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EDITORIAL NOTE

THE DirecTLY-USEFUL TECHNICAL SERIES requires a few words
by way of introduction. Technical books of the past have arranged
themselves largely under two sections: the Theoretical and the
Practical. Theoretical books have been written more for the train-
ing of college students than for the supply of information to men
in practice, and have been greatly filled with problems of an academic
character. Practical books have often sought the other extreme,
omitting the scientific basis upon which all good practice is built,
whether discernible or not. The present series is intended to
occupy a midway position. The information, the problems, and
the exercises are to be of a directly useful character, but must at
the same time be wedded to that proper amount of scientific ex-
planation which alone will satisfy the inquiring mind. We shall
thus appeal to all technical people throughout the land, cither
students or those in actual practice.

Tur LEpiTOR.






AUTHOR’S PREFACE

THE following work is an endeavour to treat the elementary
portions of what is usually called ‘‘ Practical Mathematics ”’ in a
thorough and practical manner, suitable for elementary students
of technical schools and for home study. Although a great many
books on the same subject already exist, the Author has been unable
to find one dealing with the necessary matter in sufficient detail
and with a sufficient amount of engineering application to meet
the needs of his own students. For private study, too, he is of
the opinion that the existing text-books treat the elementary
matter in a manner too cursory to really fulfil their object. The
treatment in the following pages, therefore, has been developed
from his own lecture notes and class instruction on the subject,
and numerous diagrams have been introduced to assist in making
the work clear.

Many will think, no doubt, that the title * Arithmetic for
Engineers ”’ is not sufficiently comprehensive for the matter con-
tained, but it was found impossible to frame a short original title
to adequately describe the contents. An examination of the
examples and exercises should show that the whole of the matter
is directly wuseful; all purely academic work such as Highest
Common Factor, Recurring Decimals and the like being discarded.
Wherever possible the examples are fruly practical, 4. e., are problems
actually met with in the Drawing Office, Workshop and Laboratory,
while the data are of correct dimensions. Such examples should
stimulate the reader’s interest in the mathematical work and show
the applications of the principles to practice; at the same time
a little general engineering knowledge will be gained. Even at
the risk of becoming verbose, all matter is treated at length, every
principle being followed by worked gxamples. Where slight varia-
tions of the problem may cause difficulty to the beginner, or where
special precautions have to be observed on certain points, several
illustrative examples are given. A case in point is that of the
extraction of a square root on pp. 102 ¢f seq.  For the private student
this is particularly necessary, as lie is often unable to obtain guidance
in working a new problem which presents features slightly difterent
from those in the example worked to illustrate the principle.

Stress has been laid, in Chap. II, on#limiting the number of
figures to be given in a result, as class-room experience shows that
many students will persist in using, and stating in results, far more
figures than are necessary from the practical point of view, where

vil



viii AUTHOR’S PREFACE

an accuracy of I per cent. is often as nitich as is desired. The method
of ‘ approximating for a result ’” shown on pp. 58 ef seq. is, it is
believed, not generally known. In Chap. III positive and negative
quantities, which are of importance in logarithms and higher-work,
are given special attention, as they often present difficulty, to the
beginner. The simple equation is treated very methodically in
Chap. IV, with concrete illustrations of the earlier examples, and
is followed immediately by a similar treatment of the literal simple
equation, which to a beginner often presents great difficulty, even
when he is well able to work a similar numerical example. The
use, only, of logarithms is taken in Chap. VI; it was hoped to add
something of the theory, but space would not permit. The Mensura-
tion in Chaps. VII and VIII may appear rather extensive, but calls
for little knowledge beyond the evaluation of a formula or the
solution of a simple equation. This division of the subject was
framed to be of use for reference in the Drawing Office, in which
direction the tables on pp. 312, 313, 345 and 346 should prove
useful. The “ more exact” formula for the circumference of an
ellipse on p. 260 (due to Boussinesq) is not often seen, but is very
accurate. It is to be feared that many writers repeat the formula
74/2(a% 4 1?) as being more exact than =(a 4 ), when really it
is but little better and has only a very limited range of application.
Chap. IX takes Graphs in an elementary degree, considerable atten-
tion being paid to the details of setting out and finishing off, in
which direction many students fail. The last chapter is devoted
to the Slide Rule, with illustrations of readings and settings, and
the method of instruction was tested while in manuscript form.
The chapter was carefully worked through by a novice, who,
finally, and without other instruction, could use the rule with
case and certainty: these pages should be helpful to the private
student.

