present value,” or such a
sum as would with interest at 7 per cent. for 6 months amount to
£750.f This “present value” calculated as in Ex. 185 would be

750 ) 750
1+ (07 x 5) = 1035 — £724°64.

* For “‘Present value” in Compound Interest, Annuities, &c., see
APPENDIX B.

+In proof of this, it may be shown, that the 6 months* interest on
£724°64 would be £25°36 ; which added to £724°64, would make up £750,
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From the above, it will be seen that the “ True ” present value is
more than the “Ordinary,” and the “ True” discount less than the
“Ordinary.” Still the *“Ordinary” method is always adopted in
practice, as being more easy to calculate, and as covering risk, &c.

In the above instance, the “True ” present value is £724'64; the
“ Ordinary,” £72375. The “ True ” discount is £25°36 ; the Ordinary,
£26°25.

Ex. 195.—What is the “True” present value of a Bill for
£250, due 72 days hence ; interest being taken at 4 per cemt.?
( 250 950 250 X 365
PETF (04X g8 1+ %88 36788 -

A s 365
B~ 250 36788

The exact answer is £248043, which at 4 per cent. per annum for
72 days, would give £1'957 interest, making up the amount £250.

*

True Discount
may be calculated in two ways :

I m I mXrXt
.=m———1+(r+t)or .=1—+(Txt).

Method I. is first to find the “ present value,” as in Ex. 185, and
deduct it from m, the amount of the Bill : the remainder being the
True discount.

Method II. finds the True discount at once.

Method I. is generally adopted, as rather less trouble : but Method
IL is better adapted to the Slide Rule. (Ex. 1856.)

Ex. 196.—Find the “ True” discount for £500, due 47 days
hence, at 7 per cent. per annum, by Method 1. (See Examples 193,
and 203.)

500 500 500 500 X 366

METF (0T X ) 1+ 829  5§5¢° 26829
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A 495£ = Present value 590_
B 365 36829

Then £500 — 495 = £5 the “ True ” discount. The exact answer
i8 500 — 495'53 = 4-46.

EX. 197.—Try the above by Method I1.

500 X (07 X & 500 X 3& _

T4 (07 X Hy 14§

500 X 329 365 500 X 329
365 < 36829 — 36829

- Here z =

A 447 = True discount 500
B 329 ' 36829

The exact answer is 4'46.£.

The following applies to one year, only :—

(I.) Ordinary Discount = (True Discount X r) + True Discount.
Thus if the True Discount for one year, is known to be £35, and
the rate of interest 5 per cent., the *Ordinary” Discount is
(35 X 05) 4 35 = 1'75 + 35 = £3675.

rd. Disc.
(IL) True Discount = Ordinary Discount minus -O——l’_fcrﬁ
Thus if the Ordinary Discount ‘for one year, is £58 12s, the
rate of interest being 7 per cent.,, the “True” Discount is
586 X 07 - .
586 — —Tor = 586 — 54'7 = £39.
If a Bill for £100 due one year hence, is to be discounted at 5 per
cent,, the “Ordinary” discount is £5; and the “ True” discount is

. 100
£47619. The “present value ” is o0 = £95:2381.
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EQUAL FRACTIONS.

It was observed in page 14, N.B. 8, that set the Slide as we will,
the numbers on A with those respectively under them on B,* represent
a series of equal Fractions.

. A 2 4 6 10 &ec.
Thus if we set B 3 € . 9 15 &c.

we see that § = § = § = 1§, &c.

825
Ex. 198.—Find a fraction equal to g5 but with fewer figures.

We set 825 on A, over 900 on B, and look along till we see other
coincidences ; such as 6 over 7, 37 over 43, 55 over 64.

A 37 56 825
B 7 o) [ 900

Either of these is close enough for ordinary purposes ; but if we
want more exactness, we must test them with pen and paper. We

825 6 37
find goo — '85938; also 7 = ‘86714, and i3 = '86046, and
5 .
g = '86938. This last happens to be ewact.
. . 164
Ex.199.—Find a Fraction equal to 716’ but of a lower

denomination, and one of which both numerator and denominator fall
on cut divisions of the lines A and B.

A 14 154
B 65 715

Ex. 200.—Under the same conditions as in Ex. 199, find a

. " 136
Fraction equivalent to 289"

*We may consider the figures on B as Numerators, and those over them
olt: A as Denominators, but the way shown above commends itself most to
the eye.
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A 8 136
B n 289
ExX. 201.—Under the same conditions as in Ex. 199, find a
. . 1715
Fraction equivalent to 2605"
A 7 1715
B 1 2695

Ex. 202.—Under the same conditions as in Ex. 199, find a

3575
Fraction equivalent to ~— P I

A 25 3575
B 33 4718

Ex. 203.—Under the same conditions as in Ex. 199, find a

10759
Fraction eqluvalent to o—— 20405 A
A 29 10759
B 55 20405

The above use of the Slide Rule is constantly required in obtaining
Formule * adapted to the Slide Rule.

Ex. 204.—Since 1 French métre = 3-280899 feet, find two
easily read numbers on A and B which will represent these Pro-
portions :

A 321 164 69 210
B 1 5 21 64

All are very near ; but if for specia.l purposes we want to try which

is nearest, we fmd— = 328571, and—-—3 800and —3'28122
2
We accordingly select the third or -614—0 whlch shows that

* Qee under the head of ForMULE farther on, and ArPENDIX I.
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614 Métres = 210 feet, or 70 yards. The Rule set as above, shows on
line A, the feet corresponding to the métres respectively under them
on the line B,

Ex. 205.—Since there are 43560 square feet in an Acre, find
two easily read numbers on A and B, which will represent these
Proportions.

A 27000 43560 Sq. ft.
B 62 1 Acre

We find 62 to be 27072 Square feet, so the Proportion is near
enough for all purposes. All the numbers on A will show the
equivalent in Square feet, to their respective Acres on the line B.

EX. 206.--In one ounce Troy of standard silver (240 dwt.),
there are 11 oz. 2 dwt. (222 dwt.) pure silver.  Find two easily read
numbers * on A and B which will show what quantities of pure silver
are in any quantities of standard silver.

A 37 222 pure
B~ 40 240 stand.

. 37, 222
This 308 exactly equal to 210

Ex. 207.—The proportion of a Pound Troy to a Pound Avoir-
dupois is 5760 grains to 7000 grains. Find two easily read numbers *
bearing the same relation.

A 65 5760

B 79 7000
5760 65, _
Here 7000 = 82286 and 7918 82278 : so that the numbers found

(in a few seconds) are very close.

*It may be asked with reference to Examples 204—208, why not let
8:31 48560 222 4760 stand, without looking for other numbers? The

T 1’ 240° 7000 .
reason is that 3:21, 4356, 222, 576, are not easily, found exactly on the

Slide Rule.
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| BXe 208.—A Millegramme is ‘0154 grains. Find two easily
read numbers on A and B which will represent the equivalents of

Millegrammes and Grains.
[
|

| A e 10000 1 grain
B 1 154 ‘0154 Millegr.

Here all the numbers on A, will represent the values of the numbers

1
of Millegrammes under them on B. (A Millegramme = & grain.)

Ex. 209.—Suppose the error in a result is 36 in 22500, how is
this expressed as s Fraction having 1 for its Numerator?

A 1 36 1

B e 22500 A% = g35-

To find the greatest, and the least of any given number of
Fractions.

RuLe.—Set each fraction (as explained in page 66) one after the
other, on the Rule, with the numerators on A, Whichever fraction
requires the Slide to be drawn out most to the right, is the greatest ;
and whichever requires the Slide to be pushed back most to the left, is
the least. )

3 5
Ex. 210,—Which is the greater /5, or 2—71

We find that H requires the Slide to be drawn out more to

. A 5 3, .
the right, than B 37 hence TR the greater fraction.

Ex. 211.—Which is the greatest, and which is the least
11 18 8 35

fraction of the four following : & 29’ 13 58" We begin with .
A 11

18
T and after going through them all, we find 9 requires the
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Slide to be drawn out most to the right and E;—g requires the Slide to be

pushed most to the left. Hence ) ls the greatest, a,nd the least.

EX. 212.—Four persons had been shooting at a mark; a
limited time being allowed. At its close, the score stood as follows :

A had 70 shots, and hit 64 times.
B had 75 shots, and hit 68 times.
C had 68 shots, and hit 63 times.
D had 73 shots, and hit 67 times.

‘Which was the most successful ?

68 63 67

64
Begiuning w1th T and going on to - 75 68’ 73 Ve find in half

. 63 . . .
a minute, that 68 18 the greatest fraction, and therefore C is the

winner. (The respective percentages are 9143, 9067, 9265, 91%78.)

EX. 213.—Which is the cheapest work ? digging out 34 cubic

56
feet for 4d.; or 36 cubic feet for 6§d Here (1. ) Z c. ft., and

c. ft. per penny ; or (II.) 34 a.nd d per cubic foot. Calculavting

per penny, the greatest fraction would be cheapest; but calculating
per cubic foot the least fraction would be the cheapest. In the

5
former case, the Slide Rule instantly shows that 6 is the greatest

65
fraction, or cheapest work, and it also shows that in calculating per

66 4 .
cubic foot, 56 is less than 3 T 36 cubic feet for 63d. the cheapest.
N.B. In comparing dearer and cheaper in this way, remember that
if the money is made the Denominator, it is so much per penny, or per
shilling, and the greatest fraction shows the cheapest, or the most for

the money.

Ex.214.—Which is the cheapest, a hat that costs 15s., and
lasts 9 months, or a hat that costs 11s. 6d. and lasts 7 months? (See

9
N.B. to preceding.) It is to find which is the greatest fraction 13
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7 . ° 7.
o T The Slide Rule shows at once that 1is 8 the greatest

fraction, or more wear for the money.

BxX. 215.—Which is the best and which is the worst invest-

"ment of the following five : 5 per cent. at 8 premium ; 4 per cent. at
14 discount ; 7 per cent. at 51} premium ; 6 per cent. at 28 premium ;
or 34 per cent. at 25 discount ?

Here the interest or dividend per cent. is represented respectively by
500 400 700 600 350 . . .
108 86 1515’ 128’ 75° and if we try these fractions as in the

preceding Examples, we find ?gg to be the greatest; that is, the Quo-

. . . 700
tient or interest per cent. is greatest ; and 516 18 the least : so that

the fourth is the best, and the fifth the worst investment. (There is no
need in the question to find the actual rate of dividend : but see
Ex. 174.)

N.B. To appreciate the advantage of the Slide Rule in such
questions as this and the preceding, they should be solved in the usual
way with pen and paper, and the time noted, as agaiust the time
occupied in working out the same with the Slide Rule.

BxX. 216.—There are three lines of Railway, the second class
fares of which are as follows : A 114 miles for 18s. ; B 179 miles for
£1 8s. ; and 194 miles for £1 11s. Which is the cheapest and which
the dearest 7 (See N.B. to Ex. 213.) This is to find which is the

. 114 179 194 . 179
greatest fraction 18’ 28 31 and the Slide Rule at once shows 38

or B, is the most distance per shilling * or greatest fraction, and }:—14
or C the least fraction, or dearest.
: 18 28 31 . )
N.B. We might compare 1i# 179’ igp O shillings (decimals of a

shilling) + per mile; in which case the least fraction would be the
cheapest ; giving B as before.

*A = ‘167894s. B = ‘156424s. C = ‘159794s. per mile.
+A =6333. B =6393. C = 6258 miles per penny.
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[The difference of rates, is exceedingly slight, yet the Slide Rule
shows them without difficulty. The rates are respectively 7:58, 7°51,
7°67 farthings per mile, or less than % of a farthing a mile between
the cheapest and the dearest.]

Ex. 217.—0f four Ellipses, whose axes are respectively 128
and 160 ; 18 and 21; 40 and 60 ; and 61'2 and 84; which approxi-
mates nearest to a Circle ? .. which is the greatest fraction ?

The Slide Rule at once shows ;—{l} to be the greatest fraction, (and :g
the least fraction).

USEFUL “FORMULZE.”

(See four pages on, for Examples, and also APPENDIX M.)

I A 12 Pence per lb.

Ok Shillings per Stone of 8Ib.
I A 2143 Pence per 1b.

(IL) B Cwt. £ cost

*(IIL) A 6 Penceﬁper 1b.

B 56 £ per Ton, or Stone per Cwt.
v A 3 Pence per Oz. Avoir.
v, B 4 Shillings per Ib, Avoir.
v A 1 Shillings per Bushel
Vg~ Shillings per Quarter
VI A 1 1216 . 79 1bs. Troy
(V1) 58229 1 65 Tbe. Avoir.

*If the price is given in ‘ Shillings per Cwt.” and we want *‘ Farthings
per 1b.” ; multiply the Shillings by . N.B, A Penny-a lb. is 94s. per
Cwt., or 93£ per Ton. ‘
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A 1 1097 79 Oz. Avoir.
(VIL) g—5115 1 72 0z Troy
VIII A 33 277274  “Imperial ” Corn Measure
( ) B 22 268'8  “0Old” or Winchester Measure
IX. A 1 120 6  Old “Wine” Measure
Ix.) B *8831 1 5 ¢ Imperial » Measure
X A 1 1:284 9 Cubic Feet
&) B—77s8 1 7 Bushels
A 11604 1 13 __ Cubic Feet
AL g— 6232 81 Gallons
XII A 1 27000 43560 Square Feet
( ) B ‘00002296 62 1 Acres
A Yardslong Square Feet
(XIIL) B 4 Inches wide
A 88 Feet per Second
XIV) 5 1 ; Miles per Minute
A 22 . Feet per Second
EV) g1 Miles per Hour
A 60 Seconds per Mile
(XVL) O (inv.) 60 .. Miles per Hour
A 24 Pence per Square Yard
(XVIL) 5484 £ per Acre
A 1 1:521 73 &£ per Year of 365 Days
*(XVIIL) B 657 1 48 Pence per Day

73

* With a year of 365 days, multiply £1 10s. 5d. by the pence per day.

H
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*(XIX A 1 1304 60 £ per Year of 315 Days
% B 767 1 46 Pence per Day
XX. 365 No. of Days X 20
XX, B £ per Annum Wages in Shillings
A Yards long Square Feet
(XXL) g 1 ~Tnches wide
' .
French Weights, Measures, etc.
(See also APPENDIX M.)
A 9144 1 64 Métres
(XXI1) B 1 109363 70 Yards
A A +3048 1 64 Metres
(XXIIL) B B 1 3281 210 Feet
o A 1 25'4 305 Millimdtres (306 Centim. )
(XXIV) B 030371 1 12 Inches
A 1 1:6093 37 Kilométres
TXXV) B~ 62138 1 23 Miles
A ‘0648 1 46 Grammes
(XXVL) B 1 15°43236 710 Grains
A 1 28349 85 Grammes
(XXVIL) 3528 1 3 Oz. Avorr.
A 1 31°10 280 Grammes
(XXVIIL) g—53315 1 9 Oz Troy

* With a year of 313 days, multiply £1 6s. 1d. by the pence per day.
+1609'3 Metres = 1 Mile.
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*(XXIX.) g 45136 2'2:)46 3: Kliligﬁr;?s
(XXX) g0 Sduars P
+(XXXL) g .025 2 35 ':317 15 E;(ll C(l:l:li:i:chlivi?:s
1 (XXXIL) ﬁ '40:67 2-4;11 :27 Hj&c::ses
(xxxm.)% .38161 2.5189 2?369 Sq;;;earl:ﬂlxﬁ::m
Y(XXXIV.) ﬁ .5;3 : 1'761077 sf-)s Ilgnt';::
XXXV Gt 10 T
(XX VL) s

The following 12 Formule at 25 Francs to £1 or ‘8s. = 1 franc.

A 2% - 100 1 Million Francs
XXXVIL) g— 3 40000£

A 1 10416 25 Francs
(XXXVIIL) B 960 1 240 Pence

75

*1Cwt. = 50°8 Kilogrammes.

41 Cubic Métre = 1'308 Cubic Yards.

11 Are = 119-6033 Square Yards or ‘0247 Acres.
§1 Litre = 61628 Cubic Inches.
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A Price in Francs Shilling per Oz. Avoir.
*(XXXIX.) B No. of Grammes 2268

+(XL.) A Price in Francs [Sh. per cwt.] Pence perlb. Avoir.

B No. of Kilogr.  [40°642] 4-355
XLI A Price in Francs Shillings per Cwt.
(XLL) B~ No, of Kilogr. 20642
+ (XLII A Price in Francs Shillings per Quarter
1(XLIL) g~ of Hectolitres 2326
A Price in Francs Shillings per Yard
§ (XLIIL) B No. of Métres 73152
A Francs per Gramme Price in Shillings
(XLIV.) g 41 No. of Oz Avorr.

(XLV.) A Francs per Kilogramme Price in Shillings .

B 23 No. of lbs. Avoir.

XYL § — g3 Sl er ek of S50 TS

(XLVIL) g 3;;) Shﬁrlz;; 1?:: sﬁ ffﬂzosgglbs.
vy B e e

* Formula XXX1X. shows that 1 Franc per Gramme = 22°68s. per Oz.
" Avo'r. ) .

+ Formula XL. shows that 1 Franc per Kilogramme = 4355 pence per
1b. Avoir. ; or 40°642 Shillings per Cwt.
+iFormula XLIIL. shows that 1 Franc per Hectolitre = 2:3263s. per
uarter.
Q § Formula XLIII. shows that 1 Franc per Mbtre = ‘7315s. per Yard
(at 25 francs to 1£). At 2515 franes to 1£., it would be *7272s.
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A 10 [25°15] Francs to 1£
(XLDF') O (inv.) 24 [9°543] Pence to  Franc
wpyd % [2515] Francs to 14
O (inv.) 8 [7952] Shillings to 1 Franc
LI A 1 1'5608 80 Russian Versts
L) %63 1 53 English Miles
Thermometers.+
A 4 Reaumur
(LIL) B 9 Fahrenheit
A 5 Centigrade
(LIL) g— Fahrenheit

Many other Formule, with lines A and B, will be found in Part
I1., under « Specific Gravity,” “ Mensuration of Superficies,” “ Land-

measuring,” &c.

Examples in the above Formule.

Ex. 218, What is the price in pence per lb. of meat selling
wholesale at 4s. 3d.—4s. 6d.—4s. 9d. per Stone !
I A 6374 6-75d. 7-12d. 12
@) B 425 4'5 475 8

.

» At 25°15 francs to 1£, 49 francs = 39 shillings.
+ The degrees of Fahrenheit thus found are to be added to or subtracte

from) 32°. See Example 233.
H 2



78 HAND-BOOK OF THE SLIDE RULE.

Ex, 219.—If 15 Cwt. of Sugar cost £24 10s., what is the price
per 1b. in pence ?

A 2143 854,
(IL) g 15 245L

Ex, 220.—74d. an ounce, is how many shillings a pound ?

A 3 7°6
(Iv.) B i 0.

Ex, 221.—In 1855, the average price of wheat was £3 15s. per
Quarter. In 1856 it was. £3 9s. In 1857, £2 17s. Required the
respective prices in shillings per Bushel. (This is the same as dividing
57, 69, 75, by 8, as in Ex. 29.)

(V) A 1 7°125d. 8'625d. 9°375d.
B 8 57s. 69s. 7

Ex. 222. Required the Acres in 143750 square feet, and in
570578 square feet.

A 27000 143750 570578
(XIL.) B 62 33 ac. 131 ac.

Ex. 223.—A point on the Equator has a diurnal motion of
1040 miles an hour ; and the Earth’s motion round the Sun, is at the
rate of 68500 miles an hour. Reduce these rates to feet per second.

A 22 1524 100000
(XV.) B 15 1040 68500

Ex. 22%.—During a Railway journey, the speed was taken on
three occasions, and found to be respectively, 92, 75, and 180 seconds
to one mile. What were the rates in miles per hour ? (Invert the
Slide.)

A 60 20 miles 39 miles 484uiles
XVL) 360180 92 75
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EX. 225.—What length in yards of matting 27 inches wide,
will cover a floor 33 ft. by 22 ft. ? (or 660 square feet).

97°7 yards 660
4 - 27

(XX1,) g

EX. 226.—The summit of the spire of Strasburg Cathedral is
144 métres above the pavement. Required the height in feet.

64 144
210 472 ft.

(XXIIL) g

EX. 227.—The mean height of the Barometer in Paris, is 745
millimétres ; and at St. Petersburg, 750 millimétres. Required the
respective value in inches.

305 745 750 millim.
12 29'3millim.  29°5 millim.

(XXIV.) g

Ex. 228.— At what height in centimétres would persons
standing respectively 5 ft. 3 inches, 5 ft. 93 inches, and 6 ft. 2 inches
be registered in a French passport ?

30°5 166 centim. 177 centim. 194 centim.
12 63 695 74

(XXIV.) g

Ex. 229.—The “Champ de Mars” in Paris, is a plain of 331
Hectares. What is this in Acres?

A 17 331
(XXXII.) B ) S18 ac.

*BX. 230.—The price of wheat in Paris varied in one year

* Where there is a ¢“ series ” of prices per single Hectolitre, or Sack ;—
or as in Formula XLIII., per single meétre, or yard ; we have either to
multiply a series by a constant multiplier, or to divide a series by a
constant divisor, as in Examples 11 and 29. In Ex. 230 we have to
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from 16 francs per Hectolitre, to 17, 18, 19, and 20 francs. How
would these prices be expressed in shillings per Quarter ! ’

A 2°326 372 395 419 442 46°5s.
(XLIL) B 1 16 17 18 19 20

Bx. 231.—If 17 metres of silk cost 221 francs, What is the
price in shillings per yard ?
A 221 9'5s.
(XLIIL) 5 7 73152

*Px. 232.—The temperature of the mineral spring at Aix-la-
Chapelle, is 427 Reaumer; and that of the “Kokbrunnen” at
Wiesbaden is 56° Reaumer. Required these temperatures in Fahren-

heit.
(LIL) ‘; ; 427 i
Whence 96 + 32 = 125° Fahr. at Aix; and 116 4 32° Fahr. at
Wiesbaden.
Bx. 233.—The Seine begins to freeze at — 10° Cent. What

is this in Fahrenheit? (This is the mean winter temperature in
Russia, and = — 8° Reaumer.)

A 5 10 C.
(LIIL) 5 e

Here, as the Centigrade is minus 10, the equivalent 18° is to be
deducted from 32°, leaving 14° Fahrenheit as the answer.

multiply 2326 by 17, 18, 19, and 20. If the prices had been given in
shillings per Quarter, and we wanted to reduce to francs per Hectolitre,
we should have to divide a series of shillings by 2'326 as in Ex. 29. *This
remark applies to Formule XL. to XLV.

*8° Reaumur = 50° of Fahrenheit ; and for every extra 4° of Reaumur,
add 9° to Fahrenheit : s0 16° R. = 68° F.  Zero of Fahrenheit = = 14-2
Reaumur, or 32° + 2}. If the temperature is given in Centi%wde, double
it, and subtract % ; and to the remainder add 32°. Thus if 20° Cent. is

iven, Fahrenheit = (20 X 2) - 4 + 32 = 68°. If Fahrenheit is given,
and Centigrade required, subtract 32°; add §, and halve the sum. Thus

86°F. = (—86—-—%2-)—4——9- = 80° Cent.
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PART IL

USE OF THE SQUARE LINE D.

WHEN the Slide is carefully shut in, so that the 1 on the extreme
left of C, coincides with the 1 on the extreme left of D ; and also the
1 at the right of C, with the 1 at the right of D, the numbers on C are
the Squares of the numbers under them on D, and the numbers on D
are the Square Roots of the numbers over them on C.

For example, 16 on C is over 4 on D, and 9 on D is under 81 on C.

INVOLUTION AND EVOLUTION.

THE above remarks will show the great use of the Slide Rule in
finding the Squares, or Square Roots of any given number ; but the
following note should be attended to.

The 1 at the extreme left of the line C will represent 1 (not 10), or
100 (not 1000), or ‘01 (not “1) ; and the 1 in the middle of the line C
will represent 1000, or 10, or ‘1, &c. as below :—

First radius. Second radius.
r A N . A —
10,000 100,000 1,000,000
100 1000 10,000
1 10 100
‘0 ‘1 1

‘0001 001 01
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When closed in, even at the ends, we have :

c 1 4 10 49 100
D 1 2 31623 7 10
or,

C 100 729 1000 4900 10000
D 10 27 31623 70 100

So that if we want to find the Square Root of 2200, we must look
under the second radius of C, and find 46'9 on D. If we want to find
the Square Root of ‘07562, we must look under the 7562 of the first
radius of C, and find ‘275 ou D. For A/*00031, we must look under
the 31 of the first radius of C, and find “0176 on D. For /722,500,
we must look under the 7225 of the second radius of C, and find 850
on D.*

The number of figures in the Square Root of a given number, may
easily be known beforehand, by dotting off every alternate figure,
beginning with the last, and counting the number.of dots. We can
at the same time tell what the first figure of such Square Root will be,
by seeing what is the nearest (less) Square Root of the figure up to
the first dot, as in ordinary work with pen or pencil.

Thus 792500, will have three figures, and as the nearest (less)
Square Root of 72 is 8, the first figure will be 8.

EX. 234%.— How many figures will there be in the Square Root
of 435600 ? and what will be the first figure? Here V435600 shows
that there will be three figures, and also, that the first of the three will
be 6, because the nearest (less) Square Root of 43 is 6. (The answer
is 660.)

* It may assist the beginner to write with a pen, ‘01 on the first 1 of the
line C ; and 1000 on the 1 on the middle of the line C.
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Ex. 235.—How many figures will there be in the Square Root

of 34633211 and what will be the first figure? Here ~3463321
shows that there will be four figures, and also that the first will be 1,
because the nearest Square Root of 3 is 1. (Answer is 1861.)

Ex. 236.—Apply the above to ~34609689. Here it will be
seen that the Square Root will consist of four figures, of which the
first will be 5. (Answer 5883.)

As to Squares ; the squares of all numbers from 31623 to 100, have
four figures ; and all from 100 to 316°22 both inclusive, will have five
figures ; and all above 31622, as far as 1000, will have siz figures.
The square of 1000 is 1 million.

Squares of Decvmals.

Multiply the given decimal by 10, or 100, or 1000, so as to make
the first digit an integer. Then square this in the usual way, and
divide by the square of the number used as a multiplier.

Ex. 23%7.—How many 0’s will there be in ‘0556822 First
multiply by 100, to bring it to 5:568. Then 5568 (as the line C will
show) is 31. Now divide this by the square of the multiplier, 7.e. by

31
100’ or 10000, and we have —— 10000 = 0031. (Two 0’s.)

Ex. 238.—How many 0’s will there be in ‘017627 Multiply
by 100, and bring it to 1°76. The 1-76® is found on C to 31.

Divide by the square of the multiplier, and we have ———
(Three 0s.)

10000 =00031.

Square Roots of Decimals.

Multiply the given decimal either by 10* (100), or by 100? (10000),
but not by 1000,% s0 as to make either the first, or the two first digits,

* If we multiply by 1000, we should have afterwards to divide by +/1000,
or 31-623, an awkward number.
1
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into integers. Find the Square Root of this en the line D, and divide
it by 10, if 102 has been used as a multiplier ; or by 100, if 1602 has
been used as a multiplier.

Ex. 239.—Solve ~¥:00624. To multiply by 102 will not be

enough, so we multiply by 1002 (.e. by 10000), and obtain 624. We
find the Square Root of this, on the line D, to be 7°9. Divide by 100
(because 100? was the multiplier), and we have the answer ‘079.

Ex. 240.—Solve ~°0234 Multiply by 16? (s.. by 100) and
obtain 2'34. Find the Square Root of this on D, to be 1-83. Divide
by 10 (because we multiplied by 10%), and we have the answer ‘153.

N.B. Compare these two Examples 239 and 240, with the Rule in
page 84,

Remarks on using the lines D and C together.

In using the line D, with C only, observe that as the numbers on D
increase or decrease by t¢ns, the numbers over them on C, increase or
decrease by squares of tens (i.e. by hundreds). Also, that as the
numbers on C increase or decrease by tens, the numbers under them
on D, increase or decrease by Square Roots of tens (or 3'1623).

Hence the Rule
Cby 10,000, and D by 100. C by 10,000, and D by 100.
Mult. < Cby 100,and Dby 10. Divide< Cby 100,and Dby 10.
Cby 10,and D by,/10. Cby  10,and D by,./10.

So, if we set the Slide with 4 of D, under 768 of C, the run of
readings, supposing the Slide C to be long enough, would be

C 12 76'8 120 | 768 1200 7680 12000 76800
D ) 1266 1581 | 4 5 1266 1581 40

Here, it will be seen, that if for 768 on C we read 76800, the 4 on
D will become 40 ; but if for 768 we read 7680, the number under it
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will be 1265, that is, 4 X /10, or 4 X 3'1623. So if for 768 on C,
we read 768, the 4 on D will become 1265 or 4 = 4/10. N.B. If
the 768 of the first radius of C, is set over the 4 of D, the Slide C
will not be long enough to see what is under 768, or under 7680. This
difficulty is easily obviated, as shown in Examples 241 to 249.

So again in the following, where 6°67 is set over 1760.%

C 1 1 6 667 60 100 600
D 21565 682 1670 1760 5280 6820 16700

If the 6 on C, is read as 60, the 1670 under it becomes not 16700,
but 1670 X /10, or 5280. Remember then, that if any number on D
is multiplied by /10 or 3:1623, the corresponding number over it
must be multiplied by 10.

When the Slide seems too short.

Since D is only a line of single radius, it sometimes happens that
when worked with C, which is a line of double radius, the latter seems
too short, as observed in the N.B. above. The difficulty may be
obviated, either by multiplying or dividing the given numbers on C by
100, and those under them on D by 10,—as in Examples 241, 242,—
or when the number 1 comes into the question, by attending to what
radius the given number on C should be set,—as in Examples 2423,
243, 244, 245, 254 ; or lastly, by shifting the Slide, as in Examples 247,
248, 249.

Ex. 281.If the Slide Rule is setg 12573, what

on Cisover5onD?
Having divided 5 by 10, to get 5, we divide 1273 by 100 ; and the

set, of the Rule is the same as if it were g——lzf?

C 300
Ex., 242.—1f the Slide Rule is set D 379 , What

on D is under 3 on C?

* The numbers on D represent the distances in yards froman observer,
and the numbers over them on C, the depression of the horizon in inches,
allowing for refraction. See under ““ Depression of the Horizon.”
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Here 3 being 13gth of 300, we divide 79 by 10, and thus the Slide is
as if read with 7' under 3.

1
ExX. 2221.—If the Slide is set 3—7——— , what on D,
is under the 3 of the line C ? o
100
By the Rule in page 86, this is the same as D o %

set the 1 on the extreme right of the line C, over 7 on D, and reading
back to the left, along C, we find under the 3 of the first radius of C,

the answer 12-12.

*EBxX, 243.- If the Slide is set %—W— what on D
is under 51 on C?
. s e C 100
By the Rule in page 86, this is the same a3 o = ;

so if we set the 1 in the middle of the line C(calling it 100), over 2466
on D, we read back to 51 on C, and find under it, the answer 1760,

on D.

Ex, 2%4%.—If the Slide is set g—sig—, what on C,
is over the 6'4 of D?
. . C 390
By the Rule in page 86, this is the same as D 10 ;

so if we set the 390 of the second radius of C, over the 10 at the
extreme right of D, and read back along D, as far as 64, we see over
it, on C, the answer 160.

Ex, 245.—If tho Slide i set 1oy what on D,
is under the 1 of C?
By the Rule in page 86, this is the same as g 443 ;

* In Ex. 243, the numbers on D represent circumferences of a Circle in
yards, and the numbers over them on C, the areas of these Circles in
Acres. (See under “ Land Measuring.”)
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s0 set the *49 of the first radius of C, over the 4'2 of D, and reading on
along C till we come to 10, we find under it, on D, the answer 6.

Ex. 246.-If the Slide is set g—%, what on C,
isover the 1 of D?
By the Rule in page 86, this is the same as g 4;29 ;

80 set the 4356 of the second radius of C, over the 3'3 of D, and
reading back on D to the 1 on its extreme left we see over it the
answer on C, namely 40.

Shifting the Slide.

C 95

EX. 247.—If the Slide is set ;— , what on C,

isover 81 on D?

. . C 950 C ‘095 .
It is no use to read it as i 120 T D 1,2,33111Examples

C 5
241, 242, though both these are equivalent to 5—912 The Slide

will still not show anything over the 7 of D. The only way is to run
the eye along the intstrument, till two well-defined numbers are found
on C and D, exactly over each other, such as %——gg Then shift

the Slide, and set it with the 32 of the second radius of C over the 22
of D. We then can read straight on till we come to 81 on D, over
which, on C, is the answer 433.

C 43
Ex, 24.8.If the Slide is set D 74

is under 92 of C ?
It is no use to read it as

, what on D,

¢ 430 C 043 .,

D 2D ,74,asmExamples
. C 43 .

241, 242, though both these are equivalent to F——=0. The Slide

will still not show anything under the 92 of C. The only way is to
run the eye along, till we come to two well-defined numbers on C and
12
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C 786

D, exactly over each other, such as Do Then shift the Slide,

till 785 of the first radius of C is over the 1 (which read as 10) on-the
extreme left of D, and then under 92 on the first radius of C, we see
the answer on D, to be 10'8.*

7

oy - C
Bx, 249, If the Slide is set D 1128

is over 475 on D ?
Look along, till we see two numbers on C and D exactly over each

other ; as g—; g Then shift the Slide, till 60 on the first radiuns

, what on C,

of C,is over 3'3 on D. Now we can read or along D, till we come
to 4'75, over which is the answer 124 on C.

CHECK NUMBERS.

It has been shown in page 86, that if any number on D is multiplied
by /10, the number over it, on C, must be maltiplied by 10, to keep
up the proportion. Thus

c 9% _C 95 ) 9
D 12 =D 12x JI0 =D 379 :

Now in the above Examples 247, 248, 249, if we multiply the given

numbers on D, 12, 7'4, and 1-128 each by /10, that is, by 3-1623,

and at the same time multiply the numbers over them on C by ten, we

C 95 C 430 C 70

shall bave o755 'D 234 'D 3568 ;

and then can solve all the three Examples without shifting the Slide.
But it would .be so troublesome to be always multiplying by 3-1623

with pen and pencil, that the method shown above, in Examples 247,

*Or we may see g 3%-8— = ¢ 32820, and reading back, come to

92
108

(= NeN|
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248, 249, that is, shifting the Slide, is always resorted to ezcept in
Formulze (such as we shall find under Mensuration) where the given
tumber on D, is snvariable. It is then worth while to multiply it by
31623, and use the number so found (with the number over it on D,
multiplied by 10) as what is called a “ Check number.” It so happens
a3 will be seen under “ Mensuration” of Parallelopipeds, Areas of
Circles, Solidity of Cylinders, &c., that 12, 74, 1'128, &c., are
constantly wanted on the line D, as “ Gauge Points,” and hence it s
worth while in these cases to note their respective “Check numbers,”
3795, 234, and 3568,

LINES C AND D USED TOGETHER FOR MULTIPLICA-
TION AND DIVISION, etc.

It has been shown in page 83 how to use these two lines for
InvoLuTioN and EvoruTiox : it mow

remains to explain to what other cases m? X o

they are applicable. All questions that Lz =—5

can be presented in the two first forms Nm X o

noted in the margin, can be solved by L)z = NZJ

the lines C and D only. I X n?
The forms IIL, IV., V., require the L)z = —

we of the four lines A, B, C, D, as IXn

shown in page 94. IV)z = —5

V)z = i i(/s N

The following shows the setting of the Slide Rule for the lines D
used with C only.

C a b
D c d

The “ Proportions” read as follows : .
1. &: d®::a:bor c*:a:: dd:b.
2. Ma: Ab:ic:dyor Aa:c:: wb:d
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‘Whence we have

_xb
a = d’ H

#?Xa Na xd

N
z c.= N = .

d a

b =

The two last may also be in the forms ¢ == \/ Z >; dg, and
2
d= \/bxo.
a

To make this more clear by an example, see the Plate, which is set
as follows :

(8} 32 26
D 20 35
L 20°x 20 400 X 26
Here 32 = 57 = 3319 = 32 =a.
572 X 3'2 3249 X 32
2 = g — = o — = 26 = .
M32X57 179 X 57
20 = J26 = 51 = 20 = c.
26 X 20 51 X 20
57 = 39— = - = 57 = d.
232\* 2322
Ex. 250.—Solve (3?1 ) OF 3275
2322 1 .
Here 354% : 2322 ::1 :z;0rz = —354XT (See the Plate.y
C___ 43 L
D 232 354
. 56 55
Ex, 251.—What isthe Square Root of 6§ ; or '\/ 3 or% ?
55 1
Here /8 : /66 ::1:2; 0rz = 'J—J—;(— (See the Plate.)
C 8 55

D 1 2622
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Re
*Bx, 262.— Multiply 25* by 8 ; or ﬁf,x—s

Here 1 (or 12) : 8 :: 2:5% : 2. (See the Plate).

C 8 50
D 1 25
16 X 11°2

TEX. 253.—Maultiply 11:2 by /16 ; or —Jr Ex. 319.
Here o/1:11'2 :: W16 : 2. (See the Plate.)

C 1 16
D 112 448

1ExX. 254.—Divide 45000 by 752,

2
Here 752 : 45000 : 12 : 2; or 2 = 1&7——125;.09. (See the Plate.)
C s : ' 45000
D 1 75
52

ExX. 255.—Divide 5 by 1/20; or —— J20 ; or 20°

Here /20 : W1 ::5:a; orz = ‘/~,;f)5. (See the Plate.)

C 1 20
D 118 5

*In Ex. 252, we use 12 : 8, instead of 1 : 8, hecause when the line D
is used with C only, the first term must be either & Square, or a Square
Root. (See I. and II., page 91.)

tIn Ex. 253 we use Vl 11-2, instead of 1 : 11°2 for the reason given

in the preceding footnote.
1In Ex. 254, if we set the 45 of either radius of C, over 75 on’ D, the

line D is not long enough to read back to 1 on the left to see what stands
overit. We therefore read forward, till we have 9—%0 Then, as
explained in page 16, we divide the 100 on D by 100, to get 1 on D, and
at the same time divide the 80000 on C by 10000, and we have D——_f

giving 8 as the answer.
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262
Ex, 256.—Solve z = 2 ;(m =,

Here 30% : 72 :: 262 : . (See the Plate.)

C 54 = answer 72
D 26 30
57T x V32, 32
, Ex. 257.—Solve x = V26 ; or 57 X %" (See
the Plate.)
C 32 26
D 20 = answer 57

(In line 9, page 92, for 25 read 57.)

*BX. 258,—What is the “ Geometric Mean” of 125 and 1807
Here z = £/125 X 180; orz = /125 X 4/180. (See footnote.)

.. C 125 , 180
Bither D 125 150 answer
a8 in the Plate; or else it may be set as follows :
C 125 180
D 150 answer 180

TO0 USE THE FOUR LINES A, B, C, D, TOGETHER.

As explained in page 91, there are (L) z = 1 X n?
three cases (see margin), which cannot T="

be solved by the line D with C only, v Ixn

but which require all four lines A, B, av) z=—5

C,D. _WIX Jn
(V.) z = T

* In Ex. 258, the Equation is V125 >1< "/180, or V125 XI\/IBO’ and

in this form it cannot be solved by the two lines C, D, as it does not come
under either L. or II., of page 91. But since a/a = —\‘%, we change the

Equation z = Na X Wblintoz = —a& X Abjorx = ax;/b’ and then

it is solvable as in Ex. 257. To solve it by the four lines, see Ex. 262}.
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The following is the set of the Rule :

A a

B b

C ¢

D d

and the “ Proportions” read as follows :

1. ¢ : &:: b:a,ora=b>§d2.
aXc
2 d*: c¢:: a:bord= &

b x d?
P

4. /b: Na:: NJe:idyord = ﬁ—%i/c,or \/ﬁfbg

3 a: b::d@:corece=

To make this more clear by an Example, see the Plate.

A 20
B 16
(0 45
D 75
or, the same may be set thus :
A 45
B 16
C 20
D 5
o 16Xx78 _ 16x5625
- 45 - 45
16 = 20 x 45 - 20 X 45
752 5625 °
- B XTH 16 X569
- 20 20 °
pgr_ N0 X W45 _ 4472 X 671 | [20 x 45 _ \/B_To
16 4 ? 76 75°
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4 x 572
Ex, 259.—Solve z = L,l—, or 4 of 572  (Here

5:4::57%:2)
A 5
B 4
c . 25 See the Plate.
D 57

or it may be set thus:
A 26
B 4 -
C 5
D 57

38 X 95
Ex. 260.—Solve z = o1t - (Here 2182 :38::9%5 : 2.

A : 95
B s " See the Plate.
D 218

or it may be set thus :
A 38
B 76
C 9%
D 218

. 320?
BX. 261:Divide 320% by 125 ; or 125 °F 13z of 3202

125

1 See the Plate.
820

320

= Nel.- k-4

2
N.B. Questions like %%g— can be solved, and perhaps more accu-

. . 320 X 320 A 320 820
rately, by the lines A, B, in the form “i25 °TB 125 320"

See Ex. 43.
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ExX. 262.—What is the Square Root of 75 of 1627 (This is

TX 162 7 X 162
56 T , where

A/56 1 /57 11 W/162 : 2.)
Either as in the Plate:
7

the same as

A
B 56
C 162
D 4°5 Ans.
A 162
B 56
Or qc 7
D 4'5 Ans,

EX. 262}.—What is the “ Geometric Mean ” of 125 and 180

180
Here z = L%vxfi— . (See footnote to Ex. 258.)

A 12
B 1
C 180
D 150 Ans,
Index to the Examples of the use of the D line,
With the two lines C, D, B
‘ Form. Form.
2398 —
L | 5z Ex. 250. IL | /16 X 11'2% Ex. 253.
354 5
232 I | —. Ex. 255.
I 354) Ex. 250, \/20‘2" |
2 . 5
L) ok 8 Ex. 252 IL| A/ o Ex. 255. :
! I. 5 Ex. 254. /32 X 57
! 72 % 262 IL. % Ex. 257.
! L | —<5— Ex. 256. =D
30 I 32 X 572 Ex. 267
. Tan — HXx. .
IL ‘/ g Ex. 251. 26
\/ IL |67 x \/ " Ex. 257.
1L = Ex. 251. MRS
1L | 61 Ex 251, g A/125 X 180 Ex. 258.
IL | 115 /16 Ex, 263, .| 4/125 X 4/ 180 Ex. 258.

K
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! With the four lines A, B, C, D.

. Form. \ Form.
4 % 57 38 X 95 ,
; III1. '——5— EX. 259. IV. —2'-18T EX. 260.
' 2 39
| IIL. | 4 of 57% Ex. 259. V. \/7 >;61u2 Ex. 262.
) 320?
| HL o Ex. 261. V. | Sq. Rt. of fs of 162 Ex. 262.
i
i 7 X /162
| IIL | 445 of 3207 Ex. 261. V. “/—75—}/— Ex. 262.
|
|
|
l

Such cases as z = % are not solvable with the Slide Rule, unless

| the Square Root of s is known, and then it would come under
Ex. 251.

* Extra Examples for the line D with C only.

2
Tl e (IL)z = nm ./:( ® (page 91).

(L) z =

ExX. 263.—The Land-measuring chain used in some parts of
[ndia, is 33 feet long. How many Square chains make one Acre?

43560
(Here z = 337 288 in Ex. 254.)

C 40 = Answer . 43560
D 1 33

Ex. 26%.—The diameter of a Standard Bushel, is 1879 inches,
and its depth 8 inches. Required the diameter of a Bushel whose

* The extra Examples for line D, with A, B, C, will be found after
Ex. 278.
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depth is 1 foot ? (Here, as diameters of cylinders, of equal capacity,
vary as the Square Roots of their depths, we have /12 : A/18 :: .,

8 X 1879
orz = \/_)51_2__’ as in Ex. 257.)
C 8 ' 12
D 15°8 inches 1879

Ex, 265.—What must be the length, in feet, of one of the
sides of a square tent, so as to cover an area equal to that of a
rectangular tent measuring 203 feet by 143 feet? (Answer = Geome-
trical mean of 20§ and 14}, as in Ex. 258.)

C 1425 2075
D 14:25 1647 ft.

EX. 2653.—When the pressure of the wind is 1lb. per Square
foot, the velocity is 15 miles an hour. What will be the velocity when
the pressure is 2, 3, or 4 lbs. per Square foot, remembering that the
velocity increases as the Square Roots of the pressure ?

C 11b, 2 1bs. 3 1bs. 4 1bs.

D 15 miles 212miles 26 miles 30 miles

EX. 266.—What is the “Mean Square” of a bar of iron
which is 2§ inches broad, and g inch thick? (z = /275 x '375.)

D 1015 inches 275 (Ex. 258.)

BxX. 267.—If 6 Square métres = 7°2 Square yards, what is the

‘2
length of the métre in inches 7 (Here i/L

6 = length in yards, but

36 X \/ 7—: = length in inches; as in Ex. 257.)
C

6 . 72
D 36 39°4 inches
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EX. 268.—One day in the 18th century, a person observed that
his age was the Square Root of the year. In what year was he born ?
(The Slide Rule shows instantly what is the only whole number th.;t
is a Square Root, between 1700 and 1800.)

Ex, 269.—A malt-kiln is 16} feet square. Required the side
of another square kiln, capable of drying three times as much. (Since
areas of Squares vary as the squares of their sides, 1 : 3 :: 16'5% : a2

orz = 4/165% X 3,0rz = 165 X /3, as in Ex. 253.)

C 1 3
D 165 . 286 ft.

Ex, 270.—In “Timber measuring ” (as will be shown under
that head), the customary method of obtaining the content in cubic
feet is to multiply the length in feet, by the square of the quarter-girt
in inches, and divide the product by 122.. What, by this method, is
the content of a log 24 feet long, with a quarter-girt of 9 inches?

24 9752
(Here z = —xw—,—, as in Ex. 256.y*
C 24 1584 cubic feet
D 12 975

Bx, 271.—-1 have a cylindrical vessel 13 inches in diameter,
and I want another of the same depth, but to contain twice as much.
What must be its diameter? (As contents of Cylinders of the same
depth vary as the squares of their diameters, wehave 1 : 2 : 132 :: 2,

orz = A/13* X 2,.orz = 13 X /2, us in Ex. 253.)

* In Ex. 270 the Slide seems too short (see page 87), but if we read on,
C 600
_ —— 6
D 60 , which is the same as D 6 Then set
of the first radius of C over 8 on D, and we see the answer on C over
975 of D. Or if we use the “Check number ” of 12 (page 91, line 10),
nnmely 3795, we may at once set this on D under 10 témes the number on

voopC o240 . c 24 -
Cjorp 3795 " =D 3 705" 2°4 being on the first radius of C'.

we see
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C 1 2
D 13 184 inches

Ex. 272.—1 have a cylindrical vessel 28 inches deep, and 46
inches diameter, and I want another, 36 inches deep, to hold twice as
much. What must be its diameter? (Here 36 : 56 : 468 : z% or

_ 46 X A/56

, 8 in Ex, 257.)

/36
C 36 56
D 46 57-4 inches

Ex, 273.—The French kilomdtre is 1093'63 yards, and the
population in France is on an average 70 to a square kilométre. How
many is this to a square mile? (Here 1093'63* : 17602 :: 70 : z, or

7 2
= —01—0%}),& in Ex. 256.)

C 70 181
D 1093:63 1760

*Ex, 274.—What must be the diameter, in inches, of the mouth
of a circular Rain-gauge, so that its area may be 17} square inches?
17:33

(Here z = g5y decording to a known formula..).
C 7854 17-33
D1 37 (Ex. 261

Ex. 275.—Suppose a field measured with a Gunter’s chain ix
recorded as 166 acres; but it is subsequently found that the chain
used was 9 inches too short ; what is the true area of the field ? (Here
332 : 3275 :: 166 : x, as in Ex. 256.)

*In Ex. 274 the Slide seems too short : but we may use the expedient
. C 7854 C 7854 .
referred to in Ex. 248. Here D1 =p 10 - So if we
place the 7854 of the second radius of C over the 10 at the extreme right
of D, and read back, we find under 17°33 of C, the answer on D.
K 2
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C 1635 acres 16'6
D 3275 33
Bx, 276.—Let CD be the wall of a e

house, against which a ladder (AC) is
placed, with its foot 6 feet (A D) from the
wall. How long must the ladder be, to
reach a window at C, which is 24'3 feet
(DC) from the ground ?

(Here A C = A/243% 4 6%)

A D B
C 36 589 625 (=36 + 589)
D 6 = AD 24'3 = DC 2%=AC

Here, the Slide Rule shows the squares of 6 and 243, and the sum
of these being read on C = 625, we see under it the answer, without
moving the Slide at all in the whole process.

EX. 277.—In the preceding figure, let ABC be a Cone, of
which the slant height AC is 21 inches, and the base AB,
12 inches. Required the perpendicular height CD. (Here
CD = JAC? = AD? or J(AC + AD) X (AC - AD)
which last is better adapted to the Slide Rule: so that we have
OD = J@1  6) X 21 - 6) = V27 x 15, as in Ex. 258,)

c 13 97
D 15 20112

B x. 277..—Given the hypothenuse AC = 2377, and one of
the sides CD = 18'6. Required the length of the third side DA.
(Here DA = /(2377 + 186) X (2377 — 18'6), or N/42:37 X 517,
as in Ex. 258.) .

C 42:37 517
D Tilss=pAT T T Ty
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In Right-angled Triangles, when two sides are equal, use the
following :—

A 1 29 Either equal side

B 14142(= 42) 41 Hypothenuse

Ex. 278.—The circumference of a circle is equal to the Square
Root of the area, divided by '0796. What is the circumference of a

23
circle whose area is 23 square feet! (Here z = \,/ 0798 in
Ex. 251.)%
C 079 o=
D 1 17
Extra Examples for the four lines A, B, C, D. .
l 1 /
Seep.94. (IL)z = ——. (IV)z = '—%‘. Vyzr= ’:/n»‘"

tBX. 279.—A map drawn to a scale of 43 inches to a mile, ix
3 feet 93 inches, by 3 feet O} inches. Required the number of Square

45'5 X 365
—{%—ﬂ as in Ex. 260.)

A 365

761 Bquare miles

miles in it. (Here z =

B
C 45
D 467

+tEBx. 280.—How many Square yards are there in a garden

353 X 7854
bed 35 feet in diameter ? (Here z = x_g , a8 in Ex. 259.)

*In Example 278, we read the Slide as g"7i%6" -, and then it will
not appear foo short. (See pages 87, 88.)

t There are two ways of setting the Slide, when the four lines A, B, €,
D are used, as shown in page 95 and in Ex. 283. One is as good as the
other, exeept in the case of a ‘“Series,” as explained in page 107.
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A 9
B ‘7854

C 107 8quare yards
D

35

EXx. 281.—The difference of level in feet, on the surface of the

earth, is § of the square of the distance in Statute miles. What is the
distance of the sea-horizon, when the eye is 125 feet above the ground ?

9 125 .
(Here z = ’\/ X5 »as in Ex, 262, or z = Square Root of §

of 125.)

A
B
C 125
D

15 stat. miles

Ex. 282.3847 Cubic inches of cast iron weigh 1Ib. What is
the weight of a cube of cast iron which measures 12 inches each side !
12% X 12
(Herez_.3847,orz 3847 ,asmEx 259.)
3847
12

A

B

Q_ | 4491bs. e
D12 B

Ex, 283.—1f d = diameter of a cylinder, and ! = length, the

content is fig%—zl Required the content in Cubic inches, of a cylinder

whose length is 64 inches, and diameter 4'6 inches. (Here
463 X 65 .

z= " |gm3 ,asin Ex. 259.)

A 1273

. B 65
Either C 108 cub. in.
D 4'6 = diam.
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B 6'5
] C o reml’
D 4'6 = diam.

Ex. 284%.—Using *1606 as a “ Divisor,” what i8 the content in
Gallons, of a rectangular tank 9% feet long, and 6§ feet in width, and the
95 = 6°75%
same in depth ? (Here z = —1gog '™ in Ex. 259.)

,A " 108 cub. in.
Or*

A ‘1606

B 95 o o

C 2698 gallons
D 675 = Mean square

To solve a “Series,” with the lines C, D.

m? X o Jm X o
See page 91. (L) z = o (IL)x = Jr

N.B. 1. If m? and o, or /m and o are the two constants, the Slide
must be inverted, as shown in Examples 298, &e.

N.B.2. If 0 and %, gro and 4/r are’ the two constants, the lines
Cand D are to be used as below ; remembering that the two constants
are to be set one over the other. In (I.) 7 on the line D, and in (II.)
vron the line C. (See N.B. to Ex. 20.) ‘

3 x 23
Ex. 2.85.—Multiply 3, 4, 5, each by 23. (Here —25—,

£x 23 52 x 23
T %— , where o and 7? are constant.)

c 23

207 368 575
D 1 3 4 5

* See footnote to Ex. 279.
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53 71
*ExX. 286.—Solve at one setting g 1.);, 18, 3% l:’ 18,
4'6' x 18
—15~ (Here o and 72 are constant.) See the Plate.

8 98 169

C 18 s
D 15 2'5 35 46

EX. 287.—Multiply /9, /14, /16, /25, each by 12.

A9 X 12 V14 X 12 416 X 12 /25 X 12
(Here i a0 v S v J; ,where oand J'r
are constant.)

C 1 9 14 16 25
D 12 36 448 48 760

EX. 288.—Divide /4096, /5184, /6400, each by 16
A4096 X 1 /5184 X 1 A/6400 X 1

(Here Ji6 716 Ji6 where o and W/r are
constant.) '

C 16 (1600) 4096 5184 6400

D 1 (10) 16 18 20

68 X /54 68 X /98
NE N

Ex, 289.Solve, at one setting,

6 26

—8—53—;/-—. (Here 0 and /7 are constant.) See the Plate.
C 54 98 26 37
D 26 5 57 68

Ex. 290.—If d = diameter of a cylinder, and [ its depth or

2 xl
length, its Cubic content is Tl—>2<§ What are the contents in Cubic
inches of three cylinders, whose lengths are the same, namely 72

*Ex. 286. Set as above, the Slide seems too short to see what is over
the 4'6 on D. 'We must therefore shift the Slide as shown in page 89, or
use the ‘“ Check number” 3-568 as shown in page 90.
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inches, but whose diameters vary, being respectively 3-2, 4'2, and 46
322X T2 422 X 72 462 X 72

T2 * 1287 * Tigsr » “here oand riare
constant, as in Ex. 286.)

inches ? (Here

C 72 58 cub. in. . 100 cub. in. _ 120 cub. in.
D 1128 32 42 4'6 diams.

N.B. If m* and 72 are constant, there is no method of solving a
“gseries” with one setting of the Slide, either with C, D inverted or not,
or with A, B, C, D inverted ornot. The only way is to find the square
of r, and use it as a constant Divisor, as in Ex. 294. This is
explained in the N.B. after Ex. 297.

To solve a “Series,” with the lines A, B, C D.

2
Seep. 94. (IIL)z = ! ’i". (V)z =" ZE,-" (V)z= ."L’:T‘.:‘/"
N.B. 1. Where the two multipliers are constant, the Slide must
be inverted, as shown a few pages on.
In other cases (remembering always that the Square number, whether
in the question or in the answer, must be on line D) the following
Notes may be useful.

A varying Multiplier.
(IV.) Where # and either Multiplier J B answers
are constant. C constant Multiplier
D 8 constant

A sconstant
(II1.) a. Where ! and s are constant B 1 constant

C answers

D n varying

A answers

(IIL) . Where s and »* are constant ]é l::gl;tlfnt

D = constant
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A constant Multiplier

(V.) Where /s and either Multiplier ) B s constant
are constant. C varying Multiplier

D answers

48 1
Ex. 291. Divide 48, 64, and 80, each by 4>. (Here :i ,

64 x 1 80 X1
i: y = 4>,< -, and s and one Multiplier are constant.)

A 48 64 80

awyse | 3 ‘* 5

D 4 —

*EBx., 292.—Divide 492, 322, and 292, each by 20. (Here

49 X1 322 X1 29° x 1

20 ° 20 * 20 ° and ! and s are constant.)

20
1

(Illa.) 42 512 ’ 120

29 32 49

g Qw b

P XTLXTHXT
Ex. 293.—Solve 13’ 13 ° 13 °

constant.)

(Here ! and s are

(Illa.) 4846 8616 1346

g, Q| >
-

* Since ‘%’ _2Xb , Examples such as 292 can be solved by C, D only.

. [}
492 X 20 323 X 20 297 X 20 . Cw 42 5172 120
Thus —50— —50— — gz 2 Ex. 280 pg—m——7p
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76 X 16 7:6? X 24 7'5® X 32

Ex. 294%.—Solve —,—, B @ (Here sand
n? are constant.) See the Plate.
A 20 30 40
16 24 32

i RSN
D 75

V21 X /162 W21 X 260 /21 X £'620
Ex. 295.—Solve —— g™ " /18~ /168

(Here 4/ and one Multiplier are constant.) See the Plate.

A 2
B 168

V)< ¢ 162 260 620
D ] 57 88

Ex. 296.—There are three maps, all drawn to the scale of
43 inches to a mile. They are each 45 inches wide, but their
lengths vary ; being respectively 34, 363, and 40 inches. How
. 455 34
many square miles are represented in each map? (Here ——4_(;,;,
455 X 36'5 455 X 40

4672 7 467
See Ex. 279.

, where s* and one Multiplier are constant.)

A 34 3656 40
B 09 761 832
3 :
D

Bx, 297.—Taking the data in Ex. 281, what distance in statute
miles, can lights be seen from the sea when they are at the respectlv
9 X 2 X 22

elevations of 22 feet 80 feet, and 125 feet ? (Here

A/ 180, \/ 9 X5125 ; where A/£ and one Multiplier are constant.)

L
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V) 22 80 125

68 12 15

gQw e

m? X o . . .
N.B. 1. If we have 2 = —2 it can be solved with the lines C,

D, as in Ex. 256, but if we have a “serites” where m2 and 72 are
constant, while o varies, the only way is to find the square of r which
call w, and use the four lines A, B, C, D. Thus, suppose we have
92X 8 9 X 12 9% X 14

;: , :,, 2,. Tl where 9% and 6% are constant. We know

9P X8 9 x12 9 X144
2 i
that 62 = 36. Then we get the series 36 ' 36 * a3g 88

in Ex. 293.
A 18 27 315
B . 8 12 14
C 36
D 9

When the square Divisor occurs very often in practice, it is worth
while to make a note of it in case of a “series.” Thus in Mensuration
of content of oylinders, suppose we have three all of the same diameter
4'6 inches, but whose lengths vary, namely 65, 7'2, and 80 inches, the
contents in cubic inches (compare Ex. 290) would be 16 % 65

1128 °
4'6* X 72 46° X 80 . < gys :
1'128" > —Tiggs+ This “series” is not solvable in any way by

. the Slide Rule (see N.B, to Ex. 290), but if we keep a note of the

) e 46 X 65 467 X 72
Square of 1°128 which is 1°2732, we have 12732 ' 19733
46® X 80

2732 ° easily solvable as in Ex..294. On this head more will be
found under “ Mensuration of Cylinders.”
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Use of the lines % INVERTED.

If in the Formule (I.) « = s : o, (IL)z = 'J—":/r , we see that

in a “ series ” of Examples the two Multipliers are constant, the Slide
must be inverted ; and the multipliers set one over the other ; m? is
always on D, and \/7 on g. In other cases of a *series,” see p. 105.

a b (8 o (2
D ¢ (3 d (6)

The “Proportion ”is ¢ : d® :: @ : b, or Ja : /b ::¢:d. Thus,in
the above setting, 8 X 3 = 2 X 6%,and 3 X /8 = 6 X 2.
N.B. If a number on D is multiplied by 10, the number over it on

| must be divided by 100. Thus H 820(7) i 82.(; ; and if a

number on q is divided by 100, the number under it on D must be

multiplied by 10, Thus g 9216 g 9216

D 100 D 17

Ex. 298.—Divide 2800 by 142, by 182, and by 19% (Here
2800 X 12 2800 X 12 2800 x 1?

1 8’ ) Compare Ex. 2564.
g 2800 _(28) 14°3 864 775
D 1 (10) 14 18 19

Observe how the N.B, above applies in this case.

Bx. 299.Divide 42 by /36, by /39, and by ,/196. (Here
N1 X 42 /1 X 421 J/1 X 42
736 ' Ja9 196 ) Compare Ex. 255.

q 1 (100) 196 49 36
D 4 @2) 3 0 7
Observe how the N.B. above applies, and enables us to see at once
what is over 3, 6, 7.
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5% X 108 5% X 108 52 X 108

Ex. 300.—Solve 21 2 gqd 32

q 675 469 300 108 .
D 2 24 3 5

Ex. 301.—Divide /9216 by v4, by /16, and by /64, or

9216 9216 92 1
Square Roots of 6’ 6 9216 ( 9216 X 1 /9216 X

16’ 64 ° va ' J1e
A/9216 X 1
‘W64
g 9216 (92:16) 64 16 4
D 1 (10) 12 2 48

NM144 X 8 A/144 X 8 A/144 X 8

nx. 302 .‘—SOIVQ

J36 T Jex  J2w6
g 64 36 256 144

D 2 16 6 8

Ex. 303.—If Surveying chains of 33 feet, 50 feet, and 66 feet,
are used, how many square chains of each go to. one Acre?

43560 X 12 43560 X 12 43560 X 1°
(He 50— ) Ex. 254.
q 43560 10 1742 10
D 1 33 50 66

Ex. 304.—A second?’ pendulum vibrating 60 times in a
minute is 39:14 inches long. Since the lengths of pendulums vary
inversely as the squares of their number of vibrations in a given time,
what will be the length of two pendulums to vibrate respectively 120

. . . . 60%* X 39:14 602 X 3914
and 240 times in one minute ? (Here 1208 ° CYT

g 3914 978 inches 2'45 inches

D 60 120 240

See also Examples 328, 329.
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A
Use of the four lines g INVERTED.
)
If in the Formule (IIL) ° ,(IV)“‘”,(V)‘”’< LA

see that in a “series ” of Examples, the two multipliers are constant
whilst the Divisor varies, the Slide must be inverted. (In other cases
of a “ series,” it need not be inverted. See page 107.)

A ¢ (25)
; D e (23)
q

b (16)
d (6

The “Proport,ion”.isd2 teia:h Or Wb: Na i Je:d
N.B. The two Multipliers must be set one over the other; the

Square number whether #3, or 8%, is always on D, and the Square Root
Divisor always on {.

324 324 324 324 x 1
2> gi» gz Here we have —,—

Ex. 305.—Solve

324 X 1 324 X 1 .
—8:<——, ——9:<— : where 234 and 1 are the two constant Multipliers.

The divisor being a Square number, will be on D.

324
1

661 516

-

(iR R ]

2200 X 1°3 2200 X 13 2200 x 13
142 18 202

BxX. 306.—Solve

2200
13

146 886 . L T15
14 18 20

[=)--R&3)- 2
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7:5* X 16 75 X 16 75 X 16

Bx. 307- Solve _45-" y —55—’ T .
A 13 1636 20
o5 65 55 45
q 16

75

1 X 242
8 ’

Eix. 308.—Divide 24 by 8, by 9, and by 16. (Here
1x 24 1 x 24

9 ’
A 8 9 16
o ™ 64 T 36
| 1
D 24

N.B. This may also be solved by the line A and C inverted, as
follows :

A 24 36 64 . T

- ™
C 24 16 9
64><20 6'4 X 20 /674 x 20
Ex. 309.—Solve \/ 3 - Yol
( J64 X N20 A/64 X J20 J64 X A/ 20 )
T8 N 142
A 64 L
0. 20
q 142 8 58
D 8 4 7

55 ]
Ex. 310.—Solve 6, ;"5,%? (H V1 X 455,

24 X 24 24 X 24 24 X 24 . asin Ex. 75.

* Fx. 307 is 3’ 9’ 16
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V1 X W55 W1 X V55 givide the Square Root of 55, by 8,

/856 9
85, and 9.)
A 55
0 1
q 9 85 8
D 247 2:54 262

LINE E, AND “CUBES.”

[As some Slide Rules have not the line E, it will be shown in
Examples 321, 322, how to find Cubes and Cube Roots with the line
D. Tt is also to be observed that there are some questions involving
Cubes and Cube Roots which the line E will not solve, but which the
line D will ; as Examples 318, 319, 320.]

- When the Slide is taken out, and put in again with the other side
of it, (having the E line on it) upwards, and shut in even, so that the 1
at the extreme left of E coincides with the 1 at the extreme left of D,
the numbers on E will be the Cubes of the numbers under them on D ;
and the numbers on D will be the Cube Roots of the numbers over
them on E.

The 1 at the extreme left of E will represent either 1, or ‘001, or
1000, or 1 million ; as under :—

First 1 Second 1 Third 1 Last 1
1 million 10 millions 100 millions 1000 millions
1,000 10,000 100,000 1 million
1 10 100 1,000
‘001 01 ‘1 1

Thus, if we want 3/250, we look under the Third radius, and find
6:3. If we want /0229, we look under the Second radius, and find
'284. If we want 3/2:34, we look under the First radius, and find
135. If we want 3/62,100000, we look under the Second radius, and
find 396.
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The following would be the readings if the Slide is shut tn even,
and the third 1 on E is considered as 100 :

E | 100 1000 10000 100000 1 mill. 10 mill. 100 mill
D | 464 10 2164 464 100 2154 464

So with the second 1 on E, as ‘01 ; shut in even.

E -000234 00234 ‘0234 *01 234 234
D ‘0616 133 *286 2154 ‘616 1-33

The Cubes of all numbers from 10 inclusive, to 4641 inclusive,
have five figures. Beyond this to 100 inclusive, they have six figures.

As the numbers on D increase or decrease by tens, those above them
on E increase or decrease by thousands; and as the numbers on E
increase or decrease by tens, those under them on D increase or decrease
by Cube Roots of tens. (The Cube Root of 10 is 2:1544, and
3/100 = 4'6416, and 3/1000 = 10.)

. Hence .
E by 1000, and D by \?/ 1000, or 10. E by 1000, and D by ~&/1000.
Mult. { Eby 100, and D by «/ 100, or 4-64. Div. { E by 100, and D by ¥ 100.
Eby 10,and Dby« 10, 0r2-15. Eby 10,and Dby~ 10.

Thus if we set 8 on E over 3 on D,

8] 80 800 8000 8 mill.
D 1392 3] 647 1392 33 300

8 80 800 8000 8 millions

‘8
Here [39%5 — 38 = 6475 — 1392 — 30° — 3008
(See also, the two last Examples under “ Solidity of Spheres.”)

6500
If we have g—ao————ﬁa, and wish to know what on D is

I 60 . 60
under the 50 of E, it will not be 100 °F 6 but it will be i
60

5751 = 2785, as will be seen if tried with the Slide.
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If we have g .52136 , and wish to know what is under the

221 of E, the Slide apparently not being long enough,—we multiply

Dbylo and E by 1000, as shown in the Rule, page 116, and read it
523"

D 10 6, and then we can easily read back to 221 of

E, and find under it 7'5, the answer, on D.

The “ Proportions ” on the lines E and D, are as follows :

E a ‘ b

D c d
b 3

i :tbhia—~ora = );,,c

'
3 :d a: b,—orb=—xfd—a

d X Va ¢ Xa
V“/,or \/
Va:¥/biic:d—ord = XJb,o N/c"xb

It will be seen from the above, that the line E with D, solves two

3 3
forms of Equation, viz. : # = :i 2 andz = mX :/n. The first

Vb:¥a::d:e,—orec =

term must always be a Cube or Cube Root, but 1 may always be
made 12 or /1.

3
N.B. The line E is of no use in solving z = '%, nor in finding the

Square Root of a Cube, or the Cube Root of a Square : but the first
of these may be solved by the lines A, B, C, D, as in Ex. 318, and the
two others by the lines C, D, or g, D, as in Examples 319, 320.

49
Bx., 311.—Solvezr = 422 X 8,orz = X 8.

E 8 598
D 1 42
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3
Ex. 312.—Solve z = 7%0, or 1* X 750 .

5 53
: > 750
D 1 - >
9y 1x9
Ex. 313.—Solve z = (33), or s
: . 421
D 12 o
P
112 1x Y112
Bx. 314.—Solve z = ﬁ’ or _V14 5
e 1 112
D 1 -
43 x 6
Ex- 315-—801"0 z = 5"
E 3o .
D 4 :
/27 X 8
Ex. 316.—Solvez = \—/_’\764—'
E 27 64
D 6 ;

Ex. 317.—A shaft, 4 inches in diameter, will, at a given rate
of revolution, transmit a 12-horse power. What diameter of shaft, at
the same revolution, will suffice for a 38-horse power? (Here

12:3/38 i1 4:2.

E 12 38
D " 4 . 587 H. P

N.B. Other Examples will be found under the heads of Solid
Mensuration of Spheres and Cones, and at the end of ApPENDIX E.
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Cases of “Cube” not solvable with the line E, but with A,
B, C, D, or else with C, D.

2 8
Bx. 318.—Divide 8* by 6. Solved as in Ex. 259 8—6"—.
A 8
B8
C 853
D 8

Bx. 319.—Solve /5% in the form of /5 X 5%, as in Ex. 253,

C 1 5
D 5 112

BEx, 320.—Solve ¥/27%. Invert the line g, and keep the
Square number 27 on the D line.

q 9 1
D 3 o7 Ans, = 9,

This is rather an inconvenient way, but there is no other direct one.
See N.B. after Ex. 321.

Involution and Evolution of the Cube by the line D.
Ex. 321.—Find the Cube of 12. (Herez = 12? X 12, a8 in

Ex. 252.)
C 12 1728
D 1 12

Ex, 322.—Find the Cube Root of 800. Invert the Slide, and
%e where two stmilar numbers are over and under each other, on the
lines g and D. ,

—— S Ans, = 9283,

N.B. In this case the uncertainty lies as to which of the 1’s on the
line D the given number on g is to be set over. If the 800 is set over



120 HAXD-BOOK OF THE SLIDE RULE.

the 1 on the extreme left, the answer may seemn to be either 20, or
431 ; the former being 3/8000, and the latter 3/80. It is only when
the 800 is set over the right 1 (which in this instance s at the extreme
right of D), that we get the answer at once.

Bx. 323.—Solve 4'2*° X 8 by the lines A, B, C, D. (See
Ex. 259.)

This is easy with line E (Ex. 311), but cannot be done with line D,
unless we happen to know the reciprocal of 8. In this case we have

422 % 42
z = -%—,asiulﬂx.%&
A 125
B 42
C 598
D : 42

ACCELERATED MOTION.

A heavy body near the Earth’s surface descends about 161 inches in
the first second of time ; that is in vacuo: and the spaces descended
by falling bodies are proportional to the Squares of the times of the
descents,

Ex. 324.—Through what space in vacuo will & body fall, in 3,
4, and 7 seconds respectively ?
(Here 3% X 161 ; 4 X 16'1; 78 X 16:1). (See Ex. 203

C 161 145 ft. 257°5 ft. 789 1.
D 1 3 sec. 4 sec. 7 sec.
Bx. 325.—How many seconds will a body be in falling 272
. 272 360 i
feet, and 360 feet in vacuo? (Here A/ 161 and 161 both
solvable at one setting of the Rule.)
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C 16°1 272 ft. 360 ft.
D 1 411 seec. 472 sec.

N.B. The above Rule only applies to descent tn vacuo. The
resistance of the air increases greatly after the first 2 seconds : thus in
Ex. 325 a ballet let fall 272 feet, would be 4} seconds, instead of 4°11
seconds in reaching the ground.

EX. 326.—What velocity in feet per second, will a body have
acquired after falling in vacuo through 360 feet ?
(Here z = 4/64'4 X 360, as in Ex. 258.)

C 644 360
D 644 1522 ft.

Ex, 327.—What velocity in feet per second, will a body have
acquired after falling in vacuo for 4:72 seconds ?

(Here z = 4:72 X 322.)

A 322 . 1522 ft.
B 1 472

PENDULUMS.

The times of vibrations are as the Square Roots of lengths. The
number of vibrations in a given time is inversely as the Square Roots
of the lengths; and the lengths are inversely as the Squares of the
number of vibrations in a given time,

In the latitude of London, a “seconds’ pendulum is 39'14 inches
long. InLat.75°N.itis39'2. On the Equator 39-01.

The following Formula (Slide inverted, p. 111) will be useful.

q 11 39-14 Inches length
D 3568 * 60 No. of vibr. in 1 minute
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39:14 X 602

Here Inches length = 358 and No. of vibr. in 1 minute

/ 3914 X 60%
Inches length’

Ex. 328.—How many vibrations in 1 minute will a 12-inch
pendulum make ? and how many inches long must a pendulum be to
make half-second beats ?

g 1 3914 12 978 inches
D 358 60 1084 vibr. 120

Ex. 329.— Three military pendulums are-required for “ Slow”
and “Quick ” step, and “ Double :” being respectively 75, 108, and
150 beats (a step or pace for a beat) per minute. Required their
respective lengths.

q 11 3914 25 12 626 inches
D 358 60 75 108 150 vibr.

MENSURATION FORMULZ.

(LINEAR.)
(For Examples, see Examples 330, &c.)
(L)*
A 1 31416 22 Circumference { Cire. =d x 81416,
B .3183 1 7 Diam. of Circle | Diam. = ¢ x ‘8183,

*In Formula I. the more exact multiplier is 3:141592636 ; but the.
ratio 7 : 22 is so near, that if we use it for a diameter of 791, it would
make the circumference 2486 ; whereas with the more elaborate multiplier
it would be 2484°99976076. So that with the proportion 7 : 22, if we add

2%6" or *4024 per 1,000, to the circumference, it is exact.
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(IL)
A -1 11284 35 Diam. of Circle { Side =d x "8862.
B ‘8862 1 31 Sideof Square equal | Diam. = s x 11284.
(II1.)
A. 1 1414 99 Diam. of Circle Side =d x “707L
B 7071 1 70 Side of inscr. Sq. | Diam. =& x 1414.
av. )
A 1 1414 *99 Diag. of Square { Side =d x 7071
B 7071 1 70 Side of Square | Disg. = s x 1'414.
(v)
A 1 3545 39 Circummf. of Circle ( Side = ¢ x -2821.
B-2821 1 11  Sideof Square equal | Circ. =5 x 8:545.
(VL)
A 1 4442 40  Circumf. of Circle Side =c x ‘2251
B -2251 1 9 Side of inscr. Square | Circ. = s x 4:442.
(VIL)
C 5 1 2 Area of Squar { Area = Diag.? 2.
D 1 1414 2 Diag. of Square

Diag. = ~ Area x 2.

For sides of Triangles, see Examples 276, 277, 2774,

(VIIL)

A 5774 1 30 Radius of Circle  f 8ide of Tr. = Rad. x 1782,
B 1 1732 52 Sideofinscr.equil.Tr. | Rad. = =8 x 6774.

* This % is the same value as the ;—g of page 103.
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Ix.)
A 3464 1 52  Side of Equilat. Tr. [ Rad. = Sideof Tr. x 2887.
B 1 2887 15 Rad. of inscr. Circle | 8ide = Rad. x 8-464.

X)

1 152 76 Side of Equilat. Tr. { Side of 8q. = Side of Tr. X '658.
‘658 1 50 Side of Square equal | Side Tr. = B8ide 8¢. x 152

= b

The following Polygons are Equilateral.

(XL)

A '1 1453 61 Side of Pentagon ( Rad = Bide x ‘6882.
B 6882 1 42  Rad.ofinscr. Circle | Side = x 1'453.

’

(XIL)

A 1 11547 52  Side of Hexagon [ Rad. = Side x '866.
B 866 1 45 Rad. of inscr. Circle | Side =17 x 11547.

(XIIL.)
A 9631 1 80 Side of Heptagon { Rad. = Bide x 1'038.
B 1 1038 83  Rad. of inscr. Circle | Side =7 x -9361.
(XI1V.)
A 8284 1 53 Side of Octagon f Rad. = 8ide x 1-207.
B 1 12071 64 Rad. of inscr. Circle | 8ide = r x 8284.

for 12 sides A L Side

L A 1 Side
For 10 sides m.

B 1539 Rad.’

N.B. 1st. In the above Formulx for Equilateral Polygons, remem-
ber that the “radius of an inscribed circle ” is the perpendicular from
the centre of a polygon to the middle of any one side,as DC ir
Ex. 337.
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(XV.)

A 1236 1 58 Rad.of circumscr. Pent. { Rad. of Pent. = x 1236,
B 1 -8093 47 Radius of Circle Rad. of Circ. = 7 of P. x '8093.

(XVL)

A 1 11755 40 Side of Pentagon Side = Rad. x 11755.
B 8506 1 34 Rad.of circumscr.Circle | Rad.= Side x ‘850.

(XVIL) .
A 1 Side of Hexagon { Samme
B 1 Rad. of circumscr. Circle '
. (XVIIL)

A 1 -8678 46 Side of Heptagon Side = Rad. x '868.
B11524 1 23 Rad. of circumscr. Circle | Rad.= Side x 1152,

. (XIX.)

4 1 7651413 Side of Octagon Side = Rad. x ‘7654,
B 13307 1T 17 Rad. of circumscr. Circle | Rad.= Side x 1307

. A 618 Side .. A B8 Side
For 10 sndes—B 1 Rad, b for 12 sides B 1 Rad

N.B. 2d. In the above seven Formule, the “radius of 4 circumscrib-

ing circle ” is the distance from the centre of a polygon to any one of
ita corners, as DB in Ex. 337.

N.B. 3d. In the case of a Rectangle, where the sides ¢ and b are
given, the diagonal = /a? + &2 as l.l\l Ex. 276.

ExX. 330.—~What will be the circumference in inches of four
tircles whose diameters are 296, 427, 113, and 159 ?

I A 22 93 182 355 500
) B 7 29°6 427 113 159
M2
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Ex. 331.—What length in inches must each side of a square
pipe be, to make its area equal to that of a round pipe of ome foot
diameter ?

A 12 35
(II') B 10634 inches 31

Ex. 332.,—What is the distance in feet from the centre to the
corner of a tent 16 feet square ?

22°6 feet = diagonal 99
16 - 70

whence from the centre tl_le answer is 11°3 feet.

A
(Iv.) B

Ex. 333.—In the figure, if EB the radius
of the circle be 3} inches, what will be the length
of AC?

A 7 = diameter
(Im) B 495 inches = AC

Ex. 334.—In the preceding figure, let the circumference be
that of a log of timber, measuring 39 inches round. What is the
difference between its “ Quarter-girt” CDB (975 inches) and one of
its sides A C, when squared 1 ¥ )

39 40
878 =AC 9

A
(VL) B
Hence the difference is ‘97 inches.

Ex, 335.—If the diagonal of a square piece of ground is 374
feet, how many square feet will there be in it ?
2 * 700 Square feet

c
(VIL) 53 374

* The “Squared side” may always be taken as % of the “ Quarter-girt.”
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BX. 336.—If a circle has a radius of 45, what will be the
length of each side of an Equilateral Triangle inscribed within it ?

30 45
52 . 78 = side

(VIIL) g

Ex. 337.—If the side of a Pentagon,
as AB in the figure, is 40, what will be the
distance from D to C? (d.e. the radius of an ©
inscribed circle.)

A 40 =AB 61
XL)g—=s=pC 25 Or Side X 6882

Ex. 338.—If the side of a Pentagon, as AB in the above
figure, is 25, with what length AD, BD, must arcs cutting each other
at D, be described from centres A and B, so as to find the centre of a
circle within which the Pentagon is to be set out ?

25 = AB : 40
XVL) g~ m%=50 34

Ex. 3383.—If a given circle have a radius DB of 51, what
will be the length of each side of a regular Pentagon to be drawn
within it ?

40 60=AB
34 61 = DB

(XVL) g ‘

Ex. 339.—If a given circle, such as the dotted one in the
preceding figure, have a radius DC of 30, and it is required to draw a
regular Pentagon outside it, what must be the radius DB of an outside
circle, which the angles of the outside Pentagon shall touch at five
points in its circumference ?
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A 371 =DB : 58
XV) g 30 = DC 47

N.B. In Ex. 339, when drawing a Pentagon outside a given circle,
having found DB = 37°1, we describe a circle with this radius, and
then find the lengths of A B, BE, &e. from Formula (XVI.) to be 436

A 40
each, as follows —B 31 :;;761—, and we then step off

the sides on the circumference.

Ex. 340.—Suppose a circular piece of ground 1360 yards in
diameter, has its circumference marked out by 8 flags at equal
distances, hgw many yards apart will the flags be ?

A 13 520 yards = Ans.
B 17 680 = semi-diam.

Notes,

In drawing Regular Polygons the above Formulse are often useful
(Ex. 339 and N.B.).

To find the central angle ADB in Ex. 337 of any Equilateral
Polygon, divide 360° by the number of sides. Thus in a Pentagon

ADB = 3%) = 72°,and CDB = 36°. In a Heptagon the central

angle = :ig(—) = 51'43°. In a Pentagon (Ex. 337),if AB = 1, then

DC = 6882 and DB = *8506. If DB = 1,then AB = 1-1755,and
DC = -8090. If DC = 1,then AB = 1'453, and DB = 1'236.

The following may also be found useful.

>
a
&
»
o
~

/
AN

\ d
/ed \‘/

Fia. 1. Fio. 2. Fio. 3. Fig, 4.
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Ex. 321.—Let ABCD, fig. 1, be a square piece of board of 87
inches to a side. Required the length in inches, of the side (b¢) of the
largest Octagon that can be cut from it. (Here z = 87 X -4143.)*

A 4143 36 =be
B 1 87

EX. 342.—Let fig. 2 be a square, each side of which is 27.
What is the length db of each side of an Equilateral Triangle
inseribed within it? (x = 27 X 1'0353.)

A 1-0353 28
B 1 . 27

Ex. 343.—Infig. 3,let EFGH be a Rectangle, one of whose
sides is 10'4, and the other 14°7. Required its diagonal EG. (This
is, to find from the Hypothenuse EG of a right angled triangle, the
sides EF, GH, as in Ex. 276 and N.B, 3, page 125)x = A/10'4% 4 14°7%,

(6] 1 108 216 324 = 108+ 216
D 1 104 147 18 = Ans.

Ex. 3%44.—Let fig. 3 represent the surface end of a Cylinder
whose diameter EG is 18 inches. Required the two sides EF, GF,
of the strongest rectangular beam that can be cut from it.

18 C18
(EF = 1732 and G¥ = 'iT7,—3'2 X 18)*
A 104=EF 147 = GF 18
B 1 1414 1732

d d X 2
or, we may take EF = ) and GF = _.%':/_

*In fig. 1, if the side BC = 1, Bb = 29285, and b¢c = *4143.

+In fig. 2, if the side BC = 1, Cb = 1'0353, and Bd = 268, and the
angle Bob = 15°; as also angle DCd.

$To construct the sides required in Ex. 344, divide EG into three parts,
and from K raise the perpendicular KF. Join FE and F@, which will be
the two required sides.
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C 1 2 3
D 104=EF 147=GF 18

Ex. 345.—Within a circle having a diameter of 25 inches, i

is required to have either three or four circles described (fig. 4)
Required the diameter of each circle if there are three, or if there are
four, z = 26 X ‘416, and y = 25 X ‘464,

A 10.4 four 116 three
B ‘416 *464 1

Bx. 346.—A circular Safety valve 7 inches diameter, is to be
replaced by two smaller ones, which_ together are to have the same
area of aperture as the 7-inch one, and both to be the same size.

‘Required the diameter of each. (Herez = -:';;z-, a8 in Ex. 255.)

C 1 2
, D 49 7

Each will then have an area of 19} square inches ; the original 7-inch
aperture having an area of 38%.

Ex. 3%7.—A circular Safety valve of 7 inches diameter (as in
Ex. 346), is to be replaced by two smaller ones which together
are to have the same area of aperture as the 7-inch one;
but the area of one is to be § the area of the other.

2
Required the diameter of each. (Here 2z = ’\/ 7 ¥ 3 ; and

X3
y = 3 _)._( ::, as in Ex. 257 ; and hoth solved at one setting of the
Slide.)

c 2 3 5(=2+3)

D 443 = 2. 542 =y. 7

Their Areas will be respectively 15'4 and 231 square inches, or 8
total of 384, the Area of the 7-inch aperture. Here 154 : 231 :: 2:3.
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CHORDS, ARCS, VERSED SINES, RADII.

(LINEAR MEASURE.)

. . B _Y
VD. Diameter = 100, A
CH. Chord = 80. c/ >\x
CS. 3 Chord = 40. ¢ s
V8. Ht. of Arc = 20,
CV. Chord of 4 Arc = 44-72.
VR. Radius = 50.
CR. Radins = 50,
DS.=VD - VS = 8o,

D

L CV = 4/VS X VD = /20 X 100 = 4/2000 = 44°72.

II. GV = #/CS% + VS? = /407 + 208 = 4/1600 4~ 400 = 4/2000
= 44'72.

CS? 407 1600

] o
IV. VD = DS + VS = 80 + 20 = 100. o:‘m—v’é—z—s+vs.
Ccvs 44793 2000 CV2 x5
V.VD=VS=TI=W=100. Ol’R&d.= VS .

o 2
VL VS = %’ - 4'%2‘ - 2%0 = 20. OrCR — J/CRI - CSi,

VIL V8 = 4/(CV + CS) x (OV - CS) /8572 x 472

=" A/400 = 20.
VIII. CS = /(CV + V8) x (CV — VS) = /6472 X 2472
= 1600 = 40.
IX.0H = 2 X v/(VD = V8) — VS = 24/80 X 20 = 2 41600

=80. Or2 X /(CV+VS) x (CV-VS).
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X. RS = 4/(CR+ C8) X (CR—CS) = 4/90 X 10 = /900 = 30
Radius X Arc or Angle .

X1. CABVFH. Length of Arec = 573 , Or
8 X CV) - 72) —
8 x ‘;) CH=(8><44;2) 80 _ oo6

XIL CRYV. Dogrees of Are = "LoX [ength of Are

= 106°.

Ex. 348.—If in a bridge, thq Chord CH = 240 feet, and the
rise of the crown or Versed Sine = 34 feet, what is the length of the
curve CABVFH? First find CV the Chord of 3 the Arc, which is
4120t 4 34® = 125 feet, as in Ex. 276. Then use Formula XI.:

- CH — 240 760
.1:=(8XCZ) C =10003 =~é—=253§feetforthe
Answer. The correct answer is 2524%.

N.B. The same may be obtained very nearly, by construction.
Take CB = } CH, and measure this distance as a Chord from H to
G. Join GB, and its length is equal to kalf the length of the curve
CABYVFH.

Ex. 349.—0n a plan, the Chord CH of a railway curve
measured 37 inches, and its Versed Sine or VS was 5 inches. With
what radius in inches was the curve set out? Here since CV = 3;7

1853
or 18'5, we have by Formula III., D8 = -%— = 6845, to which if
we add VS = 5, we have 7345 for the diameter, and 36.725 for the

Radius or answer.

(The following require a “ Table of Natural Sines.”)

When the length of the Radius is given, let A = any angle, and
C = its Chord (in terms of the Radius):
Chord

Then C = (Natural Sine4'A) X 2 ; and Natural Sine 4 A = R
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Ex. 350.—Required the length of a Chord to an arc or angle

of 30°. '
The Natural Sine of } A, 4.e. Natural Sine of 15° is '259. Double

this, and we have '518. The required Chord, then, is *518 times the
Radius, whatever that may be.

Ex. 351.—Radius being 10, the Chord given is *766. What

is the angle that it subtends ?

*76
Hero 0" = ‘383, which is the Natural Sine of 32§° ; whence the

angle subtended is 2 X 22} or 45°

Ex. 352.—If a2 Pendulum AB 8 inches
long swings to C, and BC is measured 48 inches,
what is the angle BAC ? !

Hered%8 = 6, t.e. the Chord is ‘6 of the

Radius. Half this is '3, which is the Natural
Sine of 174°. Double this is 35° the angle
required. Or we may obtain the '3 sooner, by

—= =3

dividing 4'8 by double the Radius or 16

Bx. 353.—Given in the fig., page 131, the Chord CH = 326 ;
and the Versed Sine VS = 97. Required the “length of the Arc”

CABVTH.
2
’ Find DS (III. page 131) to be !s%% = 274; whence we get the
|

Diameter DV = 274 4 97 = 371 ; and the Radius RC = 185°5.
But CS is given 3-22 or 123. Then if RC = 1, CS = ‘879, and is.

the Natural Sine of 613° or CRV. Double this, or 123° is the
Degrees of Arc or angle CRH ; and then by Formula XI. page 131,

e R 557)53123 = 398, the length of the Arc CABVFH.
N
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ELLIPSES. (LINEAR MEASURE.)

To describe an Ellipse, take a thread FmG of the length of the Axis
major ; and to such Foci F, G, as may be selected, fasten the ends of
the thread. Stretch the thread as far as it will go to m with the point
of a pencil, and keeping it at the stretch, keep on tracing out the
circumference with the pencil-point. The nearer the Foci, the nearer
the Ellipse will be to a Circle.

In the figure, let the Axis major
AB = 12. Axis minor CD = 9.
Semi-Axis major AQO = 6. Focal
distance FO = 4 (nearly). One
Ordinate’ PM = 4'24 Longer A
Absciss AM = 8. Shorter Absciss
MB = 4.

FC is the “ mean” distance of
either Focus from the Circumfer-
ence, and is = A O the Semi-Axis major.

The following Formule (as can be shown from the above figure)

"may be useful. They may all be readily worked out by the Slide
Rule. .

Axis major — Axis minor AB - CD

I. Ellipticity = Axis major , OF N
12 -9 3 1
2 "iTi"

. Focal distance FO
II. Eccentricity = mof A T $ = § = 666

\/ Axis major?
nearly : but more exactly as follows : 1 - =

Axis minor¥
\/1 - CD,,, or '\/ 1 - 144 V1 = 5625 = /4375 = ‘6614,
II. Focal distance FO = &/Axis major’ — Axis minor®

= 4144 — 81, or /21 X 3 = 3969, as in Ex. 258,

IR Circumfermce = (Axis major 4 Axis minor) X 158 or
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(12 4 9) X 1'58 = 21 X 158 = 3318 ; but more exactly as follows:
AB +CD AR + CD? 21 144481
AR OD | JAEEODY, verosor( G + 4/

X 15708 = (105 + 1/1125) X 1'5708 = (105 + 21'11) X 15708
= 21°11 X 1'5708 = 331596 = Circumference.

Ex. 354.—In the figure, given the two Axes, AB and CD
= 12 and 9 respectively ; as also the two Abscisses AM and MB
8 and 4 respectively. Required their Ordinate P M.

Here Ordinate = Axis minor x \/u})sc. X absc. _ CDxXVAM X MB
Axis major AB

1st. 4/8 X 4, as in Ex. 258.

C 4 8
D 4 5657
9 X 565
2d. —)-<—-—7,as in Ex. 37.
12
A 9 4248
B 12 5667

Ex. 355.Given, the two Axes, 12 and 9, also the Ordinate
PM = 4'243. Required the Abscisses, AM, MB. (Here OM the
distance from the centre must first be found, and added to A O.)

_ABx J(CO+PM) x (CO— PM) _ 12 x /8743 X 257

oM cD 9
1st. /8743 X ‘257, as in Ex. 258.
C 27 8743
D 15 8743
12 X 1'5

2d. —g 88 in Ex. 37.

A ‘0=0M 12
B 16 9
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Then AO + OM = 6 4 2 = 8, = Longer Absciss.
BO — OM = 6 — 2 = 6,= Shorter Absciss.