It is hoped that teachers of Practical Mathematics will be saved
much research work by the numerous classified practical exercises
throughout the book : answers are given to all these exercises.

To Mr. W. J. LiNneHAM, B.Sc., M.I.C.E., the Author tenders his
sincere thanks for much kindness throughout his career, and also
{)or 1g{enerous assistance and useful criticism in the production of the

ook.

The Author’s gratitude is also tendered to MR. Joun L. BALE
for his generous help with the book in all its stages, from the earliest
research, throughout the manuscript and proof forms to the final
production.

The notification of errors, clerical and otherwise, will be gratefully
appreciated.

Cuarres B. Craruam
Goldsmiths’ College,
New Cross, S.E.,
May, 1976.



PREFACE TO THE THIRD EDITION

IN preparing a third edition of *“ Arithmetic for Enginecrs” a
chapter on Elementary Trigonometry has been added. It is hoped
that this addition, by filling a gap in the original treatment, will
render the book of greater value to Technical Schools, in many of
which a first course of Practical Mathematics includes at least the
elementary conceptions of this branch of the subject. The new
chapter covers little more than the meaning of the important
ratios sine, cosine, and tangent, but is believed to include sufficient
to show how even this small amount can be of great utility to the
practical man in drawing office and workshop. The treatment is
similar to that followed throughout the rest of the book, wviz.,
detailed explanations followed by really practical illustrative
examples and exercises at every step.

The matter on Verniers and Micrometers, originally added as
an Appendix to the Second Edition, has been retained as an
Appendix, as it is rather in the nature of a special application.

It is a matter of deep regret to the Author that, by the death
in 1919 of Mr. W. J. Lineham, founder of the D.U. Scries, he has
been deprived of much valuable assistance and criticism.

The Author wishes to acknowledge with many thanks the
assistance of the various readers who have kindly notified him
as to errors in the first two editions, and he hopes that this useful
assistance will continue in the future.

CHARLEs B. CLAPHAM.

Goldsmiths’ College,
New Cross, S.E.
October, 1922,



PREFACE TO THE FOURTH EDITION

TuEe opportunity has been taken to revise one or two sections
and to add a short account of the finding of logarithms and anti-
logarithms on the slide rule. About fifty ncew exercises have
been added, covering a varicty of details including some simple
applications to wireless and aircraft.

The notification of crrors is gratefully acknowledged; the
Author will always be pleased to receive further information in
this dircction.

CuarrLEs B. CrLaruam.

Finshury Technical College,
Leonard St., E.C. 2.
September, 1925.
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ARITHMETIC FOR ENGINEERS

INTRODUCTORY

Measurement and Units.—From the practical standpoint our
calculations are never concerned with numbers alone, but always
with some propertics of materials or machines: simple, such as
length and weight ; or complicated, such as horse-power and electrical
resistance.  We have always, therefore, to deal with quantities
which have been measured and which, besides a number, will have
a name, such as feet, pounds, etc.

In some of the examples to follow, numbers alone will be used
when the calculations are only for the explanation of a certain
mathematical process. A measured quantity is described as being
so many times larger than some particular “ standard” of refer-
ence. This ‘“standard” is called a unit, a word denoting the
number I, and which for each particular kind of measurement is
given a distinctive name. Thus the unit in the table of weights
is the pound, and in the table of length the yard, and so on. These
units are fixed by law in the case of the more common measure-
anents, such as length, weight, etc., and official samples are pre-
served in Government offices. With more special measurements,
such as velocity, horse-power, etc., the units are fixed by general
consent.

Multiples and Sub-multiples.—It is very seldom that we
find any particular unit suitable for all measurements of a certain
kind. Thus the yard would be very inconvenient when measuring
long distances on the earth’s surface, for our measurements would
come to millions of yards. Such numbers, besides being difficult
to imagine, would render calculation very laborious. Therefore
to make our measurements of long distances consist of a smaller
number we employ a larger wnif which contains an exact number

of standard units. Such *large ” units are called multiples of
t
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the standard. The mile (1760 yards) and the ton (2249 lbs.) are
examples. On the other hand, when measuring very small lengths
(such as the thickness of sheet metal) the yard would be too large
a unit, and therefore small units called sub-muliiples are adépted.
Common examples are the inch, of which 36 make 1 yard, and the
ounce, of which 16 make 1 pound. Taking the more special measure-
ments used by the engineer, the number of multiples and sub-
multiples is small, while in some cases, as with horse-power, only
the standard unit is employed.