Bx. 356.—Given the Ordinate PM = 4243, and the two
Abscisses AM, MB, = 8 and 4. Required CD the Axis minor.
(The Axis major of course = 8 4 4.)

AB x PM 12 X 4243
CD="7AM x MB _+/8x4"
12 X 4243

Find /8 X 4 as in Ex. 258, to be 5.657. Then —pmr— =9
= CD the Axts minor.
its lesser

BxX. 357.—Given, the Ordinate PM = 4243;
Absciss MB = 4 ; and the minor Axis CD = 9. Required A B the

major Axis.

(CO + +/{CO + PM) x (CO — PM)) X (CD x MB)

AB = PM:?
45 4 4/8743 X = ‘25 4 R
_ (45 +4/8743 g D XOXD gt find /6743 X 267
6 x 36
as in Ex. 258 to be 1°5. Then 4,2432,asmEx 260.
A 6
B 13=AB
c 36
D 4243

Ex, 358.—If the “ mean distance” CF of the Earth from the

Sun is 25 millions of miles, and the Eccentricity of its orbit = ‘0168 ;
what will be the shortest distance AF that the Earth is from the Sun,

and what its farthest distance FB?
95 — (95 X *0168) = 95 — 1'6 = 934 millions = AF.
95 + (95 X ‘0168) = 95 + 16 = 96'6 millions = FB.
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PARABOLAS. (LINEAR MEASURE.)

EFQ is the Parameter, which
always passes through the focus F'; E
and in the figure, is four times VF. N,
The Abscisses vary as the Squares . ¢
of the Ordinates ; and the Ordi- P F \M
nates vary as the Square Roots of /
the Abscisses. VF, VG, VH, &c. \
are the Abscisses. /

H &b e H |g

Ex. 359.—In the figure, VF = 35 and FQ = 7. If
VG = 7, VH = 10'5,and VI = 14, what will be the length of the
respective Ordinates GK, HL, IM?

C 35=VF 7=VG 105 =VH 14 = VI Absc.

D 7=FQ 99=GK 121=HL 14 —1IM QOrd.
X Ord HL?
Abaciss, as VH = Param. EF Q'

Ordinate, as HL = /Absc. VH X Param. EF Q.

2
Parameter EFQ = 1:,—%

3 X 4

+The length of an arc = 2 X '\/Ord.’+Abw3* Thus

if HL = 121 and HV = 10'5, the length of the arc OVL = 2 x

105" X 4
«/ 121* 4 ——3"— = 1716,

N2
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SQUARE. (AREA-MEASURE.)

See also under “ LAND-MEASURING,”
)
c1 Area Area = Side®.
D1 Side of Square | Side = ~/Area
(IL)
c 1 AreainSq.yds.{Amins‘l- yas Si0e%
D 3 Side in feet Bide in ft. = +/Area in yds. x 57,
(TIL)
c 1 AreainSq.ﬂ:.{Amin&l-ﬂ-=-Sil—d;,:-
D 12 Side in inches | Sideinin. = vAreaimft. x 19%.
@Iv.)
C 5 1 2 Area Area = M
D1 1414 2 Diagonal | pigg = {/Area’x )

ExX. 360.—1 have a square piece of board whose surface is
2 Square feet. Required the length of each side n vnches
(¢ = /2 X 127, as in Ex. 253).

1 2
12 17 inches

(I7L) g

EX. 361.—What is the area in Square inches of a Square

whose diagonalis 2546 inches? (= = 2222, )
Cc 2 . 324 8. in.
V) p—3 9546
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25462 . .
N.B. Here —— is adapted to the lines C, D in the form of

2
25- 2
%—; otherwise, if we do not care to adhere to Formula IV.,

A 2546
we may solve it thus 4 ) 235%1‘(‘5’ as in N.B. to

Ex 261. Bat the lines C, D are more useful when the ares is given,
and the diagonal required.

RECTANGLE—RHOMBUS—RHOMBOID. (AREA-MEASURE.)

See also under “ LAND-MEASURING.”
V)
3 I‘enlgth ) Perpé;fh?cu]a.r Area = length x height.
(VL)
g Yardilong Aln:ic}kfh AreainSq.fl;.:Y“):mdl”.
(VIL)
g Ij‘eeg long F‘:::ap:nrpigdfcislar Area in Sq. yds. = P x F‘eet.
(VIIL)
g Inch;,s4‘llong Inir;a pl:lrpse(llﬁilular Areain 0.1t = Inches;:4 Inches

N.B. In a Rhombus the Area = } the product of the Diagonals.

Bx. 362.—If in a Rectangular figure, having an area of 25
Square feet, the length is known to be 6 ft. 8 in., what will the
breadth be in feet ?
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667 ' 25
1 375 ft.

)h

Ex. 363.—How many Square feet are there in a piece of
papering 12 yards long and 21 inches wide ?

A 12 68 8q. ft.
(VL) B 4 21 .
Bx, 364.—In the figure (s Rhombus), if each R R
side is 26 feet, and the perpendicular A F 18 feet, !
what is the area in Square feet ? H
¢ F D '
LA 26 468 8q. ft.
V)5 1 18 = perp.
N.B. If in the above figure the Diagonals 48 and 19} feet had
48 X 195
been given, the area would be —x—2—- = 468 Square feet. (See
N.B. after Formula VIIL)
Ex. 365.—In the figre (a Rhomboid*), if .
the parallel sides AB, CD are each 456 feet, and
the perpendicular AF = 2377 feet, what is the
area in Square feet ? = 7
A 456 108390 Bq. ft.
V)g—1 2377 = perp.

Bx. 366.—In the above Rhomboid,* if the area is known to
be 1'6 Square feet,and the length 21 inches, what is the perpendicular
height AF in inches?

A 16 21
(VIIL) B 11 inches 144

* By some the Rhomboid is called a Parallelogram.
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TRAPEZOID. (AREA-MEASURE.)

See also under “ LAND-MEASURING.” ¥

(IX)
A Sum of Parallels Area _ Sum paral. X perp.
B 2 Perpendicular height 2
0.9
A Sumof Paral. inft. Area in Sq. yds. AreainSq.y dg, = Sum paral. X perp.
B 18 Feet perp. 18
(X1.)
A Sumof Paral. inin.  Areain Sq. ft. _ Sum paral. X perp.
B 288 Inches perp. Areain 8. . = 288
Ex. 367.—In the figure (a Trapezoid) let A2
AB, CD be 320 feet, and 720 feet, respectively ; i \
and the perpendicular height AF = 360 feet. i
Required the area in Square yards. ¢ F o
X, A 1040 = sum 20800 Sq. yards
( )B 18 360 = Area

TRAPEZIUMS. (AREA-MEASURE.)
See also under “ LAND-MEASURING,”

(XIL.)
A Sum of perpendiculars Area )
B 2 Diagona.l Area = Diag. x mean of perps.

*In ‘Land-measuring ” (qu..) the diagonal is measured, both in the
case of Trapezoids and Trapeziums.
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(XIIL) ‘
A Sum of Perps.in ft. Area in Sq. yds. _ Sumperpa. xdiag |
B 18 Diagonalinft, "= T
(XIV.)
A Sum of Perps. inin. Areain Sq. ft, __ Sum perps. x diag
B 288 Diaginin. oS tE T — |

Ex. 368.—In the figure (a Trape
ziwm) let the diagonal AC = 42 feet, and
the perpendiculars DF, BE = 16 and 18

feet reSPeCtively' Required the area in A ""‘:" - BT c
Square feet. |
¥ |
A 34 = sum of perps. Tasq f.
B 9 &

Ex. 369.—In the above Trapezium let A C measure 486 feet,
DF 144 feet,and BE 162 feet. Required the area in Square yards.

A 306 = sum of perps. 8262 8q. yds.
B 18 486

More Examples will be given under “ LAND-MEASURING.”

TRIANGLES. (AREA-MEASURE.)
See also under “ LAND-MEASURING.”

(XV.)
A Base Area of any Triangle Area — Base x Perp.
B 2 Perpendicular 2 ’
- (XVIL)

A Base in feet Area in Sq. yds. Areainsq.yds.= Basein ft. x Perp.inf
B 18 Perp. in ft. ’ 18
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(XVIL)
A Base in inches Areain Sq.ft., . Baseinin. x Perp. inin.
Al Lyds, = —/————————
B 288 Perp. in inches reainSa.y 288
\ (XVIIL)

A 1 152 76 SideofEquilat. Tr.
B 658 1 50  Side of Sq. equal
! (XIX.)
' Ifs = § the sum of the three Sides, a, b, ¢c,—then in any Triangle the
area = /(s — a) X (8 — b) X (8 — ¢) X 5.

N.B. When three Sides are given, two of which are equal, the

Perpendicular is first found, as in Ex. 276, from the Hypothenuse and
§ Base ; and thence the area, as in Formula XV. above.

Bide of 8q. = Side of Tr. x °658.

Ex, 370.—In the figure (@ Tri-
angle) let AB = 42 feet, and the Per-
pendicular DC = 33 feet. Required the
area in Square feet.

42 6938q. 1

A
XV)g— 33

Ex. 371.—In a Triangle whose area is 117'5 Square yards, the
Base is 49 feet, 6 inches. What will be the length of the Perpen-
dicular in feet £

A 49'5 1175
XVL) 18 4275 = Perp

Ex. 372.—GCiven three Equilateral Triangles whose sides are
rspectively 51, 6'0, and 7'2 inches. Required their areas in Square
inches.

C 39 11-26 156 2245 Sq. in.
XIX)p—3 51 6 72
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Ex. 373.—In the fig.let AC = 39, CB = 42,and AB =
feet. Required the area in Square feet (Formula XIX.)
(Heresorysumofa 4+ b+ c=63;ands —a=18,s — b =
8 —c=24)

st 18 X 21 5 2 . 5
2. 378 X 24 B 8
3d. 9070 x 63— 9070
sth. /571000 5— 0

The answer read off is exact, although the Square number is strictly

5715636. By dotting off the alternate figures of the Square, beginning
with the last figure, we at once see how many figures there are in the
Square Root. (See page 84.)

N.B. To find the area from three sides, the Logarithmic line Log ‘
(or Num.) may be used, as will be shown under APPENDIX B.

I

Bx. 374.—What will be each side of an Equilateral Triangle
whose area equals that of a Square, each side of which is 7 inches {

A 1'52 106 8q. in. 76
(XVIIL) B 1 7 50

Bx. 375.—If in a Right-angled Triangle two sides are equal
and the Hypothenuse = 11'3 inches, what is the area in Square inches?

(Here area = \/113 as in Ex. 254.)
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c 2 1
D 113 8 8q. in.

Ex, 376.—If in a Triangle the Base is 19 feet, and the two
sides 15 feet each, what is the area in Square feet? (See N.B. after
Formula XIX.)

Here we first find the Perpendicular CD as c
in Ex, 277 ; and thence the area as in Ex. 370.

Ist. CD = /(15 = 9) x (15 + 9)

A D
C 24 6
D 12=CD ) ; 6
12
2d. Area = X 19
2
A 12 144 8q. ft,
B 2 19

Bx. 37%7.—Iu the figure to Ex. 376 let AB = 45 feet,
AC = 39 feet, BC = 42 feet. Required the length of the Perpen-
dicular CD. ([First find the difference of the Segments A D, DB, and
thence the Segments themselves. Having thus obtained BCand BD
or AC and A B, we find the Perpendicular CD as in Ex. 277.] ’

(BC+AC) X (BC-AC) _81x3 _,

Difference of Segm. = AB 15
. B—»
Then # = 252 = DB; a.nd'¥1 =198 = DA.

Then CD = 4/(BC 4 BD) X (BC — BD) = /672 X 168 as
in Ex, 277. ,

cC 1 168 67-2
D 1 v =0D 672
o
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N.B. If the three sides of any Triangle are given, the area may be
found by another method than that of Ex. 376 ; for we may find the
Perpendicular as in the preceding Example, and thence the area as
in Ex. 370.

EXx. 378.—In the figure to Ex. 376 let AB = 45 feet,
AC = 39 feet, BC = 42 feet. Required the area.
First find the Perpendicular CD to be 336 feet, as in the preceding
456 X 336

Example. Then area = —e = 756 Square feet. (Ex. 370.)

N.B. If we know the Radius of a circle that circumscribes a triangle
of which the three sides are known, we ean find the area of that
Product of three $10e%.  Thus if the throe sides
are 45, 42, 39 feet, and the Radius 24'375 feet, the area will be
45 X 42 X 39 73710

24375 x 4~ 975

triangle : for area =

= 756 Square feet.

EQUILATERAL POLYGONS. (AREA-MEASURE.)

(XX,
C 17205 1200 Area Area = Side? x 1°7205.
D 1 264  Sideof Pentagon | Side = +/Area + 17205,
(XX1.)
C 2598 3000 Area Area = Bide? x 2598,
D 1 34 Side of Hexagon | Side= v Area - 2:59s.
(XXI1.)
3634 4200 Area Area = Side? x 3634,
D 1 34 Side of Heptagon | Side = +'Area + 8634,
(XXIIL)
C 4828 2600 Area Area = Bide® x 4'828.
D 1 232 Bide = +/Area — 4 538.

Side of Octagon
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(XXIV.)

C 8284 29 Areaoflargest incl. Oct. { Area = Area of Sq. x 8284.
D 1 3 Area of Square Side = o/ Area = §284.

., C 7694  Area .. C 11'2  Area
For 10 sides D. 1 S’ for 12 sides D1  Side

N.B. Ist. Any side = \/Area = multiplier, solved as in Ex. 251.

N.B. 2d. If the Slide is given in fect, and the area required in
Square yards, for 1 on D read 3 (or its *check number ” 949 with 10
times the number ¥ on C). If the side is in inches, and area in Square
feet, for 1 on D, read 12 (or its “check number” ¥ 37°95),

Ex. 379.—What is the area, in Square feet, of a Pentagonal
garden bed, each side of which is 8% feet ?

C 1200 (12) 124°3 Sq. ft.
XX) p 264 264) 85 = side

In the above Example we see what is over 8'5 on D sooner, if we
read 264 under 12, instead of 26'4 under 1200. See page 87.

Ex, 380.—Required the length in inches, of each side of a
Hexagon, which contains 1040 Square inches.

2:598 3000 1040 = area
1 31 20 ft.

(XXL) g

Bx. 381.—Required the areas in Square feet of two Octagons
whose sides are respectively 8'28 and 20 inches.

C 2:20 4:83 1341 21 Sq. feet area
(XXIIL) D 828 37°95 20 25 inches side

4

* See explanation of ¢ Check number ” in page 90.
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Ex. 382.—If there are two square pieces of board whose sides
are respectively 7 and 20 inches, what are the aréas in Square inches
of the largest Octagons that can be cut from them ?

C 1 406 334°1 areas
D 11 7 20 sides

CIRCLES. (AREA-MEASURE.)
See also under “ LAND-MEASURING.”
(I.)*
Area = Diam.? x -7854.

¢ 7354 1 43 380 Areaf ) oy
D 1 111284 74 22 Diam. l”’“’"~=\/ Tg54 3 OF ~/ares

x 11284,
(IL)*
Area = Radius? X 3-1416.
C 31416 1 43 Area ey
a Radius = ——. ; or
D 1 5642 37 Radius 31416°
~area x 5642
(II1.)*
Area = Circumf.? X "07958.
C -07958 1 23 Area rea
D 1 3542 17 Circumf, ) " = A/ gr96°
+area x 854,
av,)
A 1 12732 14 Circular inches )
B 7854 1 11 Squa;iiif:lﬁ 1 8q. foot = 183°85 circ. inches.

.’ In. Formule I., IL, III, if Diameter, Radius, or Circumference is
fswenFm 1n<ihesx and ;h§ IA)reaI;etl].uireg in Square feet, for 1 on D, read 12.
ee Formule X. an . ine D is given in feet, and i
in Square yards, for 1 on D, read 9. & > nd ares roquired
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V)

A 1 12732 14  Area of Square Area of Circ. = area 8q. X 7854.
B 7854 1 11 Area of inscr. Circle | AreaofSq.=areaCire. x12752
(VL)

A 1 1571 22 Area of Circle Area of 8q. = area Circ. x ‘6366.
B 6366 1 14 Area of inscr. Sq. | Areaof Circ. = area 8q. x1'571.
(VIL)

A 1 11284 35  Diam. of Circle Side = Diam. x ‘8862.
B 8862 1 31 Sideof Square equal | Diam. = Side x 11284.
(VIIL)
C 1 3545 39 Circumf. of Circle [ Side = Circumf. x -2821.
D -2821 1 11 Side of Square equal } Cirgumf. = Side x 3:345.
(IX.)
C 1571 10 Area of Circle { Area = Side? X 1571,
D 1 252 Side of inscr. Sq. | Side = +/Area — 1571,
X))
_ Diam.? x ‘7854
¢ 7854 29 AreainSq.ft. ) 2™ @
D 12 73 Diam. in inches | Diam. = _ /8a. ft. x 122
1854
(XL)
‘o = Circ.2 X 0796
C 0796 7 Area in Sq. ft. j Area 12
D 12 356  Circumf. in inches lCirc. = ""_-.';;}%l’_’

Bx. 383.—If the area of a circle is 1 Square foot, (144 Square

inches) what is its diameter in inches #

o2
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I C 144 Square inches 43
@ D 1354 inches 74

C 1 29
or (X) D 13-54 inches 73

Ex. 384.—What must be the diameter, in inches, of a circular
rain gauge, so that the area may be 17} Square inches ?

c_ 1733 43
L) 57 7,4

Ex. 385.— What are the areas of three pipes, whose diameters
are respectively 26, 41, and 9'7 inches ?

L) C 5°31 8q. in. 182 8q. in. 43 739 8q. in.
“D 2:6 41 74 97

Ex. 386.—If the circumferences of four circles are respectively
31, 34, 44, and 51 inches, what are their areas in Square inches ?

C 23 765 93 154 207 8q. in.
(L) 5—17 31 34 44 51

Ex. 387.—The atmospheric pressure being 14°7 lbs. on every
square inch, how many Ibs. is it on a circular inch ?

A 1a 147
av.) p—ig

Ex. 388, If the area of a circle is 121 Square inches, what is
the area of a Square inscribed within it ?

A 22 : 121
(VL) B 14 77°18q. in

Ex. 389.—A cylindrical log (Ex. 384), after having been care-
fully squared (as in Ex. 388) measured 8:78 inches each side. What
was the area of the section before it was squared ¢
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10 191 8. fn.
252 878

ax)y

Ex. 390.—Required the number of Square fest of a piston-

head, whose diameter is 85 tnches—and of another whose diameter is
59 inches.

C 2 19 8q. ft. 394 8q. ft.
X) 53— 59 %

EBx. 391.—Required the Square feet in three circles whose
circumferences are respectively 84, 105, and 115 inches.

c 7 39 61 7:3Sq. ft.
(X1) D 35°6 84 105 115

ExXxs 392.Required the pressure in Ibs. on the piston of the
cylinder of a hydraulic pump, the diameter of the cylinder being
8 inches, and that of the smaller pipe being § inch, whilst the pressure
on the latter is 4 cwt.

C -442 area 43 502 area
lst. (L) D ‘75 7'4 8
2d 502 X 56 A 50°2 63721bs. = Ans.
* 442 B 442 56

N.B. The above Example may be solved without finding the two
areas, as the pressures increase as the squares of the diameters, or
‘75% .82 :: 66 : 2. (Ex. 256.)

C 56 6872 1bs.
D 7 8

The following will show how in figures all having the same perimeter,

the greatest area is included by the figure nearest approaching to a
Circle.
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All eight have the same Perimeter, viz. : 36 inches.

Area in 8q. inches.

Right-angled Triangle, with sides 9, 12,15 . . . 540
Triangle, with sides 10,12,14 . . . . . . . 58°8
Equilateral Triangle, 12 toaside . . . . . . 623
SQUARE, of 9toaside . . e e 8§10
Equilateral Pentagon, 7°2 to a mde e e 892
Equilateral Octagon, 45toaside . . . . . . 978
Equilateral Duodecagon, 3'0 toaside . . . . 1010
CIRCLE, with diameter of 11459 . . . . . . 10313

Hence it will be seen that with the same perimeter, the area of s |
Circle exceeds that of a Square, as 1 exceeds *7854 ; or as 1273 |
exceeds 100 ; or as 14 exceeds 11 (Formula V.) (See Ex. 123.)

ELLIPSES. (AREA-MEASURE.)

A One axis Area Ares = Product of axes
B 12732 Other axis o~ 12782

N.B. If the axes are given in feet, and the area required in Squar
yards, use as a Divisor, 11'46 (= 1:2732 X 9).

Bx. 393.—If the two axes of an Elliptical piece of water are
300 and 200 feet, what is the area in Square yards ? ‘

A 200 = One axis 5236 Sq. yds.
B 1146 300 = Other axis

PARABOLAS. (AREA-MEASURE.)

A Vertical axis Area A Vert. axis x Base
rea =

B 15 Base - 15

SECTORS. (AREA-MEASURE.)

Either the “length of arc ” (XI. page 132) or “degrees of arc”
(XII. page 132) must first be found, and then
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T)
A Length of arc Area of Sector Area = Rad. X lenath of are
B 2 Radius - 2 )
(IL)*
C Degrees of arc Area of Sector Area — Fad:? X Degrees
D 10°71 (check 339) Radius 0T 1071
Ex. 394, In the figure, let the M

Chord CH be given = 16 inches ; and the € /

Radius CR or VR be given = 10 inches k

(3 the Chord or CS will of course be 8).

Required the area of the Sector CRHV, :
Here we first find RS to be 6, by (X.) :

page 132, and then deduct this from VR, ™, : /

leaving VS = 4. We then find CV to be N

89 by (IL) page 131, and the “length of

_CH
are” to be 18'518 (SLC‘;“C) as in (XL.) page 132.

()
=

o

S -

=k

Then by Formula I. above

A 18'518 = L. of are 9259 Sq. inches = Area
B 2 . 10 = radius

Ex. 395.—Given VD = 32 and VS = 6 in the above figure.
Pind the area of the Sector, from the “ Degrees of arc.”

Here CV = 13'85 (by I. page 131), and CH = 25 (by IX. page
131). Then if we have a Table of Sines (for if we have not, we
must first find the length of arc to get the degrees, as in the next

CS
Example), we find 7806 (V‘R as shown in Ex. 350) to be the Nat. sine

of 51°3° which is the angle CRV. Double this, or 1026° is the whole
angle CRH, or “Degrees of arc.” Then by Formula IL} above,

Degrees of arc X Area of circle

* Or area of Sector = 360
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1026 229 8q. inches = Area
10°71 16

C
(IL) D

Ex. 396.—Solve the preceding Example without a Table of
Nat. sines.
Find CH = 25 as in the preceding Example. Then “length of

'85) — 25
=(8X_13:u = 286 (as in XI. page 132). Then by

Formula I. page 153,

»

I A 286 229 8q. inches = Area
g~ 16 = VR

EBx. 397.—In the figure, page 153, let the “Degrees of arc,”
or angle CRH, be given as 27°, and the diameter = 194 inches.
‘What is the area of the Sector ?

II C 27° 2217 Sq. inches = Area
(L) p—7071 97 = radius

In this Example, we must use the check number (page 90) 33°9, on
D, with 10 times 27 or 270 on C.

N.B. Instead of using Formula II. page 153, we may find the area
of the whole circle by Formula I. page 148, and then use the propor-
tion 360° : to Degrees given :: area.of whole circle : area of Sector.
Thus in Ex. 397, the area of the whole Circle would be (with a
diameter of 388) 29560 Square inches. Then

A 27° 2217 = ares of Sector
B 360° 29560 area of Circle

SEGMENTS. (AREA-MEASURE.)

First find the area of a  Sector ” having the same Arc and Radius as
the required Segment : and subtract from it the area of the Triangular
part.
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Ex. 398. Required the area of the -
Segment CHYV in the figure, where ¢ n
VD = 32inches, and VS = 6 inches. 3
The area of the whole Sector CRHV is | Y
found, as in Ex. 395, to be 229 Square it :

inches. The perpendicular of the triangle, * :
or SR is evidently 4 VD ~ VS,or 10; ™
and the base CH = 25, is found during the
process of finding the area of the Sector.

:
'
.
:
(8

Se .

b
25 X 10
g =
Square inches. Subtract this from the 229 Square inches of the whole
Sector, and we have 104 Square inches = the area of the Segment.

Then the area of the Triangle CHR, as in Ex. 370,

BX. 399.—Required the aréa of the Segment CHYV in the

preceding figure, where the Chord CH = 12, and Radius CR = 10
inches. .

Here we find the area of the whole Sector as in Ex. 398. The

. 8 X 6°3245) — 1
“length of arc” will be (—X—T)—-—2 = 12'87, and the area of
the whole Sector by Formula I. page 153, will be 6435 Square inches.
In this process, SR the perpendicular of the Triangle will have been

2
found = 8, whence Triangular area = ! ; 8 = 48 Square inches.

This deducted from 6435, leaves 16'35 Square inches = the area of
the Segment.

CIRCULAR RINGS. (AREA-MEASURE.)

(See also under “ LAND-MEASURING.”)

A Sum of radii Area Area = B DX BR—
B 3183 Diff. of radii - 8183
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A Sum of diams. Area Aren = D+ D x @ —d)
B 12732 Diff. of diams. EZ R
A Sum of Circumfs. Area Ares = (C+OX(C—0)
B 12'566 Diff. of Circumfs. ~ 12966~

Ex. 200.—In the figure, let CB =

50, and CD = 40 feet. Required the area
of the outer ring * in Square feet.
A 9(_) 2307 5 8q. ft. (

B 3183

Bx. 201.—The circular fences on
each side of a gravel walk, round a shmb-
bery, are 800 and 714 feet in length.
Required the area of the walk in Square feet.

A 1514 359 8q. ft.
B 12:566 86

N.B. To find the diameter of a circle having the same area as
a circular ring, let D = outer, and d = inner diameter of the ring.

Thenz = ¥/D? — &%, or V(D + d) X (D — d). Ex. 258.

THe area of part of a Ring (as in the figure),
is found by multiplying half the sum of the
two arcs (Formula XI. page 132) by the
distance between them. -

* The area of the outer ring is also the area of a circle whose radius is
DT. In Ex. 400, DT would be 30 feet, and the area, by (II.) page 148,
= 2827 Square feet,

\
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*PRISMS AND CYLINDERS. (SURFACE MEASURE.)

I. Surface = (Perimeter of one end X length) plus the two end
areas.

II. The Surface of a Cube, is any side? X 6.

ITI. The Surface of a Tetrahedron = linear edge® X 1'732; of a
Octahedron, linear edge? X 3-464. Ex. 252.

EX. 4202.—What is the surface in Square feet, of a chest,
whose length is 7 ft. 8 in. ; breadth 4 ft. 7 in. ; and depth 2 ft. 9 in. ?

(Reduce inches to decimals of a foot, Appendix (.)

7:33 X 767

Ist. (458 + 275) X 2 X 767 = —> .
A 78 m248qft
B 5 767

. -
9d. (458 X 278 x 9 = o8 X 2T
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578¢. + gy, 956.
D 12 37

Ex. 404.—Required the Surface in Square feet, of a Tri-
angular prism, of which the length is 13 feet, and the sides of the base
23, 34, and 19 inches 2

1st. Perim. of end X length ; or J§ X 13.

A 76 823 8q. ft.
B 12 13
208 X 2
2d. 4rea.ofend*x2,or 14
A 2 29 8q. ft.
B 144 208

Then 82'3 4 2'9 = 85'2 Square feet, the answer.

Ex. 405.—Required the whole Surface of a Cylinder whose
length is 15 feet, and diameter 5} feet.

1st. Perim. of end X I, or 213; X 15 (Formula (L) page 122).

A 533 2513 8q. ft.
B 3183 15
5332
2d. Area of 2 ends, or o0 < T0% oy i . 259,
A5
B 785
C : 4477 8q. ft.
D 533

Then 251°3 4 44'7 = 296 Square feet, the answer.

* The area of the triangular end is found as in Ex. 373, /43320 = 208.
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PYRAMIDS. (SURFACE MEASURE.)

Add the area of the triangles which constitute its sides, to the area
of the base.

. Bx, %06.—Required the Surface in Square feet of a Triangular
pyramid, each side of the base of which is 32 inches, and the slant
height 113 feet.

115 X 2:67 115 X 267
1st. — X 3, or 667 .
A 115 46 = area of sides
B ‘667 267
2d. s x ‘433, as in Ex. 372,
_C 433 308 = area of base
D 1 2667

Then 46 + 3-08 = 4908 Square feet, the answer.

CONES. (SURFACE MEASURR.)

diam. X (rad. 4 slant side) < ‘6366.

* Surface = { circumf. X (rad. + slant side) + 2.

BEx. %07.—The slant side of a Cone is 10 ft. and the diameter
of its base 32 inches. Required the whole Surface in Square feet.
2:67 X 1133
637 : )

A 267 4747 Sq. ft.
B 637 1133

(Here z =

« If we only require the curved surface and not the base,
z= Circumf. X slant _ Diam. X slant

2 o T §366  °
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FRUSTRUMS OF PYRAMIDS AND CONES.

(SURFACE MEASURE.)
Let p’ = perimeter at top, and p at bottom. And s = slant height.
Then Surface = (p + p ) X 8 4 Areas of the ends.

N.B. This supposes the Pyramid to be regular. If not so, the
lateral planes are trapezoids, and their areas must be found separately
as in page 141.

ExX. 208.— Required the whole Surface of a frustrum of a
square pyramid, whose slant height is 20 feet, and its two ends having
sides of 4 and 6 feet respectively. The Slide Rule will assist in
finding the answer, or
(16 4 24 20
—"'2# + 4% 4 69 = 400 + 16 + 36 = 652 Square feet.

EX. 209.—Required the entire surface of the frustrum of a
Cone, whose slant height is 10} feet, and the diameters of the ends
1'695 and 715 feet respectively.

Ist. (1°695 4 *715) X 3'1416 = sum of perimeters.

A 24 758
B 1 : 31416
7°58 105
2d. —>2<— = Area without the ends.
A 758 39:98q. ft.
B 2 105

3d. Areas of two ends, by Formula (1.), page 148.

C 40 2263 43
D 715 1695 74

Then the Answer is 399 + 403 + 2263 = 66'56 Square feet.
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WEDGES. (SURFACE MEASURE.)

Add together the area of the Base, the areas of the two Ends, and
the areas of the two Sides.

Bx. 210.—In the figure, CD = 9, DE = 36, A« = 22,
AB = 24 inches. Required the superficies in Square inches.

1st. 36 X 9 = 324 Base.
2d. 22 X 9 = 198 two ends.
3d. (36 + 24) X 22 = 1320 two sides.

1842 Square inches.

SPHERES. (SURFACE MEASURE.)

(IL) CD 12;,)6 137.? iiar;—::: Surf. = rz x 12:5664.
(I1IL) g '3183 ; !1)3 gﬁiﬁ:& Surf. = ¢z x ‘3153,
{IV.) g Cimumfemnce - Dsi:;f:::r Surf. = ¢ x d.

r2
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C 31416 Surf. in Sq: yds. dz x 31416
Surf. = 3
) D 3 Diam, in feet " 32

N.B.—The surface of a Sphere is 4 times the area of a section of its
centre.

Ex. %11.—Required the convex surface of a sphere 10§ inches
diameter. :

C 172 . 3463 Sq. in.
@ D 74 10°5

ExX.212.—How many Square feet of varnishing are required
for a globe 472 feet in circumference ?

c 92 709
GINES 17 72

CUBES. " (SoLID CONTENT.)

Solidity = Cube of length of any side.
Length of any side = Cube Root of solid content.

Ex. 413.—What is the length of each side of a Cubic block of
stone, containing 15°62 cubic feet? See also Ex. 322.
E 1 ) 1562
D 1 25

ExX. 414%.—Required the Cubic feet in a cube of timber, each

28258 .

of whose sides is 28} inches. (Here Solidity = —1-7-%, solved as in
Ex. 318.

A ) 1728
jB - 2825
C

18
D 2825 .
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-Or we may take A/1728 & 41°57, and then use the two lines C, D,
28252 x 2825
41'572
N.B. If the measurement is given in inches and the Solidity required

. . .. . side®  side X side?
in Cubic yards it is o7 1T g7 —

only, in the form , a8 in Ex. 256.

, solved as in Ex. 318.

PARALLELOPIPEDS. (SoLip CONTENT.)

For content in Bushels, Gallons, &c., see farther on, under
“GavgINg.”

Let S = Solidity ; b = breadth ; d = depth ; ! = length.

S S S

Thens=leXd;d=m;b=—' l=b-'x—d.

Ixd’

N.B. When two of the three measurements are the same (column
1V.), the computation is much facilitated. If the “ Gauge Point”
| (5196, 4157, &c.) in column IV.is not convenient, use the check
| number on D, with ten times the original number on C, as explained -
in page $0.
Length, 66 feet. lRequired con-

EX. 415.—Block of stone. Breadth, 14 feet. tent in Cubic
Depth, 12 feet. J feet.
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Here we must first find 12 X 14 to be 108 ; and then

A 168 11100 Cub. ft.
168 X 66 B 1 66

The exact content is 11088 Cubic feet.

Length, 640 feet. Required
ExX. 416.—Excavation. Breadth, 30 feet. e.quléeb' cont,edllt
Depth, 26 feet. 1o Luble yaras.

Here first find 26 X 30 = 780 ; and then

780 X 640 A 780 18500 Cub. yds.
27 B 27 Divisor 640

Length, 3 feet. Required con-
Ex, 417.—Case of goods. Breadth, 18 inches. » tent in Cubic
Depth, 14 inches. ) feet.

3xX18x 14 54X 14

Here 144 »OF —777— 88 follows :
A 595Cub. ft. 54
B 14 144 Divisor

Ex. 418.—Squared timber. Breadth, 3:5 feet. ~ tent in Cubic

Length, 9°5 feet. }Required con-
Depth, 35 feet. ) feet.

Here we have two sides equal (see N.B. page 163) or 352 X 95, as
in Ex. 2562.

C 95 116 Cub. ft.
D 1 35 = Sq. side

Ex,%19.—Water-tank. Breadth, 49 inches. > tent in Cubic
Depth,* 73 inches. ) feet.

492 X 73 C 73 101 Cub. ft.
ere 1572 D 4157 G. P. 19

The exact answer is 101'41 Cubic feet.

Length, 49 inches, }Required con-
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Length, 2 feot. }Required content

XEX. 220.—Bor Iron. Breadth, 14 inches. - ™"\ 1. L 0

Thickness, § inch.

2 X 15X 625 3 X 625

Here 0833 »OF —ogaa—, as follows :
A 625 22-5 Cub. in.
B ‘0833 3

N.B. In Examples like this, where no two measurements are the
same, the content may also be obtained by finding a “ Mean Square,”
and using the Divisor in column IV. of the Table in page 163. Thus,

. C 625 15 ‘9682 X 2
as in Ex. 258, D 625 - 968 “Hoan Square™ and then o892
. C 2 "5 Cub, eees
as in Ex. 256. D 989 ,2926580ub ilL; but it is just as

short to multiply two sides with the lines AB, and find the Content
by a third multiplication with lines AB.

Ex. %221.—A rectangular cistern is to be made, to hold 1920
Cubic feet of water. Its length is to be 32 feet and its breadth 8.
What must be its depth ?

1920 1920 X 125

Here Depth = Zxe = 32
A 76 ft. deep 1920
B 125 32

EX. @22, If a squared log of timber be 22 inches by 15, at
each end, what length in inches will make a Cubic foot ?

H _ 1728 © 1728 1728 X '0666*
€T & = Area of end’ " 22 x 15° " 22 :
A 528 in, 1728

B ‘0666 : 22

*We see in Examples 421 and 422, the advantage of having in the
memory the reciprocals of a few frequently occurring numbers. (See N.B.
3, page 14.)
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ExX. 423.—A Panllelopiped, with one end square, and 15 feet
long, contains 45'9 Cubic feet. Required the length of the “ Square

S A/144 X A/45'9 144 X 459
side ” in inches. (Here z = Jio ot — 1 ®
in Ex. 262.

A 144 Divisor

B 15 Length

C 45'9 Cub. ft.
D 2lin.

N.B. Since 144 is a number in constant use, it is easy to substitute
12 for /144, and then the two lines C, D, are available, for
_ 12 X 459 '

z = —Ji5 as in Ex, 257,
C 15 Length 45'9 Cub. ft.
D 12G. P. 2lin.

CYLINDERS. (SoLip MEASURE.)

For content in Bushels, Gallons, &c., see farther on wunder
“GAUGING.”

Let S = solid content ; I = length or height ; d = diameter; ¢ =
circumference.

aZxl eexl

S = m,ormasmEx. 259.
' S x12732 Sx 125
For the four lines | l= X & or X P 66 asin Ex. 260.
ABCD. '
i NSXx J1213 '8 x /12566
=g o=

as in Ex. 262.
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Zxl &
S = 1122 ' 5 ;;5, as in Ex, 256.
For the two lines CD.
The check number (see I= S x 11128 S X 35452 Ex.2
page 90) for 1128 is{ '~ — ar ' F T @ a8 Ex.256.
3:568 d for 3'545 it
A ! VS X 1128 JS X 3545
18 . d= —Ji ore= —a
in Ex. 257,
(See Appendices I and K.)

N.B. Where there is a “ Series” of Cylinders of the same Cubic
content, and the same diameter or same circumference, but the lengths
varying, the solution must be made with the four lines ABCD, as in
Ex. 427 ; but in all other cases, whether for single Cylinders or a
‘“series ” of them, the lines C, D, are sufficient. As it is generally
more convenient to use the two lines than the four, the following sets
of the Rule are for the two lines only. By reference, however, to the
preceding Formule, and the Examples annexed, the learner can
practise the operation with the four lines, as in N.B. to Ex. 426.

(1) Where the measurements and the required content are of the
same name, i.e. all in inches, all in feet, &c.*

If 4 lines
are used, the
“ Divisor” is
@ C Length  Length X 10 Solid content| ;.99
D 1128 3'568 Diameter | N.B. to Ex.
. 426.
®) g  Content Content <+ 10 Length
D 1128 3:568 Diameter,
Length Length X 10 Content .
(© 3:545 1121 Circumference %;2&5221.
@ d___ Content " Content =+ 10 Length
D 3545 1121 Circumference

* When !/ is given in feet, and d or ¢ in inches, see page 163,
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EX. 424%.—Required the content in Cubic inches, of a cylinder
7 inches long, and 4% inches diameter.

(@ C 7 = length (70) 124 cub. in.
D 1-128 (3568 check) 475 = diam.

In this Example, we must use the Check number with 10 times 7
over it ; for it will be seen that if 1'128 on D is under 7, and we read
on to the right, there is nothing to be seen over 3:568. (See

page 90.)

N.B. If the inverted formula (b) is used, the number over the check
must be multiplied by 10.

®) q 124 or P of 124 the answer 7=
D 3568 check 475

I~

d

Ex. 425.— What is the circumference in feet, of a round log of
timber 24 feet long, and containing 2017 Cubic feet.

c 2017 24 length

©)p 3'25 1. circunf, ' 3545

ExX. 26.—There are three cylindrical vessels, all of the same
length, 7°2 inches, but varying diameters, viz.: 3'2, 4'2, and 4'6 inches.
Required the contents of each in Cubic inches.

C 72 (72) 58cub. in. 100 cub. in. 120 cub. in.
(@) p 1128 (3:568) 32 42 46

Here, as in Ex. 424, it is necessary to use the check number.

N.B. If in Ex. 426, we wished to use the Formula adapted for four
lines given in page 166, we have :
A 12732 (Divisor for 4 lines)

ae&xl B 7 length
2732~ ) C 124 content
D 475 dism.
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Bx. 427.—There are three cylindrical vessels, all of thé same
diam?ter, 4'6 inches, but varysng lengths, viz.: 6°6, 7, and 8 inches.
Required the contents of each in Cubic inches. The four lines must
be used. See footnote. *

f A  108cub.in.  1%0cub.in. 188 cub. in,
#x1)B 65 72 g lengths
1'2732) C 1-2732

D 4'6 diam.

Ex. 428.—There are four rounded logs of timber, each 30 feet
Iong, but their respective circumferences are 5, 653, 5%, and 6 feet.
Required the Cubic feet in each. .

© C 20 398 430 481  57:3 cub. ft.
D 3545 5 52 55 6

BExX.229.—There are three cylinders, each containing 377
Cubic inches, but of varying diameters, also of varying lengths. If
the lengths are 22, 25, and 30 inches respectively, what are the

diameters ?

) g 377 content 3717 30 25 22 lengths
® py128 (3568) 4 428 467 diams.

Ex. 230.—There are 69-318 Cubic inches in a Quart. What

* When, in a *Series,” the diameters vary, the contents of all can be
solved by one setting ;)f the two lines CD, as shown in Ex. 290 ; for there

the equation is 2 = Tll;_si’ where 7 and 11282 are constant : but if the

lengths vary, d*and 11282 become constant; and as they cannot be set one
over the other (see N.B. before Ex. 285), we must use the four-line

Formula 2 = ‘]”_2%2’ and 7 and 12732 being ¢onétant, as in Ex. 293, we

employ the form (IIla.), page 167.
Q
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respective lengths and diameters will be suitable for four Cylindrical
measures to be made each to hold a Quart ? *

b q 6932 = 1 Quart 73 6 5-4 lengths
® D 1128 348 384 4°05 diams.

EX. 231, There are three cast-iron Cylinders, all having the
same circumference, 34 feet, but with varying lengths, viz.: 19, 24, and
35 feet. Required their respective contents in Cubic feet. (See
remarks on Ex. 427.)

A 16 cub. ft. 202 cub. ft. 295 cub. ft.
j B 19 24 35 lengths
C 12'566 -
l D 325 circumf.

(IL) When the diameter or circumference is in Inches, and the length
in Feet.

N.B. To solve the following by the four lines A, B, C, D, see Note
after Ex. 436, page 172.

Divisors
for
C  length in feet 1% 10 Cubic feet | - e
ength in fee X ubic fee
©p 1354 4282 diam. in inches| 18336
g Cubic feet  Cubic feet + 10  length in feet
‘2 D 1364 4282 diam. in inches
C length in feet X 10 Cubic feet
®p 12:54 1345 circumf. in inches| 18095
' g Cubic feet  Cubic feet - 10 length in feet
®) D 4264 1345 circumf. in inches
. 198
* In Examples 429 and 430, z = ls_zlli . Since the two multi-

pliers are constant, the Slide must be inverted, as on page 111,
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Divisors
for
4 lines.
(_) C lengthinfeet I x 10 Cubic inches | 1061
3257 1:030 diam. in inches
(k) g Cubic inches Cubic inches <- 10 length in feet
3257 . o3 diam. in inches
(l) C length in feet 1x10 Cubic inches *
1:023 3235 circumf. in inches] 1047
g Cubic inches Cubic inches - 10 length in feet
Mg 1023 3935 circumf. in inches

Ex. 432.—How many Cubic feet are there in a cast-iron
pillar, whose length is 8 feet, and diameter 5 inches ?

o 8=1 (8 8 _ 1tebin
©p 1338 (azse 4282) 5 = diam.

*Ex. 233.—How many Cubic feet are there in a cylindrical log
of timber, whose length is 24 feet, and circumference 39 tnches f (See
under “ Timber measuring.”)

C__ 2017cun. 1. 24 ft long
0 D 39 = circumf. in inches 4254

Ex. 234%.—From aniron bar § inch in diameter, three pieces of
4,5, and 7 feet are cut off. How many Cubic inches are there in each
piece ? (See note to Ex. 427, to show that four lines are required.)

®In Ex. 432, if 8 on C is set over 13-54 on D, we cannot see what is

over the 5 of D, Using the “ check number " (page 90), we get %Tsz;z :

but even this will not do, unless we reduce it as explained in page 87, and

Ex. 246, by dividing C by 100, and D by 10 ; and then TETTY

.
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A 212 cub. in. 265 cub.in.  87°1 cub. in.
. B 4 5 7
CANEE *1061

D 76 = diam.

ExX. %235.—What must be the diameter in inches of a Pump,
capable of raising 26 Cubic feet of water per minute, the length of the
stroke being 2} feet, and making 16 effective strokes in a minute.
(Here the length is 16 X 2§ = 40 feet.)

C 26 Cubic feet 40 =1
(©) B™309 inches diam. 1354

Ex. 236.—2} Cubic inches of copper were drawn out into a
wire 149 feet long. Required the diameter of the wire in decimals of
an inch.

. C 149 = 1 235 cub. in,
(7’) D 3257 ‘04 inch

Note. With reference to N.B. before Formula (¢) page 170, the
form, when the our lines are used, is

A “ Constant ”
. B length
either 4 ¢ " Cubic content
D diam. or circumf,
A Cubic content
B length
orq o “ Constant ?
D diam. or circumf.
Thus Ex. 433 would be 18095 L
_ 24 x 392 Ived 24
£ = —gogp * °F tolve - w1t
like Ex. 259. 39
A I 1
B 24
Ty0c 18098 S
D 39
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If a Cylinder is squared, its content will be reduced in the same
proportion that the circular area of its section would be reduced if

squared, as in Ex. 388, or in the proportion of 11 to 7.
For further particulars concerning “ Cylinders,” see Appendix E.

SPHERES. (Sorip CONTENT.)
[For contents in Gallons, Quarts, &c., see farther on, under
Gavaina.]
Let S = Solid content ; d = diameter ; ¢ = circumference.
Ex. 311. Ex. 259. Ex. 266.
. X d & xd
d® X 5236 1909 13827 check 4-37
- ¢ X ‘01689 gXxe EX ok 2433
e X 5922 7695t °hee
Ex. 314. Not solvable. Ex. 433.
3 ‘S‘—‘
— 33w 1-0n0 3/Q v¢ 1-2892
d=N 5= VSx1909 | /S x 1382
¢= "\/ S V5 X 5922 VS X 76952
01689 | :
Sets of Rule for line E.
B 526 5236 51 Content. _
(S D 1 10 4'6 Diameter
1L) E ‘0169 169 10 Content
(L D 1 10 84 Circumference
I E_l 10 10000 Content in Cubic feet
(L) D 149 321 321 Diameter in inches

Q2
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E 1 40 Content in Cubic feet
D 468 160 Circumf. in inches

av.)

Ex. €37.—A Sphere has a diameter of 7 inches, or a ciroum-
ference of 22 inches. Required its contents in Cubic inches, by
Formula (I.) and by Formula (IL.)

(L) 51 179°6 cub. in.

YD 46 7 = diam.
E 10 179°6 cub. in.

(IL) D 84 22 = circumf.

Ex. 238.—1f a Sphere has a content of 221 Cubic feet, what is
its diameter in feet ?

‘51 221 Cubic feet
O T 775 feet diam.

Bx. €39.—What is the circumference in inches, of a Sphere
whose content is 984 Cubic inches ?

) 16°9 984
(II') D 10 18 in. circumf.

Ex. 340.—Required ‘the contents in Cubic inches, of four
Spheres, whose circumferences are 39, 182, 39, and 84 inches.

Ir E 10 1 100 1000 10000 cub. in.
(L) P 84 39 182 39 84 circumfs,

Ex. 44%1.—The diameter of a Sphere is 30 inches. What is its
content in. Cubie feet ?

848 cub. ft. 10
(I1L) 5730 diam. in inches 321
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Solve the follawing without the line E.
Ex. $%2.—Take the dimensions of Ex, 437.

X7 rad (:j 7 (70) 1796 cub. in.
13822 % 1382:D 1382 (43°7 check) 7 = diam.

*pix. 243.—Take the dimensions of Ex. 439.

3osd < 76058 818 984 Cub. in.
V984 X 7695 —ig =355

t.e. the answer is 18 inches. In this Example we must either use

984
the Check number, as %—2—4?3 (N.B. page 111), or shift the Slide to
8
%—%;L—-—T as explained in Examples 247, 248.

Sphere and Inclosed Cube.

The distance from corner to corner of a Cube, through the centre, is
the same as the diameter of a Sphere inclosing the Cube, and is

= side of one edge of the Cube X /3, t.6. side X 1:73205. The
Formula is

A 173206 71  Diag. of Cubeor diam. of Sphere
B 1 41 Side of Cube

* The use of % inverted is sometimes puzzling. (See N.B. to Ex. 322,
and N.B. page 179); but Ex. 442 may also be solved by inverting, for
Content of Sphere = 1-382%° So if d = 7 we have

q 1796 Ans.

D 1382 (ch. 4°37)

|
~~
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Ex.344. Three Cubes measure respectively, along their
edges, 2'6, 3'0, and 7'5 inches. Required the lengths in inches of their
diagonals or of the diameters of Spheres which would inclose them.

A_ 71 45 52 18 diagonals
B 41 26 3 7°5 sides

Ex. €45.—The diameter of a Sphere is 35} inches. Required
the side of the greatest Cube that can be cut from it.

A 71 355 diam. of Sphere
B 41 205 side of Cube

SPHERICAL SEGMENTS. (Souin Coter.)

Let r = radius of base e @24+ R) XA
h = height of Segmt. } Solidity = 191 :
Ex. 4%6.—Required the Cubic inches in a basin whose depth
i 5 inches, and diameter 16.

- [3x8)+50 x5 _217X5
(Here 2 = 191 = 191

= 568 Cubic inches.)

Bx.%%37.—Required the Cubic inches in a small heap of
grain, in the form of a Spherical segment, whose height is 175
inches, and diameter 5°5.

(3 x 2752 4 1°756%) X 1 75 24756 X 1'76
191 191

= 2268 Cub. in.

CYLINDRICAL RINGS. (Souip CoNTENT.)
Let d = inner diameter, and ¢ = thickness of the ring. Then
¢ L t #
content = (—%2%- , as in Ex. 269 ; or content = (‘;*-2_(‘)91_3;(&’

as in Ex. 256.



HAND-BOOK OF THE SLIDE RULFE. 177

Ex. 448.—Required the Cubic inches in an iron ring, whose
inner diameter is 8 inches, and thickness 3 inches.

C N=t4d 244 cub. fn.
D ‘8013 ) 3 = thickness

PIPING. (METAL REQUIRED.)

Let D = external diameter, and'd = internal diameter ; both in

1061 is the content in Cubic inches of
every foot of length.

Ex, €49, —How many Cubic inches of metal are there in one
foot length of iron pipe, 8 inches bore, and  inch thick ?
( ©5+8) X (95 - 8 175 X 15
z= ‘1061 = 061 -

A 176 2474 cub. in. per foot
B 1061 ) 15

CONES. (SoLip CONTENT.)

Let S = solid content ; & = height ; d = diameter ; ¢ = circum-
ference.

@B Xh

X h
S= ‘389 2 °F =—377 , a8 in Ex. 259.
S
For the four lines/ & = xd?—8—2, or = S——x—-—m,asin Ex. 260.
A,B,CD.

382
d=ﬁl_~/i°” J8 x /7

A — R

vh ’
as in Ex. 262.
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dXh a2 Xh

S= or = ——-, as in Ex. 256.
1 2} .142 ’
For the two lines C, 954 6
D. (The “check num- S X 1'9543 Sx614* |
ber” for 1-954 is 6:18,{ # = — gz »OF =~ ,asinEx.256.
and for 6:14 it is 19-42. JS 4 JS x 614
See page 90.) _ NS X 195 X 614
S d= Jh 2= —Je ? as in
Ex. 257.

Here 3-82, 377, are “Divisors,” and 1954, 614 (thexr Square
Roots), are “ Gauge Points.” See ApPENDIX K.

N.B. If the length of the Slope side is given, the height must be
found, as explained in the Note after Ex. 452, below.
For a “ right-angled ” Cone, see next page.

ExX. 450.—How many Cubic inches are there in a Cone, the
axis of which is 18 inches high, and the diameter 3} inches.

357 X 18 C 18 height 677 cub.in. .
1958 D 1954 G. P. 35 diam, *  in Ex. 266.

Bx. 451.—How many Cubic feet are there in a Cone 10} feet
high, the circumference of whose base is 9 feet ?

92 X 105 C 105 height 22 56 cub. ft.
614 D 614G P, 9 ciroumf? % n Ex. 256,

EX. 452.—Required the height of a Cone whose content is
265 Cubic inches, and circumference 20 inches.

265 X 6147 C i o 265 Content
20° D 614G.P. 20 Circumf,

Note.

When the length of the slope side of a Cone is given, together with
the base (or circumference), the height may be found, as in Ex. 377 ;
taking the slope length as the Hypothenuse, and 4 diameter as the
Base, of a Right-angled triangle. If the circumference is given, the
diameter is found by Formula I., page 122.
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Right-angled Cones

Or such as have an apex angle = 90°. The precedihg rules apply to
these, but a still shorter process is available, in consequence of the
diameter being always double the height ; so that both need not be
given : or if one is found the other is found. The following are the
Formule :

d3 X 1309 for the line E. Ex, 311.

Content & xd
57648 for lines C, D. Ex. 256.
3 JContent
1309 for the line E. Ex. 314.
Diameter - .

VCoutent X 27647 for C, D. Ex. 443.

In a Right-angled Cone whose diameter at base is 211 inches, the
content is 1°23 Cubic inches, and height 1055 inches. So if the
content is 67 Cubic inches, the diameter is 8 inches, and height
4 inches.

N.B. Since the use of % inverted requires consideration, (N.B. to
Ex, 322) an Example will be given, Ex. 452}, Find the
diameter of a Right-angled Cone whose content is 226 Cubic inches.

Sfoor—aris 4 12 226
V/826 X 2768 —; 764

-If we set the 226 of the first radius of g, over 2764 on D, it will

soon be evident that we cannot make two coinciding quantities on
' 0

g and D ; but we shall see S——"—_ Then shift the Slide till 10 in

the middle of g is over 13°15 on D, and reading backwards a little on
D, we ceme to 12 under 12 on g.
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PYRAMIDS. (SoLip CONTENT.)

A . hei
Solidity = rea of base ;( perp helght.

But if the sides of the base are equal, as they generally are in
“practice, use the following Formulee :—

“Divisors”  “Gauge Points” Check numbers.

for ABCD. for CD.

Ex. 259. Ex. 256.
S 2Xh ) 2 Xh
quare 3 > O 1me@ . 5477
Txi 1 8 Xh #2Xh
riangle Gooxs  OF  T963ls . . . 832l
P 2 X h - 82 Xh
entagon Tom,  OT TIgm L . . 4175
H & Xh gXxXh
exagon g4 O P74 . . . 3397,
o  @xh X h
otégon  .eo13 0 OF  7ggal . . . 2493,

Decegon X xh o
ecagon  —aqg4 » or ‘62442 . . . 1975,
Ex. 4583.—What is the solidity of a squars Pyramid, whose

perpendicular height is 14 feet, and each side of its base 3} feet ?

362 X 14 O 14 height , 572 cub. fbe
17322 D 1732 35 side y 3810 Ex. 256.

Hx. 454%.— How many Cubi¢ inches are there in an hexagonal
Pyramid whose perpendicular height is 9 inches, and each side of its
base 2% inches ?

26X 9 C 2 height (90) 489 cub, in.
10742 D 1074 (34 check) 2'5 side
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The same remarks apply to the sloping sides of an equal-sided
Pyramid compared with its height, as apply to “ Cones " (Note, page
178) ; half of one of the sides on which it stands being the Base, and
the sloping side the Hypothenuse.

PRISMS. (SorLip CONTENT.)

Solidity = Area of base X length.
[1.] When the base i3 not equal-sided.

If the end is Triangular, its area must be found out in Ex. 373. If
the end is a Rhombus, Rhomboid, Trapezoid or Trapezium, its area
must be found as in Examples 365, 366, 367, 368,

Let there be a Triangular Prism,* the sides of the base of which are
221, 255, and 2-38 inches, and length 14 inches. The area of the
base is found as in Ex. 373, to be /136 X 102 X 1'19 X 357 =
V589 = 243 Square inches ; and this 2'43 multiplied by 14, the
length, gives 34 Cubic inches as the Solid content.

So again, if the end of the Prism is a Trapezoid, of which the
parallel sides are 18 and 12 feet, perpendicular 5 feet, and length 24
feet ;—the area of the base, as by Ex. 367,is 75 Square feet, and
the Solid content = 75 X 24 = 1,800 Cubic feet.

[IL] If the base of the Prism is equal sided.
Let s = any one side ; and ! = height.

The Solid content is found by the Formule following : column a

with its “ Divisors,” being adapted to the four lines ABCD, as in Ex.

‘259 ; and column b with its “ Gauge Points,” for the two lines CD, as
in Ex. 256.

* A ““Wedge ” differs from a Triangular Prism, in that its ends are not
parallel. A *‘“Prismoid ” differs from a Prism, though its ends (or longer
sides) are parallel and of the same figure, in that they are not of the same
area.

R
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(a) ® Check number.
Triangul 2x1i 2 xl
gular 531 °f  T3ie% . .. . 48l
82 X 1 sxl
Pentagonal 581 T 7628 . . . 24l
Hexagonal ® i‘l 2x1
exagona. 385 ? or ‘6203 PR 1-96.
8 xl axl
Octagonal 507 OF 4557 . . . 144,
£ x1 & xl
Decagonal 130 * or 3608 . . . 114,

ExX. 455.—Required the content in Cubic feet, of an equiluteral
triangular Prism, 12 feet long, each side of its base being 2} feet.

252 x 12 C 12 length 32'5 cub. ft

Tis2% D 162 G. P, 25 side of base ™ 10 Ex. 6.

Ex.456.—What is the content in Cubic inches, of an equi-
lateral Hexagonal Prism, 8 feet long, each side of its base being
14 inches ?

153 X 8 C 8 length 46°8 cub, in.
6202 D 620 G. P. 1°5 side of base

,as in Ex. 255.

Note.

If the height is given in feet, and the length of a side in tnches,
multiply the “ Gauge Points” in column b by 12. Thus in a Pent-
agonal Prism, 20 feet high, and 9 inches to a side, the content is 19-36
C 1936 cub. ft. 20 = height

Cubic feet, or ;=9 914 = 762 X 12
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WEDGES. (SoLip CoNTENT.)
Let ¢ = edge AB.

! = length of base = DE-
w = width of base = DC.
h = perpendicular height S

Am. \ / bud
D
The base is always the line parallel to the edge.

(2l+c)Xth
G

Solidity =

Or if the dimensions are given in inches, and the content required in
Square feet, the “ Divisor ” is 10368 (= 6 X 1728). Or if the dimen-
sions are given in feet, and the content required in Square yards, the
“Divisor” is 162 (= 6 X 27).

EX.4257.—What is the content in Cubic inches, of a Wedge
whose base is 18 by 8 inches, its edge at top 12 inches, and its
perpendicular height 9 inches ?

,_(36+12)x8x9_ 48x72_A 48 576 cub. in.
6 =76 B e 72

N.B. It is often required in practice, to find the perpendicular
height from the measured slope, as follows : measure straight down
AM, or anywhere else along the slope, and call this s. Measure } the °
width, or @ D, and call this d. Then we have the Hypothenuse and
Base of a right-angled Triangle to find the perpendicular Am =
&3 — & or /(s + d) X (s — d) as in Ex. 277.

. Thus if AM measure 985 feet, and aD (= mM) 4 feet,
1385 585

C
= 1385 X 585 = D 1385 9=Am"
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Regular Solids, equal Facets.
Let s = side or edge of any one Facet. Then the Solidity is as

follows :

T |
Tetraed

T ria:guri:r l;;r:;i d Hexaedrop or Cube. Qctaedron or Cube !
. 6 sides. with corners cut off. |

4 sides. |

§* X '11785, Ex. 311. | &3, Ex. 321. & x ‘4714, Ex. 311. |
2 X s 2 X3 '
8-'—4_‘76 ) Ex. 259. 2‘.1-'2-1—, Ex. 259. !1
2 X s 2 X s l
2‘9-152, Ex. 256. 1456% Ex. 256. !

Ex.458.—Required the content in Cubic inches of an
Octaedron, of which the side or edge of any one Facet is 4 inches.

E ‘4714 30-2 cub. in
T 3 . .
Either 4® X 4714 ) 1 n
42 X 4 C 4 30.2 cub. in,
D 1:456 4

o 1456

FRUSTRUMS. (SoLip CONTENT.)
~ [1.] Frustrums of Square Pyramids.

Let A = area of greater end.
a = area of smaller end.
l= perpent})icular dihs-
tance between the
canty - A4+ E X x!
= length of a side at
base.
s = length of aside at
top.

wn

* The general Formula for all Frustrums, is

Solidity = A+a+ ﬁA x a) x z’




HAND-BOOK OF THE SLIDE RULE. 185

Ex. 459.—Required the content in Cubic-feet of the Frustrum
of a Square Pyramid, whose perpendicular height is 5 feet ; its base a
square of 3 feet to a side ; and its upper end a square of 23 feet to a
side.

(3425) X (3X28) X5 (9462 +75)X5
3 - 3

Here Solidity =

_ 2275 X 5 A 2275 379 cub. ft.
- 3 - 3 5 :

[IL.] Conical Frustrums.

Let D = diameter (or C = circumference) at the greater end, and
d = diameter (or ¢ = circumference) at the lesser end ; and I = per-
pendicular height.

. _ (D4 @+ Dd) x1 [(D+d2 - Dd) x!
Solid Content = 382 y OF 362 .

(@4c+C)xl [(CH&)-Cxl
or = 377 » OF 377 :

N.B. If the dimensions are given in inches, and the content required
in Cubic feet, the Divisors will be 6600, and 65144, respectively.

EX. QGol_The per-
pendiculart height of a [y
Conical frustrum is 4

inches. At the lower end /—\

the diameter is 20 inches,

A B
and at the upper end it v

is 14 inches. Required
the countent in Cubic inches.

but the Formule for Frustrums of Pyramids and Cones given in pages184
185, are more convenient, as it is sometimes troublesome to get Nax a,
when A and a are large numbers.
+8ee ¢ Remarks,” page 187.
R 2
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(202 4 142 420 x 14) X 4
332
The Slide Rule, as in page 83, gives at once 20* = 400, and
(400+196+280)x4_876>< 4

Solid content =

14* = 196. Then we have

382 382 °’
solved as follows :
A S 4 U, Y 97cub.in
B 382 Divisor 876

The exact answer is 917:3472.

Ex. 461.—How many Cubic feet of timber are there in a
tapering rounded log, whose length is 14 feet : the circumference at
one end being 11 feet, and at the other 54 feet ?

(112 4 552 4 11 X 55) X 14

377 :
“The Slide Rule gives at once the squares of 11 and of 55,
as in page 83; and also 11 X 55 = 60'5. Then we have

. " 21175 X 14
(121 + 30 2357,-.*7- 605) X 14 = A ;77X —-, solved as follows :

A 78acub.tt. 21175
B 14 . 377 Divisor

Solid content =

The exact answer is 78'6356. (See “ Remarks,” page 187.)

ExX. 462.Required the content in Cubic feet of a Conical
frustram, whose dimensions in inches are as follows : Height 20.
Lower diameter 28. Upper diameter 20.

Here, the squares of 28 and 20, also 28 X 20 = 560, being easily
found (as in the previous Examples) by the Slide Rulé, we have
(784 4 480 + 560) X 20 1744 X 20

Solid content = 6600 = 6600 solved as
follows :

A 59scub. ft. 1744

B 20 6600 Divisor

The exact answer is 52845 Cubic fest.
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[IIL.] Regular Polygonal Frustrums.-

Let S = length of a side at the greater end ; 3 = length of a side
at the lesser end ; and ! = the perpendicular height between the
ands. - Then . .

Solid content = M;M .

The values of T are as follows : *

Trigon 69°28. N.B. If the dimensions are given in inches, and
Pentagon 1-744. { the content required in Cubic feef, the Divisors
Hexagon 1'155. ( will be 11970, 3013, 1995, and 1073, respec-
Octagon °6213. ) tively.

Ex. 463.— What is the content of a Pentagonal frustrum, the
height of which is b feet, each side of its base 1 foot 6 inches, and
each side of the upper end 6 inches ?

The Slide Rule easily finds 182 = 324, and 18 x 6 = 108. Then

324 468 X 60
we have the Solid content = ( + 36+ 108) X 60 _

1744 T 1744
solved as follows :
A = 468 16100 cub. in.
B 1744 Divisor 60

Or, with reference to the N.B. above, we can obtain the Cubic feet at
once by using the Divisor 3013.

A 468 9°32 cub. ft.
B 3013 Divisor 60

The exact answer is 16103:664 Cubic inches, or 9-31925 Cubic feet.

L3
“ Remarks.”

It frequently happens, in the case of Conical frustrums, that the
perpendicular height is not given, but has to be computed from the
given slope height. In such a case we have a right-angled triangle
whereof the Hypothenuse (the slope) is given, as also the Base (half
the difference of the top and bottom diameters), to find the Perpen-
dicular, as in Ex. 277,

* The divisors are found by dividing 8 by 433, 1:7205, 2-598, 3'634,
the Tubular constants shown in page 146.
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Thus in the fignre to Ex. 460, the measured slope AC was 5 inches,
and Am (balf the difference between the top and bottom diameters)

3 inches. Hence Cm, the perpendicular height = 4/(5 + 3) X (5 — 3)
= /16 = 4, Ex. 277.

When the angle ACm is small, that is, when Am bears a small
proportion to AC, as in long conical castings or rounded timber, no
practical error arises from using the slope length for the perpendicular
length. For instance, in Ex. 461, the height assumed is 14 feet,
whereas in reality it was 13 feet 11% inches, or 13'973 feet. The error of
content arising from using 14, is only y743. In that Example (461),

35 - 1'75
the Base of the Right-angled triangle = —-—2—7 = 875 feet (3'5
and 175 are the diameters), and the Hypothenuse or slope side is
14 feet. Again, if the slope height is 20 feet, and the diameters 2 feet
and 4 feet, the Perpendicular would only be +/240* + 122, or ; of an
d

. D -
inch less than 20 feet, and this is a very common slope. Here 3

is oy of Slope, and g}y of Slope is deducted to find the Perpendicular.

D-d. 1 1

If the Base, or —3 s of the Slope, deduct from the Slope 50"
1 1

” —7 9 ” 100-
1 1

” ]‘0 3] ” 2‘(5
1 1

i 14 ” ” 400"
1 1

” Té ’» 9 520"
1 1

” 2'3 9 ) ‘S(T)

PARABOLIC CONOIDS. (SoLip CONTENT.)

Since the content of a Parabolic Conoid is that of a
Cylinder of half the length, we have (as in page 167)
d* x 3!
1128 S —
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C  }length 4 length X 10 Cubic content

D118 5568 Dismeter
Ex. 464%.—Required the content in Cubic inches, of a vessel

shaped as above, whose diameter at the base is 40 inches, and depth
45 inches.

C _ 2% _%Beub. in.

D 1128 40

FRUSTRUMS OF PARABOLIC CONOIDS.

When the difference of the dianieters is 6 inches or undér, multiply
it by *55 ; but if it exceed 6 inches, by *57. Add the product to the
less diameter, and the sum will be the “mean diameter” of a
Cylinder of equal height.

Ex. 465.—Required the content in
Cubic inches of the figure, whose base
diameter is 35 inches, and upper diameter

28 inches; the depth being 18 inches. /
(Mean diameter = 31°99, or 7 X °57.) k

C__ 18 1800 14468 cub. in,
D 1°128 11-28 32

, a8 in Ex. 424.

(IV.] Frustrums of Wedges.
The Solidity is generally computed as a “ Prismoid.” See Ex. 466.

PRISMOIDS

Are solids, regularly tapering or otherwise, of which the two parallel
ends are Rectangles, Trapezoids, or Triangles ; the parallel surfaces,
though of the same shape, have different areas. The length of a
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Prismoid is the perpendicular distance between its two parallel
surfaces or ends.*

Let A = area of greater end. :
t+a = area of lesser end. ?
l

= length between ends. . (A+a+4m) X1
m = area of “Middle sec-( Solidity = 6 .
tion ” as explained
farther on.

N.B. If the measurements are taken in inches, and the content
required in Cubic feet, the “ Divisor” is 10368 (= 6 X 1728). If
the measurements are taken in feet, and the content required in
Cubic yards—as in Railway Cuttings, Embankments, &c. (see:
ArpENDIX F), the “Divisor” is 162 (= 6 X 27). If the length is
given in feet and the other dimensions in inches, and the content
required in Cubic feet, the “ Divisor” is 864 (= 6 X 144).

To find m.

m is the area of the “ middle section,” 4.e. a section parallel to, and
equidistant from, the two parallel surfaces or ends of a Solid.

(1) If the ends are Rectangles as in Exaﬁlples 466, 467, 468, m is
the mean of their breadths multiplied by the mean of their depths.
(IL) If the ends are Trapezoids as in Ex. 470,

Sum of 4 breadths  Sum of 2 perpendiculars
m = 7y X 3 .

(IIL) If the ends are Triangles as in Ex. 469, m is the area of a
triangle whose base is the mean of their Bases, and whose perpen-
dicular is the mean of their Perpendiculars.

* Frustrums of Pyramids and of Cones may he considered regularly
tapering Prismoids, and the contents may be found by the Prismoidal
Formula, which, however, is not so convenient as that generally used.
(See pages 184 and 185.)

+ Sometimes the “ area” of the lesser end = o, as in Ex. 471.
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N.B. The whole 4m required in the Formula, may be obtained at
once, by multiplying the sum of the mean breadths by the sum of the
mean depths. This shortens the progess, as will be seen in the
following Examples.

Bx- 4“.—What is

1 8/-
the Tontent of a Railway / e -7
coal waggon of which the , i /35

top measures 81% by 55
inches, sloping to 41 by i
294 inches at the bottom ; I SR
the perpendicular depth

being 47} inches ?
816 X 556 = 448256 = A
410 295 = 12095 = . .
S x__ S=a In this Example m = 815‘;‘41
1225 X 84'5 = 10351°25 = 4m . 55 + 295 o561
1604325 2 - 5
-

1604325 X 4726 A 126000 cub. in,

Th = 1604325

en 6 B 47'% 6 divisor
. A ocun 16043 25
Or with reference to N.B.
v Page 190 g—mos 10368 divisor

E

iron ¢

are F

lengtl
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16 X 12=192=A
"X 4= 28=a
1647 12x4

93 X 16 = 368 = 4m InthisExamplem=—72—- X s = 99.
588
]
588 X 156 A 588 15288 cub. in.
Then —¢— =g ¢ 156
568 X 166 _A 58 = smmend
R—0368 B 10363 " 156
Ok if we keep the length in feet, i.c. 13, and the rest in inches,
588 X 156 A 588 88472 cub. ft.
864 - B 864 156

Bx, 468.—In the figure, where one of the sides is perpen-
dicular to the ends,

Let BD or FL = 4 feet.
B¥ or DL = 3 feet.
DE or BC = 12 feet.
FGor LH 8 feet.
Bmor Dn = 8feet. gl

B

I

Required the content in Cubic feet.
12X 4= 48=A

gxX4= 32=ua
1248 _4+4
20 X 8 = 160 = 4m pOrm = =5 = x —— =40
240
240 x 3 A 240 o 120 cub. ft.

Then—T B 6

This may be tested by computing first, the content of the Parallelo-
piped FBDnmG, and then the Wedge amGHE ; as follows
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L Parallelopiped = 3 X 4 X 8 = 96 Cubic feet.

IL. ‘Wedge, where length of base mn = 4 ; edge CE = 4; width
of base mG = 3 ; and perpendicular height mC = 4. (See Ex. 457.)
(8_-!_-;4_)]?_3_)(_:1 = 24 Cubic feet. Then 24 4 96 = 120 Cubic
feet, as before. -

Ex. €69.Required the content in Cubic yards of an excava-
tion in the form of a triangular trench, the triangular ends being
parallel to each other, and perpendicular.

The measurements are as follows :

EC = 60ft. FD = 105 ft.

mA = 20ft. oB = 35f. }Length 594 feet from E to F, or A to B.

20 X 30
36 X 5% -

55 X 825— 45376 = 4m

6000 = a Here m = area of a triangle whose base
1837*5 = A f§is the mean of 105 and 60, and whose
perpendicular is the mean of 35 and

82 5 X 275

20; —_— 34:375.
69750 orm ) = 113437
Th 6975 X 594 A 6975 25576 cub. yds.
07162 "B 162 “divisor” 594
6975 X 594

With the Formula “divisor” 6, we should have

= 690526 Cubic feet. (N.B. page 190.)
. . s

6
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EX. %70.—Let the figure represent one of the sections of a
Railway cutting, the perpendicular ends being Trapezoids, and the
Roadway 594 feet long, and 23 feet wide throughout.

158

Smaller Trapezoid 83 feet wide at top, and perpendicular depth 20
feet. Larger Trapezoid 128 feet wide at top, and perpendicular depth
35 feet.

Required the content in Cubic yards.

Mean width. Depth.
53 X 20 = 1060 =a

7556 X 35 = 26425 = A 834128423423 35420
R m = i X o

1288 X B5. = 7067°5. = 4m = 6425 X 275 = 1766'875.
10770
™ 10770 X 594 _ A 10770 89400 cub. yards
T2 T B 162 594

The “ divisor” 162 is taken with reference to N.B. page 190. Had

: : 10770 X 594
the content been required in Cubic feet, 2z = ___6><__ = 1066230

Cubic feet.
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EX. 271.—Let the
figure represent the last
“section” of a Railway
cutting, when the “area”
at one end = 0. Length
720 feet. Roadway 30 feet

wide throughout. One end a Trapezoid 230 feet wide at the top, 30

at the base, and perpendicular height 150 feet. Required the content
in Cubic yards.

155 X 50 = 7750 = A
300X 0= O0=a

185 X 50 = 9250 = 4m

17030

Th 17030 X 720 A 17030 75620 cub. yards
T 162 "B 162 720

Had the usual “divisor” 6 (N.B. page 190) been, used, the content
would be Cubic feet 2040000.

)

(See “ Railway Cuttings and Embankments.” AppEnpix F.)
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GAUGING (for Liquid Contents).

PARALLELOPIPEDS., | CYLINDERS. | SPHERES.

FFFFLLILLL|FL| LL | F I.

Divisor |1.9837(184-85| 2218223536 2824-3]

B‘L*hels{-6~ P. 1'1.133(13595 47°10] 1534 5314
Check 3583| 4294| 148'9] 4851 1681

Divisor |*16046(23:106|277°274 29°419(353°036|

'30645'529°55

Gallons{ G.P. .| -4005 4'806| 1665 5424/ 18-79] *5535| 23-01
Check. 1266 1520 52'66] 17°15 59°42] 1-750 277

Divisor |'04011| 5776/ 69-318] 7-335| 88'258] — [132:39

Quarts { ar | — |2a03| 8326 2712| 9305 — | 1151
Check. —_ 7600, 2638 85646/ 2971 — 86°38|

Divisor |'00100| ‘1444| -1'733] ‘1839 2:206] — | 3-308]
Ounces{ G.P. — | -380| 1-316| -4288| 1485 — | 1'819
Check. — 1202  4168] 1356) 4697 — 5752

N.B. 1. The “Divisors” are to be used with the four lines A, B,
C, D. The “ Gauge Points” are to be used with the two lines C, D.
The “Check numbers” are to be used with C, D, when the Gauge
Points are inconvenient. (See page 90.) For explanation of
*“ Divisors” and “ Gauge Points ” see ApPENDIX K.

N.B. 2. The letters F. F. I. I. vefer to the measurements of the
vessels to be gauged, whether in Feet or Inches : for instance, if we
have a PARALLELOPIPED whose length is given in Feet, and depth and
breadth in Inches, and we want the content in Bushels, we look under
F. I I, and use 184'85 as a “ Divisor,” with the lines A, B, C, D ; or
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13'595 as a “Gauge Point ” (its check number being 4294) with the
lines C,D. If we have to find the Gallons in a CYLINDER whose
depth is given in Feet, and diameter in Inches, we look under F. L,
and use 29°42 as a “ Divisor,” or 5:424 as a “ Gauge Point.”

Formuls for PARALLELOPIPEDS.

A Product of any 2 sides Content
B “Divisor ” 3d side
But if any two of the sides are the same, take the following :
A “Divisor”
Sq. side® X 3d side ) B 3d side

Content = ~ Dwiser ) C Content
D Square side
OR
Content Sq. side? X 3d side C 3dside 3dside X 10 Content
nbent = G. P32 D G.P. Check No. Square side

Formuls for CYLINDERS.

A ¢ Divisar”
diam.? X length Y B Length

Content =

Divisor Content
D ) Diameter
OR
. diam.? X length C Length Length X 10 Content
Untent = ——& 53 D G.P.  Cheok No.  Diameter
also
c 4 490 Gallons for every foot deep
D 3 - 10 Peet diameter of Cylinder .
s2
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Formule for SPHERES.
A ¢ Divisor ”
Diam.?2 X diam. ) B Diameter

Content = Divisor ) C Content
D Diameter
. OR
Content = diam.2 X diam. C Diam. * Diam. X 10 Content
Jontent = G. Pz D G.P. Check No.  Diameter

EX. 472.—Required the content in Bushels, of a rectangular
floor of malt, measuring 6 feet by 48 inches, and 5 inches deep.

A 30 =6 X 5) 7°78 Bushels
B 18485 Divisor 48

Ex,%73.—How many Gallons are there in a ship’s tank which
is 4 feet 1 inch square at the top, and 6 feet 1 inch deep? (inside.
measure,) -

C 73 inches 6320 gallons
D 1665G. P, 49 = Square side inches

The exact content is 63213 gallons,

ExX. 474.—To what depth in inches will 3 Fluid ounces fill a
rectangular vessel that measures 63 by 5} inches ?
A 34125 (= 6% X 5}) 3 ounces
B 1'733 “ Divisor ” ‘162 inch = 3d side

*Ex.475.—What is the content in Gallons of a cylmdncal
vessel, 40 inches deep, and 27 inches in diameter ?

* For practice, the learner may try Ex. 475 with the four lines, as

follows : ,
353 Divisor

f5—

82'6 Ans.
27
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" C 40 inches deep 82°6 gallons
D 1879 G. P. 27 in. diam.

*BX. 476.—How many GQallons of water, are lifted at each
stroke of a 93 inch pump, the length of the stroke being 2} feet ?

C 2°25 feet deep 69 gallons
D 5424 G. P. 9-5 in. diam.

EX. 477.—Required the diameter in inches of a pipe 20 inches
long, to contain 5 gallons.

C_ 200 2 5
D 5942 check 5942 9°4 inches

ExX. 478.—Required the length in feet of a pipe 3 inches in
diameter, to contain 2 gallons.

C 2 gallons 653 feet
D 3 542 G. P. in. diam.

BX. 279.—Required the Quarts in a cylindrical measure, 15
inches deep, and 11 inches in diameter. -

C 15 266 Quarts 150
D 9395 G. P. 11 29°71 eheck

N.B. In this Example, as in Ex, 424, it is necessary to use the check
number with 10 times 15 inches over it. See page 90.

Ex. 480.—There are 4 Cylinders whose diameters are respec-
tively 2, 33, 33, and 4 feet. How many Gallons would there be in a
_foot depth of each Cylinder? (See last line, page 197.)

" * For practice, the learner may try Ex. 476 with the four lines, as
follows : .
{ A 2942 Divisor

B 226
C 6'9 Ans.
D 95
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C 19'6 4 60 688 783 Gallons
D 2 3 36 376 4

Ex.481. Reqmred the diameter in inches of a Cylinder,
which when filled to the height of 28 feet, contains 8566 Gallons.

C 28 ft. long 8566 Gallons
D 5424 G. P, ] 80 in, diam.
8566 X 54242
Here z = __%8__ , a8 in Ex. 257.

BX. 482.—1 have a phial 1'8 inches in diameter inside. How
high must I fill it to have 4 Fluid ounces ?

C 272 inches : 4 FL oz.
D 1'485 G. P. : 18

BEx. 483.—How many Gallons of gas are there -in a spherical
balloon 50 feet in diameter ?

C 50 407800 Gallons
D 5535 G. P. 50

Bx.348%.—How many Quarts of liquid are there in a globular
bottle 9 inches diameter inside, filled to the neck ?

C 9 5'5 Quarts 90
D 11'51 9 36-8 check

PARABOLIC CONOID (GALLONS).

ExX. 485.—Take the dimensions in Ex. 464,
and use. the “Divisor” 1879, or its “ Gauge Point”
59°42.

' '
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C - 22'5 4 depth 102 Gallons
D 1879 40 diam. at base

FRUSTRUM OF PARABOLIC CONOID (GALLONS).

EX. 286.—Take the dimensions in
Ex. 465, and use the “ Divisor ” 18'79, or
its “ Gauge Point ” 59-42. '

C 18 depth 522 Gallons
D 1879 32 Mean diam.

SPECIFIC GRAVITY.

Quantity. Cubic inches. Weight.

1 Gallon 277°274 10 1bs. avoir.
- 1Quart 69318 2% 1bs. avoir.

1 Pint 34:659 " 1} Ibs. avoir.

1 Fi. oz. 1-733 1 oz. avoir.

1 Cubic foot -of fresh water = 6'2321 Gallons, or 62321 lbs., or
*02782 Tons.

1 Cubic foot of sea water weighs 64 1bs., or ‘02857 Tons.

*01605 Cubic foot of water, or {5 Gallon, weighs 1 1b,

35945 Cubic feet of water, or 224 Gallons, weighs 1 Ton.

1 Gallon a minute is 231 Cubic feet in a day of 24 hours,

. Gr,
Weight of anything in lbs. per Cubic foot = i)l;605r .
Substance heavier than water,

Ex. 487.—A lump of Indian standard silver weighed 3293
grains in air, and 2973 grains in water. Required its specific gravity.

3293
Answer m = 1039,
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.

Substance lighter than water.

Ex. 488.—A piece of Elm weighed 15 ounces in air, and when
a piece of metal weighing 16 ounces in water was attached to it, the
whole weighed in water 6 ounces. Required the specific gravity.

15 15 " .
Answer 5416 -6 =25 = *600 the gpecific gravity.

EX.289.—If the anchor of a man-of-war weighs 95 Cwt.
of which the wooden stock is 5 Cwt. and not affected in weight by
submersion, what is the loss of weight on the 90 Cwt. when sunk in
sea water ? the specific gravity of the iron being 7788, and of the
water 1'026. Answer = 30 x 1o :7;.8026 = 1186 Cwt. less than when
out of the water. [Or since 90 Cwt. = 161280 ounces, we have
1612
—_—(7;78880 = 207 Cubic feet of iron, which multiplied by 64°2, the lbs.
weight of a Cubic foot of sea water, gives 1329 lbs. or 11°86 Cwt. as
before.]

EX. 490.—The topmast of a man-of-war contained 159 Cubic
feet of Norway fir, whose specfic gravity is *580, and it weighed 5772
Ibs. or 2:577 Tons. What weight would it float in sea water ?

Here *02857 (the weight in tons of a Cubic foot of sea water) X 159
= 4'543 Tons : from which, if 2:577 Tons (the weight of -the mast) is
deducted, the remainder is 1°966 Tons, the welght the mast would
support in sea water.

To find the quantity of each ingredient in a given Compound.
Let m = weight of the mass.
z = weight of the heavier metal.
(m — z) weight of the lighter metal.
a, b, ¢ the specific gravities respectively of the heavier mgredxent
—the lighter—and the Compound.

c—-d Xa
Thena:=(TT)x—c—x'm

ExX.491.—A mass of gold and silver weighs 63 oz and its
specific gravity is 16'126. What is the quantity of each ingredient,
taking the specific gravity of gold at 19-64 and silver 11091 ?
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98888 X 63
-——lms—l— = 45°19 oz.

of gold, 17°81 oz. of silver.

(16126 — 11°091) X 1964 = 98'888
(1964 — 11091) X 16'126 = 137-861

SPECIFIC GRAVITIES.

Acid, muriatic . . . . . . . 170 , Maple . . . . . . . . ‘680 to ‘750
s itric « « + « « « . 1600 | Marble e e e 2°720
sulp bhuric . - . . . . | 1'848 | Mercury (at 52°) ‘. c . . .. . 18570
Aléohol (absolute) . ‘794 | Milk, . . B €01
Rectified Spirit, . 838 | Millstone . . . . . . .. 2:480
Pmol’ Splrlt . ‘920 Mortar P Re(11]
. . 800 Nickel (wrought) < . . . . . 8660

Blnlt . 2800 | Norway spar P .o
Bath Stone 2:200 | Oak e« . . . 750 to 930
Beech 800 0il (olive) ) U]
Beer 1028 s> (Whale) . . . . . . ‘900 to ‘920
Bone . 1660 o (linseed) . . . . . . . 940
Bnnd ‘887 | Opium . . . . . . . ., . . 1340
Brass (muglxt) 8396 | Pavingatone . . . . . . 2420
Brick . 2000 Pewter T A Y]
Bnckwork 1-800 Plne (red) o+ . . . 580 to ‘650
Bronze . 8220 g/hlte) © e« .. 450 to 550
Butter . ‘042 ellow) . . . * . . . , 510
Chalk, . 233 to 2450 1-150

Cay . . . .. . .. .. 2100 Platmum (hammered) .. . 200000
Coal(solid) . . . . . . . . 1270 | Portland stone . . . . 24 t0 2500
w (loose) . . . . . . ‘81to 845 | Pumice , . L |
Coke. . . . . . . . . . . 482 Pu\'beck stone . . . . . .. 2600
Copper(cast) . . . . . . . . 8788 uartz . e e e e e
wrought) « « . . . . 8915 Rottenstone c e - o o . . . 1980

ork", c e e e e . 240 Salt(solid). . . . . . . . ., 2130

Deal emel) C e e e e e . 400 ('loose) c e e e e .. 8%
Norway) . - e - . . . 680 Sand c .« .+ .+ . . 16t01800

Fir (see Pine). . .7, . . . . Sandstone . . c . . . . 238t02400
C e o .. 2600 S|1ver (pure) « o+ . . 1109 to 10470

Glus (ﬂmt) . 8200 (standard) ©o. . .. . 10820
”» late) . . 2760 c . e . . . 27102800

crown) . . . . 2500 Soap (hot . R 1]

Gold (pure) . . . . .1924m 19640 » § tosoft) . . . . . . 1085
» (standard) . 17700 » (coldhard) . . . . | | 1022

Granite . . . 2650 Spermaceti . . ¢ . . . . . -948
Gnvel . .. . 1700 | Starch . . . ., . . . . . . -800
metal . hak ) . . szgg Steel . ( hi ie) e - . . .. 782

Gun wder shaken) . . r (whi Coe s . . .. 1600
G po ( . . 2280 Szf;hur(fused) C e e e e .. 2°000
onay . 1450 fTallow . . . . . . 0 0 . Tgs

Ice . ‘040 | Tar . . 1015
Ind . 800 to ‘900 | Teak *726 to ‘750
fron (cast) . . < 7207 | Tin . . . . . . . .. . . 7300
, (bar and round) . 7808 | Treacle . . . . . . . . . . 1200

- ught) . . 7788 | Vinegar. e 811 U]

vory 1'8t01'900 | Water sea) coe e o ... 1026

det . . . . . . . . . . . 1800 » [ K
Lead. . . . . . . . . . .11852 » °) E O Y 4 §
Limestone. . . . . . . 26to 2700 ” 100°) c e e e e .. 9954
Mahogany (Honduras) . . . . 580 | Wax. e e e oo 964

” Spanish) . . . . . 900 | Zinc. . . . . . . . . . . 7100
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In the following Formule, the set of the Slide may be changed,
- according to the “proportion” required. See page 18, Examples
495, 497.

I A Sp. Gr. Grains weight
@) B *0396 ' Cubic inches
I A  Sp. Gr Oz. (avoir.) weight
(L) 51733 "~ Cubic inches
I A Sp.Gr Ibs. (avoir.) weight
WL g~ or7ea Cubic inches
v A Sp.Gr Ibs. (avoir.) weight
(Iv.) B -01605 Cubic feet
v A  Sp.Gr Cwt. weight
V) g—1797 T Cubio feet
A  Sp.Gr. Tons weight
(V1) 35945 Cubic feet
(VIL A - Sp.Gr. * Ibs. (avoir.) weight
(VIL) 335304 Cylindrical inches
A  Sp.Gr 59
(VIIL) g—%7 " Cubic inches in 1 Ib,
A  Sp. Gr . 63
IX) =57 Cubic feet in 1 Ton

N.B. If the weight in Ibs. of any number of “ Gallons” of an article
is given, the Sp. Gr. = lbs. + Gallons X 10. If it is “ Bushels”
Sp. Gr. = lbs. = Bushels X 80. Thus if 391°6 gallons of soft white

. 4249
soap weigh 4249 Ibs., its Sp. Gr. = 3916 = 1-085.

If the Slide is snverted, we have as follows :

A Sp. Gr. 0396 1733 277274
O Cubic inches grains oz avoir.  lbs. avoir.

&)
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(XI.() A Sp.' Gr. ‘01605 1-797 35945

0 Cubic feet 1bs. Cwt. Tons

(XI) 3 Cubics f:icf; milb 27:3 ‘ o

(XIIL) g Cubiflt)';:t} l;n 1 Ton 35.1945 g;
For “ Spheres” only. (See-Ex. 498.)

(XIV.) :]!3 S§7£(5}5r . inche:bg.iameter

BX. %92.—The Sp. Gr. of wrought copper being 8915, how
many lbs. would 622 Cubic inches weigh ?

20 Ibs. 8915

(L) 5558 2773
A 8915 2773

or else (X.) 5 692 20 Tbs,

BX. 293.—The Sp. Gr. of lead being 11'352, how many Cubic
inches are there in 1 lb. 7 %

A 59 . 11352
(VIIL) B 2442 oy, in, 47
A 63 T 114352
or (XII.) 5 57 2442 cub. 1.

Ex. 494,—In Wallace’s Tables of “ Wrought round iron,”
the weight of a cylinder 12 inches diameter, and 12 inches long, or

* Formulee VIIL and XII. only apply to cases of one 1b. So IX. and
XII1. when one Ton is in question.
T
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1728 cylindrical inches, is given at 382'2 Ibs., whereas by Tempieton’s
Tables it is 374'41bs. Required the specific gravity according to each.

‘(VII) A 765 T. 781 W. 35304
Y B 374'4 lbs. 382°2 1bs. 1728 cylindr. in.

Ex.495.—In the above Tables, the weight of a Cubic foot of
¢ Wrought square iron,” or 12 inches square and 12 deep, is given by
Wallace at 4864 Ibs., and by Templeton at 478 Ibs. Required the
Specific gravity according to each ; also the Cubic inches in 1 Ib.

av.) g 0 Lt g«;-:%

R (1) g 11;352 : T

or (VIIL) §— it —
or (XI1) S o

BExX. 296.—What is the weight in tons of a main topmast of
Norway spar, Sp. Gr. *580, containing 159 Cubic feet? (Ex. 490.)
' 580

A 2577t "
VL) 5159 ~agds Or by X1

Ex. 297.—A bushel of loose coal, containing 1'63 Cubic feet,
is found to weigh from 83 to 86 lbs. What specific gravity does that

give ?

) A 01605 817 845 Sp. Gr.
V) g 163 83 86

BExX. 498,—Supposing a 9 Ib. shot to have a diameter of
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4 inches, what is its specific gravity? [See (XIV.) page 205
Diameter3 : Ibs. :: 3:755% (or 52'955) : specific gravity.] .

E 7447 sp. gr. 9 lbs. -
XIV) 37755 4 in. diam.

GAUGING OF THE WEIGHT AND DIMENSIONS
OF METALS.

The two following Examples will show the usual method : (the
specific gravity of the metal being known). The subsequent Examples
will explain the use of the “ Table,” constructed for five metals in
constant use ; its Divisors and Gauge Points may be computed for any
other substances, as shown in Appendlx K.

ExX. $99.-Required the wewht in Ibs. of a cylinder of  Cast
iron,” specific gravity 7-207, three feet long, and ten inches in
diameter.