Abbreviations, Mathematical Signs and Terms.—In
order to save time and space, and to make our calculations more
easily read, it is customary to use certain signs for phrases which
are constantly occurring in mathematical work. These must be
committed to memory. The more frequent ones are given below;
others will be introduced as required.

= stands for “ equals "’ or “is equal to”’;

+ 5 “plus,” meaning ‘“added to”’;

- ,,» ‘“minus,” meaning ‘‘subtract or take away ’’;
X, , ‘“multiplied by ”’;

=~ , , ‘‘divided by"”;

o ,» ' therefore.”

Thus the statement 3 — 2 4+ 5 = 6 would be read as * three minus
two plus five equals six,” meaning that if 2 is subtracted {rom 3,
and 5 added to what is left, the result equals 6.

Very often a division is not stated with the sign =, but in the
form %%, meaning 24 divided by 8. This form is similar to the
sign =, the dot representing the numbers, and is then often read
as ‘“ twenty-four over eight.”

The following words have mathematical meanings—

Sum is the result of an addition.

Difference is the result of a subtraction.
Product ,, ,, ' ,»  multiplication.
Quotient ,, ,, s ,, division.
Dividend is a number to be divided.

An expression is any mathematical statement containing numbers,
signs, etc.

If several numbers be multiplied together they are said to be
factors of the product.
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Thus since 3 X 4 X 5 = 60, the numbers 3, 4 and 5 are * factors
of 60.” Any number may be split up into factors by knowledge of
the multiplication tables, but it is seldom necessary to find the factors
of large numbers.

Several different factors may be found of the same nmpber. Thus
besides the above factors of 60, we may also have 20 and 3, 30 and 2,
2, 10 and 3, etc. This is because some of these factors can themselves
be split up into factors. Thus 30 X 2 can be written as 6 X 5 X 2,
and so on.

The simplest factors of all are those which cannot themselves
be split up, ¢. g., 2, 3, 5, 7, 11, 13, 17, 19, etc. These are called
“prime factors.””

If a number contains another number exactly (i.e¢., can be
divided exactly by that number), then it must contain the prime
factors of that number. Thus 36 contains 12, 1. e., 36 can be divided
exactly by 12; then 36 contains the prime factors of 12, i.e., 2,
2 and 3, as may be proved by simple division.

Also the following abbreviations will be met with—

i.e. meaning ‘“ that is”’;

e g. ,  ‘““for example”’;

viz. . “namely”’;

approx. ,»  ‘“approximately’ or “very
nearly ”’;

revs. per min. or r.p.m. ,»  ‘‘revolutions per minute " ;

m.p.h. ,»  “miles per hour”’;

h.p. (H.P. also used) ,»  ‘“horse-power.” '

Previous Knowledge.—In the following pages it is assumed
that the reader is acquainted with the four simple rules of arithmetic
—addition, subtraction, multiplication, and division when applied
to whole numbers; and with the simple kinds of measurements,
such as money, length, weight, time, etc.

The tables of these measurements are given below for reference—

Britisu TABLE OF LENGTH

12 inches (ins.) = 1 foot;
3 feet (ft.) = I yard;
5% yards (yds.) = I rod, pole, or perch;

40 poles (po.) = 1 furlong;
8 furlongs (fur.) = 1 mile,
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WEIGHT (Avoirdupois)
16 drams = I ounce (0z.);
16 ounces = 1 pound;
28 pounds (Ibs.) = 1 quarter;
4 quarters (grs.) == 1 hundredweight (cwt.)

20 cwt. = I ton,
also 112 Ibs. = I cwt.}
and 2240 lbs. == I ton.

SQUARE MEASURE
144 square inches (sq. ins.) = 1 square foot;
g square feet (sq. {t.) = I square yard;
30} square yards {sq. yds.) = 1 square pole;

1

40 square poles 1 rood;
4 roods = I acre;
640 acres = I square mile.

CuBIC MEASURE

1728 cubic inches (cu. ins.) = 1 cubic foot ;
2% cubic feet (cu. ft.) = I cubic yard.

MEASURE OF CAPACITY

4 gills = I pint;

2 pints = I quart;
4 quarts = 1 gallon;
2 gallons = 1 peck;
4 pecks = I bushel;

8 bushels = 1 quarter.



CHAPTER 1
VULGAR FRACTIONS

Fractions generally.—As the quantities with which we have
to deal seldom contain an exact number of units, we have to con-
sider how to deal with parts, or fractions, of a unit. Since 1 is
the smallest whole number in our written figures, and we have to
deal with quantities less than 1, it is evident that our ordinary
system of notation cannot be employed to represent the magnitude
of such quantities.