This cylinder, if of water, would contain 10°2 gallons, as shown in
Ex. 476, as follows :

C 3 10°2 galls.
D 5424G.P. ' 10

But as a gallon of water weighs 10 Ibs., the weight in water would be
1020 lbs, This multiplied by 7'207, the specific gravity of cast iron,
gives the weight of the iron cylinder 735 lbs. (Compare Ex. 506.)

Ex, 500.—What is the circumference of a brass rod weighing
21 Ibs., and 18 inches long ; the specific gravity being 84 7

H 21 Ibs.

ere —oo :

of water would, if occupied by brass, weigh 2'1 lbs. But since (page

201) 27724 Cubic inches of water weigh 1 lb., the above ‘25 lbs. is

equivalent to a content of 6° 932 Cubic inches. Then by Formula (c),

page 167

= 25 ; that is to say, the space occupied by ‘25 1bs.

C 6932 Cub. in. 18 in. long
D 22 in. circumf. 3645 G. P.

The above computation may be compared with the speedy solution of
the same question in Ex. 507.




HAND-BOOK OF THE SLIDE RULE,

208

‘uoqed 1 = I9j8m JO '8q[ 01 Supaquowrax ‘961 o3ud ,,‘suo[ep,, woly udYw} oq AW WALY M JO yfjem 105 0p

8L LY 8PL.1 gL9.8 2902. 66.12 97v8.9 666.9 0%0.3 805.9 0621 2671,
60.9T | 329¢. || T1L.Z | 3990- | €96.9 | L00.3 || €13.3 | 68€9. | 196.1 | 399Q. | BLFO.
8.435 | 61I¢T. || 8% L | 9200} 9€.8% | 620.F || 868.F | 380 | L¥B.€ | 90%E. | £0T00.
98.9% SOL.1T 982.8 1861. 31.18 860.9 ¥3L-9 T96.1 696-¢ 03L-T 125340
0¢.91 | 68%€. || $09.8 | 9390. | 089.9 | 8%6.1 || 921. | 8E19. | 988.1 | 6€FC. | £3¥0.
€.0138 | LIGT. || 38L.9 | %6€00.] €9.% | 61L.€ || 18S.¥ | 89LE. | 199.€ | 6963. Anomoo.
2%.%¥% $90-1 ¥6. 4 0161 18.03 188.9 ¥8%.9 gl81 Lyl 699.1 2881,
86.61 | $9g€. || 119.3 |$090. | &F¥.9 | 098.1 || 190.3 | 6169G. | LI8-1 | 9¥3C. | LEVO.
9.961 | G811 || L0€.9 | ¢9€00.{ 09-1¥ | 89%-€ || 90Z.¥ | $0S€. | 20€.€ | ZQLZ. | 16100-
26.3v 280. 1 20L.4 981 LL.61 20L.9 £62.9 LIS T | LLS-Q 019.T k4739
29-€1 | 993¢. || LEP-G | 9820. | 2G%.9 | G08-T || 066-1 | SPLS. | F9L-T | 1609. | PEFO.
&.¥81 | 9901. || O¥6.9 | $T€£00.] 80-6€ | LSG.€ || 096.€ | 00€E- | OTT-€ | 3693- | 08100-
£0.88 6év16. 088.9 13418 22..1 890.9 L18.¢ 019.1 ba4 84 2391 68TI.
€0.81 | £683. || 091.% [ 61S0. | OPS.G | 66G.T || €94.1 | 1609- | #99-1 | 31g%. | 9LEO-
9.FPT | L€8O. || 999 | 0LZ00.] 69.0€ | 89C-E || OT1.€ | 3693. | 3¥¥-E | G€03. | EP100-
TT | TAH||TT | TAI]T'L H A TT | TAE[TITIITT Ad A

® ®) ) )

: ‘SAAJITOTHATIVEV

.mﬂmcda .w%SQZ~.u>O

« 81081A1(T ,, oY,

«wﬁ V L£02.2 1 dg
108[AIQ GOHH omﬂo
e V 808.4 1 'dg
208MIT oIy IM
o) 9688 p dg
J0STAIQ W SERIg IM

¢16.8 ) "dg

Jaddop “1p

zge. : .uw dg

2o}
s |

.85.»6



HAND-BOOK OF THE SLIDE RULE. 209

The mode of cmtmcting such Table is shown in Appendiz K.

N.B. 1. Under “Cast iron” PArALLELOPIPEDS I I. L, see 3-847.
This shows that 3:847 Cubic inches of * Cast iron” weigh 1 1b. ; also

that a Square foot of ‘Cast iron” to weigh 144 Ibs. must have a
thickness of 3'847 inches.

N.B. 2. Under “Lead” ParaLLBrLoripEDs F. F. F. see 00142
This shows that ‘00142 Cubic foot of Lead weighs 1 Ib.

N.B. 3. Under CyLINDERS,* (d) are the Divisors, &c., where the
diameters are in question. Where circumferences are in question, as in
Examples 506 and 507, see under (¢). The same applies to SPHERES.
The N.B.’s in page 196 will further elucidate.

The set of the Slide is as follows :

PARALLELOPIPEDS.
A Product of any 2 sides Content
B “ Divisor” 3d side

But if any two sides are the same, use the following :

A “ Divisor”

B 3d side
c Content
D » Square side
Is C  3dside 3d side X 10 Content
oresey G. P. Check number Square side

*®* Under the * Divisors” for CYLINDERs, Diameters I. I., we have the
number of cylindrical inches in 1 1b. of the article. A cylindrical inch is
linch long and 1 inch in diameter, and exceeds a cubic inch as 1 exceeds
‘7854 ; or 2200 cylindrical inches in a cubic foot. See Formula 1V.
Page 148,

T 2
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CYLINDERS.
(1) Diameters.
A “ Divisor ”
B Length .
C ) Content
D Diameter
or C  Length Length X 10 Content -
D G.P. ‘ Check No. Diameter
(IL.) Circumferences.
A “Divisor ”
B Length
C Content
D Circumference
C  Length Length X 10 " Content -
)] G. P. Check No. Circumference
SPHERES.
(L) Diameters.
A “ Divisor”
B Diameter .

C o Content
D Diameter
C Diameter Diameter X 10 Content
b)) G. P. Check No. Diameter
(IL.) Circumferences.

A “ Divisor”

B Circumference

C ) ) Content
D Circumference
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C Circumf, Circumf, X 10 Content
D  G.P. Check No, Circumf.

When once the proper use of the two lines C D alone, is acquired,

it is better to use them, in preference to the four lines A, B, C, D.
See pages 91 to 94.

Ex. 501.—Required the weight in Ibs. of a bar of wrought iron
2} inches square, and 108 inches long.

C 108 154 Ibs,
D 1'885 G. P. 225

Ex. 502.—Required the weight in lbs. of a bar of flat
wrought iron, 20 feet long, § inches thick, and 2 inches broad.
(z 20 X 275 X "375 \*

= 2959 . )

A 55 (= 20 X 275) 697 1bs.
B *2959 Divisor 376 (= §)

EX. 503.—What is the thickness of a Square foot of copper
that weighs 2 1bs. 7 (By N.B. 1st, page 209, a Square foot 3'11 inches
thick, weighs 144 1bs.) )

A 14 ] 2 Ibs. .
B 31 043 inch

Ex. 504.—How many lbs. per Square foot does sheet lead.of
the following thickness weigh ? 4 inch, } inch, } inch, and } inch?

(By N.B. 1st, page 209, a Square foot of lead 2:242 inches thick,
weighs 144 lbs.)

A 144 59 137 083 118 Ibs._
B 2442 ‘1 125 *1667 *2 inch

* Or, if the “ square side” is found = 1015, as in Ex. 266, we may use
66°7 1bs. 20 X 10
D 1-015 “mean side” 1'72 check number ~




212 HAND-BOOK OF THE SLIDE RULE.

Ex. 505.—A rod of wrought jron 18 feet long, weighs 2688
Ibs. Required its diameter in inches. .
c_ 18 2688
D  -6138G.P. 75 inch

Ex. 506.— Required the weight in 1bs, of a cast iron pillar, 10
inches diameter, and 3 feet long. (See Ex. 499,)

c 3 "~ 30(=3 X 10) 78 lbs.
D 6389 G.P. 202 check 10

" Bx. 507.—What is the circumference of a piece of brass rod
weighing 2°1 lbs. and 18 inches long? (See Ex. 500)

C 21 18
D 22 inches 6442 G. P.

Ex. 508.—What is the weight in 1bs. of a cast iron sphere 4
inches diameter ?

.C 4 8707 1bs.
D 2711 G. P. 4

N.B. The specific gravity generally used for shot and shell is
somewhat different, being 7°447. (See Ex. 498.)

Ex. 509.Required the diameter of a cylinder 27 inches long,
to contain 43 lbs. weight of water? (Here, as per Note at foot of the
TABLE, page 208, 43 lbs. = 43 gallons.) As in Ex. 477.

C 43 gallons 27 inches long
D 2371 inches diam. 59:42

* For practice, Ex. 506 may be solved by the four lines A, B, C D,
using the ‘¢ Divisor ” from the TABLE.
A *4082 ‘¢ Divisor ”
B 3 .
c : 735 1bs. answer
D 10
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Remarks.

It is often useful to know, when we see in works on Mechanics such
Tables as that on page 208, what Specific Gravities have been used.
To do this we look to see what is under PAraLLELOPIPEDS I I. L.
(%.e. the Cubic inches in 1 Ib. of the material).

Ex. 510,—In Carroll’s 2-foot Rule, we find for “ cast iron”
3'806—* wrought iron” 3:592—¢ gun-metal ” 3'417— copper” 3°103.
‘What Specific Gravities do these denote ?

Here we have to divide 27'274 (the Cubic inches in 1 lb. of water)
consecutively by 3:806, 3592, 3-417, and 3103. We therefore tnvert
the Slide, as in Examples 75 to 79, or, what is the same thing, use

. Formula (XII.) page 205.

A 1 59 72501 7719 W. I 8115 G. M. 8936 Co.
0 27724 47  3'806 3'592 3417 3103

(See also Examples 494, 495.)

So also, since 35'3036 Cylindrical inches (see footnote page 202)
of water weigh 11b., if in such Tables as that in page 209 we look
under CYLiNDERS (d) I. I, we see the Cylindrical inches in 1 Ib. of
the article. Hence, if we divide 353036 by these “ Divisors,” we see
what Specific Grayity has been used. Thus in the TABLE in page 208,
if we divide 35°3036 successively hy 3'110, 3:960; 4°205, 4521 we
have as follows :

A 1 11°85 L. 891 W. C. 84W.B. T8LW. I
0 353 3110 3'960 4205 4521

SHOT AND SHELL.

A 9 1b. shot is generally considered 4 inches diameter. This by
Ex. 498 gives a Specific Gravity of 7'447, which, with reference to the
Table on page 208, would make the “ Diameter ” Divisor for Spheres
I I = 711; its G. P. = 2:667; and its “ Circumference” Divisor
= 220’5 ; witha G.P. = 14'85. (Ex. 498.)
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Let D = external diameter of a shell, and d = internal diameter.
Then weight in lbs. = (D? — d3) X -1358.%

Ex. 511.—What is the weight in lbs. of a shell 11'1 inches
external, and 8 inches internal diameter? 11°1®> = 1368 lbs. and 8®
= 512, as in Ex. 321.

Then (1308 — 512) X ‘1358 = 856 X ‘1358 = 117 lbs.

METAL PIPES.

Let s = sum of outer and inner diameters, in tnches. Let d.
= diﬂ'erence of diameters in tnches.

8Xd
Divisor’

The “Divisor ” is found in the Table, page 208, under CYLINDERS,
Diameters, F.I.  (See also N.B, after Ex. 514.)

Welght in 1bs. per foot length =

ExX. 512.—What is the weight in 1bs. per foot, of a cast iron
pipe of 8 inches bore, and § inch thick ? (Here s =95 4+ 8,and
d =95 — 8)

A 175 = s 6°43 1bs.
.B *4082 Divisor 15 =d

E X, 513.—What is the weight in lbs, per foot, of a copper pipe
of 7% inches bore, and } thickness ?

A 1525 = s
B *25 inch = d *3300

BEx. 514, What is the weight in lbs. per foot, of a lead pipe
446 X 46

2 inches bore, and '23 inch thickness ? (z = —5zoo—.)

* The abovo is assuming the Specific Gravity = 7207, but the usual
multiplier is %, or ‘1406, with Specific Gravity = 7-447. Ex. 498.
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A 416 79 bs.
B 2592 ‘46
Weight in 1bs. of lead pipe = bore X 4 nearly.

Also the following Formula may be used :

“ Divisors.”
Cast iron :102 A Inner diameter 4 thickness 1bs. per foot
Lead 0649 - D e Hicknes
Copper 0835 ivisor inches thickness
Thus Ex. 514 would be
A 2 ' 79 1bs.
B 0649 | 23

N.B. The above divisors are the Cylinder F. I. .(d) divisors of page
208, divided by 40.

BRICKWORK.

A “Rod"” of Brickwork, including mortar, is generally reckoned at
272 square feet of surface, with a “ Standard ” thickness of 1% bricks,
or three half-bricks. If the thickness is 2 bricks (or 4 half-bricks),
the number of rods in a piece of work, is increased in the ratio of 1} to
2,0or 3 to 4. If 2} bricks thick, the increase is in the ratio of 8 to 5,
and 8o on.* '

A Rod of Brickwork of “Standard” thickness, contains, with mortar,
about 306 Cubic feet or 113 Cubic yards, and requires from 4400 to
4500 bricks. It weighs about 16 tons. At £15°1 per rod (Standard)
the price per Square’yard is 10s. A stock brick weighs about 5 lbs.,
or 450 to a ton. ‘

(I.) Standard thickness.

A Height in feet Rods of brickwork
@) B 272 ‘ Length in feet
A Height in feet ‘ Cubic yards
® 5

24 (= 272 + 11}) Length in feet
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(IL.) Above Standard thickness.

In this case the number of Sguare feet of surface must first be
found.

A Square feet of surface Rods
© 3 408 " Bricks thick
i Square feet of surface Quarter rods*
@ g 102 Bricks thick
A Square feet of surface Cubic yards
© g — 36 (= 408+ 113) __ Bricks thick

Ex. 515.—How many rods of brickwork are there in a wall 40
feet 6 inches long, by 22 feet 9 inches high, the thickness being
“ Standard.”

3'39 rods . 22°75
@ 3405 . 272

R x. 516.—Supposing in the preceding Example the thickness
were 2} bricks, what would be the number of rods ?
"Here it is necessary to find 405 X 2275 = 921'375 Square feet.

566 rods 921 4
©p— 25 408

It will be seen that 565 : 339 :: 5 : 3 : or Ex. 515 to Ex. 516.

TIMBER MEASURING.
(L) Squared Timber.
See Ex. 418.

»

*It is sometimes convenient, in calculating the price, to have the
content in ¢ quarter ” rods. -
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(IL.) Round Timber.

The “customary” rule for finding the content, is to take the
““ quarter-girt ” in inches : ¥ multiply the square of this by the length

a2
in feet, and divide by 12¢ (or 144); or (5) Xt content in Cubic
122
feet. For this, the setting of the Slide Rule is as follows :

) C Length in feet Content in Cubic feet
@ D 12 Quarter-girt in inches
But if we use the whole girt instead of the quarter girt, we have
2 l .
% , which on the Slide Rule is as follows :
b C  Length in feet Content in Cubic feet
® D 48 Quarter girt in inches

Ex. 517.—Required the Cubic feet (customary measure) in &
rounded log of timber, 24 feet long and 39 inches in girt, or 93 inches
“ Quarter girt.”

C 24 feet long 15°844 Cub. ft.
B 3
7@ 53 975 = § girt
C 15844 Cub. 1. 24 feet long
By®) p =39 =it m
Remarks.

The content thus found by the * customary” rule is much less than
the real content, as calculated by the *“true ” method for content of
solid cylinders. In fact, we should have to add more than } of the
“customary ” content to get the *“true.” That is, we should have to
multiply it by 127324 (Ex. 159). Or, if the “true” content as a
cylinder were calculated, we should have to deduct 2146 per cent. to

*If the bark is on when the girth is taken, it is usual to deduct %, of
the measured girt.  So, if measured 48 inches, the content is calculated as
if measured 44 inches,

U
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reduce it to ¢ customary ” (Ex. 124). Thus, in the preceding Example,
15844 X 1'27324 = 20°17 is the “ true” content as found by Ex. 425.
Still, the “customary ” is used in practice, as it allows for squaring.
The true section, if fully squared, would be as in Ex. 334. The area
of a square inscribed in.a circle is less than the area of the circle, as
7854 is less than 1. See Ex.'123, and Formula V. page 149.

By the following Formula, both the * true” and the customary”
content can be found together. (Invert the Slide.)

g  Lengthinfeet  “True” “ Customary ”
D Girt in inches 4254 48

EXx. 518.—In a cylindrical log, snch as described in Ex. 517,
what is the “true,” and what is the * customary ” content in Cubic
feet ?

g 2017Cub.ft. 1584 Cub. ft. 24 = length in ft.
D 4254 448 39 = girt in in.

If the rounded timber tapers regularly, it is the Frustrum of a
Cone, but in practice its content is found by the “customary”
formula, using the mean of the two end circumferences, as the “mean
girt.” The *“mean girt,” thus derived, is too small. For instance, if
the timber had been 24 feet long, and the two ends respectively 45
and 33 inches in girt, or 93 mean quarter girt, the “ customary”
content would be 15'844 Cubic feet ; whereas if calculated as in Ex.
461, as a Conical Frustrum, it would be 20235 Cubic feet.

So also in what is called “squared” timber, the ends are seldom
similar, but generally rectangles of different sizes, and thus the solid
is, properly speaking, a Prismoid, though it is “ customary ” to take
the mean widths and breadths and calculate the contents as ¢ Parallel-
opipeds.” For all practical purposes the content is the.same.

CASK GAUGING.

Let L = length ; H = head diameter ; B = bung diameter : all in
inches, and all tnside measurement,
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Lx(H2+42.B)

Content in Gallons = 330

Ex. 519.—Required the gallons in a pipe of Port, measuring
47 X 25'3% 4 327 + 322

L=47;H=253;B = 32 (Herez = 337

C_ o7 441 441 47
D 253 32 32 33
and 277 + 44'1 4 44'1 = 1159 gallons.

The result by this Rule is generally about 2 per cent. too little, if
the cask bulges much.

WEIGHT OF CATTLE.

For the weight of the four quarters (which is 4% of the weight of
the living animal), take the girt in feet, close behind the shoulder, and
the length in feet from the fore part of the shoulder-blade to the bone
of the tail above the end of the buttock. Then the weight in stone of

¢ Xl . 9@ X1 s s
8 lbs. = 1558 5 1B stone of 14 lbs. = 5057 ; and the weight in cwt.

_ Xl

T 5792
of the Slide Rule as follows : (Invert the Slide.)

; so that the weight in each kind can be found at one setting

g St.of 81bs.  St. of 14 lbs. Cwt.  Length
D 1'56 205 579 Girt

Ex, 520.—What is the weight in each kind of weight of the

four quarters of an ox, whose length is 5 feet 10 inches, and girt 6%
feet ?
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g 1038t of 8 1bs. 55°7 8t. of 14 Ibs. 7.38 cwt. 583 Length
D 1-65% 205 579 65 Girt

MENSURATION OF HAY.

A “Load ” of new hay weighs 19-3 cwt. or ‘964 tons, if we consider
it to be 36 trusses of 60 lbs. to the truss. Its weight is about 17
Cubic yards to a ton.

A “Load ” of old hay weighs 18 cwt. or ‘9 tons, if we consider it to
be 36 trusses of 56 lbs, to the truss. Its weight is about 11:3 Cubic
yards to a ton.

Ex. 521.—The following measurements were taken in feet.

AB =238 CD=30. BF =18 DE =14 IH =37
km =12 nH =9.

(38 + 30) X (18 4 14) = 2176 P "
38 X 18 = 684 /
30 X 14 = 420 Ny
3280 ;
km e\
Multiply by %~ X 2 B AY
R ¢ > &
6560
18 X 9 X 3127 = 2997

27)9557 Cubic feet.
353'93 Cubic yards.

The check number (see page 90) for 155 is 49 ; for 205 it is 648 ;
aud for 579 it is 18'3.  If we use the lines C, D, not inverted, we only
find the answer in one kind. Thus :

; 583 58-3 answer in St. of 8 1bs.

D 155 49 65
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Ex. 522.—In a globular stack, the following girths were taken
in feet; the four spaces from the base being equal, 4.c. 6 feet. The
last girth to the crown being 5} feet.

N.B. The four spaces from the base must be equal to each other.

[ = 4235

0dd girths { 70t = 4900
9125
4 70

36500
Highest and lowest [ 43? 1849
girths 493 1764

Constant

40113

802 X 2 = 4 12800 13

52913
Distance between girths X 6 feet

317478
42° x 5} = 9261

326739
X 00098

32020 Cubic yards

The “Stone ” of hay is 22 Ibs. The best way to ascertain weight,
is to cut out a rectangular piece, and after measuring its cubic content,
to weigh it, and calculate the weight of the whole stack from it.

Ex, 523.—In a bulged stack (see next figure), let measurements
be taken from the base, so as to form five spaces, of which four are
6 feet apart, and the upper space b feet. The measurements as shown
in the figure,

U2
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// 83
30 X 10 = 330 / )
34 X 9 = 306
—— 606 / 37
33 x 15 = 495 =
27 X 16 = 592 - (
1087 \ a
Constant X 4 30 !
—— 4348
4954
(38 X 19) X 2 = 1444
6398
2
12796

Upper section or
triangular prism , = 742'5
5X$x33 f

27)13538'5 Cubic feet

501°82 Cubic yards

PILING OF SHOT.
(L) Triangular pile.

Let 2 = number of balls in bottom row. Then the total number of

balls = axX@t Z.) Xa+ 2. So if @ = 46, the total number of

balls is 17296.

(IL.) Square pile.

Let a = number of balls in bottom row. Then the tota] number =

1) 2 1
e X (@t )6)( 2o+ ). So if @ = 24, the number of balls is

4900.
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(1I1.) Rectangular pile.

Let @ = number of balls at the longest side of the base; and let
b = number at the short side of the base. Total = [3a — (b — 1)]
XbXb+1). Soifa = 30,and b = 12, the total is 2054.

WROUGHT IRON BEAMS.

If Rectangular, and supported at both ends, and loaded in the middle

(850 X b) X d2

the weight they would bear in lbs. is 7 ; where [ =

length in feet, and b and d the breadth and depth in <nches. The
Slide Rule facilitates the computation.

Ex. 524.—What weight in lbs. will a wrought iron bar bear,
that measures 20 feet in length, § inch breadth, and 23 inches depth ?
Here 2 = 31875 X 2°75%

20

A 20
B 31375
C

D 275
The weight itself of the bar (as in Ex. 502) will be 69-7 Ibs.

LAND MEASURING (GENERAL).

1 link = 7°92 inches ; 100 links = 22 yards or 66 feet = 1 chain ;
625 square links = 1 perch.

A ‘62 o1 Acres
@ B 27000 43560 Square feet
62 1 Acres

A .
(IL) 3000 4840 Square yards
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1L A 1 [220] 220  [Yards] Feet to 1 inch
ML) 53280 (8] 24 Tnches to 1 mile
A 4 Chains to 1 inch
v, D 20 Inches to 1 mile
V. A 2087 360 Side of sq. acre in inches
V)1 58 Feet to 1 inch
VI C 1 10 Acres in 1 square inch
V1) 52087 660 Fect to 1 inch
(0] 2.5 Acres in 1 square inch
(VIL) D 1 5 Chains to 1 inch

N.B. If “chains per inch ” are given, square the number of chains,
and divide by 10. The result is “acres in 1 square inch.”

C 1 16 Acres in 1 square inch
(VIL) 33 88 Yards to 1 inch
IX q 2'5 Acres to 1 square inch
(IX.) D 16 Inches to 1 mile
X A [66]22[1] [Feet] Yards | chains] wide
X) g 8 Acres per running mile
A 125 Chains wide
‘(XI’) B Miles long : “Acres
A Chains length Gradient
(XIL) 0 66 Feet of fall

N.B. The “Gradient” here, is the slope divided by the perpen-
dicular fall ; whereas, strictly speaking, it is the base divided by the
perpendicular ; but practically the above can lead to no error in road
making &e., (see Ex. 529).

88 £ per mile
12 Pence per running yard

L)
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Pence per Cubic yard Cost in £

A
X1V B 240 Cubic yards
A 121 £ per Acre
XV) B 6 Pence per square yard

EX. 525.—The Crystal Palace of 1851, in Hyde Park, covered
an area of 772784 square feet, What is this in acres ? (Ex. 205.)

1 A ‘62 1774 acres
@ %7000 712764

Ex. 526.—0n a scale of 16 perches to 1inch, how many inches
represent & mile; and how many acres are there in 1 square inch ?
(16 perches = 88 yards, or 4 chains.) *

A 220 88 yards
(HI') 0 8 20 inches in 1 mile

C 25 16 acres in 1 square inch
(VIL,) D 5 4 s

ExX. 52%7.—Given the scale of 330 feet to 1 inch. Required
the number of inches to a mile ; the side of a square acre in inches ;
and the number of acres in 1 square inch. (See Examples 79 and

203.) -
A 220 330 5280
(I11.) 5 o 160 inches 330
A 360 330 /43560
V) 5 58 6325 inch 330
C 10 ‘ 25 acres 33072
(VL) 5660 330 T 43560

N.B. The Ordnance Survey i8 zgsq of reality ; that is, every mile of
ground occupies 25°344 inches on the Map ; and every 208} feet occu-
pies 1 inch. This is ‘3168 inches to 1 chain ; 1 square inch = 99369
acre ; and 1'0018 square inch = 1 acre.
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Ex. 528.—In road making, if the breadth is 41 feet, how many
acres are cut up in each mile of road ?
66 41
8 497 acres

(X)g—

Ex. 529.—In 0ld Holborn Hill, the fall was 300 feet in 70
chains of ascent. 'What was the gradient ?

A 70 (onein)154 _ 70 X 66
(XIL) =44 3 = T 300
N.B. The actual angle of ascent was 3° 43’ 20", and the base 46103

.. ., 461073
feet, giving the true gradient - 3(1)0— = 15°37.

EX. 530.—Suppose a tract of land has been measured with a
50 feet chain, and the area recorded as so many acres: and sub-

sequently the chain was found to be too short by 9 inches, How
much per cent. of the area will have to be deducted ?

C 97 or 3 per cent. to deduct 100
D 4925 50

Ex. 531.—Three fields have been measured with a Gunter’s
chain, and entered as 86, 84, and 81 acres respectively ; but it is
afterwards found that the chain was 15 inches too long. What would
be the true content ¢ (Here, if we only wanted to correct one, say the
67-3? X 86

662
have a “series” and two squares are constant, it is necessary to find
the Square of 66, which is seen instantly on the D line, as explained in
67:32 X 86 673X 84 673X &1

4356, ’ 4356 4356 ’
where 67'3% and 43560 are constant, and therefore the whole “ series”
solvable at once, as in Ex. 294.

first, we should set the Slide as in Ex. 294 ; but when we

page 83, and then we have

A 842acres 878 acres 804 acres
B 851 84 86

C e 43560
D 673
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ExX. 532 Recquired the measure in inches, of 1000 feet, on
each of three scales, viz. : 2, 2}, and 6 inches to a mile, respectively.

A 1000 feet -379 inch *473 inch 1136 inch
B 5280 feet 2 2'5 6

In the ordinary “ military ” Protractors, the distance between two
red parallel lines represents 100 yards. This on a scale of 4 inches to

. . 10 PR
amllels4—4 or ‘227 inch.

LAND MEASURING (Squares).

L C 1 Area in perches
(L) D 55 Side of square in yards
I C 1 10 Area in acres
(L) D 6957 220 Side of square in yards
I C 1 10 Area in acres
(IL) D 2087 660 Side of square in feet

Ex,. 533.—Lincoln’s Inn Fields is a square of 13} acres.
Required the length in yards of each side.

10 135
220 256 yards

C
(IL)

Bx.534.--In South India there is a native land measure
which is a square of 152 feet to a side. Required its equivalent in
acres.

‘53 acres 10
152 66V

(I1L.) g

N.B. 32 of the above measures make what is called a Kuttee, and
the whole equivalent can be obtained, without first finding the
32 X 1522

equivalent of the smaller measure ; for z = 13560

, as in Ex, 259
(43560 square feet = 1 acre) as follows : —
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A 43560

B 32

C 1697 acres
D 152

Ex. 535.—The Irish “perch” is 7 yards linear. Required
the side of an Irish “acre” in yards. (1 acre = 160 square perches.)
Here z = /7% X 160, as in Ex. 253.

c 1 160
1)) 7 8855 yard

N.B. If the square yards in an Irish acre had been required,
z = 77 X 160, (as in Ex. 252) = 7840 ; or 1'62 Imperial acres.

Ex. 536.—A plot of land in India is said to contain exactly
6400 square cubits. Measured in English measure, it is found to
contain 1936 square yards. Required the length of the cubit in inches.

1936
(Here z = 36 X G200 ® in Ex. 257.)
C 1936 6100
D 19°8 inches

LAND MEASURING (RECTANGLES).

N.B. 1st. If the sides of a Rectangle are given, the dingonal may
be found as in Ex. 287.

N.B. 2d. When the measurements are made in chains and- links,
remember that 100,000 square links = 1 acre; so that if the acre
is 562483 square links, it is equivalent to 562483 acres; so 7350
square links = 0735 acres. It is simply cutting off, as decimals, the
last five figures,

I A Yards one way Square miles
L)y 3097600 Yards the other way
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(IL) A [Yards] Feet one way Acres
/B [4840] 43560  [Yards] Feet the other way
I A Fee [Links] one way Perches
(1IL) B 2725 [625] Feet | Links] the other way
v A Chains of 50 ft. one way Acres
av.) B 1742 Chains of 50 ft. the other way
v A 22 Yards one way ‘
V) 0 220 Yards the other way Lacre
A 66 Feet one \;'ay
(VL) 0D 660 Feet the other way 1 acre

N.B. With reference to Formula (IV.) with chains of 33 feet, the
43560

43560
constant would be 40, or —_5-, instead of 17°42, or 0% *

33

EBx. 537.—From the scale attached to a map, we find that it is .
a rectangle of 2000 yards by 1000. Required the area in square
miles.

I A '646 Square miles 2000
@) g —7000 3097600

Ex. 538.—Required the number of acres in the “ Champs de
Mars ” in Paris, which is a rectangular piece of ground 1320 English
feet by 2700.

8°18 acres

2700 . 43560

(IL) g

Ex.539.—A rectangular field, known to contain 1} acre, has
one side 110 yards long. Required the length in yards of each of the
shorter sides. '

A 1'5 110
(IL) B 66 yards 2840

X
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Ex. 520.—A rectangular slip of land measures 320 links by
56. Required the content in perches.

2-87 Perches 320
56 625

(In.)‘;

BEx. 5%1.—A rectangular field of 2} acres has had one .of
its sides measured with a 50 feet chain, and recorded as 83 chains
long. What is the length of each of the shorter sides in similar
chains ?

25 8'5
5°13 chains 17°42

IV.) g

EX. 5%2.—What must be the breadth of a roadway 1452
feet long, to make up one acre ; and what must be the length of
- another which is 36 feet wide, also to make up one acre ?

66 30 ft. 36 ft.
660 1452 1210

A
(VL)

Bx, 543.—From three long strips of land, whose widths are
respectively 9, 12, and 16 yards, it is required to take off lengths
equal to two acres. What lengths in yards must be marked off on
2 X 4840 2 X 4840 2 X 4840

each? Here —9 13 6’ (as in Ex. 35.)
A 605 yards 807 yards 1076 yards 4840
0 16 12 9 2

N.B. Had it been three acres to cut off, we should place 3 on |)
under 4840 on A.

Ex. 544, Lay out 32 acres in the form of a rectangle, one
of whose sides shall be three times as long as the other at right angles
to it,and give the length of the shorter side infeet. First by Formula
(L), 3'2 acres = 139600 square feet, and secondly, as in Ex. 251.

N/139600
3
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3 139600
215°7 feet

g Q
o

LAND MEASURING. (TRIANGLES.)

L) A Area in acres Perp. in chains
(@ B Base in chains 20
II A °  Area in acres Perp. in chains
(IL) 0 20 Base in chains
I A Areain acres Perp. in feet
(L) B Base in feet 87120
v A Areain acres B Perp. in feet
av.) 0 87120 Base in feet

Ex. 545.—Required the content in acres of a triangular piece
of land, whose base is 700 links, and perpendicular 210 links.

1 A 210 chains 0735 acres
(OO — 7 chains

ExX. 546.The base of a triangular piece of land is 165 feet.
How many feet in length must a perpendicular be raised, so as to set
out a triangle whose area shall be } acre? or if the perpendicular is
180 feet, what must the base be, for the same } acre content ?

*25 acre 132 perp. 180 perp.
87120 165 121 base

@av.) 3

N.B. The snverted forms (IL.) and (IV.) are used when the content
is constant, but either the base or perpendicular varying, as in
Ex. 75.

LAND MEASURING. (TrAPEzoIDS.)
(See Ex. 367.)

A Area in acres Sum of parallel sides

(L) B Perp. in chains 20
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(IL) A Areain acres Sum of parallel sides
B Perp. in feet 87120

EX. 547.—In the figure underneath, let the portion CmaD be
a Trapezoid, in which Cm = 100 feet; Dn = 175 feet ; and the
perpendicular distance mn = 300 feet. Required its content in
acres.

947 275
(IL) B 300"0“"8 87120

LAND MEASURING. (TrarEzrums.)
(See Examples 368, 369.)

L Acres Sum of perps. in Chains
( ) B . Diagonal in chams 20

1L Acres___ Sum of perps. in feet
() g B Diagonal in foet 87120

For Examples, see further on under “ Irregular Figures.”

N.B. Sometimes, as
n the figure, there is an
" obstruction in measur-
ing a diagonal, or some-
times the perpendicular
from one of the corners
falls on the diagonal
outside the boundary.
In such cases measure Am, mn, and nB ; also the perpendiculars
mCand nD. We have then the data for the two end triangles, as in
Ex. 367, and for the intervening Trapezoid CmnD, as in Ex. 547.
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LAND MEASURING. (Crrcies.) Ex. 383, &c.

The diameter of a Circle containing 1 acre, is 2355 feet, or
785 yards. 1 mile circuinference encloses 50°9 acres.

@ C 1 45 Area in acres
“D 2355 500 Diam. in feet
(L) C 1 30 Area in acres
D 785 430 Diam. in yards
(I1L) C 1 10 _Areain acres
YD 357 11-28 Diam. in Imp. chains
(IV.) C 1 10 Area in acres
D 471 149 Diam. in chains of 50 ft.
V) c 1 . 10 Area in acres
“D 740 2340 Circumf. in feet
(VL) C 1 10 Area in acres
“D 246°6 780 ~ Circumf. in yards
C 318 5093 815 Acres
(VIL) D 2 1 4 Miles circumf.

ExX. 548.Required the area in acres, of each of two Circles.
whose diameters respectively are 1320 and 2970 feet.

I C 45 814 acres 159 acres
@) D 500 1320 2970

ExX. 549.—-What length of rope, in yards—one end being fixed
in the ground, and at the other end a horse tethered—will allow the
animal to graze } acre ?

C *25 acre 30
(IL.) D 39'3 = diam. or 196 = answer 7430
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ExX. 550, Required the areas in acres of three circular ponds,
whose circumferences are 710, 1170, and 1480 feet.

1 92 acres 2°5 acres 40 acres

C
) D 740 710 1170 1480

ExX. 551.—A person is said to have an estate 7 miles round.

How many acres does it contain ?
C 815 2500 acres
(VIL) D n 7

LAND MEASURING. (Eruieses.) Ex. 393.

A One semi-axis in feet Area in acres
B 13865 Other semi-axis in feet

Or if we use the axes instead of the semi-axes, the divisor is 55462.

LAND MEASURING. (CircvrAr Rings.) Ex. 400.

I A Sum of diams. in feet Area in acres

L) g 55162 Diff, of diams. in feet
I A  Sam of diams. in chains Area in acres _
ar) B 12:732 Diff. of diams. in chains

I A Sum of cirgumf. in feet Am in acres

(L) g 5171 Diff. of Circumf. in feet

Ex. 552.—Let the figure Ex. 400, be a circular field, in which
A B measures 45 chains, and DB 125 chains (making the diameter of
the inner circle 20 chains). Required the area of the outer zone in

acres.

A 65 (= 45 4 20) 1276 acres
B 1273 25 (=15_20
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N.B. Compare this with Ex. 548, where the area of each circle is
given, and 1276 is their difference, or outer zone.

Ex, 553.—The circular fences on each side of a gravel walk
rund & shrubbery are 800, and 714 measuring round. Required
the area in acres (compare Ex. 401).

A 4°38 acres 1514
B 86 5474

LAND MEASURING. (IERREGULAR FIGURES.)

The total area is obtained by measuring diagonals with their
perpendiculars (.e. offsets), and so dividing the figure into Trape-
ziums and Triangles, as in figure 1 below ; or into Trapezoids and
Triangles, as figure 2 ; and then computing the content of each portion
by the Formule in pages 229 and 230.

* N.B. Where the figure is divided into Trapeziums and Triangles,
as in figure 1, the content may be computed without knowing
whereabouts on the diagonals the perpendiculars are raised; but
the figure cannot be drawn without this being noted ; so it is
always done by Surveyors. In cases like figure 2 (Ex. 556), it is
necessary to note where the offsets are made, both for computation
and for drawing; for unless this is done, we should not know the
length of the bases of the triangles.

Ex. 55%.Let fig. 1 be A Fig. 1.
a piece of land, on which the 9
following measurements have
been made in chains.

AB = 620. Offset to E =
2'70; to F =200 (Trapezium).

BC = 7:00. Offset to E
2:10 (Triangle).

CD = 890. Offset to G =
150 ; to B = 250 (Trape-
zium).
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A 146acre 470 sum of perps.
(1) p. 232 B 620 20 “ Divisor ”
A ‘0735 acre 2°10 Perp.
(1) p. 231 B 700 0 .
A 178 acre 400 sum of perps.
@) P 232 g—59 20
Then the sum of these three portions = 3:3135 acres, the total
area.*

Ex. 555.—Suppose the Surveyor had measured the above field |
in feet, as follows :
A to B = 409. Offset to E = 178 ; offset to F = 132,

B to C = 462. Offset to E = 134.
CtoD = 588. Offset to G = 99; to B = 165.

Then by Formula (IL.), page 232, and Formula (IIL.), page 231, we
should have :

1st (409 X 310) + 87120 = 1'46 acres. 2d (462 X 134) <+ 87120
= 0735 acres ; and 3d (588 X 264) =- 87120 = 1'78 acres. Total
3315 acres as in Ex. 554.

Fig. 2.

Ex. 556.—Let fig.
2 be a piece of land sur-
veyed by measuring AB
with its Offsets in links,
as per extract from the
“ Field-book ” as under ;
beginning at A @.

The calculation would be by Formula (XV ), page 142, and Formula
(IX.), page 141,

* The figure is drawn to the Scale of 5 chains, or 330 feet, to 1 inch.
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B Plot

600 (160 X 120) + 2 = 9600 = 1 Triangle.
200 | 490 (240 X 50) + 2 = 6000 = 2 Triangle.

420 | 70 {(100 X 130) + 2 = 6500 = 3 Trapezoid.
80 | 340 (260 X 190) + 2 = 24700 = 4 Trapezoid.
50 | 240 (150 x 280) = 2 = 21000 = 5 Trapezoid.

160 | 120 (180 X 70) =+ 2 = 6300 = 6 Triangle.

©A (100 X 200) + 2 = 11000 = 7 Triangle.

Total 85100 Sq. links, or ‘851 acres

Narrow Irregular Figures.

Such as occur at the boundaries of fields, the main portions of
which have been surveyed in Triangles, Trapeziums, &c.

1st. If the line is a general curve, as in Ex. 557, the method of
“equidistant ordinates ” is used ; that is, the base line is divided
into an equal number of parts, by an odd number of offsets. Then
to the sum of the 1lst and last offsets, add 4 times the sum of all
the even offsets (i.e. the 2d, 4th, &c.) and twice the sum of all the
odd offsets (not including the 1st and last). Multiply the total sum
by } of the distance between any two offsets.

(N.B. 1st. If it is not convenient to measure first the whole base
line, s0 as to be sure of dividing it into equal parts, measure ‘equal
parts from one end, and calculate the odd piece at the other end,
separately,

N.B. 2d. When the base ¢s divided into an equal number of parts,
it does not matter at which end we begin to reckon the 2d, 4th, 6th,
&c. offsets. The odd offsets and the even offsets will be the same,
from whichever end we begin.

Ex. 557--Let the
piece of land represented
in the figure, A C D B, be
measured thus: 6 spaces
each of 16 links, the 1st
offset A C being 10, the next 14, 18, 22, 16, 12, and BD 12 links.
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Then 1st offset = 10
last offset = } Total 22.
Even. 0Odd.
14 18
22 16 Then 22 + (48 X 4) 4 (34 X 2) =
12 —
— 2
w2 A ﬁji—l—e 1504 Sq. links, or “01504 acre.

Ex. 558.—In the above figure, ¢CDh, where the curve
terminates in a point, ¢ and k both = 0 ; the other offsets as before.
Here the first even offset will be AC = 10; and 14 the first odd
offset.

1st offset = 0
last do. =0 } Total =
Even. 0dd.
10 14
18 22 Then 0 4 (56 X 4) + (48 X 2) = 320,
16 12
12
B a0 1707 Sq. links, or 01707 acre,
56 -

Where the boundary of a field is irregular.

Ex. 559.Let the annexed figure represent a piece of a wavy
irregular boundary. Measure to each bend or corner—without
reference to equal distances—a series of offsets from the base AB,
which is 5°76 chains in length.

m

5. J
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The following will be the entry from the ¢ Field-book,” beginning
at ®A ; and also the computation of contents. 4

links, Squ. links.

oB| (120 X 62) + 2 = 3720
576 | (100 X 102) + 2 = 5100
82 | 478 | (60 X 90) + 2 = 2700
38 | 364 (84 X 88) =+ 2 = 3696
50 | 280 (114 X 120) = 2 = 6840
40 | 220 (98 X 82)=+ 2 = 4018

62 | 120
OA 26074 Squ.links = ‘26074 acres.

This computation is of course made on the supposition that the
turns of the boundary are a succession of straight lines, such as
Ab, bc, &c. whereas they are generally slightly curved ; but as the
curves are sometimes in, and sometimes out, the average result is as
near the truth as is required in practice ; and if there is a group of
such fields, the projections of one are cancelled by the indentations
of the next.

In practice, the content of this kind of boundary areas is often
quickly made, by plotting the figure on paper, on' a large scale
(about 1 chain to 1 inch), and using a Parallel Ruler, as follows :
(The reference is to the preceding figure, which is on a scale of
about 1% chains to 1 inch.

At A draw a line n Am at right angles to AB; lay a parallel ruler
from A toc, the 3d point; move the upper part of the ruler to b,
and mark where it cuts Am, at 1 ;—from 1 lay the ruler to d, bring
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its lower edge down to ¢, and mark where it cuts Am at 2 ;—from
2, lay the ruler to ¢, and move the upper edge to d, and mark where
it cuts Am at 3 ;—from 3, lay the ruler to f, and bring the lower
edge down to ¢, and mark where it cuts Am at 4 ;—from 4, lay the
ruler to B, and raise the upper edge to f, and mark where it cuts
Am at 5,

From 5 draw the line 5B ; then will the triangle AB5 be equal
in area to the whole irregular figure; for A5 will be found to
measure 90°5 links ; and (576 X 90'5) = 2 = 26074, as in Ex. 559.

N.B. The line nAm is drawn below A, because the marks will
sometimes fall below A.

As connected generally with the subject, it may be well to notice
the most simple method of drawing, at the foot of a Plan, a scale to
feet when the plan is so many “inches to 1 mile.” The following

figure and Example 560 will explain.

A FB

Ex. 560.—To prepare a scale of fest corresponding to a scale
of 3} inches to 1 mile. Draw AB 3} inches long; it will represent
5280 feet. From A draw AD, at an angle of about 20° or 25° but
make AD = 5280 from any “scale of Equal Parts.” On the
same line AD, cut off AC = 5000 parts from the same scale of Equal
parts. Join DB, and from C draw CF parallel to DB. Then AF
will represent 5000 feet, and can be subdivided into portions of 1000
feet by marking on AC spaces of 1000 feet from the scale used, and

drawing from each parallels to touch AF.
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DEPRESSION OF THE HORIZON.

In observing at long distances along the surface of the earth, the
curvature of the earth, or depression of the horizon, must be taken into
| consideration. The drop of the horizon in feet, when D = distance
¢ in Statute miles, is § D*; which at the distance of one mile would be
a fall of 8 inches ; but as the effect of “Refraction ” is to raise a
distant object, the apparent difference is § D? or 6§ inches in one
mile, So that if the horizontal wire of a Levelling instrument is in a
line with the door-step of a house one mile off, that step is not 8
inches, but 6% inches, higher from the ground than the wire of the
instrument.

The two following Formulse show the ratio of fall in inches, to yards
of distance. No, L is the true depression, or actual curvature of the
earth ; No. II. is the apparent depression, including the effect of
“ Refraction.”

)C Inches fall (true) *1 -~ 1 259 8 10
(L. D Yards distance 196'8 622 1000 1760 1968

C Inches fall (apparent) 1 1 667 10 60

(L) 5 Yards distance 2155 662 1760 2155 5280

Where D = distance in Statute males, and h = apparent depression
of the horizon (or difference of level) in feet, we use the following
Formula, which includes the effect of Refraction : b = § D3 as in Ex.

XD

5
259 ;0rh = 3

orD =3 X \/g—,asinEx.257.
The following settings of the Rule are applicable :

2 ———
,88in Ex. 256, D = N§ of h, as in Ex. 262;

A 9
. B 5
either § (3 ‘Feet depression
D Dist. in Stat. miles
C 5 Feet depression
p 3 Dist. in Stat. miles



242 HAND-BOOK OF THE SLIDE RULE.

EX. 561.—At what height of the eye, in feet, above the level
of the sea, can I see the water line of a ship 3} Statute miles distant?

C 5 5°0 feet
D 3 32'5 Stat. miles

ExX. 562.The eye being 22 feet above the sea, I can just see
o the horizon a light whioh I know to be at an elevation of 125 feet.
What is its distance in Statute miles ?

C 5 22 feet 125 feet
D 3 - - - -6°3 miles - -+ - 15 miles

The answer is 6'3 4 15 = 213 Statute miles.

N.B.. A Nautical mile = 1'156 Statute; or 23 Nautical =
Statute. So for the above Formula, we may use the following :—

C 9 Feet depression of horizon
D 35 Distance in Nautical miles
Tnaccessible Distances.
‘Where the object does not subtend a greater angle than 5°.

I Angle in ” Height of object
(1) 5206264 Distance

1 A Anglein’ Height of object
(L) g 3438 Distance

- Anglein’ Height in feet

(L) g~ 1146 Dist. in yards
v Angle in ’ Height in feet

V) g ea1 Dist. in Statute miles
v Angle in’ Height in feet

(V)p 566 Dist. in Nautical miles

N.B. In the preceding Formul, the space subtended by the angle
is the chord of that angle, whereas in those cases where the space
measured is at right angles to one of the sides, it is the tangent.
However, in small angles there is no appreciable difference.
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EX. 563.—What angle will a foot subtend at a mile distance ?

A 1 30"
By Form. (1) 55380 Teet 206264
A 651" = 39" 1
By Form. (IV.) “p—¢5; 1 mile

Ex.56%.—A man 6 feet high subtends an angle of 69’ or
412”, Required his distance in yards.

A 6 feet 69
By Form. (II1.) B 1000 yards . 1146

A 2 yards 412”
By Form. (1.) B 1000 yards 206264

Ex.565,—What angle in minutes will a vessel riding at
anchor subtend, whose length is known to be 150 feet, and distance
2°3 Statute miles (or 2 Nautical) ?

425 - . 150
651 2:3

av)3

Bx. 566.—A vessel of about 1000 tons is observed just hull
‘dow, arid an angle taken from the sea horizon to her main-topsail
'yard is 8 30”. Supposing the yard to be 100 feet above deck, what
is her distance in miles ?

85’ ) 100

A
(IV') B 651 766

The answer is 7:66 Statute, or 6:66 Nautical miles. An error of 10
feet in the assumed height, or of 50" in the angle, would cause an error
of § Statute mile in the Distance.

Distance by Sound.
The average is 1142 feet per second, or 4'62 seconds for a Statute

mile of distance : so that if the sound of a cannon is heard 16 seconds
after the flash is seen, the gun is 3} milgs off.
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Hetghts by Barometer.
Let B = Lower barometer. T = Lower thermometer.
b = Upper barometer. t = Upper thermometer.

Height in feet = b > t; where f is as under :—

B +
When T + ¢ is between 130° and 110°% f = 5700
110 and 130, f = 5550
100 and 110, f = 5450

under 100, f = 5400

B = 3024, diff. = 405 { T = 640

Example{ b = 26°19, sum = 56'43 t = 54'8 sum 118°,

4054
56-43 X 9950 = 3987 feet. (The true height

was 3964.) On an average, we may assume 93 feet for each tenth of
an inch us high as 2000 feet, or 1'86 inches fall of barometer.

Then height in feet =

Hetghts by Temperature.

The temperature falls about 1° for about 290 feet of altitude ; or
more correctly, add to this 290, another ‘6 feet for every degree that
the mean of T and ¢ exceeds 32°. For example, T = 54°; t = 46°
Mean = 50°; and Mean — 32° = 18° Then for each degree of
difference between T and ¢t we have 290 4+ (18 X *6), or 300'8 ; and
3008 X 8 = 2406 feet.

Height by Boiling Point.

Till we reach a height of about 4000 feet, the Boiling point falls 1°
per 510 to 515 feet. From 4000 to 60CO feet, it falls 1° per 515 to
520 feet. From 6000 to 8000 feet, it falls 1° per 520 to 530 feet. At
an elevation of 8000 feet, water boils at about 195°.
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MECHANICAL POWERS.
F = fulerum ; W = weight ; P = power.
Lever* Dist. of P from F : Dist. of W from F :: W : P.

WHEEL AND AxLE. Same asabove ; the radius of the Wheel being
the same as *“ Dist. of P from F;” and the radius of the Axle, the
same as “ Dist, of W from F.”

Screw. Same as LEVER ; the circumference of the moving power
being the “ Dist. of P from F,” and the Pitch (or distance between
the threads) the same as * Dist. of W from F.”

Puriey. P = W divided by the number of ropes on the stretch,
not counting the one that is pulled by the hand.

Ex. 567.—1f two men carry a burden of 200 Ibs, suspended
from a pole 4 feet long, the ends of which rest on their shoulders ; how
many inches from the middle of the pole must the weight be sus-
pended, so as to give one man 75 1bs. to bear, and the other 125 lbs.?
(Lever of 3d kind.)

A 48 inches 18 30
B 200 75 125

The weight will then be hung 18 inches from one end and 30 inches
from the other, or 6 inches from the middle.

Ex. 568.—Let there be a crane, the winch of which describes
a circle 30 inches diameter. The pinion makes 8 revolutions for 1 of
the Wheel (.e., has } the number of teeth) ; and the Axle (or.barrel)
is 11 inches diameter. Required the weight in 1bs. that a Power of 36
lbs. would raise.

Here11:30::36:y} 30 X36 X8 240 x 36

1: 8:: y: 2z 11 1
A 36 . 785°5 1bs.
B 11 240

*In the 1st kind of Lever, F is between P and W ; in the 2d, W is
between P and F ; and the 3d, P is between F and W.

Y2
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N.B. In this and similar Examples we use the diameter proportions
30 : 11, which is the same as if we used their radit proportions
15 : 53.

Ex. 569.—Required the effective force (W) of a Screw of
§ pitch, moved by a Power of 50 lbs. at the extremity of a lever
30 inches in length. (First find by Formula 1st, page 122, the
circumference of a diameter of 60, to be 188)—Then,

.

188 X 50 A 188 10760 1bs.
875 B 875 50

N.B. In practice the friction lessens much of the advantage of the
lever handle,

Ex, 570.-What is the proportion between the Power and
the Weight in a “luff tackle” purchase, where the fixed block has
2 sheaves, and the movable one 1 ?

Answer 1 to 3 ; there being 3 ropes on the stretch, besides the one
held in the hand.

WHEEL AND MILL WORK.

The “pitch line,” where the wheel has cogs or teeth, is a line of
circumference joining those points where one cog bears most on the
cog of the other wheel ; and when a “diameter” is spoken of, it
refers to the diameter from pitch line across to pitch line, being some-
what more than the diameter of the wheel would be supposing the
cogs knocked off. The “pitch” itself, is the distance between the
centres of two contiguous teeth,

N.B. As the “ number of teeth” is in proportion to the diameter
of the wheels, either may be used to calculate by. So in “Pulleys,”
or “Shaft and Drum,” the relative diameters are used, just as the
relative number of teeth in cog wheels.

1) A Diam. of wheel in feet  Velocity in ft. per sec.
@ B 191 Revolutions per minute
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A Inches pitch Inches diameter

(IL) B 31416 No. of teeth or cogs

A Veloc. of larger wheel  No. of teeth (or diam.) of smaller
B Veloc. of smaller wheel ~ No. of teeth (or diam.) of larger

(I1L.)

Bx, 571.—Suppose a wheel to be 34} inches, or 2:87 feet
diameter, as A in Ex. 578, and revolving 16 times in a minute; at
what rate is its circumference travelling, in feet, per second ?

A 287 2°42 ft. per sec.
@) B 191 16

Ex. 572.What is the “pitch ” of each tooth in a wheel 70
inches diameter (to the pitch line), and with 146 teeth ?

1.5 inches . 70
3:1416 146

(IL) g

Ex, 573.—Suppose, as in Ex. 578,ythe wheel A to have 54
teeth of 2 inch pitch ;—B 24,—C 40,—and D I8 teeth, also of 2inch
pitch. Required the diameters of the respective wheels in inches.

2 115 15-26 25°5 844
3'1416 18 24 40 54

A
(In) 3

EBX. 574.—If a wheel, as A in Examples 571 and 578, is 345
inches diameter, and makes 16 revolutions a minute, what will be the
diameter of another wheel B, that works in it, and makes 358

revolutions in the same time ? .
I A 1542inches 16 velocity of larger
(IL) B 345 3568 velocity of smaller

Ex. 575.—The upright shaft in a Mill makes 51 revolutions a
minute, and the line shaft 30. The wheel on the upright is 15 inches
diameter. What is the diameter of the line shaft wheel ?

30 velocity of larger 15
51 velocity of smaller 256 diam.

A
gIII.) B
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Ex. 578.—The fiy-wheel shaft of a Steam engine makes 33
revolutions a minute, having a wheel upon it of 54 teeth. Required
the number of teeth in the drum wheel, so that the shaft may make
49 revolutions a minute.

A 33 70 teeth
(IIL) B 49 104 -

Bx. 577.—If a Shaft making 68 revolutions a minute has six
drums upon it, whose diameters are respectively 24, 16, 18, 32, 14,
30, inches ; each of which drives a separate machine ; what will be
the diameters. of six others to replace them, when the speed of the
Shaft cannot be kept up above 62 revolutions per minute? (Here
a reduction of speed is equivalent to wheels of larger diameter.)

A 14 16 18 24 32 30 68
B 158 1715 197 264 851 827 g2

A 54 Ex. 578.—In the figure, A is a driving
wheel of 54 teeth, working a smialler oné B of
24 teeth, which again by & shaft, réevolves C of
c4 40 teeth, and this drives D of 18 teeth. Re

quired the ratio of velocity between A and D.
B’ 54 X 40
2% Here 50 % 18
times as fast as A ; so that if A révélves 16

times in a minute, D will revolve 80 times.

= 5. That is, D revolves 5

b 18

Ex. $579.—In the preceding figure let the driving wheel A
revolve 16 times in a mimrute, and have 54 teeth. It is by means of
a smaller wheel B, attached to a shaft working another driving
wheel C of 40 teeth, to which is attached another small wheel D.
Required the number of teeth in the small wheels B and D, so as to
give a final velocity to D, of 80 revolutions per minute.

(Here the number of revolutions per minute of the wheel B will be
the Geometrical mean of 16 and 80, or (as in Ex. 258), 35'8 revolu-

tions per minute.)
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lat. (IIL) §—ps sucin
2d. (IIL) 3= 358 18 teetts in D

N.B. If C had been a driving Pulley or Drum, of 25 inches
diameter, attached by a belt to a smaller pulley or drum B, and it
were required to find the number of teeth in B, and the diameter in
inches of D ; B would be found as before to revolve 358 times per
minute, and then

80 25
358 11°2 inches diaw. of D

(IIL.) g

Miscellaneous.
Ex, 580, If the diameter of a Horse track is 24 feet, how
many times ought the horse to go round in 1 minute ?

A 35 Feet diam. 24
0 2 Turns to 1 min. 29 times

This gives a speed of 220 feet per minute, or 24 miles an hour.

The velocity of Millstones ought to be about 1540 feet per minute.
Or divide 49 (the diameter to 1540 circumference) by the feet
diameter of the Millstone.

Ex. 581.—Required the force in Ibs. of a 6 inch Hydraulic
Ram when a Power of 50 Ibs. is applied to the end of a lever which is
as 12 to 1 in effect ; the diameter of the Pump or plunger being % inch.
(The areas of the Pump and Ram surfaces are found as in Ex. 383.)
Then 6013 : 28'27 :: 50 : 2350 lbs. And as the Power is 12 to 1,
the answer is 2350 X 12 = 28200 lbs. But it is not necessary to
find the areas at all, as the given dvameters are enough.

C 50 2350 Ibs.
D 875 inch 6 inch

Then 2350 X 12 = 2800 lbs, as before,
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LATERAL PRESSURE OF WATER.

length in ft. X depth?
Pressure on all 4 sides together in lbs. = engt ufot:‘:mx opth >
length in ft. X depth?

or (to suit lines C and D) in—g_t_n—io],’zs;: -

B x. 582.—Required the pressure of water in lbs. on the 4
sides of a cistern 18 by 13 feet, and 9 feet deep..
A 0321 “Divisor”

g 62 length of 4 sides

Either 156400 Ibs:
\D , 9 depth
- 62 i 156400 1bs.

D 0179 , 9

N.B. For the answer in Cuwts. use the “Divisor” 3:59; and for
Tons, 71°9.
Shut sluice below surface.

Pressure in lbs, = area X depth from surface of water to centre of
sluice X 62'32. (Measurement in feet.)

Ex. 583.—Required the pressure in Ibs. on a Sluice gate 3
feet square, whose centre is 30 feet below the surface of ‘the water.
Answer 3 X 3 X 30 X 62°32 = 16826 lbs,

DISCHARGE THROUGH ORIFICES.
Cubic feet per second.

Area in Sq. ft. X V/depth in ft.
/0864 ’
Area in Sq. ft. X A/depth in ft.
0384 :

Rectangular. Open to surface.

Rectangular. All below the surface,

-
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Rxs 58%,—Required the discharge in Cubic feet per second,
through an opening in a dam or weir 6} feet wide, and extending 9
inches below the surface. (Area = 65 X *75 = 4875 Square feet.)

C ‘75 ‘0864
D 14 4 Cun, ft. 4875 area in Sq. ft.

as in Ex, 257.

Ex. 5858, Required the discharge in Cubic feet per second,
through_a similar opening to the above, but whose centre is .4 feet
below the surface. (Here area = 4'875 Square feet, as before.)

C 0384 4 ,
D 4875area in Sq. v, T7a cub, 1, 28 1n Ex. 267.

APPENDIX A.

PRINCIPLES ON WHICH THE LINES ARE: LAID DOWN.
ON THE SLIDE RULE.

(For “ Logarithms ” see Appendix B.)

It.is not at all necessary to know what will be explained in this
Section, and it may be omitted by those who are not interested in
the matter. To those who are, it may be observed that the line A
(and the same remarks apply throughout to B and C) is a Logarithmic
Scale ; that is, on it, Logarithmic spaces take the place of Logarithmic
numbers.

Let either Radius on A, B, or C, represent a space = 1'0. Then
the distance from 1 to 2 = ‘301 (log. of 2) ; from 1 to 3 is a distance
= 477 (log. of 3); 1 to 4 = ‘602 (log. of 4), &c.*

But we know that instead of multiplying two numbers. for a
product, we may add their Logarithms, and the number corresponding
to that Logarithmic sum is their numerical product. Say 2 X 4 = 8.

* In a 12 inch Rule, each radius on A, B, or C, is 5% inches ; from 1 to
4 therefore, would be 5'5 X ‘602 = 331 inches ; and so on.



2562 HAND-BOOK OF THE SLIDE RULE.

Now Log. of 2 plus Log. of 4 = Log. of 8. To try this on the Slide
Rule, take a pair of compasses, or slip of paper. Measure the space
from 1 to 2 on the line A, and add to it a space measured from
1to4. It will reach to 8 Instead of using compasses, we may use
the Slide B ; for if we set 1 of B under 2 of A, the line B itself will
measure onwards from 2 of A, a space equal to 1to 4 on A (for the
divisions on A and B are identical). Then over 4 on B will be seen
8 on A. “Division” is just the reverse of the above operation.

But it may be asked “How is this made applicable to a Rule of
Three sum, which after all is the sum of the Slide Rule ?” Simply
thus : Let us take it in the form z = bEc, or as a numerical example

3 X8
z=—F
on the line A, and add it on to the right of 3. It will reach to 24.
(So far it is multiplication.) Then take a space equal to 1 to 6, and
measure this back from 24. (This is division.) It will reach back
to 4; and this is the answer; but the Slide B supersedes the com-
passes. It may simplify the explanation, by writing the equation
z =3 X § Take on B the distancc between 6 and 8, .., their
difference (which arithmetically would be dividing 8 by 6), and add
this (which is the same as multiplying) to 3 on A, by setting 6 on B
under 3 on A, and looking forward to 8 on B ; over which, on A, is 4
the answer. The Slide Rule, when set, will then appear thus :

With the compasses measure the space from 1 to 8

A 3 4 Answer
B 6 8 ’

the space between 6 and 8 on B being added to the 3 on A.
Since, then, the Slide Rule can solve any question given in the form

¢ be
z=0% X 2= it will solve any “ Rule of Three ” sum ; for
be
= ;mthesameasa:b tea.

‘With regard to the D line, it will be observed that the one Radius
on that line is exactly twice the length of either of the Radii on
A, B,or C. Take, for instance, the number 4. From 1 to 4 on C
i® 55 X ‘602 inches, or 331 ; but from 1 to 4 on D is 11 x °602, or

.
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6'62 inches. A space therefore (say 1 to 4)on C, has the value of
twice the same space on D ; or in other words, a space on C is
double 4n value a similar space on D. Now as these spaces are
logarithmic values, and as to double a logarithm is to square its
natural number, the numbers on C are the squares of those under
them on D, when the two lines are set even.

In those Rules which have the line called “ NumBers” or “ Log,”
on the back of the Slide, it will be seen that this line is 11 inches in.
length, and divided into 100 parts of 5 subdivisions each. If laid
even with the line D, it answers to show the logarithmic values of the
Radius on D, which is also 11 inches ; so that over 4 on D will be
'602, which is the logurithm of 4. (See Appendix B.)

APPENDIX B,

LOGARITHMS:

On the back of the Slide is a line marked “ Num.” or “ Numbers,”
or sometimes “ Logs.” If this line is shut in even with the line D,
the numbers on it will represent the Logarithms of the numbers under
them on D. (See last paragraph of Appendix A.)

The following will exemplify ; and if some of these equivalents
are marked on the Rule with a pen and ink, it will be a gutde to the
accurate setting of the Slide.

N 1 0301 0380 0544 0716 0903 Logs.
D1 20 24 35 52 80  Nat. numbers

The indices to the Logarithms must be added, just as we should do
in using “Tables.” Thus the log. of 5200 would not be ‘716 (which
is all the line N shows), but 3716. So also, the log. of ‘52 is 1716,
or 9716 ; and the log. of ‘052 is 2716, or 8716. So also if the
logarithm 3-064 is given ; under ‘064 we read 116; but the right
natural number must have four figures, and is therefore 1160.

The following few Logarithms may be useful, for checking the Slide,
to see if it is correctly divided.
) z
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2 = 30103V | 6 = -778151 | 1'66 = <2201
3 = 477121 | 7 = 845098 | 195 = 2900
4 = *602060 | 8 = 903090.| 3-2 = 5051
5 = 698970 | 9 = 954242 | 75 = 8750

The line N will not read nearer than to three places of figures,
unless the eye is experienced ; still it will be sufficiently near, to be
useful in the five following cases : —

1. Involution and Evolution.

2. Areas of Triangles whose 3 sides are given.
3. Geometrical Progression.

4. Compound Interest.

5. Annuities and Leases.

[1.] 1NvoLUTION.

Ex. 588.Raise 8 to the sixth power ; or 8.

N 1 .

lst. Log.of 8 F— || ..-_’;’?

A 903 : 5418

2d. ‘903 X 6 B 1 3
N 1| 48

3d. Nat. num. of 418 D T %

The “index” being 5, the answer is 26200. The true answer is
262144. The error of the Rule being only yz.

Ex. 387.—What is /173821

N 1| ‘241
1st. Log. of 17382 ¢y 1] 17382 —-

To the 241 add the “index ” 4 ; and since there are 5 figures in the
Natural number, we get the log. 4'241 as the log. of 17382. Then
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4241 A 848 1
2d. & 5 om0
N 1 848
3d. Nat. num. of ‘845 ) T 705 Ans.

[II.] AREAS OF TRIANGLES.

Ex. 588.—What is the area in Square feet, of a Triangle whose
3 sides are 45, 53, and 61 feet? (See Ex. 373.)

The half sum of the sides is 79°5, and the area is

A18'5 X 265 X 34'5 X 79°5.

N 1] 267 423 *588 900
D 1| 186 265 345 795

Each log. requires the “index” 1. Then add the four, and the
sum is 6:128. Half of this logarithm (equivalent to extracting the
Square Root of its Natural number) is 3'064. Then under ‘064 on
N, we find 116 on D, but the “index” being 3, the answer must
contain four figures, or 1160. The true answer is 1169'8. The error
is 3dog-

Ex. 373 may be tried for practice.

So again if the three sides are 126, 247, and 296 feet. The area is
/2085 X 876 X 385 X 3345.

N 1] 586 942 - 319 534
D 1] 385 876 2085 334'5
Then 1'586
: 1-942
2319
2624
2)8:371
4'186
N 1] ‘185

D 1] 158 (see over)
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And with an Index of 4, the answer would be 15300 Square feet.
The true result is 15328 feet.

N.B. The above logarithms were actually taken out from a 12-inch
Rule of Messrs. Elliot. '

[III.] GEOMETRICAL PROGRESSION.

(For ““ Arithmetical Progression,” see next page.)

Let a = first term = (""" Xa.
z = last term ™—1
r = ratio s=a><r_1.
8 = sum of ‘series (zXr1)—a
n = numberofterms ) * = T r — 1

EX. 589.The first term in a Geometrical seriesis 5 ; the last
term is 3645, and the ratio is 3. What is the sum of the series ?

3645 X 3) — b 10935 — 5
( Z _)1 = =257 - 5465. The Slide Rule

will assist in the solution, but “ Logarithms ” are not required.

Here s =

Ex. 590.—A farmer agreed to purchase 20 oxen on the
following terms : 3 farthings for the first, 9 farthings for the second,
27 farthings for the third, and so on trebling on each one to the 20th,
and to pay the price of that last or 20th. What would he have to

pay? :

Here ¢ = 3,7 =3, n = 20; and the last term (2) would be
(3%) x 3.

As shown in page 253, the Slide Rule gives the logarithm of 3 to be
‘477, and this multiplied by 19 (also by the Slide Rule) is 9°065. The
Slide Rule (as in page 253) shows the natural number on D to be 116,
or ten figures for the Index 9, gives 1160000000 as the value of 3'*.
This multiplied by 3 gives 3480,000,000 farthings = £3,625,000. (The
true answer is 3,486,784,401 farthings = £3,632,067 1s. 8}.)
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ExX.59).— Lt a = 6,r =3 n =12 Reqmred the last
term, as also the sum of the series.

z = (31) X 6 = 177147 X 6 = 1062882 = last Term.
31 -1 531441 — 1
31 X6='——2—— X 6 = 531440 X 6 = 1594320
= Sum,

s =

EX. 592.—A person asked as the price of his horse, the value
of the last nail, taking 1 farthing for the first, 4d. for the second, 1d.
for the third, and so on doubling at each nail. The horse had 8 nails
in each shoe, or 32 nails. Required the price.

The Slide Rule gives ‘301 as the Log. of 3. Then '301 X 31
= 9-332. It also shows on D that the natural number for 332 is
2147 ; so with an Index of 9, ten figures in the answer, or
2,147,000,000 farthings = £2,240,000. (The true answer is £2,236,962
2s. 8d., or an error of z}7.)

Ex. 593.—In the above case, what would huve been the price
( ) —

if the sum of the series had been asked ? Here s = °

@) -1
="5_1 x 1.

9% = 96329600 which is the Log. of 4294968317 ; and deducting
1, leaves 4,294,968,315 farthings = £4,473,924 bs. 33d. The Slide
Rule would make it 4,270,000,000 farthings, or dividing by 960,

= £4,450,000.

1Xa

[Arithmetical Progression.}

" The Slide Rule does not give the answer direct, but may be made
~useful in working out the computations.

Let a = first term s (m-1)xd

z = last term L)yae=_ - 2

d = common difference > (2.) a =2z — (n — 1 X d).

n = number of terms n—1Xxd

s = sum of terms (3')’=(“+ )Xn.
@) s = (_“_"';)_x_’,”‘

z2
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N.B. Whena = 1,and d = 2, PR .
then s = n2 (6)d = n—-1
(6.) n = -

(7.) z =

Ex, 394.—A man is to receive 360£ at 12 several payments,
each to exceed the former by 4£. What must be the first instalment ?
360 11 x 4
Here by (l)ﬁ —- TX’ or 30 — 22 = 8&£.
ExX. 395.—A man takes out of his pocket at & several times,
so many different numbers of shillings, every one exceeding the former
by 6. The last was 64. What was the first ¢

Here, by (2) 64 — (7 X 6) = 64 — 42 = 22 answer.

EX. 596.—Suppose 400 stones placed in a straight line, at
intervals of 1 yard from each other, and a basket placed 1 yard from
the first ; how many miles must a man travel to bring back each
singly to the basket? Here a the first term = 1 yard going, and
3 2

99 x 2) 200

(2 + 399) X 400
1760

I returning, or two yards. By (3) (2 + —

= (2 4+ 399) X 400 = 160400 yards,; or
= 91°136 mailes.
BX. 597.—What is the sum of a series of terms whose first
term is 5, last term 29, and number of terms 7 ?
G+20)x7 34xT
2 - 2
EXx. 598.—A person is to travel to a certain place in 12 days,
and to go but 3 miles the first day, increasing every day by some

regular excess, so that the last day’s journey may be 58 miles.
What is this daily excess, and total length of the journey ? Here

= 119.

Here by (4)

58 — 3 .
the excess by (5) = Tl 5; and length of journey by (4)
_ 08 +3) X 12 e e,

2

V(8ds +2(2a— a7 1d.
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EX. 599.—A man being asked how many children he had,
said that the youngest was 4 years old, and the oldest 32 ; and that
his family had increased by 1 every 4 years. How many children

had he? Hereby(6)z=324— 4+1 = 8.

Ex. 600.—Let the first term be 7 ; the common difference 2 ;
and the sum of the series 667. Required the last term.

V(8 x 2 x 567) + 14 - 2
> _

Here by (7) z = 32
_veas L _ .
2
[IV.] cOMPOUND INTEREST.
(For “Simple Interest,” see page 59.)
Let p = Principal m =p X R
r = Interest of 1.£ for 1 year in £. Thus at _om
at 5 per cent. r = ‘06£ P= R
t = Number of years i=m— p.
m = Amount at end of ¢ years being princi- R/m
. t= -
pal plus interest P
R = 1 + 7 or the amount of 1.£ at the end i /m
of the first year R=4 7
1 = Accumulated interest r=R —1.

The following Logarithms are useful, and some might be written on
the back of the Slide Rule. Tables I., IL, IIL, need not be used,
except as comparison with Slide Rule work :—

1'03 log. *0128372 1:0575 log. 0242804
1035 log. *0149403 106 log. "0253059
1'04 log. *0170333 1:065 log. ‘0273496
1-045 log. "0191163 107 -log. 0293838
105 log. ‘0211893 1076 log. ‘0314085

1-055 log. ‘0232526 108 log. -0334238
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TABLE 1.
Amount of 1£ at “Compound Interest” = R*

Years.l 3 per cent. | 38} percent. | 4 percent. 4} per cent. | 5 per cent.

1 10300 1-0350 10400 10450 10500
2 10609 10712 1-0816 10920 11025
3 10927 1-1087 11248 11411 11576
4 11255 1147 1-1698 11925 1-2156
5 11593 1-1876 1-2166 12461 12763
6 1°1940 12202 12653 13022 1-3400
7 1-2299 1-2722 1-3159 13608 1-4071
8 12668 1-3168 13685 1-4221 14774
9 13048 13628 1-4233 14860 15513
10 13439 14106 14802 15529 16289
11 1-3842 1-4599 15394 16228 1-7103
12 14258 1'5110 16010 1°6958 17958
13 14685 15639 16650 1-7721 1-8856
14 1-5126 1-6186 17316 18519 19799
15 15580 1'6753 18009 1-9362 20789
16 16047 1-7339 1-8729 20223 2°1829
17 1'6528 1-7946 19479 21133 2-2920
18 17024 18574 20258 22084 24066
19 17535 19225 2°1068 23078 2-5269
20 1-8061 1-9897 21911 24117 2°6533
21 18603 20594 2-2787 25202 2°7860
22 19161 2-1315 23699 26336 292563
23 19736 22061 24647 27521 3-0715
24 20328 22833 25633 28760 8-2251
25 20938 23632 26658 80054 33863
26 21566 24459 27724 31406 35557
27 22213 25315 28833 32820 3-7334
28 2-2879 26201 29987 3:4297 3°9201
29 23566 27118 31186 35840 4-1161
30 24273 2°8067 32433 37453 43219
31 25000 29050 33731 39138 4°5380
32 25751 30067 35080 4-0899 47649
33 26523 381119 36483 42740 50032
34 27319 8-2208 37943 4°4663 52533
35 28139 33335 89460 46673 5°5160
36 28983 34502 4°1839 48773 57918
37 29852 85710 4-2680 50968 . 60814
38 80748 36960 44388 53262 6°3855
- 39 31670 38253 46163 55658 67047
40 -3:2620 89592 48010 5°3163 7°0400
41 3°3599 40978 49930 60781 7°3920
42 84607 42412 51927 63516 7-7616
43 35645 43897 54004 66374 81497
44 36714 45433 56165 69361 85571
45 37816 47023 58411 2482 89850
46 88950 48669 60748 75744 9°4342
47 40119 50372 63178 79152 9-9060
48 4°1322 52135 65,05 8-2714 10°401
49 42562 53960 68333 86436 10921
50 4°3839 55849 71066 90326 11-467
60 58916 7-8781 10520 14-027 18679
70 7°9178 11113 156°572 21784 30426
80 10640 15676 23°050 33-830 49°561
90 14-300 22112 84119 82-537 80-730
100 19-219 31191 50°505 81588 181°50
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To find “m” the Amount,

EX. 601.—What will £450 amount to in 6 years, at 4 per cent.
(Herem = p X Rt = 450 X 1-045,

The log. of 1'048 is found as in Ex. 586 to be ‘1022, and the natural
number under it on D is 1265, which is Rt. Multiply by 450, and

the “Amount” (including interest) is £569. The true answer is
569°38 or an error of only ;g

N.B. With a “Table” such as I. page 260 which is R* for numbers

of years, the Slide Rule will solve several cases at one setting, as
.follows :—

E X, $02.—What would £450 amount to in 6, 7,8,and 9 years,

at 4 per cent. ?
A 1 1265 1316 1423 = Rt
B 450 £569 £392 £640

N.B. When the Interest is converted into Principal half-yearly,
r\2 . r\
M=px(1+§) :andlfquarterly,m=px(1+—2).

EX. 603.—What would £1 at 2} per cent. for 11 years
amount to (including interest) if calculated quarterly? (Here m
C (4 )"

4

Now 0735 = 00875 ; whence m = 1:00875%. The log. of 00875

= -0037837 ; and this multiplied by 44 = 1664828, the natural
number of which (¢.e. the answer) is 1'4672. Had the Interest been
added in yearly for the 11 years, the “amount” would have been
1:035" = £1°460.

To find “p” the principal.

Ex., 60%.—A certain sum amounted to £704 in 6 years, at 6
per cent. compound interest. What was that sum ?
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Rt
(Here p = ;). Find Rt or 105 as in Ex. 586, to be 134 (or
take it from Table I.). Then

704 A 1 5258 = p
1134 B 1-34 704

1
To find the “Present value” = £ X m.

Bx. 605.—Find the “present value” of £3000 due 20 years
hence, at 5 per cent. compound interest ?

Rt or 1°025% is found as in Ex. 586, (or Table 1.) to be 2:653, and

5653 = +3769. Hence the “present value” = '3769 X 3000 =

£1130%.
N.B. The “reciprocals” of the values in Table I. are the present
values for £1.

To find “t” the Time in years.

Bx. 606.—In how many years will £327 amount to £467 at 3
103
per cent. compound interest ? (Here t= Ea) The Slide Rule

46 :
as in page 19, gives 3§% = 142. Then as in Ex. 586, the log. of

142 is *153 ; and as the log. of 1'03 is shown to be "0128, we have
*1563
0128 = 12 years the answer.

N.B. The time in yeam in which any sum will double itself, is

Log. 2
Logﬁ.' To treble itself Log R &c. Thus to double at 5 per cent.
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30103 30103
€8 <5212 = 14°2 years. At 43 per cent. it takes ——— 1011

47712
years. To treble itself at 3} per cent., it takes =—70—717434 = 31'9 years.

= 1575

To find “R” or the amount of £1 at the end of the
first year.

Ex. 60%7.—What will R be when £225 amounts to £260 10s,

in three* years? (Here R= ’{/ E )

260°5
295 to be 116, and

/1°16 is found by dividing the log. of 116 by 3, as in Ex. 587, or

_0%:1@ = 0212, This is a logarithm of which the natural number on

the line D (page 253) is 1°05. Therefore the answer is 1'05 = R.

The Slide Rule, as in page 19, shows ; or oo

To find “r” the rate of Interest.

Find R, as above, and deduct 1. Thus in Ex. 607 R being 105 the
rate of interest (or “r”) is 1°05 — 1, or ‘05, or 5 per cent.

Population.
The calculations are made as in “ Compound Interest.”
Let p = the population when a former census was made.

* When the number of years is three, as in Ex. 607, /\/ ~' may be
found as in Ex. 314, to be 1-05.
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m = the population at a subsequent census.
t = time in years between p and m.
r = per centage of annual measure.
R=1+4r
m
Thenm X p=Rt; R = /\/;;r=R— 1

Ex, 608.The populstion of a county in 1861, was 140140 ;
and in 1871, it was 153196. What will be its population in 1881 ?
What its per centage of increase annually? In how many years
“will it double itself ? Work by the Slide Rule alone. .

Lt R /153196  log. 153196 = 5'185
. %= V120140 log 140140 = 5146
10) 0039 = Rt

*'0039 = R = 1009
Or nearly 1 per cent. annually.

2d.m =p X R*  log. of R as above 0°039
log. of 153196 as above 5185
' 5224

And 224 by line N = 167500 = m.

(True answer is 167468.)

3d. Years to double = e R = 00ag = 77 years.

(The true answer is 77°815 ; for log. R = -0038685.)

Ex, 609.—The population of Great Britain in 1861 was
23,200,000. In 1871 it was 26,200,000. What was [I.] the annual
rate of increase? [II.] What would the population be in 18811
[II1.] In how many years will it double itself?
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26,200,000 log. 26°2 mill. = 7415
23,200,000  log. 23'2 mill. = 7-365

10 ) 0050 = log. R%,

. ' Log. R = 005
Natural number = 1012
Or an increase of 1°2 per cent. annually

[L]R =

[IL] m = p X Rt  log. Rt asabove ‘050
log. p as above 7'415

7°465 = 29,180,000

log. 2 301
[IIL) Years to double = log. R = 005 = 60'2 years.

[V.] ANNUITIEE AND LEASES.¥*

(For “forborne ” Annuities, see page 272,

r = Interest of £1 for 1 year ; thus at 5 per cent., r = ‘05,

R = 1 + 7, or the amount of £1, with interest for 1 year.

1
1 - %5
p = Present value = ¢ X R
p
- 2
a = Anmiity = p + R

T

Log. a — Log. (a — rp)

t = Time in years = Tog R

* Those who use the Slide Rule for these calculations should have in-
scribed on some blank part of the Rule, the Logarithms of 1°035, 1-04,
1-045, &c., from page 259.

AA
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Present Value of an “ Annuity ” ot £1.

1)
TABLE IL (1 — @)

Years.| 3jpercent. | 4 per cent. 5 per cent. 6 per cent. 7 per cent.
1 09662 09615 09724 0434 ‘9346
2 1-8997 1-8861 18594 18080
3 28016 27751 27232 26243
4 36731 36299 354569 33872
5 45150 44518 4°8205 41002
6 - 53285 52421 57057 47665
7 61145 60020 57864 53893
8 68739 67327 64632 59713
9 76077 74353 71078 62017 6°5152

10 8:3166 81109 7727 73601 70236
1 90015 87605 85064 78869 7-4087
12 96633 95851 85632 838 7-0427
13 10303 9986 9°3936 83576
14 10920 10563 9°8936 87455
15 11517 11118 10380 91079
16 12:094 11562 10838 94466
17 12°651 12°166 11274 9°7632
18 13190 12659 11°689 10°059
19 13710 13-134 12:085 10335
20 14212 13°590 12-402 10594
21 14698 14-029 12821 10-835
22 15°167 14°401 13163 11061
23 15620 14857 13489 11-272
24 16058 15247 13709 11469
25 16481 15622 14°094 11653
26 16890 15983 14375 11826
27 17-285 16°329 14643 11-987
28 17667 16°663 14898 12-137
29 18.036 16934 15°141 12278
30 16392 17292 15-372 12:409
31 18736 17-588 157593 12-531
32 19°069 17-873 15°803 12:646
33 19390 18148 16-002 12754
34 19°700 18411 16°193 12854
35 20°000 18665 16-374 12-948
36 20°290 18908 16547 K 13035
37 20570 19142 167711 T 13117
38 20841 19-368 16868 k 13193
39 21102 19-584 17:017 . 13265
40 21355 19793 17-169 15046 13332
41 21-599 19-993 17-294 15138 13394
42 21835 20°186 17°423 15224 13452
43 22063 20°371 17546 15308 13°506
44 22-283 20°549 17663 15383 13-557
45 22°495 20720 17774 15456 13:605
46 22701 20°885 17-880 156524 13650
47 22°899 21043 17-981 15589 13691
48 23091 21°195 18077 15650 13730
49 23276 21341 18169 15707 13767
50 23°455 21°482 18256 15762 13800
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‘TABLE II. continued.

26

Years.| 3} per cent. ' 4 per cent. 5 per cent. 6 per cent. 7 per cent.
51 23629 21617 18°339 15°813 13832
52 23796 21747 187418 15°861 13862
53 24957 21873 18493 15907 13890
54 24113 21993 18565 15950 13-016
85 ¢ 24264 22109 18633 15990 13940
56 24410 22220 18698 16-029 13962
57 24550 22227 18°760 16065 13084
58 24686 92°429 18°819 16°099 14:003
59 24818 227528 18°876 16°131 147022
60 24°045 22623 18929 16°161 14039
61 22715 18-930 14°055

2 22-803 19°029 14070
63 22887 19075 14084
64 22968 19119 14098
65 23047 19°161 14°110
66 23122 19201 16310 14121
67 = 23194 1923 167351 14°132
68 95817 23263 19275 16350 14142
69 25910 23330 19310 16368 14°152
70 26000 23394 19343 16384 14160
71 26087 23456 19374 16°400 14°168
72 26171 23°516 19°404 16415 14°176
73 26252 23573 10°432 16430 147182
T 26331 23627 19459 16-443 147190
7 26-407 23680 19-185 16456 14196
76 267480 23731 19°509 16-468 14°202
Kl 26551 23-780 19-533 16479 14208
78 26°619 23827 1935, 16°490 14213
79 26685 23872 19°576 16500 14217
80 26749 23915 19°596 16509 14222
81 26810 23957 19616 16518 14°226
82 26870 23-997 19634 16526 14230
83 26927 24036 19-651 16534 14-234
84 26983 24073 10663 16542 14-237
85 27037 24108 19654 16°549 14-240
86 27087 24143 19699 16556 14-243
87 27139 24°176 19713 16°562 14246
88 27187 24207 19727 16568 14249
89 27234 24238 19°740 16573 14251
90 27279 24267 19752 16579 14°253
95 27483 24398 19-806 16°601 14263

100 27655 24°505 19°348 16°617 14269
28571 257000 20000 16667 14286
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To find “p” the “Present value” of an Annuity.

Ex. 610,.—What is the “ Present value” (i.c. what is required
to purchase) an Annuity of £320 for 18 years at 34 per cent.?

1
(p =320 x 1-035w.)

r
L
First find what would be the value of £1,0r -~ R, R is found
*035
as in Ex, 586, as follows : Log. R X 18 gives a number which is the
logarithm of R®. Log. R or 1'035 = ‘01494.% This X 18 gives
*269, which the Slide Rule shows to be the logarithm of 1'858 = R®.

1

. 1 — =

Then R‘ 1 858 = 5381 ; and 1 — '538 = 462 ; whence . R
462 .

= 035 = 13'2 for £1 (Table II. shows it to be 13'19) ; and 13'2 X

320 = £4220 the answer.

Ex. 611.—What sum ought to be given for the Lease of a
house for 75 years, producing a net rental of £280 per annum, so as
to obtain 5 per cent. on the outlay? Work by Slide Rule alone,
supposing the Log. of 1:05 (page 259) to be written on the Rule.

1

First find - ~ 1055, Log 105 = -0212. Then 0212 X 75 =
‘05
1°59. Then 10 — 159 = 841 which is the Log. (as shown in page

‘974
253) of 0257, Then 1:0000 — ‘0257 = -9743 ; and 2%’, on the

* Those who use the Slide Rule for Annuities, should have the Logs. of
1:035, 1-04, &c., written on a blank part of the Rule. See page 259.
+1t is not necessary to find the Nat. number of which ‘269 is the

Logarithm ; for —— {358 858 is the same as Log. 1 — Log. 1'858 and we have

Log. 1'858 already as '269. Whence 1 — 269 = 731 which, as the
Slide Rule shows, is the logarithm of *538. Then 1 — 638 as before.
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Slide Rule, would read 19'5 ; and 195 X 280 = £5460. The true
answer is £5,455 16s.
N.B. The “number of years purchase” is D456
280 years
purchase. The learner may practise examples of ““Present value”
for different numbers of years for £1, comparing Slide Rule results
with Table IL. '

= 195 years

EX. 612.—What would be the “Present value” of the An-
nuity in Ex. 576, if paid half-yearly ? (This is the same as an
Annuity of half the amount, at half the rate of interest, for twice

1
the number of years, or p = - 1'0175’6)_
‘0175

Log. of 10175 = 0°0075 ; and "0075 X 36 = ‘260
Log. compl. of 260 = 9740 = 550

450 X 160 _
oTs T O

The true answer is £4109°7.

EXx. 613.—If I purchase furniture, and calculate that it will
fetch at the end of 20 years what will just cover the expense of
repairs and replacement during the 20 years, what yearly interest
ought to be charged to the furniture, supposing the money paid for
it had otherwise been invested in an Annuity for 20 years at 4 per
cent. ?

Answer.—At 4 per cent. an Annuity of £1, for 20 years, has a
100
“present value” of £13'6. (See Table II.) Then 36 = 73 per
cent. yearly interest to be charged on the furniture. (Ex. 615 will
show that £2000 will purchase £147 for 20 years, or £1000 will
purchase £73'5, or for each £100, £735).

Renewal of Leases.

The fine to be required for renewing any number of years expired
in a Lease, will be the ‘ present value” of an Annuity deferred for
AA2
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the unexpired term of the Lease, and then to continue for the period
renewed.

EX. 614.—I have a 60 years’ Lease, of which 50 have expired.
What sum must I pay for renewing the Lease for 50 years more,
supposing the net rental to be £90, and interest 5 per cent. ?

£1 for 60 years at 5 per cent. Table II. = 18'93
£1 for 10 years, the unexpired term — 772

1121 X 90 = £1009.

To find “a” the Annuity.

Ex. 615.—What Annuity for 20 years, can be purchased for
£2000, reckoning interest at 4 per cent.? (Here z = 2000 —=-
1
1— 1-0420.) '
‘04
Log. of 1'04 = 017 ; and ‘017 X 20 = ‘340
Log. compl. of 340 = 9660 = 4575

5425 = 1 — {04
5425 A £147 2000
a = 2000 + 20— .
1
N.B. 1st. With such a “ Table” as IL. we find - 1:04% — 1369 ;
~ 04

and 2000 + 1359 = £147.

N.B. 2d. It will be observed by Table I. that £2000 at 4 per
cent. Compound interest, would in 20 years have amounted to
2000 X 2191 = £4382 ; and by Table III. an Annuity of £147
a year, forborne for 20 years, would amount to 147 X 2978 = £4382
also.

Bx. 616.—I1 am asked £5400 for the 70 years’ Lease of a house.
What should be the clear annual Rent, to enabie me to make 5 per
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cent. yearly interest on my outlay ? (i.e. 5 per cent. for the 70 years.)

1
(Here z = 5400 + 1— 1'0570.)
‘05
Log. of 105 = *0212
X 70
1:484
) 0328 5400 X 05 _
Log. compl. of 1484 = 8516 = 0672 Then BT £280.

See N.B. 1st to previous Example. With a “ Table” such as II. we
find in the 5 per cent. column, of 70 years, the number 19343, which

. 0328
I8 gg7gr OF 28 it is often called, the number of years purchase. Then
5400 =- 19-343 = £279-2.

To find “t” the Time in years.

Ex. 617.—A man buildsa cottage for £460, and gets from it
after paying all expenses and repairs, a clear rent of £27. Assuming
interest at 4 per cent., in how many years will he have cleared his
money? (Herea = 27. r = 04. p = 460. rp = 1804.)

_log.a.—1log. (a —rp log. 27 — log. (27 — 18'4)

t

log. R log. 104
log. 27 — log. 8'6 1431 — 934 497 .
Tog. 104 — 017 — o1 = 292 years.

4
N.B. If we have a “ Table ” such as IL, look for 17 (1’.6. -2670 ) in the

4 per cent. column, and it will be found alongside of 29°2 years. (If
the net rent were £18'4, and interest 4 per cent., he would never clear
his money, for 460 X ‘04 = 18°4, which is a perpetuity. At 5 per
cent. it would be 39 years (the rent £27 remaining the same) ; that is,
at 17 years purchase, 4 per cent. would be repaid in 29°2 years, but at
5 per cent. it would take 39 years.
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.To find “r” the Interest of £1 Annuity for 1 year.
This is only to be found by reference to a “Table” such as II.

Ex, 618.—An annuity of £120 for 18 years was purchased
"for £1403. What was the rate of interest calculated at ?

1403
120

find to be in the five per cent. column.

Here r = = 117, which in Table (II), and with 18 years, we

Perpetuities.