Two systems of representation are in general use, both employ-
ing the following idea : the unit is divided into a certain number
of equal parts, and any particular fraction is said to be equal to
so many of those parts. The number of parts into which the unit
is divided may be chosen within wide limits, but in practice only
the most convenient are employed.

In the Vulgar System this number may be any convenient whole
number whatever, for example : 8, 13, 100, 346, etc.

In the Decimal System the number is always 1 with one or more
noughts after it, 4. e., 10, or 100, or 1000, etc.

The decimal system is thus a special case of the vulgar system,
but appears rather different in practice on account of the different
method of statement adopted. In Great Britain the vulgar system
is employed chiefly in connection with money and the everyday
use of the ordinary weights and measures. The decimal system is
certainly more valuable for scientific purposes and for the more
accurate measurements demanded in the workshop, while on
the Continent it has been adapted, with few exceptions, to all
measurements.

Vulgar Fractions.—In the vulgar system the following nota-
tion is adopted : below a short horizontal line is placed the number
which shows exactly into how many equal parts the unit has been
divided; above the line is placed the number which indicates to
how many of these parts our fraction is equivalent. Thus in the
case of § (read as ‘‘ three-fourths ” or ‘‘ three-quarters ”’) the unit

5
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has been divided into 4 equal parts, and 3 of them taken. This
is shown graphically at a, Fig. 1, where the length AE represents
our unit (say 1 foot, for example) divided into 4 equal parts, AB,
BC, CD, and DE. The fraction } is then represented by the length
AD.

-

3

4

.=\ >

L 4 2 ]
4_

—1T T TTITTOTIT b
| BENREEEREEN
- |
loniT = 18 s
- '33 >
T T T
- . ._L_l_J__l._J_JJl
a luniT = £3 -
*of3
ord+ 4
& .‘%l — Gy l e s I
O £ % 2 | c 3uNITS

Fig. 1.—Illustrating Vulgar Fractions.

The number underneath the line, which indicates the size of
the equal parts, is called the Denominator; while that above the
line, which shows the number of equal parts taken, is called the
Numerator. Thus in the above example, 3 is the numerator and 4
the denominator.



VULGAR FRACTIONS Vi

Similarly & and ¢, Fig. 1, indicate respectively the fractions 4%
(four fifteenths) and 33 (thirteen twenty-thirds), in which 4 and 13
are numerators and 15 and 23 are denominators. We shall fre-
quently refer to the numerator and denominator as the * top”
and “ bottom ” of the fraction.

From the foregoing, the line between the numerator and de-
nominator is merely a means of distinguishing between them. On
p- 2 it is stated that this mid-line indicates the division of the
upper number by the lower one. This is quite in accordance with
our fractional notation, as may be seen from d, Fig. 1. Here the
distance AE, which represents 3 units, is shown divided into 4
equal parts on the top side of the heavy line. Beneath the line
each of the 3 units is shown divided into 4 equal parts, and it is
easily seen that AB = £ of 1 unit. Therefore the fraction § unit
is the result of dividing 3 units into 4 equal parts, and hence we
may consider any vulgar fraction as indicating the resuit of dividing
the numerator by the denominator.

Such of the simpler denominators as quarters (or fourths),
eighths, and sixteenths, will be familiar to most readers as being the
usual divisions on the common 12-inch rule, while thirty-secondths
and sixty-fourths are occasionally marked. In the monetary system
—where the sovereign (£) is the unit—twentieths and two hundred-
and-fortieths are employed, but are better known by the names of
shillings (s.) and pence (d.) respectively.

Other peculiar denominators such as those at b and ¢, Fig. 1,
are not often met with in practice.

Forms of the Vulgar Fraction.—A true fraction is less than
a whole unit, and therefore its numerator must always be less than
its denominator. When this is so the fraction is called a proper
fraction. Thus %, §, 15, y%, are proper fractions.