An Annuity to continue for ever, or the annual value of a Freehold,
is called a “ Perpetuity.”

1st. The “annuity ” or yearly rent = Present value X r.
2d. The *““present value” = Annuity or yearly rent = 7.

3d. The rate per cent, or r = Annuity =- present value.

.

EX. 619.—What is the yearly income of a Freehold bought
for £4000, assuming interest at 3% per cent.? (Here a = 4000
X 035 = £140.

ExX. 620.—What should be given for a Freehold of £250 a

2
year, to make 5 per cent. interest? (Here p = b%o = £5000.)

EX. 621.—A Freehold of £135 a year, is bought for £3000.

What interest does the purchaser get for his money? (Here r = 51—35
= 045, or 4} per cent.)

N.B. 20 years’ purchase is 5 per cent. ; 16§ years’ purchase is 6 per
cent. ; and so on, as tiie Slide ‘nverted (page 25) will show.
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(2]

Annuities “ Forborne.”
= Interest of £1 for 1 year : then at 5 per cent., r = "05.
R = 1 4 7, or the amount of £1 with interest, for 1 year.

@ = Annuity. ¢ = time in years.

m = Amount to which a “ forborne” Annuity} —a X Rt —1

has accumulated. r

R‘—l

a=m-= — —
r

t = (Log.l +_1%r) -+ Log. R.

Persons using these Logarithmic calculations should have the Logs.
in page 259 inscribed on their Rules (see footnote, page 265).

To find “m” the accumulated amount.

EX. 622.—What will an annuity of £300, forborne for 23

years, have amounted to, reckoning 5 per cent.? (Here m = 300 X
1052 — 1 )

Log. 105 = 00212

X 23
Log. of 3:07 = 04875
-1
2:07 X 300 _ A 2:07 £12420
‘05 B ‘05 300

Rt —
N.B. Table III. is

1
for £1, at various rates of Interest, and
2-07
zives 05 = 41:43. Whence the true answer is 4143 X 300 =
£12429. In like manner an Annuity of £1 forborne for 5 years at 24
45
per cent. would accumulate to 025 = £18.
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To find “a” the Annuity that has been forborne.

EBEx. 623.—A person wishes to provide £350 to be ready for
use 10 years hence. What sum must he lay by annually, allowing
4 ¢. interest 7 (H —350-1'0410_1)

per cent. interes ere a = + —or
104" is found by the line N, as in Ex. 586, to be 1'48; and

048
350 x 01 = 291

N.B. With a “Table” such as III. we find in the 4 per cent.
column for 10 years, the number 12. Then 350 <+ 12 = 291

To find “t” the Time in years.

ExX. 624.—How many years’ forbearance of an Annuity of
£60 will produce £500 ? interest 3} per cent.

500 ‘035 !
log. (;—\ log. 1 4 2917 ‘111
t 60 /= oz 1035 = 015 = 14 years.
Tog. 1035 g

N.B. With a “Table” such as III. we find that E:(%O

corresponds in the 3} per cent. column, with about 74 years.

. or 833,




b
TABLE IIL = R ; 1.

Amount of # “forborne” Annuity.
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LIFE ANNUITIES.

The previous pages refer to “ Annuities certain ” for a fixed number
of years ; but a “ Life annuity ” is not calculated as an Annuity for a
certain number of years, but on the expectation of life as shown in
Table IV. :

The present value of an Annuity certain, for a term of years equal
to the “expectation of life,” is greater than the value of the same
Annuity to cease on failure of that person’s existence ; because in
a number of Life Annuities many of the payments would not be made
till a much more remote period than the term noted as expectation.
Thus, at the age of 46, the “ expectation of life ” by the Carlisle Tables
would be 24 years; and at 3} per cent. interest, the value of a Life
Annuity of £1 is £14'7 ; whereas by Table II. the present value of an
Annuity of £1 for 24 years certain, at 3% per cent., is £16.

Table IV. supposes the Annuity paid at the end of each year.
If paid half-yearly, add £:25, and if guarterly, add £:375, to the sums
in the Table.*

If payable in advance, add to the Tabular values £1. If payable
half-yearly in advance, add £75. If quarterly in advance, add 625.

* Thus, if the  Present value ” of a Life anuuity for £1, for 20 years,
at 4 per cent. is £13-965, if paid annually, the same would be worth
£14°44 if paid quarterly.
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TABLE IV.
LIFE ANNUITIES.
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Age.

12
14
16
18
20
22
24
26
28
80
32
34
36
88
40

42
4
46
48

50
52
&4
56
58
60

62
64
66
68
70
72
74
76

78
80

o
Expectation. Value of £1 Annuity by Carlisle rate. 'E
|
Carlisle. Males.* 3} per cent. 4 per cent. ;:5
=}
4727 407 2109 19.33 =
4875 4253 20779 1908 2
ves 4101 20-49 1884 =
4287 39-61 20-21 18°61 4
4146 3839 1991 1738 2
40°04 8734 1959 171 “
3859 3639 19-24 7 ]
8714 85-41 18°87 168 2
86°69 84'81 1848 167 1
8434 3317 1812 164 &
8303 9200 1777 162 =
3168 3079 1738 159 K
3032 2954 16°95 156 o
2896 2828 1651 152 2
2761 2702 1605 149 8
26:34 2574 1562 145 &
2500 2442 1517 14 e
2362 2307 1470 135 g
22'50 21'68 1417 13 F-
2111 2030 1355 124 fidpe
1968 1897 12:88 18 o
18°28 - 17 1219 us P
16°89 16°57 1147 108 88
1555 1547 1073 102 ’,a
1484 1439 10-06 97 33
1831 15°28 949 91 Y
1230 12117 891 85 a4
127 1110 8% 9 el
10:28 1014 762 78 5%
918 992 601 68 28
816 887 619 62 3%
738 754 560 &7 Es
669 669 515 51 &3
612 578 413 44 33
551 404 eor 38 = -
al

The value of Annuities by the Government Tables is 6 or 7 shillings less than the Carlisle.
* In the lives of ‘‘females'* about 4 years longer, till 54, Then about 2 years.
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APPENDIX C.
WHERE TO PLACE THE DECIMAL POINT IN DECIMAL DIVISION.

In using the Slide Rule for Division of Decimals, it is very useful
to know beforehand where to place the Decimal point in the Quotient.
It is true this may be seen from a careful inspection of the run of the
figures on the Slide, as in examples a, b, ¢, &c. page 9 : still, the fol-
lowing rules will be easily rememhered and found useful.

DECIMAL DIVISION.

Case L 1%854’ 2252%1_-;, %27595—8 The number of integral figures in
the Quotient will be known beforehand by the rule at the lower part
of p. 22 (the decimals being disregarded).

Case IL. -1%, 6%5 Rule. Multiply the Numerator by as many tens
a8 will make it divisible by the Denominator. If adding one cipher
(i.e. multiplying by ten) is enough, the Quotient will commence with
a single dot. If two ciphers are required (t.e. multiplying by 100)
then the Quotient begins with ‘0. If three ciphers, the Quotient
begins with ‘00. (See Examples next page.)

Case III. (a) %786 , floigl, %27%5. First equate the fraction : ze mul-
tiply both Numerator and Denominator by as many tens as there are
decimals in the number (either Numerator or Denominator) that has

. most decimals, so as to make both of them whole numbers. The result
i» & Fraction coming under Case I.; as shown in the Examples

next page.
213 13 16'254 ‘864 39677 04147
"Case 1L ) 555 55 ~18 » 36° 721w 715 Lauate the

Sraction, a8 in Case IIL (a). The result will be a fraction coming
under Cask IL; as shown in the Examples next page.

The following gives an Example of every case that can occur :

m means a Mixed number'; w, a Whole number ; d, a Decimal.
Where - is prefixed to the Denominator, it means that it is greater
(— that it is less) than the Numerator.
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Case L
m 16254
o~ 18 The number of integral figures in the Quotient is
known beforehand ; being just the same in number, as

w 25517
_ 162 255 570
m— 4225 (if we had 162 20517 115 The answers are,

187 4227 43
m 570758
—_— : 4, 131028. (See low . 22.
356 /903, 604, 8. (See lower part of p. 22.)

Case II.

" 5(0
. Mult. Numerator by 10. (—) = ‘3125.

g

+s )¢

1(000,
Mult Numerator by 1000. = —(6_23) = 0016.

wl-—c o;lc-"

g

Case IIL (a).

5
A0 Mt by 1000, = J0 =12,

480
441 44100
:l" . Mult. by 100, = == = 4900.

m 3028' 3082500
T 73+ Mult. by 1000, = =y

Case IIL (b).

4 213 213 213(0) .
I3 %80 Mult. by 1000. = 5=2 = —5or~ = 75.

w _ 130 _ 1300) _
"t 20 = Mult.by 10. = gz = 555" = 625.

m 16254 16254 _ 16254(0)
wF 18 - Mult by 1000. = 75560 = "18000

d 864 864 864(00)
- Mault. by 10C0. = 55556 = 36000

m 39677 30677  39677(000)
mF ord: Mult by 10000- = 79,5560 = 7212000

d 04147 a47  4147(0000)
— S5 Mult by 100,000. = 7356666 = 7160000 — 0000

= 4500.

= ‘903.
= 024.

= "0055.
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APPENDIX D.

‘DUODECIMALS.

So called because each quantity, whether linear, square, or cubic,
is 4 of that which precedes it. Also called “ Cross multiplication,”
because we begin with the left hand multiplier.

The Linear inch is divided into 12ths,* called seconds (") ; each
second into 12ths called thirds ("’) ; and each third into 12ths called
fourths (™).

Square Measure.
Feet X feet, make Square feet, written Sq. ft.
Feet X inches, make Primes, written ’.
Inches X inches,]
Feet X twelfths, )
Inches X twelfths, make Thirds, written .
"Pwelfths X twelfths, make Fourths, written .

make Square inches, written ”.

N.B. Remember that primes ’ (often miscalled inches) are 12ths of a
Square foot ; and Square inches ” (sometimes called parts) are 12ths
of these, or 144ths of a Square foot. Thus, if we have a surface 4 feet
long, and 8 inches wide, its area = 4 X # Square feet = 2§ Square
feet : which is the same 4 X 8 = 32 primes, or $jths of a Square
foot.

The chief advantage of Duodecimals is, that when prices are given
(generally in s. d. per Square foot), the value is easily calculated by
¢ Practice,” as shown in Ex. 628.

Ex. 625.—Multiply 7 feet 9 inches, by 4 feet 6 inches.

* Carpenters’ Rules in practice do not have 12ths of an inch, but eighths.
Each ej llllth &= l&btwellfuthsc;d 4 I;enceli inch = 3 twelfths; § inch =
4} twelfths, &c. ; but the twelfth (5% inch) may be disregarded.
8 feet 7§ inch = 8 feet 7’ 9”. ?



HAND-BOOK OF THE SLIDE RULF. 281

9 First multiply 7 ft. 9 in. by 4 ; which makes 31 feet.

4 6 Then multiply 7 inches 9 twelfths by 6 ; which makes

31 0 3 ft. 10 in. 6 twelfths. Total = 34 Square feet,—
3 10 6 10 inches,—6 parts. Or 34}2¢ Square feet.

N.B. In using the Slide Rule, we should reduce the iuches to
decimals of a foot, as in page 86,and then 775 X 4'5 = 34'875
Square feet. (Decimals of 12ths should be learnt by heart.)

ft. 8q. ft. Sq. in.
Ex. 626.—7 5 o 25 25
3 5 3 & .. 96
22 5 3 e . . 6
31 4 9 L. 0%
110 5 33", Oy3¢

25 1" 67 273”  Ans. 25 1022,
L ______———— ————

Thus 14 ft. 3 in. 6 twelfths X 5 ft. 4in. = 76 2 8"
5ft. 4} in. X 6 ft. 84in. = 35 1I' 0" 1”7 6", or by the
Slide Rule, 5'354 X 8708 = 35'9 Square feet,

Ex. 627.—What is the Square surface of a gilt plate 3ft. 53 in.
by 2 ft. 2% in. ?

With reference to N.B. page 260, this would be 2 5 43" X
2 2 10, but omitting the 4 twelfths of inches (or rather omitting
one and increasing the other), it would be as follows :

Sq. ft. . in. Sq. in.
2 b 4 Thus = 5 71 & 79188,. If worked
2 2 11 accurately by fractlons, it would be 293 in,
4 10 8 X 26% in, = 789:8% Square inches.
4 10 - 8"
2 4 10 8™

5 5f B 1 1// 61// 8//'1

Ex. 628-——At 3s. 10d. per Square foot, what would be the

price of 34 10° 6”1
BB 3
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h ;3 ,1‘8 1 shilling per Square foot is 1d.
X 4 per prime ('), and {;d. per ” Square
15 4 inch (7).
X 8 3s. per Square foot is 3d. per
124 8 prime () and 1d. per. Square
2= 7 8 inch (7).
131 4
6 = % Sq. ft 1 11
3 =4of6 11}
13=4of ¥ 53
133 8}
= £7 13s. 8}

Sometimes both measurements are reduced fo tnches, when using
the Slide Rule. Thus in Ex. 625,93 X 54 = 5022 Square inches ;

5022
and Tz = 34-875 Square feet, or 34 Square feet, 126 Square inches.

Cubic Measure.
Here " represent. Cubic inches, and " are twelfths of Cubic inches.

Ex. 629.—What is the Cubic content of a block of steel,
measuring 2 feet 9 inches, by 2 feet 3 inches, by 1 foot 6 inches ?

ft. in. Cub. ft. Cub, in.

2 9 9 Cubicfeet . . 9
x2 3 ¥=3x144 . 432

5 6 4"= 4 X 12 . 48

8 3 6 . . . . . 6

6 2 3 9 C. F. 4 436 Cub. in.
X1 6 3 —_—

6 2 3 . 33 X 27 X 18 891 X 18

3 1 17 g by Slide Rule, 1728 = T17es

9 3 4" 6" =93 Cub.{t. The trueanswer being 9:28125.
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APPENDIX E.

NOTES ON CYLINDERS.

The figure of a Cylinder is probably more commonly met with
practically in “Solid Mensuration,” than any other figure ; and a few
notes may be useful.

In page 166, the method of computing contents has been given.
2 x 1
The Formula S = d , is derived from the usual Formula S =
1-273; 2732
*x1

X 7854 X 1, by using the reciprocal of ! as a divisor. So S = 12566

is derived from S = ¢2 X 0796 X Il

A Cylindrical tnch is a cylinder 1 inch deep, and 1 inch diameter.
It is less than a cubic inch, the proportion being 1 Cylindrical to 12732
Cubic, or 11 : 14 as shown in Formula IV., page 148. So if a Bushel
contains 22182 Cubic inches, it contains 28243 Cylindrical inches, or
22182 X 1'2732. So if the diameter in inches of any cylinder is
given, the Square of it multiplied by the length in inches, gives the
content in Cylindrical inches.

In the TABLE page 196, under ParaLLELOPIPEDS I. I. I, are the
cubic inches in a Bushel, Gallon, &c. ; and under CyLinDER L I are
the Cylindrical inches.

Continuing the “proportion,” we find that a Cubic foot contains
1728 X 12732, or 7;? 3 Cylindrical inches; and a Cylindrical foot
contains 1728 X ‘7854, or 1357°2 Cubic inches. The number 1°1234
= A/1'2732 represents the number of inches diameter of a Circle whose
area is one Square inch.

ExX. 630.—Required the diameter of a Cylinder 4 inches deep,
that shall contain as much as a Cube of 4 inches diameter. It is not
necessary to find the content of the Cube, the answer being simply
4 X 11284 = 4'52 inches diameter. To prove it we may take 64
(the cube of 4) and use the Formula (a) in page 167.

C 40 (= 4 X 10) 64 Cubic inches
D 357 (constant) 452 inches diameter
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Ex. 631.—Required the length of a Cylinder 43 inches diame-
ter, equal to a Sphere of the same diameter. Answer § of 43, or 3°167
inches.

To double the capacity of a Cylinder, preserving the * proportion ” of
length to diameter, multiply both by 1'26, or /2. To quadruple
multiply both by 156875, or /4 ; and so on. Hence

B xX. 632.—Suppose a Cylindrical disc, } inch deep, and 1'128
inches diameter ; its content is } Cubic inch. It is required to make
another containing 320 times as much material, but the same propor-
tion of depth to diameter. What will [I.]its depth be ? and what [II.]
its diameter ¢ Here depth = 25 X .%/320, and diameter = 1'128 X
*/320. Both these are readily solved by the Slide Rule having a
Cube line of E, as in Example omitted in page 118.

E 1 320
[I'] D 95 1'71 depth
E 1 320
(L] D 1128 778 diam.

To find what is the right proportion between the diameter and depth
of a cylindrical vessel when the least quantity of metal is to be used.
[1.] When hoth ends are closed, diameter equal to height.

[II.] When one end is open, diameter double the height. In the
former case if s Cubic content, d = ¥s X 12732, or in a form adapted

3
to the Slide Rule (Ex. 314),d = A/ Tagy In the latter case d =
Y8 X 25464, or in a form adapted to the Slide Rule, Ex. 314, d =

3
8
\/-7854 X 5

Ex., 633.—Required the diameter and depth of a Cylinder
whose diameter and depth are equal, to contain 121 Cubic feet. d =
3124
V 7esy
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E 7854 124 «
D 1 541

Formula (a) page 167, will show that a Cylinder whose diameter is
5°41 feet and depth 5'41 feet will contain 124 Cubic feet.

N.B. Whatever be the *proportion” between the diameter and
depth of a Cylinder, their measure may be found when s the Cubic
content is known, as follows :

Sh 9 = o}/
Hdih:2:l Thnd= /e or {/ 5o
. 3 s 3 8
Ifd:h::1:2 Thend = \/,m,or \/m-
3/ s
Ifd:h::3:4 Then d = 3/*7854 X 4, or /\/1—‘.0472-

Ex. 63%.—In the margin are the Cubic inches | cubic inches.
in a } Pint, a Pint, a Quart, a Gallon, and a Bushel. | 17°330=3} pt.
It is required to find the diameters and heights of | 34'659=DPt.
5 cylindrical vessels to contain these respectively, | 69-318=Qt.
but to be so made that the diameter of each shall be (277:274=Gall.

to its depth, as 3 to 4. (s = content.) 2218'2=DBus.
E 10472 17330 34'659 69'318 277274 22182
Ist. §—3 255 321 204 642 1284 diameters

A 3 255 321 4-04 642 12'84 diams.
B 4 840 429 539 857 1712 depths
ipt. Pt. Qt. Gall. Bus.

2d.

So that the entire columns of diameters and depths can be filled
up in a couple of minutes by the aid of the Slide Rule, and to as
much exactness as it is possible to make up the Cylinders. The
process by pen and ink would be a tedious one.

A Quart, in the proportion of diameter : depth :: 3 : 4 is as shown
above 4'04 : 5°39. If it had been 2 : 3, then 3'89 to 5'82. If as
2 : 1, it would be 3'53 to 7°06, &c. (See also Ex. 430.)

ExX. 635.—It is required to make a Cylindrical vessel, which
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when heaped to a right-angled cone, will contain as much as the
« gtandard ” vessel struck. The height of the new measure to be the
same as the “ standard,” but the diameter of course reduced.

Let A be a “ standard ” measure 3 inches high*
with a content of 1172 cubic inches. What
A B must be the diameter in inches of the new vessel
B, also 3 inches high, so that it, together with ¢ the
right-angled cone, on it, may also contain 11-72

c

cubic inches ?
Let 2 = the required diameter of B.
Then (p. 166) Content of B = z® X ‘7854 X 3 = z? X 2:3562.
And (p. 179) Content of ¢ = *1309 2%
‘Whence B 4 ¢ = 2:3562 22 + 1309 z® = 1172 cubic inches.
Now to find the exact value of z from this Equation, is not
easy ; but the Slide Rule may be usefully employed t in “Trial and
Error.” A few preliminary trials gave x about 24 inches, and if we

assume z = 2'11, it gives B = 105, and then E will be 123 ; as
follows :—

C 23562 | 102 108 104 | 105

106 107 108=B

D 1 | 208 209 210 | 211 212 213 214 =2z
E 1309 | 118 119 121 123 125 126 128=c¢
D 1 | 208 209 210 2:11 , 2412 213 214=2
Cub. in. True.
Then B = 1050 10490
If we take 211 for z. c= 123 1:229
B+4c=1173 11719
— ———

* In the question, it is not necessary to give the diameter of A. Still,
as a guide to the diameter of B, (which of course will be less,) it may

easily be found, as in line 5, p. 167 ; ord = ﬂm—);_l'l_z.s, solved as

in Ex. 257, and found = 2°23. See also Ex. 429.
'll' The above case occurred in practice, and was solved by the Slide Rule
only.
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APPENDIX F.

CUTTINGS AND EMBANKMENTS.

In practice, it is usual to compute the content of the whole Cutting
or Embankment, by one Formula, where the ratio of slope (s.e., ad to
ad in the figure) is known, and is the same throughout, and the
perpendiculars taken at equal distances. This is shown in N.B. 2d,
page 288, and in the subsequent Examples.

But if the ratio of slope is not given, but simply the widths and
depths, and the perpendiculars not taken at equal distances, the cubic
content must be taken for each section, as in the following Example.

640 0 * 730

Ex. 636.—Let the upper figure represent the longitudinal
section of a Railway Cutting or Embankment, and the three smaller
figures the cross sections at A, B, and C. The width of the Roadway
being 30 feet through the whole length 1720 feet.

Taking the first section, and computing its Cubic content as in Ex.
470, we have for one end, a Trapezoid whose depth is 12 feet, and its
upper and lower breadths 90, and 30 feet ; or a mean breadth = 60 ft.
The other end is a Trapezoid whose depth is 40 feet, and its upper and
lower breadths 230, and 30 feet ; or a mean breadth = 130 feet. Total
length 640 feet.

60 X 12 = 720
130 X 40 = 5200
ce 15800 x 640

180 x 52 = 9880 when —¢ — = 1685333 Cubic feet. '

15800
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Or if we use the Cubic yard divisor 162 (N.B. page 190), we have
16800 X 640

T = 62420 Cubic yards.
The second section may be found in like manner to be —13'6—0%&6—0
38600
= 2316000 Cubic feet, or —60%36—0 = 85778 Cubic yards. The

third section-is solved in Ex. 471, and shown to be 2040000 Cubic
feet, or 75555 Cubic yards. Total 6,041,333 Cubic feet, or 223753
Cubic yards.

N.B. 1st. Though the “slope ” is not given in the above Example,
it is soon found ; for comparing ab of the cross sections, with ad, we
see 125 : 50, &c., or 2} to 1 throughout.

N.B. 2d. Cuttings and Embankments are also sometimes computed
as follows : each block or section is considered to consist of [I.] its
“ core,” or parallelopiped, of which ! = length, b = breadth at top or
bottom, and m = mean of D and d the two opposite depths.
[I1.] The “two slopes,” which together constitute a triangular Pris-
moid, as in Ex. 469.

The Formula, when the measurements are in feet, and the content
required in Cubic yards, are as follows: “Core” =m X b X I (a
simple parallelopiped); “ Twoslopes” = L2+ ‘2’_ de] X! e

Ex. 469.

Thus in the previous Example taking the first block or section :

“Core” = 26 X 30 X 640 = 499200 Cubic feet.
“Two slopes” = (2704 — 480) X 640 = 1186133 Cubic feet.
3+ 24) =12 1685333 Cubic feet.

t __——

In like manner the third section is found as follows :

“Core” = 25 X 30 X 720 . = 540000 Cubic feet.
“ Two slopes ” = (2600 — 0) X 720 = 1500000 Cubic feet.
(3=2}) = 1'2 2040000 Cubic feet.
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If measured in feet, and content required in cubic yards:

“ Core” = m—x2;) X l.
“Two slopes” = o+ csl): — fd] X l, (Here 81 = 3 X 27).

If measured in chains, and content required in cubic yords:
« nw_mXbxl . _

Core” = —— = T (Here 4091 = %J).
[(D+d?—Dd] x 1

€« ” =
Two slopes 1287 =+

(Here 1227 = 3}).

Ex. 637.—Required the content in cubic yards of a Section of
a Railway Cutting, which Section is 594 feet long, Roadway 23 feet
wide, Slope 14 to 1. Depth at one end 20 feet, and at the other 35 feet
or a mean depth of 27°5 feet.
275 x 23 X 594
{3 C L —
ore ——

“Two slopes ” (8025 — ng) X 594 _ 95575 Cubic yards.

= 13915 Cubic yards.

ToraL - 39490 Cubic yards.

N.B. 1st. It has been shewn in Fx. 469, how the content of the
“Two Slopes” is computed (as a Triangular cutting) from the depths
and upper breadths of each end, without reference to the ratio of
Slope. . .

N.B. 2nd. It has been shewn in Ex. 470, how the content of the
whole of the block given above may be computed, without knowing
the ratio of Slope; as long as the depths and upper and lower
breadths of each end are known.

Ex. 638.—Suppose the length in the above Example had been
given in chains (i.e. 9 chains), how would the cubic content be com-

« Core” = 218 zog? X9
(3025 — 700) X 9
‘8182

= 13915 Cubic yards.

“ Two slopes” = = 25575 Cubic yards.

ToraL 39490 Cubic yds. as before.
ce
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To compute the content of the whole Cutting or
Embankment.

It is supposed that the ratio of Slope is known ; and also that the
Perpendiculars are taken at equal distances.

Let w be the breadth of the roadway ; a, b, ¢, d, &c. the perpen-
diculars taken at p feet apart ; and 7 = ratio of Slope. Then

[1.] Central part = wXpX {(a + v)2+ Ab+e+ d&c.)} where

a and v are the extreme ordinates or perpendiculars.
[I1.] Two slopes
(r X p) x {(@ + b + (6 4 0)* + (c + d)* &c. — (a6 + be + od &c.)}
3 .

ExX. 639.—Required the content in Cubic feet, of a Cutting or
Embankment where the Slope is 3 to 1, and the perpendiculars, taken
at 1 Chain (66 feet) apart, are as follows : 6, 3, 4, 5, 7, 2 feet. The
width of the Roadway 30 feet thronghout. (Total length 5 chains or
330 feet). { ( v }

_Box66) x{6+24+264+44+5+7)

[1.] Central part 2 (constant) .

[IL.] Twoslopes (3 X 66){(6 +3)24+@B+4)H 4+52+6G+7)?
+(742)*—(6X 3)+(3X 4)+ (4X 5)+(5X7)-+(7 X 2)}~3 (constant)

[1]= 30X 66) X [8+(2x19)] _ 1980 X8+38 _ 1980 X 46

2 ) P
= 45540 Cubic feet. '
(L] =
(3X 66) X (984 7+ 1224 9+ 12449 — 18+ 12+ 20435+ 14)
3
— 198 X (495 - 9%) _ 198 X 357 _ 99942 Cubic feet.

Therefore Total Content = 67782 Cubic feet.

N.B. If on [1.] we use the Divisor 54(= 2 X 27) and on [IL.] the
Divisor 81 = (3 X 27), we get the content in Cubic yards, viz. :
1686 §, and 823F ; or a Total of 25104 Cubic yards.




HAND-BOOK OF THE SLIDE RULE. 291

APPENDIX G.

Fractions to decimals,—Reciprocals,—£ s. d. to decimals of £1.
(see pages 10 and 11). Decimals of cwts.—Ibs.—acres—bushels,
: &e.

The learner is supposed to know that 3 = °5,} = 25, 3 = 75,
and that % = -2, % = '3, &c.; also that 3 = 4,3 = 6,4 = 8;
but it will be of great service if the decimal equivalents of 16ths and
12ths are known also, especially those marked in the following Table
with an asterisk.

& = 0625 & = 0888 & = -04166
& o= 1250 = *} o= 1666 = *} & = 20838
& = 1875 *A = 2500 = *} & = 20166
& = 200 = % *A = 3338 = % # = 45888
& = 012 & = 4166 1 = 54166
o o= 350 = * & = 5000 ¥ = 70183
g = 4375 & = 5833 1 = 79066
A = 5000 = *} o= 6666 = *§ *} = 14286
% = 5626 *p o= 7500 = *§ $ = 285m
13 = 6250 = *§ N = 8338 = § = 40887
1 = 6875 H = 9166 $ = T2s
* = T500 = *3 i = 0666 § = Tuzs
= 8125 & = 0333 $ = 85714
g = 8150 = *} & = 0166 $ = 1
¥ = 9375 by = 008928 A = 0909
h = 00625 s = ‘000194 o= 00416

The 8ths are useful for reducing gallons to decimals of 1 bushel ; pints to decimals of
1 gallon ; and for other purposes.

The 16ths are useful for reducing oz. avoir. to decimals of 1 1b. avoir. ; drams to
decimals of 1 oz., and in many other cases.

The 12ths are useful for reducing pence to decimals of 1 shilling ; inches to decimals
of 1 foot ; and double grains to decimals of 1 dwt.
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To reduce 8, d. to decimals of £1, and vice versd.

(a) & d. to dec. of £1.—As far as regards Slide Rule work, it is
quite near enough (nearer in fact than is necessary) to know the
decimal parts of £1 to mils (or thousandths); and this is easy
enough. The greatest error that can arise is only about # a mil, or
half a farthing. To obtain the exact decimal, a “ TABLE” is given
two pages on.

Rule.—For every “pair” of shillings 100 mils.* For every odd
shilling (if any) 50 mils. Then add as many mils as there are
farthings in the pence and farthing column; with 1 extra if the
farthings exceed 12, and 2 extra if they exceed 36.

Ex. 1.—Reduce 19s. 2}d. to the decimal of £1.
18s. (9 “pair”) = 900 mils
ls. (0dd shilling) = 50 mils
23d. (11 farthings) = 11 mils

961 mils or £:961 (True £:9614583)
Ex. 2.—Reduce 14s. 9}d. to the decimal of £1.
145, (7 “pair”) = 700 mils

9}d. (37 farthings) = 37 mils
Add for over 36f. 2 mils

739 mils = £689 (True £739583)
——
Ex. 3.—Reduce 1s. 1}d to the decimal of £1.

“1s. = 50 mils
1}d. (8 farthings) = 5 mils

55 mils = £055 (True £:0552083)

* The learner is supposed to know that § mils = £'005; 55 mils -
£'055 ; 550 mils = £°55; &ec.
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(b) Dectmals of £1 to s. du

Rule.—Allow “a pair” of shillings for every 100 mils; and 1
shilling for the odd 50 (if any). Consider the remainder — minus 1
if it exceed 12,—and minus 2 if it exceed 37,—as farthings. In this
reduction (from 3 places of decimals) the answer in s. d. is never in
error to the amount of one farthing,

Ex. 4.—Reduce £°887 to s. d.

s d.
800 (8 “pair” = 18 0
" 60 = 1 0

3@ —1) = 9
17s. 9d. (True 17s. 8d. 3:52f.)

Ex. 5.—Reduce £'408 to s. d.

s d.
400 =8 0
8 farthings = 2.

8s. 2d, (True 8s. 1d. 3'681.)

Ex. 6.—Reduce £093 to s. d.

s d.
50 =1 0
42 — 2 = 41 farthings 104
1s. 10id. (True 1s. 10d, 1'25f.)
C—

cc2
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TaBLE for reducing s. d. to decimals of £1.

d. Ll e e oa e .
i | 0010416 || 6 | -0260416 || 1 oi| -0510416 || 1 6} | -ove0s16
3 | oo2osss || e | -o2voss3 || 1 o | -os20es8 || 1 e} | -or70sss

0031250 || 62 | 0281250 || 1 o3| -oss1250 || 1 6| -ovar2s0
1 | -oos1e66 || 7 | 6201866 | 1 1 | -0s41666 || 1 7 | -over666
14 | 0052088 || 73 | -0soz0s3 || 1 13| -oss2088 | 1 73| -0so208s
13 | 0062500 || 73 | -osazs00 || 1 14| -0se2s00 || 1 7§ | -osr2s00
13 | oo12016 || 73 | -0s22006 || 1 13| -05v2016 || 1 73| -esceere
2 | oosssss || 8 | -oosssss || 1 2 | -0s83833 || 1 8 | 0 sssss
24 | -ooss7so || s} | -osa7sso || 1 23! -osesvso || 1 s} | -0s4s750
2 | 0104166 || 8} | -os54166 || 1 23| -oeosr66 || 1 s} | -0ssa166
o3 | 0114588 || 83 | -oseasss || 1 o3| -oc14se8 | 1 s | -ossasss
s | 0125000 || 9 | -oavsoo0 || 1 s | 0625000 || 1 o | -087s000
sy | 0135416 || o3 | -osss416 || 1 83| -0085416 || 1 93| -0ssse16
8y | -oncess || of | -osessss || 1 83| -0e4ses3 || 1 op | -0sossss
33 | -o1s6250 || o3 | -os06250 || 1 sp| -oese2s0 || 1 o3| 0906250
4 | owee66 |[10 | 0416686 || 1 4 | -osesees || 110 | -0916666
4 | -orrross || 203 | -oszross || 1 43| -oorvoss || 1103 | -0s2v0ss
ot | -o187500 || 104 | -0as7so0 || 1 4§ | -vesrsoo || 1104 | -0027500
a ‘0107916' 108 | our6 || 1 48| -ocover6 || 1108 | -0var91é
5 | 0208388 |{11 | -os58338 || 1 5 | -0708388 || 111 | 0958888
53 | -ozisrso || 113 | -oses7ts0 || 1 53| -omsveo || 1113 | -ooesvso
53 | -oz20166 || 114 | -oavores || 1 s} | -oreones || 1113 | -oorores
53 | -a289583 || 113 | -0489588 || 1 58| -o7seses || 1113 | -09s958s
6 | 0250000 |[12 | -0500000 {| 1 6 [ ;0750000 || 2 o | ‘1000000

For every *‘pair” of shillings, write ‘1000000 ; and then fill in from the above Table.
Thus, reduce 14s. 94d. to the decimal of £1.

14s. (7 pair) = 7000000
9d. (from Table) = ‘039583
*7395883£

Bo again, reduce 19s. 23d. to the decimal of £1.
18s. (9 pair) =

1s. 24d. (from Table = 0614583
*0614583 6
—



" HAND-BOOK OF THE SLIDE RULE. 206

“ Aliquot parts” of £1.

s d. s d

6 8 = & 12 6 = i
18 4 = % 17 6 =
3 4 = } 1 8 = 4
16 1 = § 1 4 = &
2 6 = } 1 3 =
76 = § 8 = g

Any one who has in memory a few of the decimals corresponding to
fractions of 6ths and 8ths, &c. on page 291, may find the marginal
Table useful.

It is not difficult to commit to memory the decimals for s. d. to £,
to the very last decimal place, if we begin with learning those for }d.
4d.3d.and 1d. Then for 6d. = £'25 ; and from this, 3d. 9d. 13d. 73d.
1}d. Then for 8d. = £333; and from this 4d. 2d. Then from
10d. = £°4166, we get 5d. 24d. 1}d. If we add the decimals for 7d.
and 11d., the whole Table is learnt.

Lbs. to decimals of 1 Cwt.

The Slide Rule itself will give the decimal, as in Ex. 85, as near as
i8 necessary for Slide Rule work.

Another Rule is as follows : Multiply the Ibs. by 9 ; deduct 1 when
the number of 1bs. is from 8 to 21, both inclusive ; and deduct 2 if the
number exceeds 21.

Ex, 6%40.—3qrs. 81bs. Here [(8 X 9) — 1] = 71 ; and as
3 gr. = 750, we have 7560 | 71 = ‘821 cwt.

Ex. 6%1.—1 qgr. 22 1bs. Here [(22 X 9) — 2] = 196 ; and
as 1 qr. = '250, we have 250 - 196 = '446 cwt.
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Strictly speaking, 11b. or 1} éwt. = -00893 cwt. ; whence the
following TABLE.

1bs. cwt. 1bs. cwt.
1 ‘00893 15 13393
2 01786 16 14286
3 *02679 17 ‘15178
4 *03571 18 16071
5 04464 19 ‘16964
6 ‘05357 20 *17857
7 ‘06250 21 ‘18750
8 ‘07146 22 19643
9 ‘08036 23 20536
10 *08923 24 21429
11 09821 25 22321
12 10714 26 23214
13 ‘11607 27 24107
14 *12500 28 *25000
4lbs. = } qr. 16lbs. = # cwt.
34lbs. = % qr. 7lbs. = 3 of 2qr.
14lbs. = % cwt. 8lbs. = } of 2qr.

If we wish to reduce cwts. and lbs. to decimals of 1 Ton, we have
only to divide by 20. Thus 7 cwt. 3 qrs. 8 lbs. = 7'821 cwt. or
7821 _ 39105 Ton.

20

If “pence per Ib.” be given, the £. per ton, or shillings per cwt., is
found by reducing the pence to farthings, and multiplying by 24 or §.
Thus 8% per 1b. = £81% per ton, or 81%s. per cwt. (see Formula III.,
p- 72). 3d. per Ib. is £28 per ton, or 28s. per cwt., and 3d. per 1b. is

£7 per ton, or 7s. per cwt.
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0z. Avoir. to decimals of 1 Lb. Avoir.

Since there are 16 oz. in 1 Ib. Avoir., a knowledge of the-decimals
of 16ths as given in p. 291 will suffice.

Dwts. and Grains Troy to decimals of 1 0z. Troy.

24 grs. make 1 dwt. ; and 20 dwts. make 1 oz. Troy. All we have
to do therefore in order to get the decimal of 1 oz. is to consider the
dwts. as halfpence, and proceed as in reducing s. d. to decimalsjof £1
p- 292. Then 16 dwts. 8 grs. is (like 16s. 4d.) = '8166 oz. Troy.

Pecks to decimals of 1 Bushel, Gallons to decimals of 1 Bushel,
Bushels to Decimals of 1 Quarter.
1 peck, or 2 gallons, = } = ‘25 bushel. 1 gallon, = § = ‘126
bushel. 1 bushel = = *125 quarter : so that a knowledge of the
decimals of 8ths, p. 291, will be useful,

Inches to decimals of 1 Foot.

Since 1 inch = i foot, the decimals to 12ths (p. 291) should be
kept in memory.

Feet to decimals of 1 Mile,
1 foot is gy = ‘0001894 mile. The values may best be taken out

: . A -72 miles .
on the Slide Rule itself, as follows B 3800 foot * Strictly,
*72 miles = 38016 feet.

Yards to decimals of 1 Mile.
1 yard is y/5g = °00066818 mile. The decimals are easily taken

out by the Slide Rule, in the formg ‘?go 17f°, which is

exact.
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Poles (or Perches) to decimals of 1 Acre.

40 poles .

1 pole = 335 = 00625 acre, or A is near enough

B *25 acre
for all Slide Rule work, but if greater nicety is required, the following
Table may be useful.

Po. Acre. Po. Acre. Po. Acre. Po. Acre.
1 = °00625 11 = -06875 21 = -13125 31 = -19375
2 = 01250 12 = -07500 22 = -18750 82 = -20000
3 = -01875 13 = -08125 23 = 14875 38 = -20625
4 = 02500 14 = -08750 24 = 15000 34 = -21250
5 = 03125 15 = -09075 25 = 15625 85 = 21875
6 = 03750 16 = °10000 26 = -16250 86 = -22500
7 = 04375 17 = 10625 27 = 16875 87 = 23125
8 = 05000 18 = 11250 28 = ‘17500 88 = 23750
9 = 05625 19 = 11875 20 = 18125 89 = -24375°

10 = -06250 | 2 = -12500 80 = -18750 40 = -25000

Now since 1 rood = } = ‘25 acre, the reduction would be as
follows : Example.—Reduce 8 ac. 2 ro. 8 po. to acres and decimals.

8 ac. 2ro. = 850 N.B. It may be useful to re-
18 po. = -11250 member that 10 po. = ¢ ac., 20 po.
= % ac, 16 po. = .y 32 po.

861250 acres. | _ f Doy 16 po- = 7y ac, 32 po

Square Feet to decimals of 1 Acre.

1 Square foot = 73157 acre ; and for Slide Rule work, the formula
A *62 Acres
B 27000 Sq. ft.
62 acres = 270072 Square feet). If greater nicety be required, the

given in p. 223, is sufficient (strictly
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‘following multiples of 43560 may be useful, on dividing the Square

feet by that number.
8q. feet.

43560 X 1 = 43560

43560 X 2 = 87120

43560 X 3 = 130680
43560 X 4 = 174240
43560 X b = 217800
43560 X 6 = 261360
43560 X 7 = 304920
43560 X 8 = 348480
43560 X 9 = 392040

Ex. Reduce 117682 Sq. feet to acres and
decimals.
43560 ) 117682 ( 27016 acres
87120

305620
304920

700000
435600

264400
261360

3040 over

Square Yards to decimals of 1 Acre.

1 Square yard = ;5 = ‘0008264 acre ; and for Slide Rule work

the formula g ggo‘gcé‘:s . given in p. 223 is sufficient.
If great nicety is required the following multiples of 4840 may be
useful.

4840 X 2 9680 Ex. Reduce 1482256 Sq. yds. to acres.

4840 X 3 = 14520
4840 x 4 = 19360
4840 X b6 = 24200
4840 X 6 = 29040
4840 X 7 = 31880
4840 X 8 = 38720
4840 X 9 = 43560

4840 ) 148225 ( 310625 acres
14520

30250
29040

12100
9680

. 24200
24200
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Hours to decimals of 1 Day.

As 1 hour = & = ‘04166 day, the decimals of 24tbs given on
page 291 will be mseful to know. Minutes are easily reduced to
decimals of 1 hour, mentally, by dividing by 6, and cutting off 1
decimal point. Thus 42 min. = 7 hour.

Days to decimals of 1 Year.

For Slide Rule work, Ex. 91, or the formula A 73 days
B ‘2 year

is sufficient ; but if greater nicety is required, the following Table
will be useful.

Day. Year. Ex. Reduce 219 days to the decimal of 1 year.
1 = ‘0027397
. 200 days 54794
2 = ‘0054794
3 = '0082192 10 days 0273973
_ 9 days ‘0246575

4 = ‘0109589 y

5 = ‘0136986 599995

6 = 0164384 . —

7 = 0191781 | It is ezactly '6 year.

8 = 0219178 | 73 days is } of a year, and 146 days y4 of a
9 = '0246575 | year.

10 = 0273973
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APPENDIX H.
Lixe “D” oN CArRPENTERS' RULEs.

In many of those two-feet folding Rules used by carpenters, builders,
timber-merchants, &ec. the “ D ?” line, or, as it is usually called, the
girt line, begins with 4 instead of 1.

The reason of this arrangement is, that in those mensuration cases
which most frequently occur to the classes above named, it saves the
use of a “Check number;” as explained in p. 90. The “ Gauge-
points” most in use by artizans, run between 1 and 13, or 10 to 13,
and the object is to get to use these on the Rule, instead of their
check numbers.

For instance, under “Cylinders” p. 167, we see that, where the
diameter is given, the “ Gauge-point” is 1128, and consequently we
are often obliged in the ordinary Slide Rule to use its ‘Check
number” 3'568 on D (as in Ex. 424) ; but if the line D is made to
begin with 4 instead of 1, the Gauge-point 1°128 comes about the
middle of the line D, and it is hardly ever necessary to use the
“Check number”; so in the above Example we should at once read
what is over 475 on D,* if the D line began with 4.

So again in Timber measuring (whence the line D is termed girt
line), Ex. 517 ; if we put the 24 of line C over the 12 (the Gauge
point) of D, we cannot read what is over the 975 on D ; and must use
the “ Check number” 37°95 on D ; over which we find 10 times the
answer on C. But if D is made to begin with 4, we can at once read
what is over 9-75.

So again in Parallelopipeds, where in many cases 12 is a Gauge
point (column IV., p. 163, 4th Formula), the same remarks apply as in
the above case of timber- measuring. '

It is however to be observed that for general use it is better to begin
the D line with 1. If it begins with 4, it cannot solve such Examples
as 259 to 262, and should the Gauge point happen to lie between '25
and 42, we should have constantly te use a “ Check-number.”

* In line 7, page 168, 8:568 is put erroneously for 4-75.
DD
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APPENDIX I.
MAaNIPULATION AND FORMULE.

The accuracy of a resuit worked out on the Slide Rule, depends not
altogether on the accuracy with which the instrument is graduated,
but also on the way in which the Slide is set. The following hints may
be useful.

1st. See if the same figures correspond in both Radii. Thus in
Ex. 1, see if the 1 on B is under the 15 of A, on both Radii ; also see
if the answer is the same on both Radii.

2d. When the numbers given will at sight admit of it, see if their
doubles or halves correspond on other parts of the Rule. Thus in
Ex. 2, see if 2 on B is under 17 on A. In Ex. 38, see if 120 on B is
under 17 on A. In Ex. 41, see if 23 on A coincides with 34on B. In
setting Formule, as in p. 74, 123, 233, &c. this should be strictly
attended to.

3d. In such an Equationas z = b-c, if either b, or ¢, be a number cut
a

or engraved on the Rule, such as 41, 86, 11-4, 205, &c., and not an
estimated number, as 207, 35°1, 105, &c. (see p. 6), reserve the cut
or engraved number to find the answer with. Thus if we have

16 X 323 . Ax 323 .
= -—2""the setting - — -~ is preferable t
71 $B 16 74P i
1];;2 3:3, because in the latter setting we leave 323,

itself an estimated number, to find what may be also an estimated
number in the answer,

4th. In using the line D with a number on it which, before the
answer can be found, requires either the Slide to be shifted (p. 89) or
else a check number (p. 90) to be used, it is better,—unless the number
on D is one which is likely constantly to occur,—not to trouble to
calculate the check number, but to shift the Slide, as in Exs. 247, 248,
249, (though in those three Examples the D numbers, 12, 74, 1'128,
are constantly required, and therefore their check numbers 3795, 23-4,
and 3-568 are pretty well known.) Even with the often required
Gauge-point 1354, in (e) p. 170, it is perhaps more accurate to skift
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the Slide than to use the check number 42'82, which is an estimated
value, and not on a cut division of the Rule. Thus in Ex. 482,
having set the Rule %813 si- gy Ve shall see that 26 on D coin-
cides with 295 on C; ; which, as shown on p. 86, is the same at
C 26
D 295
over 5.

Independently of the above hints, there are several little points in
which an experienced hand shows a facility which can only be acquired
by practice.

For instance, he is ready with his “reciprocals” (ApPENDIX G), s0

5 whence we easily and accurately read what ig

X ' f 92
that if he has « = 42 x 15 X 192, he at once sets it at » = bk x-],q—
) 0666
(Ex. 59). If he has x=-—495— he at once sets it as z= 2" %10
37X 0625° 37
If he has the proportion a : x :: b : ¢, where a, b, ¢ are known, and «
required, he at once puts it z = 2Xxe If he has

aXbaX g) aXb
c ' d
Ex. 77. If he has 13. 21d. X 723 and the answer to be in £, he will

not set the Rule g 06046

, all three together, he will tnvert the Slide, as in

7’” , but attain greater certainty by
A 14°5d. x
educin ntally the s. d. to pence, and setti .
redu g me y pence, and setting it B 210 93
Al but

350
= " he will _—
If he has z GR e will not set the Rule B61E3 370

HO, as in Ex. 58}. If in such an Example as 126, the
price of the Stock is constant (say 90§), and the amount to be pur-
A 725 Stock X 100

chased varies, he will set the Rule If the

B8  Ztopy
price of the Stock varies, and the amount to be paid is constant (say
buy £4000 Stock at 903, 90§, 913), he sets the Rule

A 4000

B 8 723 725 759’
and finds £3615, £3625, and £3645 respectively, on . If he hag
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2
z = (g) - 8, he, knowing that 125 is the Reciprocal of 8, trans-

172 X 125
32

he has (as is very common in Solid Mensuration) z =

poses it to z = ,and finds » = 4014, as in Ex. 256. If

axb and

’

must work it on the two lines C D only, he finds +/c = R, and brings

2 X b,asm(I)p 91. If hehasz = a_;({c’
and must work it on the two lines C D only, he finds /¢ = R, and

., o in Ex. 256. Ifhe hasz = \/“ Xe

transposes it to z = e X

d?
and must use the lines C D only, he finds /¢ = R, and transposes it

Ja x JR
——ib———ns in Ex. 257.
If he has z = 12 X 4/7 X 9, he sees at once that 12 = 144, and

7 x 9 = 63, and adapts it to the Slide Rule as z = A/144 X 63, as
in Ex. 258. If he has z = } /169, he sees at once that 4? being

16, it may be set a8 7 = \/169, as in Ex. 251. If he has
z = 175 X /15 X 14'2, he, knowing that the Reciprocal of 15 is

tox =

‘0666, sets it as & = 175 X V142 o Ee 957, I he has
/0666

z = :-:, and no line of Cubes (E p. 115) on his Rule, he at once sets it

a8z = a d, as in Ex. 259.

If he has # = 4/m? — 07 he sees at once that he can better work it

out as z = A/(m + 0) X (m — o), as in Ex. 277, and as in the
Formula, p. 155, for Circular Rings.

The Slide Rule is very useful when we have such equivalents given,
as 1 metre = 3-281 feet ; or 1 cubic foot = 6232 gallons ; or diameter
1 = circumference = 3'1416. In such cases the Slide Rule becomes
a “ Table ” of Equivalents, as in pages 73, 76, 123, with the lines A
and B, Then again, with the line D. For example, if the area of a
circle is equal to 7854 times the square of its diameter, the Rule set
as C 7854 43 Area

D1 7°4 Diam,

, gives a “Table” of areas and diameters
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as in pages 148, 149, 167. These “ Tabular ” Formulee are often better
than many pages of “Tables,” because they give the equivalents for
any number or fraction of a number. For instance a Table may give
the diameter for an area of 159, but not for 16'5 ; whereas by the
Slide Rule set as in page 148, g—,‘;g——-ﬁi?h, one is as easy as the
other.

Preparation of Formule.

A little practice in preparing the more simple Formule adapted to
the Slide Rule, wxll soon show the learner how to prepare others for
himself.

" Ex. 1.—Wanted a Formula to show how many square feet there are
of a material whose length is given in yards, and hreadth in inches.
(IXx36)xb_Ixb

H fbo. = .

ere sq. T2 2 So we get
A Inches wide Square feet
B 4 Yards long

This also serves the purpose if the area and length in yards are given
and we want the breadth in inches. (XXI. p. 74, and Ex. 225.)

Ex. 2.—Wanted a Formula for “ £ per year” = “shillings for any
number of days.”

Here shillings = £ % 20 X No. of days _ £ X No. of days

365 1825 ’
R or A £ Shillings
B 1825 No. of days "’

This is better in many cases than XX. p. 74.

Again, in computing the content of a Cylinder whose height = I,
and diameter = d. The content is by the ordinary formula
S = d? X 1854 X h. Now if we want a Formula for the two lines

C and D only, we get first S = @ X (wlnch does for the four lines

12732
A B C D) and thence f} 35 f’ which does for the two lines C and D.

See Formula (a) and (b) p. 167.

DD2
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Again, how is Formnla iv. p. 229 found? The divisor 17-42 is
43560 square feet in an acre
50% ’

Again : The Content of a conical frustum, where A = area at

bottom, and a = area at top, and I = height, is (A+a+~:/;AXa) X l_

Now suppose we have not got either area, but only the greater and
lesser diameters D and d, and we want to avoid the extraction of a
Square Root, we proceed as follows :

NA X a = 4/D? X 7852 X d? X 7854 = D X d X “7854.

= D2 -
Then add 1: = 3 ;<< ;22: These three added
= = (D? + d@* 4 Dd) x ‘7854,

Dxd X 7854
whence we have for the whole Formula
. (D’+d’+Da’)+'7854xl_ (D?4-d*4-Dd) X l;__‘(D1+d’+Dd) x1
3 3+ 7854 3819

as in page 185.

Another useful Example of a Formula, as well as of the inverted
slide, will be found in page 218, under “Timber Measuring.” Here
(4 Girt)® X length

144

only suitable to the fourlines A B C D, is transposed to

the customary Formuls of Content = which is

Girt? X length
483 y

which does not require a “quartering of the Girt,” and can be used
with the lines C and D only ; and both the Customary and the True
content in Cubic feet can be found at once, by inverting the Slide
as under :

q Length in ft. True Customary

D~ Girt in inches 4254 48

So again, in page 219, under “ Weight of Cattle,” where the
weight in both kinds of Stone, and in Cwt., can be found at one
tetting, by tnverting the Slide :

g Stones of 8 1b. St. of 14 Ibs, Cwt. length in ft.
D 1°55 2:05 579  girt in ft.

Formule for Foreign coins, weights, and measures, as compared with
English, may be constructed from a Table previously prepared, giving
the chief equivalents.
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Thus for French weights, &c. if we take the franc at the rate of
25 francs for £1, we have the following :

1 Franc = ‘8sh. 1 Kilogramme = 2:205 lbs av.

1 Franc = 96d. 1 Métre = 10936 yds.

1 Shilling = 125 fr. 1 oz. Avoir. = 93'348 grs.

1 Penny = -1042 11b. Avoir. = 4536 kilogr.
1 yard = ‘9144 inches.

Then, suppose we want a Formula for *“ Francs per Kilogramme ”
to be converted to “ pence per Ib.” (or vice versd).

Here pence per lb.
_ Fr. per kilo. X No. of Ibs. given _ Fr. per kilo. X No. of lbs.
2205 X *1042 22976

which is XLV. of page 76.

So if a Formula is required to convert francs paid for any number
of métres, to “shillings per yard ” (or vice versd).
Here shillings per yard
_ No. of fr. X '8 X 9144 __ No. of fr. X ‘73152
h No. of métres ~ " No. of métres

)

as in XLIII p. 76.

If the rate of exchange is 25} francs for £1 we have :
1 Franc = 7921 sh. 1 Shilling = 12625 fr.
1 Frane = 9505 d. 1 Penny = °1052.

For further details on this head, see ArPENDIX K.
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APPENDIX K.
“ DIVISORS ” AND “GAUGE POINTS.”
[Pages 163, 166, 196, 298.]

Cubic Contents.

In finding the content of Solids, we have generally to multiply
by two of the dimensions given, and to divide the product by
a third number, which is constant for certain figures, and is called
a “ Divisor.” [Its Square Root is a Gauge Point (see p. 310)].

For instance, in a PARALLELOPIPED,—if the length I is given in
feet, and the breadth b, and depth d, in inches,—and the content
bxd x (Ix12

) . But as,
in similar cases, the numbers 12 and 1728 are constant, they can be
(b xd x1*

144
“ Divisor,” whenever b and d are given in inches, and ! in feet, and the
content required in Cubic feet. See page 165, and Ex. 371.

required in Cubic feet ;—we have z =

combined, and the Formula becomes Here 144 is the

So 'again in a CYLINDER, if the length [ is given in feet, and the
circuinference ¢ in inches,—and the content required in Cubic feet ;
¢z X 0796 x (I X 12) 1728

1728 ‘0796 X 12
2 .
= %—;— Here 18095 is the “Divisor” for similar cases. See
page 172. and Ex. 383..

—we have z = ,or @2 X i+

* Where b and d are equal, as in many cases in Squared timber, Square

. s e ¥ x1i
iron, &c., we have content in Cubic feet = i
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Contents in Gallons, Bushels, &c. (Page 196.)

If in a CrLINDER whose length [ is given in feet, and diameter d
in inches, we require the content in Imperial Gallons of 277:274 cubic
inches ; we have d® X 7854 X (/ X 12) = the content in cubic
. - ds x ‘7854 x (I X 12)

; and this divided by 277-274
inches ; an is divided by 277-274, or PTETAT
gives the content in gallons. But the above may be reduced (since

b

277274
7854, 12 277274 -
7854, 12, and 277274 are constant) to d* X I 854 X 12
2——9.:15. Here 29419 is the “Divisor” for Gallons, in Cylinders

whose lengths are given in feet, and diameters in inches.

Lbs. weight of Metal, &ec."

277274 cubic inches of water weigh 11b, If then we know the
number of cubic inches in a mass of metal, &c., that number of cubic
inches divided by 27724, gives the weight in Ibs. of an equal bulk of
water. This weight multiplied by the specific gravity of the metal,
&c., gives its weight in lbs.

For instance, in a Cylinder of cast iron (Sp. Gr. = 7'207) whose
length in feet I, and the diameter in inches d, are given.
(1) d? X 7854 X I X 12 = Cubic inches.

d? x 7854 x I X 12
277274

d2 X 7854 X I X 12 X 7:207
277274

(IL)

= lbs. weight of water.

(I1L.) Ibs. weight of cast iron.

* To find the pounds weight of Water ; use the same Divisors as for
¢¢ Gallous ” (see page 196), and multiply the result by 10 ; for 1 Gallon of
water weighs 10 lbs, Avoir.
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But as ‘7854, 12, 277274, and 7207 are constant for cast iron
cylinders whose dimensions are given as above, we have d?> X I
- (g]ﬂi = 7'207) or @ x l, where 4082 is the ¢ Divisor,”

7854 X 12 ‘4082
as seen in page 196. In this way the Tables in page 196 have been
computed ; but the Divisor might also be found from the weight of
a Cubic foot of water, viz. 62'321 lbs., as follows :

d? X ‘7854 X (I X 12)
1728

= Content in Cubic feet.

@2 X 1854 x (I X 12) X 69321 _ Weight in Ibs. of water.
1728

TR 798 o858 Weight in

1bs. of cast iron.

APPENDIX L.
GavgEe-PoinTs.

The term “ Gange-point ” is well known to oll' who use the Slide
Rule. It is in fact a constant Divisor ; but the term “ Divisor” is
generally used in cases where the two lines A and B, or the four lines
A, B, C, D are used together ; whereas the term “ Gauge-point” is
limited to a constant on the line D, when that line is used with C only.
Gauge-points are, in fact, the Square Roots of Divisors, and thus become
useful where the line D is used with C only. In the lower part of
page 166, we have 1:2732, 12'566 as * Divisors,” where the four lines
are used, and their Square Roots 1:128, 3'545 (in p. 167) as “ Gauge-
points,” when two lines only are to be used. In p. 94 we see that
;L)iz,(—é is suitable for the four lines, whilst its eqnivalent __a’_)fi

ivisor (y/Divisor)?
is suitable when two lines, C, D, only, are used.
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The Gauge-point of a Cylinder, where its measurements are in
inches, is the diameter, in inches, of a Cylinder one inch high, capable
of containing one of the Measure specified. Thus 1879 is the well-
known Gauge-point for Gallons (Ex. 475), becavse a Cylinder one inch
deep, but 18'79 inches diameter, is just capable of helding one
gallon.

To coMpUTE DivisoRS AND (GAUGE-POINTS.

As Gauge-points are simply (as stated in page 310) the Square
Roots of the Divisors, it will only be necessary to show the modus
operandi of finding Divisors.

Parallelopipeds (p. 163).

Here, 1728 being the number of Cubic inches in a Cubic foot, we
have 144 = 1138 ; and ‘0833 = {5. (In Col. IV. are their Square
Roots, or Gauge-points.)

Cylinders (p. 166).

-Here 1:2732 is the reciprocal of -7354, and 12:566 is the reciprocal
of ‘0796 : the content of a Cylinder whose measurements are given all
in inches, or all in feet, being d2 X ‘7854 X h, or ¢ X 0796 X h.
The Square Roots of 12732, and 0796, are the Gauge-points 1-128
(check number 3:568) and 3545 (check number 11°21), as shown in
the Formula on p. 167.

But when measurements of Cylinders are gwen, the length in feet,
and diameter, or circumference, in tnches, as in p.-170, we have first
d: X 7854 X (I X 12)

1is

the “ Divisor ” 18335, thus obtained. Content =
_ M xl

15535 fitted for the use of the four lines A, B, C, D, or content
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_ X 0796 X (I x12) _ ¢ X!

1728 18095
for the two lines’ use, we have 4/183'35 = 13-54 and /18096 = 42-54.
(See Formula g, p. 170, and the Note following Ex. 436.)

, also fitted for the four lines ; and

Spheres (p. 173).

Here the “ Divisor” 1-909, is the reciprocal of ‘5236, and its Square
Root or 1'582, is the Gauge-point. (Content of a Sphere = d* X *5236.)

L1Quip or GRAIN MEASURES.

N.B.—If weight in I ater is required, find the “ Gallons,” and
multiply by 10.

For “Bushels” use 22182% instead of 277'274, or multiply the
“Gallon” Divisors by 8. For “Quarts” use 69'318 instead of
277:274, or multiply the “ Gallon ” Divisors by 4.

Gallons (p- 196).

There are 277:274* Cubic inches, and 35306 Cylindrical inches, in
1 Gallon ; and 1728 Cubic inches in a Cubic foot. Whence

Parallelopipeds. F.E.F. 1606 = 27 %1% F.L1 23106 = 2172
: e 277274
Cylinders. F.I. 29419 = 854 X 12"
277274

. 30645 = 2021
Spheres. 30645 = ;36 % 1728

* In the Excise Slide Rules there is a brass pin mark at 277274 on the
line D, with IM : G (Imperial Gallons), and another at 2218°2 marked
1M : B (Imperial Bushels). There is also a mark M S (Malt Square) at
471, as in Table, p. 196. This is the gauge-point for Bushels, where the
measurements of a Rectangular vessel are in inches.
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To find the Divisors, as in p. 208.

313

The weight in pounds being required, we start with 277274, since
277274 cubic inches of water weigh 11b. The “constants” 7854,
0796 for Cylinders, and ‘5236, 0169 for Spheres, have been before

referred to, in connection with Solid Mensuration.

The specific gravity of the material is supposed to be known. In
the case of “Cast Iron” it is 7207 ; and it will be sufficient to show
how the Divisors, Gauge-points, and Check-numbers (p. 90) of the
Table in page 208, are found for that metal,

PARALLELOPIPEDS.
F.F. F.

F.LIL

L LL

CYLINDERS.

F.1
circef.
IL L

277274
1728
27-7274
12
277274
1

( 277274
) fF I Twix
: *ll 1 277274

7854

277274
*7 0796 X 12
277274
*0796

== 7207

-+ 7207

=+ 7207

=+ 7207 =

=+ 7207

-+ 7207

=+ 7207 =

*016046
7-207
23106
7207
27-7274
7207

29419
7:207

363036
7:207

29036
7207
34843
7207

¢ Divisors.”
= '00223.
= 3206,

= 3'847.

*4083.

= 4'898.

4029,

As has been stated before, if we get thé “ Divisors ” we can get the
% Gauge-points ;” for they are the Square Roots of the “ Divisors.”
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“Divisors.”

Srnnl,ms' 277974 . 030645 oot
’ 5236 ; ar T T

ciref, .F° - %ﬁ + 7207 = %(?2 = -1319.

LL e T = o5 =278

A “Divisor” (and thence its Square Root or Gauge-point) may also
be found by the direct but more lengthy process shown in p. 309,

In Slide Rule “ Tables,” these Divisors are often worked out from
doubtful Specific Gravities, To know what Specific Gravity has been
used,* refer to N.B. page 209, and Remarks in p. 213. For instance,
under L. I. 1. Brass, we sometimes find 3:390 (Table in p. 208, shows
3-302). The Specific Gravity used is therefore 22_‘32974 = 818. So
if we find 3'878 for Cast Iron, the Specific Gravity assumed is 7-15.

The Slide Rule may be made very useful in checking the *Di-
visors,” when computing Tables like the above. . We have only
to set 1 on B, under the Specific Gravity on A, and under ‘016046,
2:3106, &c., to find the ““ Divisors ” for the whole horizontal line.

Parallelopipeds. Cylinders. Spheres.

A Spec. Gr. 01605 2:81 2778 294 358 201 348 03064 5206 95 1642
B 1 FRFERFRILLLLLFL LL FLLL FIL LL FPLLL

- * In some Tables *‘ Gauge-points " only are given, In this case square
them, and they become ¢ Divpx:ors.” ¥ gven "
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APPENDIX M.

WEIGHTS and MEASURES (ENGLISH and FOREIGN).

LINEAR.
Inches.
12 = 1 foot
36 = 3feet = 1yard

198 = 165 feet = 55 yards = 1 pole
7920 = 660 feet = 220 yards = 40 poles = 1 furlong
63360 = 5280 feet = 1760 yards = 320 poles = 8 furlongs = 1 mile.

The Surveyor’s “ Chain” consists of 100 links, of 792 inches each,
or a total of 22 yards or 66 feet. 80 chains = 1 mile. The “line”
used by opticians is 5 inch.

A “Fathom” is 6 feet, and 100 fathoms or 200 yards is a  cable’s
length,” (sometimes reckoned 120 fathoms). The French Brasse”
or fathom is ‘888 English, or 5:33 feet. The Spanish “Braza” =
927 fathom. The Dutch “ Palm ” = 10547 fathoms.

The Military “ Pace” = 2} feet. A “Hand” for horses = 4 inches.
A “Span” = 9 inches. A “Cubit” = 18 inches.

The Degrees of LATITUDE are not all of the same length (though
nearly so), owing to the spheroidal form of the earth. The 1st degree
from the Equator is 69:05 statute miles ; and at the Pole it is 69°41
miles.

In Lat. 52° (London), & degree of Latitude is 365060 feet = 69-14
statute miles. In Lat. 56° (Edinburgh) it is 365308 feet = 69187
statute miles.

The Geographical mile is 4% of a Geographical degree. The
Equatorial circumference of the earth being 24900 statute miles,
sdo of this is a Geographical degree, or 365200 feet = 69167 statute
miles, The Geographical mile is therefore 345328 = 6086 6 feet, or
1'153 statute miles.
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The Nautical mile, or “Knot,” is in fact the Geographical mile,
though, for convenience, seamen consider it 6080 feet. For all practical
purposes it may be considered as exceeding a statute mile as 23
exceeds 20. '

"Phe Degrees of LoNGITUDE vary considerably in length, owing to the
meridians converging to the Pole. As shown above, a degree of
Longitude at the Equator is 60 Geographical, or 69°167 statute miles,
whereas in Lat. 52° it is 37 Geographical, or 42'6 statute miles. In
Lat. 60°, it is 30 Geographical, or one half its length at the Equator.

The Equatorial diameter of the Earth is 79257 miles ; and its
Polar diameter is 78992 miles : being a difference of 264 miles.

A Scotch mile is 1977 yards = 1123 statute miles.
An Irish mile is 2242 yards = 1:273 statute miles.

The Russian verst is 1167 yards, or ‘663 English miles ; the Spanish
league 7416 yards; the Prussian mile 8237 ; the German -“long”
mile = 10126 ; the German “short” mile = 6859 ; the Italian 1467 ;
the French kilométre = 1093'63 yards, or 6'2138 statute miles.

CrLoTH MEASURE.

2} inches = 1 nail. 4 nails = 1 quarter (of a yard,) or 9 inches.
1 foot = 5} nails. A Dutch or Flemish ell = 27 inches. A Scotch
ell = 37 inches. An English ell = 45 inches. A French “ aune”
= 47 inches. An Aystrian ell = 30§ inches.

SuPERFICIAL MEASURE.

Sq. inches.
144= 1 sq. ft.
1296= 98q. ft.= 1 sq.yd.

39204 = 272} sq. ft.= 30} sq. yds.= 1 perch or pole.
1568160=10890 sq. ft.=12310 8q. yds.= 40 perches= 1 raod.
6272640 =43560 sq. ft. =4840 sq. yds.=160 perches=40 rds.=1 acre.

A square mile contains 640 acres.
An acre is 10 square chains, or 10 chains long and ] chain wide.
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Sq. ft. Sq. in.
3sq. yard. = 2 ,, 36. = 2} sq. feet.
4sq. yard. = 4 ,, 72 = 4} sq. feet.
{4 sq. yard. = 6 ,, 108. = 6} sq. feet.

The Dutch morgen is 211 acres : generally reckoned 2 acres.

SoLip.

1728 cubic inches. = 1 cubic foot,
46656 cubic inches or 27 cubic feet = 1 cubic yard.

A cubic foot contains 6232 gallons of water, weighing 62:32 1lbs.
Avoir.

FLuip MEASURE.

Cubic inches.
60 minims (M) = 1 drachm = 2166
8 drachms = 11l ounce = 1733
20 ounces = 1 pint = 34659
2 pints =1lquart = 69318

8 ounces = 1gallon = 277274

1 fluid ounce of distilled water, at 62°, weighs 1 oz Avoir. ; and
1 pint weighs 1} Ibs. Avoir. A cubic foot of water weighs 997137 oz.
Avoir., or 623211 lbs,

The ord1m.ry (so-called) Quart bottle is only § of a quart, or 1} pint.
It is usual to reckon therefore 6 such bottles to an imperial gallon,
which would give to each bottle 264 fluid ounces, or 46'213 cubic
inches. The mean of several trials (filled to the cork) gave 2734 fluid
ounces, or 47°66 cubic inches.

In old medicine books, we have as follows : 1 tea-spoon = 1 dmm
1 dessert-spoon = 3 drams. 1 table-spoon = 5 drams. 3 table-spoons
or 5 dessert-spoons = 1 wine-glass = 15 drams, or nearly 2 fluid oz.
A tumbler = 8 oz

xR2
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MEAsSURES OF CAPACITT.

Cubic inches. A gill is } pint.

34'659= 1 pt. Pecks, bushels, and quarters
69'318= 2pts.= 1 qt. aro / Grain® messares
277274= 8pts.= 4qts.= 1gall
564'548= 16 pts.= 8 qts.= 2 galls.= 1 pk.
921819 = 64 pts.= 32qts.= 8 galls.= 4 pks.=1 bushel.
1774565 =512 pts. =250 qts. =64 galls. =32 pks.=8 bush.=1 qr.

WINE. BEER,
Galls. Imp. galls. Galls. Imp. galls.
1 anker = 10= 833 1 firkin = 9= 0915
1 rundlet = 18 = 1500 1 kilderkin = 18 = 1831
1 tierce = 42 = 3499 lbarrel = 36 = 3662
1 hogshead = 63 = 52'48 1 hogshead = 54 = 5492
1 puncheon = 84 = 6998 (=14 brl)
1pipe = 136 = 10497 1 butt = 108 = 10984
1 tun = 252 = 20994 (=3 brls.)

The above Tables far Wine and Beer were framed with reference
to the old Wine Gallon of 231 cubic inches, and old Ale Gallon of
282 cubic inches. The old Wine Quart was 57-75 cubic inches, (see
F¥ormula IX. p. 73), and the old"Ale Quart was 705 cubic inches.*

In Corn Measure, the Winchester hushel was 2150°42 cubic inches,
and b of it, or Gallon, was 2688 cubic inches (Formula VIII, p- 73).
The keaped Bushel was 2815 cubic inches, or 27 per cent. greater than
the present imperial : but heaped measure was abolished by Act. 5
& 6 William IV.

A Sack of Corn = 3 bushels ; and 40 bushels to 8 load. In some
places the Coomb is 4 bushels.

In Sgotland, the Standard pint, or “ Stirling jug” = 3 imperial
pints. The “Firlot” was 4 pecks, and 4 firlots = 1 boll : but the
firlot for wheat, beans, peas, rye, and salt, differed from that for
ba.rley, oats, and malt : the former being ‘998 imperial bushels, and
the latter 1°456 imperial bushels.

* Bee farther on, under Wines.
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A bushel of best wheat should weigh 63 Ibs.* rice 644 lbs., cats
40 1bs, barley 55 1bs., peas 65 lbs., beans 63 Ibs. 6 bushels of wheat
should produce a sack of flour sufficient for 100 quartern loaves of
4 1b. each.

At the Cape of Good Hope, a “muid” or 4 schepels of corn =
3 imperial bushels.

Wines.

A Pipe of Port i about 114 imperial gallons, and turns out about
56 doz. bottles. The } Butt, or Hogshead, of Sherry is about
53 imperial gallons, and turns out about 26 dozen bottles ; the
1 Cask or Octave, 13 dozen. :

A Puncheon of Rum contains 72 to 80 imperial gallons. A Pipe
of Madeira, or Cape, about 92 imperial gallons. A Cask or “ Bar-
rique ¥ of Claret, about 47 gallons, and turns out about 224 dozen
English bottles. The Cape ‘ Leaguer ” is 126 imperial gallons, and
the “ Aum” is } Leaguer, or 31} imperial gallons. A Tun of fish oil
is 252 gallons, or 4 hogsheads of 63 gallons. A Tun of seed oil is
216 gallons, or 4 hogsheads of 54 gallons. 1 Butt of whale oil =
330 imperial gallons,

Flour.

Is sometimes sold by measure, but generally by weight. The Peck
or 2 gallons = 1 stone of 14 lbs. ; and 4 pecks or 56 lbs. = 1 bushel ;
also 6 bushels or 280 1bs., or 2} cwt. to a sack. The Boll is  a sack,
and the Barrel 196 1bs. The Quartern is 4 a gallon, or 3} lbs,, or } of
a stone.

Coals.

The Act. 5 & 6 William IV. cap. 63 (9th Sept. 1835) obliges
coals to be sold by weight. (In London, the ton is 10 sacks of 224 lbs.
each). Formerly, coals were sold by the chaldron of 36 Winchester
bushels, or 12 sacks. A local Act of 1831 had previously fixed the
weight of a chaldron at 254 cwt.

* Wheat is sometimes sold at 36 stones, or 504 1bs., the quarter. This
gives 63 lbs. per bushel.



320 HAND-BOOK OF THE SLIDL R

Troy WEIGHT.
Grains
24 = 1 dwt. \
480 = 20 dwts. = 1 oz.
5760 = 240 dwts. = 12 0z. = 11b.
(Carat for diamonds, 3} grains.)

APOTHECARIRS’ WEIGHT.

Grains
20 = 1 scruple ()
60 = 3acrs. = 1 dram. (3)

480 = 24scrs. = 8drs. = 1oz (3)

ULE.

The 1b. and oz.
are exactly the same
\both- in Troy and
" Apothecaries’ weight.
But the oz. is divided
differently.

5760 — 288 sars, = 96 drs. = 12 0z. — 1 Ib. /

Avoirourols WEIGHT.

Grains
27k or | _
734375 } = ldom
4375 = 16dr.= 1loz
7000 = 256dr.= 160z.= 11b.

19600 = 7168dr.= 4480z.= 28lb.=
784000 =28672dr.=1792 0z.= 1121b.=

1qr.
4qr.= 1lcwt.

35840 0z.=2240 1b.=80 qr.=20 cwt. =1 ton.

N.B. The Avoirdupois lb. is 7000 grains, whilst the Troy Ib. is
5760 grains, or 65 lbs. Avoirdupois = 79 Ibs. Troy. But the Avoir-

dupois oz. is only 437} grains, whilst the Troy

79 oz. Avoirdupois = 72 oz. Troy (pp. 72, 73).
The “Stone” is 14 Ilbs. Avoirdupois, but

generally 8 lbs. A stone cf hay is 22 lbs. ;

oz. is 480 grains, or

a Stone of meat is
of glass, 5 lba. The

Dutch 918 Ibs. = 100 lbs. English ; 1 Dutch 1b. = 1-089 English.

WooL,

7lbs. = 1 clove ‘Woolstaplers often allow 30 Ibe.
14Ibs. = 1 stone to a tod.
281bs, = 2stones =1tod. | A bale of East India cotton
13 stones = 152 1bs. =1 wey. )varies from 320 to 360 Ilbes. ;

2 weys = 3641bs = 1sack. | Egyptian 180 to 280 Ibs.; Virginia
12 sacks = 1 last, orload ;also | 300 to 310 ; New Orleans 400 to

240 lbs. = 1 pack. 500.
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Hay AND Straw.
Straw. 36 Ibs. = 1 truss. 36 trusses = 1 load (11571 cwt.)

Hay 60 lbs. = 1 truss new hay. 36 trusses =11load (19286 cwt.)
" 1 56 Ibs. =1 truss old hay. 36 trusses = 1 load (18 cwt.)

A “stone” of hay is 22 Ibs. New hay weighs about 6 stones per
eubic yard, or 17 cubic yards to a ton. Old hay weighs about
10 stones to a cubic yard, or 11'3 cubic feet to a ton.

TiMe.

The “ Solar Year” is 365 days, 5 hrs. 43 min. 49 sec., or 365:2422
days. 1 hour = 3600 seconds. 1 day (of 24 hours) = 1440
minutes, or 86400 seconds. 1° of longitude makes a difference of
4 minutes of time. As shown in p. 315, the degrees of longitude vary,
according to the latitude. In Lat. 52° (N. or 8.) a difference of 42'6
statute miles makes a difference of 4 minutes of time. In Lat. 60°,
34% statute miles make a difference of 4 minutes. In the latitude of
Dublin 41} statute miles make a difference of 4 minutes of time,
Dublin is 6° 20'5’ west of Greenwich; so when it is 5 o’clock in
Dublin it is 5 h, 25 m. 228. at Greenwich. Any Star comes to the
position it occupied in the heavens the night before, 3 m. 559 s.
earlier ; or 3°93 m. in 9 days; or 4 hours sooner in 61 days.

Arc into Time. Time into Are.

Multiply by 4. This turns Reduce all to minutes and
degrees of Arc into minutes of | seconds; and any decimals of
Time ; minutes into seconds; | seconds into 60ths, Then divide
and seconds into 60ths of & | by 4. The answer is in Degrees

second. and parts.
Example, 80° 14’ 195" Example. .
4 2h. 24 m, 46°48. = 144 m. 463§ s.
320 m. 57s. 18-60ths, Divided by 4 = 36° 11" 36"

= 5h. 20m.57}§ s.

L —— ]
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FreNcH “ MEASURES AND WEIGHTS.”

The METRE is the Standard of Length. It is supposed to be a ten-
millionth of a quarter of the distance from the Pole to the Equator.
The English equivalent is 39-3708 inches, or 32809 feet, or 109363
yards (p. 74). The centimétre is 35 of a métre, or -393708 inch, or
304 centimétres = 1 foot. The millimétre is &+ of a métre, or
03937 inch, or 25°4 millimétres to an inch. The kilométre is
*62138 miles, or 109363 yards. The marine league is & of a degree
of the Equator, or 3 English geographical (or nautical) miles (p. 315).

The GrRAMME is the Standard of Weight, being the weight of a
cubic centimétre of water at 3-945° Cent. (or 39-1° Fahr.). According
to the Schedule appended to Act 27 & 28 Vie. cap. 117 (29th July,
1864), it is equivalent to 15°4323487 grains. Also, 1000 grammes =
1 kilogramme = 2:20462146 Ibs. Avoir. ; or 1 1b. Avoir. = 45359265
kilogrammes ; or 1 cwt. = 508023769 kilogrammes (see p. 74).
1 quintal is 100 kilogrammes, or ‘9842 tons. 1 Tonneau = 22046 1be.

The LiTre is the Standard of Capacity. It is that which will
contain 1 kilogramme of water at 3-945° Cent. (391° Fahr.). According
to the Act above referred to, the Litre is 1°76077 imperial pints (see
note, p. 323), or "2209 gallons, or 61027 cubic inches. The Litre is
28 per cent. more than the ordinary quart bottle. :

The Stere or cubic métre = 35-316 cubic feet, or 1:308 cubic
yards. (It is the “kilolitre” of capacity.) The Hectolitre, or 100
litres = 2-7512 imperial bushels.

The ARE is the Standard for Land Measure. It is a square, each
side of which is 1 decamétre (10 métres) long. It is 1196033 square
yards ; or 1 Hectare (100 Ares) = 247115 acres. The Square Kilo-
métre is ‘3861 square miles (see p. 75), or 2471 acres.

According to the * systéme usuel,” which was a kind of compromise
between the “ancient” and “ metrical ” systems, and which was only
pronounced illegal in 1840, the pied was } métre, or 13°1236 inches,
and the pouce 1°0936 inches. The toise was 2 métres, and the aune
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120 centimétres, or 47'245 inches. The livre was 4 a kilogramme,
and the once J5 livre (or 8 gros of 24 grains each) = 482'3 English
grains, The boisseaw 124 litres, or 2§ imperial gallons. The “lieue”
or Post league, was 2000 toises, or 4 kilométres, or ahout 2'48 English
miles,

According to the “ancient” system, previous to 1795, the pied
was 1279 inches; the pouce 1-0658 inches, and the ligne ‘8881
inch, which is the value yet assigned to it by opticians, The
old boisseau was about 286 imp. galls. The arpent d’ordonnance
= 1262 acre; the Paris arpent = ‘84 acre; the common arpent
== 1044 acre. The old “ poids de marc” or livzre = 108 lbs, Avoir.,
and the quintal 108 lbs, The old “minot” of 10736 imp. bushels,
and the arpent of ‘84 acre, are in use in Lower Canada,

Note.—According to the Act of 1824 introducing *‘Imperial”
measures, the Gallon of water weighs 10 lbs. Avoir., whence 176077
pints would weigh 15406-74 grains. But according to the ¥rench law,
a ‘“Litre ” of water weighs one kilogramme, or 15432:35 grains. The
discrepancy is owing to the difference of temperature of the water. The
French temperature of water was at its greatest density, or 389-1°
Fahrenheit : the English, 62° Fahrenheit ; causing a difference in the
weight of a similar bulk of water.

Thermometers.

1. If Centigrade is given, and Fahrenheit wanted. Multiply by 2,
subtract 4y, and to the remainder add 32°. Thus 20° Cent. =
68° Fahr,

2. If Fahrenheit is given, and Centigrade wanted. Subtract 32°,
add 3, halve the sum. Thus 86° Fahr. = 30° Cent.

3. If Réaumur is given, and Fahrenheit wanted. Consider 8° Réaum,
= 50° Fahr.; and for every 4° more of Réaum. add 9° of Fahr.
Thus 20° Réaum. = 77° Fahr,

4. If Fahrenheit is'given, and Réaumur wanted. Subtract 32°, and
multiply the remainder by 4. Thus 68° Fahr. = 16° Réaum.

(See also p. 77.)
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BriTisE CoOINAGE.

The fineness of GoLp, is estimated in carafs, or 24ths. Thus
English “Standard” gold, being that from which our gold coins are
made, is 22 carats fine, or £} ; this gives 1} of pure gold, or what is
called a “touch” of ‘916, being 9,166 parts in 10,000, pure gold.
The carat is subdivided into quarters called grains, Gold of 70 per

24
cent. pure would be 70—1%— = 168 carats, or 16 carats 32 grains.
Assayers rteport from “Standard.” Thus gold 18 carats fine, is
reported 4 W, or 4 carats worse.

Coins.—40 1bs. Troy of “Standard” gold is coined into 1869
sovereigns, which gives the weight of a sovereign = 5 dwts. 3}§3 gre.
or 123'2745 grains ; of which 113-0165 grains pure gold, and 10-258
grains alloy (of copper). It is seen from the above, that 1 oz. Troy
of “Standard” gold is coined into 389375 sovereigns, or 1 oz
“ Standard ” gold is valued at the Mint at £3 17s. 104d. 1 Ib. pure
gold would, at this rate, be worth £509-fy, and 1 oz. = £4 4s. 113d.
The Mint passes all gold coins whose weight does not vary from that
prescribed, more than 12 grains in 1 Ib. Troy, 4.e. ‘20835 per cent. or
‘26 grains in a sovereign: but a sovereign that weighs less than
122} grains (owing to wear or clipping) is not a legal tender. Asto
Jineness, the “ remedy ” or Mint allowance, is } carat grain, so that a
fineness of 213§, or 9146 will pass ; or a difference of “235 per cent., or
£2 17s. in £1000.

The fineness of SILVER is estimated in dwts. (pennyweights) of a
pound Troy, 4.e. in 240ths, “ Standard ” silver is 11 oz. 2 dwts, fine,
or 38, or a “ touch ” of *925. Perfectly pure silver would be reported
18 B, or 18 carats better, being $43. Silver of 9 oz. 14 dwts. fine
would be reported 28 W. or 1 oz. 8 dwts. ; or 28 dwts. worse than
“ Standard ” coins. 1 Ib. Troy of “ Standard” silver is coined into
66 shillings, making the weight of a shilling 87-27, or 874 grains ; of
which 80 (or 80"’7é) are pure silver, and 6% (or 6:546) copper ; or
37 parts of pure silver, with 3 of copper.

.
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Silver coin passes at the Mint if within the weight “remedy” of
3o of the standard weight, or % of a grain in a shilling. The
“remedy ” allowed for fineness is 1 dwt. in 1 lb. Troy, so that Silver
I. W. or fineness 233 = 921 is passed.

1 Ib. of Gold coin = 142878 of Silver as coin. Standard gold
coin is worth about 19 per grain: if quite pure without alloy, 2:1d.
per grain. Silver, as coin, is worth about 7% grains for a penny : as
bullion, its value varies ; at 50d. per oz standard silver would be
worth 9°6 grains for a penny. )

Hs. worth of newly coined silver weighs 1% grains less than 1 oz.
Avoir. ; and 80 shillings weigh 18 grains less than 1 Ib. Avoir.

In the bronze coinage (consisting of 95 copper + 4 tin -+ 1 zinc),
1 1b. Avoir. is coined into 48 pence ; or 3 pence to 1 oz. Avoir.

Silver coins are a legal tender up to 40s. Pence are a legal tender
up to 1s. : halfpence to 6d.

Silver Plate.

It must be of the same fineness as Standard silver. The “ marks”
are as follows: I. *4 lion passant, certifying its correct fineness.
IL. +A4 leopard’s head crowned, or * Hall mark,” showing where it
was assayed. III. The letter, showing the year of its manufacture.
IV. {The Sovereign’s head, showing that the duty has been paid.

N.B. The Date mark or “Letter,” runs in series of 20 years from
letter “a” to “u,” both inclusive,—“i” and “j” being considered
as one letter. Beginning at 1756 “a” (small Roman letters).—1776
begins with “a” (old English).—1796 with “ A ” (Roman capitals).—
1816 with “a” (small Roman).—1836 with “a” (old English).—1856
with “ @” (old- English capitals).—1876 with “ A ” (Roman capitals).
Thus “ m” is the 12th letter, and is either 1788 or 1848. “M ” would
be 1808. “k” = 1825,

* The Standard mark in Edinburgh, is a thistle. In Dublin a harp
crowned. For gold, this mark is everywhere a crown with the carat’s
fineness under it.

+ The ¢ Hall mark ” in Edinburgh is a castle. In Dublin, a figure of
Hibernia.

1 The ¢ Duty mark” is not required for watch cases.
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FreExcH COINAGE.

The old money of account was the livre Tournois, the value of
which was a trifle less than the present franc (81 livres = 80 francs).
It was subdivided into 20 sous, and each sou into 4 liards. The ‘écu
was 3 livres, and the louis d’or was 24 livres.

The present Money of account is the Franc, subdivided into 100
centimes. The copper 5 centime piece is commonly called a sou, and
is worth very nearly 4d. English.

The franc weighs 5 grammes (or 77:165 English’grains), of which
25 or 6945 English grains are pure silver. The Gold coin is the
Napoleon of 20 francs, weighing 6'4516 grammes (or 99'54 Englist
grains), of which % are pure gold. The standard fineness of both
gold and silver, is % pure or ‘900 ; so that an English assayer would
report the gold at 21 carats, 24 grains; or O carats, 1'6 grains W.
The silver he would report 216 dwts., or 10 oz. 16 dwts.; or 6 W,

A kilogramme of gold at French standard +f pure, is coined into
pieces equivalent to 3100 francs. English standard gold is $}. There-
fore % : 43 :: 3100 : 315740 francs to a kilogramme of English
standard, or £1 = 2522 francs. But when a kilogramme of gold of
French standard, is brought to their Mint, the Government keep back
a “retenue” of 67 francs, for “ seigniorage,” and return the merchant
3093-3 francs. Therefore % : 34 :: 30933 : 315056 francs to a kilo-
gramme of English standard, or £1 = 25°16 francs at Commercial
par. The calculation is as follows : the data given being 20s. = £1 ;
77:875s. = 1 oz. Troy. English standard gold.—1 oz. Troy = 31°1
grammes. 1000 grammes of English standard gold == 315058 francs.
20 X 1 x 31'1 X 3150'56

77815 x 1 x 1000 = 2016 francs.

INDIAN CoOINAGE.

Indian Act XVII of 1835 enacted that there should be hence-
forward only one kind of Rupee, to be called the “ Company’s rupee.”
The same coin, but with the Queen’s head on it is now current. The
weight was fixed at 180 grains, of which }J, or 9} per cent. are
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pure silver. Its value as bullion, taking silver of English standard to

165 :
be worth 50d. per Troy ounce, would be 166 X %0 18'58d.

444
(See below).

Accounts are kept in rupees, annas, and pies; and 12 pies =
T anna; 16 annas = 1 rupee. A pie is less than 4 penny. The
silver coins are the rupee, the 4 R., the } R. (or 4 annas), and the
3 R. or double anna. The copper coins are pieces of 1 pie, 3 pies
(1 anna, or called in Bengal pysa), and 6 pies (or 4 anna.) The gold
coin is the gold mohur or 15 rupee piece. It weighs the same as
the rupee, i.e. 180 grains, and has the same fineness, 4.e. 1} or *91667.
Silver is the only legal tender in India, and gold coin is seldom seen.
Indian silver coin, being 1} or %%3, would by English assay be
2 dwts. Worse. (English standard being £%%, p. 325.) Gold coin
has the same fineness as English. The old “Sicca” rupee formerly
in use in Calcutta weighed 192 grains, of which 11 or 176 grains
were pure silver. 100 Siccas are considered = 1064 Company s
rupees. Till 1835, the Bengal gold mohur (which weighed 20471

grains, of }} fineness, or 18765 pure gold) was a legal tender for
16 Rs.

Valuation of Foreign Silver Coins.

One ounce Troy of English standard silver, contains 444 grains of
pure silver.

Let w = weight in grains of pure silver* in any foreign coin : and
let d = number of pence per Troy oz. at which English standard
silver is valued as bullion.

Then to find the pence value of the foreign silver coin, as bullion :
wXd

The Indian Rupee weighs 180 grains, of which 165 are

pure silver. Suppose the price of standard silver to be 55d. per Troy

1656 X 65

oz. Then (solved as in Ex. 37) gives 20°44d. the value

of the Rupee as bullion.

* If the weight of a coin is known, and its ‘‘fineness,” multiply one
hy the other, and we have the weight of pure metal in it.
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APPENDIX N.
F1GURES ENGRAVED ON THE Back oF THE RULE.

1t is useful, as a help to the memory, to write on a slip of paper and
paste on the back of the Rule—or to engrave on it,—such formule
as the person who uses the Rule is 1most likely to want, such as :

(@) (c) from page 167. (f) and (g) from page 170. That given in
Ex. 476. Divisor F. L. I. gallons, page 196. Formule XXIV. and
XXVI. page 74, XXIX. page 75. Formule I. and III. page 148, and
X. page 149, &e.  Also “27-73 : Sp. Gr. :: cub. inches : lbs.,” (where if

any three terms are given, the fourth may be found. as in N.B. p. 14,)
&e. &e.

Woollgar’s Pocket Calculator.

This Rule, which from its size (6 or 8 inches) is very handy, does
not seem to be made now.

By an ingenious arrangement (continuing as it were the A line to
the line on the lower stock generally marked D), a siz-inch Rule, has
its divisions as wide as the ordinary twelve-inch Rule. On the back
of the Slide, is a line C, which when set over the line on the lower
stock, makes the latter a D or “girt ” line. The defect is, that the
Rule cannot solve Exs. such as 259, 260, 261, 262, as the D line can
only be used with C. The construction of this Rule is explained with
the third figure in the article “Slide Rule,” Knight’s Encyclopedia.
[Arts and Sciences.] The circular Slide Rules mentioned in that
Article, have (besides their being of so awkward a shape to carry) the
great defect of not being able to 4nvert the Slide. This inversion is
often of the greatest use. See pages 25, 34, 111, 113, b d p. 167, &c.

Messrs. ELLior (449 Strand) have also a “ Double” Slide Rule,
with a T'rigonometrical Slide, arranged by the Author of this Work,
who hopes soon to-bring out a small Treatise on its use.

W. H. B.l{
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