When a measurement consists of an addition of whole units to
a fraction of a unit, as, for instance, two inches and three-quarters
of an inch (commonly ““two and three-quarter inches '), it could
be expressed as 2” 4 3". It is customary, however, to omit the
+ sign and write the whole number immediately in front of the
fraction, thus, 23”. Care should be taken, when writing in this
form, that the figure representing the whole number is written
larger than the figures composing the fraction; otherwise the 2
may be confused with the 3 or the 4, and the quantity read as 22
or 4. Numbers written in the form 2§ are termed mixed numbers,

In the course of calculation we sometimes arrive at fractions
in which the numerator is greater than the denominator, a con-
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dition which cannot denote a true fraction, since we have more
parts than are contained in our unit. This type of quantity, which
is known as an improper fraction, is only a statement of a mixed
number in fractional form, and may be treated in all calculations
as a proper fraction. Thus &, 1, 111, etc., are improper fractions,

To convert a mixed number into an improper fraction proceed
thus :—Multiply the whole number by the denominator and add
the numerator. The result of this is the numerator of the improper
fraction. The denominator remains the same. The method con-
sists in finding the total number of equal parts contained in the
mixed number and stating this in fractional form. Thus in (a),
Ex. 1, below, the denominator is 4, or each equal part is a quarter.
We therefore convert the 2 into quarters, and as 1 unit = 4 quarters,
2 units = 8 quarters. The total number of quarters is then 8 4 3
== 11, and therefore 2§ = 11 quarters, 7. ¢., 2.

Example 1.—Convert into improper fractions (a) 23; () 11,

(a) Whole number X Denominator
2 X 4 =8
add numerator = 3
s2p=11 Sum = 11

This may be stated more mathematically thus,

2§ ="(2x4)+3 _8+43_ 11

4 4

7 _(T1x16)4+7_ 17647 183

©) 1y =""" 16 BT

With a little practice the operation may be performed mentally.
The reverse operation of converting an improper fraction into a
mixed number is, naturally, the opposite of the foregoing, thus :—
Divide the numerator by the denominator, giving the whole number. The
remainder of the division is the numerator of the true fractional piece.

Example 2.—Convert into mixed numbers (a) 1X; (5) X2,

(a) Numerator + denominator = whole number.
IT -+ 4 = 2 with remainder 3.

(b) 101 =+~ 12 = 8 with 5 remainder.
SN0 = 85

* The use of the bracket signs ( ) is given later. Hereit is adopted
to show definitely that the multiplication of 2 and 4 must be done
before adding the 3.
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This also may be done mentally after some practice. A special
case occurs when the remainder of the division is o: that is, when
the denominator divides into the numerator an exact number of
times ; then the improper fraction is equal to an exact whole number,
e. g.,3% = 2 and o remaining, .". = 2.

Exercises 1. On Forms of Vulgar Fractions.

Write out the following numbers, describing each one as a Proper
Fraction, an Improper Fraction, or a Mixed Number—

1. 3, 1% 8, 4, 22 2. $3, 13, 4. 84 34.
3. 5%, 304, 18, 1%, 1ok 4. 22, 6L 4 1 78y
Convert the following mixed numbers into improper fractions—
5. 14, 24, 145, 3%, 2%. 8. 5}, 175 115, 24, 344
7. 103, 15%, 11§, 193, 75, 8. 104%, 1143, 17}, 21§, 133.
9. 148, 1513, 174%, 383%. 10. 191}, 414%, 164, 31%.
Convert the following improper fractions into mixed numbers—
11. 4§, 8, 22, 02 12. 1%, 3, 48, 22, 2.
13. ¢4, & 31, 3%, % 14. 14, 14, {3 ’”: A
15. 93, 14, 83, 4% A 18. 47, 5% 434 §8%

Cancelling : Reduction to Lowest Terms.—As a general
rule it is advisable to keep the magnitude of the figures in any
calculation as small as possible. DBy this means we are less liable
to error, while space, time, and patience are economised. An
examination of (a), Fig. 1, will show that the length AC is dimen-
mensioned as § = 4, a statement which is easily seen to be true.
Also from T'ig. 2 it can be seen that—

3_6_9 _ 15

4 8 12 T 20
These fractions may also be written as—
3_3X2_3X3_3X5

4 4X2z2 4X3 4X5

Thus we may multiply the numerator and denominator of a
fraction by the same number without altering its value, and similarly
we may divide both numerator and denominator by the same number
without altering the value of the fraction. This division is termed
cancelling, and is of great use in reducing fractions to their lowest
terms, 7. ¢., making the numerator and denominator as small as
possible while keeping the value of the fraction the same.

Cancelling is usually shown by drawing a line through the exist-
ing numbers, and writing the new numbers immediately above and
below the old ones. The operation should be performed very
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neatly, so that it is possible to read the original figures afterwards.
As a simple illustration take the % previously used—

3
3

wo
4

+ jw

The reduction may be performed in a single operation by looking
for th