' General
‘Mathematics
for Technicians




General mathematics
for technicians

Second edition

H. G. Davies, M.Sc. (London), M.Inst.P.

Head of Department of Science
Carmarthen Technical and Agricultural College

G. A. Hicks, B.Sc. (Wales)

Senior Lecturer in Mechanical Engineering
Carmarthen Technical and Agricultural College

McGRAW-HILL Book Company (UK) Limited

London - New York - St. Louis - San Francisco
Auckland - Beirut - Bogota - Diisseldorf - Johannesburg
Lisbon - Lucerne . Madrid - Mexico - Montreal

New Delhi - Panama - Paris - San Juan - S3o Paulo

Singapore - Sydney - Tokyo - Toronto



Published by
McGRAW-HILL Book Company (UK) Limited
MAIDENHEAD - BERKSHIRE - ENGLAND

British Library Cataloguing in Publication Data

Davies, Henri Gwyn
General mathematics for technicians. - 2nd ed.
1. Shop mathematics
I. Title 1. Hicks, Gordon Allen Ill. General mathematics for technical colleges
510°.2°46 TJ1165 77-30172

ISBN 0-07-084222-1

Copyright © 1971, 1978 McGraw-Hill Book Company (UK) Limited.

All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photo-copying, recording or otherwise, without the prior permission of
McGraw-Hill Book Company (UK) Limited

5678 HL 80798

PRINTED AND BOUND IN GREAT BRITAIN



General mathematics for technicians

Second edition




Also from McGraw-Hill

Bolton: Physical Science for Technicians

Morris: Industrial Electronics 2nd Ed.

Ward: /ntroduction to Electrical Engineering
Woollard: Digital Integrated Circuits and Computers
Woollard: Practical Electronics



In memory of Linda



Preface

This book, a revised edition of our previous title General mathematics for
technical colleges, has been written and planned to meet the requirements of
the mathematics Standard Unit Level One of the Technician Education
Council’s programmes in Engineering and Science.

At the beginning of each chapter a list of objectives is included. These
objectives are the items of mathematics that a student is expected to under-
stand and use after working through the chapter.

At the end of each chapter is an assessment test composed of short answer
and multi-choice questions. These tests can be used to monitor a student’s
progress. Since these questions are more difficult to construct than the
traditional questions, any comments regarding them will be greatly
appreciated.

Assessment questions of this type only test one or two items of informa-
tion. But a technician applying mathematics to technological problems must
be able to handle several items of mathematical knowledge at the same time.
To this end, short answer or multi-choice questions are not suitable. For this
reason many traditional questions have also been included, both within each
chapter and as a revision exercise at the end of the book. This revision
exercise has been divided into sections.

The questions in the revision exercise have been selected from past
Technician examination papers of the Regional Examining Boards. All such
questions are used by kind permission of the following Boards:

East Midland Educational Union

Northern Counties Technical Examination Council

Union of Educational Institutes

Union of Lancashire and Cheshire Institutes

Welsh Joint Education Committee

Yorkshire and Humber Council for Further Education

Extracts have been included from Frank Castle’s Logarithm and other
tables, by kind permission of Macmillan Co. Ltd.

During the preparatory stages of the manuscript we were involved with the
Dyfed Mathematics panel, which was convened to consider the standard
units prepared by the Technician Education Council. It is a pleasure to
record our indebtedness to the following members of the panel for many
useful discussions: D. G. Hazelby, J. K. Jones, J. G. Thomas, and R. E.
Warlow.

Finally, we would like to thank the editorial staff of McGraw-Hill for
their forebearance and assistance over the whole period of the book’s
preparation.

H. G. Davies
G. A. Hicks
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1

. Arithmetic 1

Objectives

After working through this chapter you should be able to

Nl R R N ¥ N R
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Apply the rules of precedence to numbers and fractions.

. Apply the commutative, associative, and distributive laws.

. Find the prime factors of numbers.

. Calculate the square and cube roots of numbers using prime factors.
. Determine the Highest Common Factor of two or more numbers.

. Determine the Lowest Common Multiple of two or more numbers.
. Simplify, add, subtract, multiply, and divide vulgar fractions.

. Recognize proper, improper, and mixed fractions.

. Multiply decimal numbers by multiples of 10.

. Divide decimal numbers by multiples of 10.

. Convert vulgar fractions to decimals.

. Convert decimals to vulgar fractions.

. Distinguish between a terminating and non-terminating decimal.

. Define a recurring decimal.

. Reduce a number to a given number of decimal places.

. Reduce a number to a given number of significant figures.

. Add, subtract, multiply, and divide decimal numbers.

1.1 Mixed operations and the rules of precedence

The word ‘operation’ means +, —, x or . When a mixture of operations
are used in a calculation it is necessary to decide in which order they are
carried out. The rules which determine this order are called the ‘rules of

precedence’. In the following simple calculation

the order in which it is to be worked out must be decided. The order is

de

3+4x5-10

cided in accordance with Rule 1.

Rule 1. x and + is carried out before + and —.

Hence in the above calculation, we have
3+20—-10=13.



Again in
63+7—4x2
the + and x are carried out first to give
9-8=1.

Sometimes a calculation contains a bracket. In this case Rule 2 is used.

Rule 2. Calculations inside the bracket are always carried out first.
For example, in the calculation
63+(7—4)x2
the inside of the bracket must be worked out first, to give
63+3%x2=21x2=42

Rules 1 and 2 may be summarized by the word BODMAS, which identifies
the order of preference for Brackets, Of, Division, Multiplication, Addition,
Subtraction.

EXAMPLE 1.1 Evaluate
(a) 30+(10—4)+2
(b) 30+10—4+2
(a) 30+(10—4)+2=30+6+2, using Rule 2
=542, using Rulel
=7

(b) 30+-10—4+2=3—-4+2, using Rule 1
=1

EXERCISE 1.1

Evaluate the following:

1. 6x2—3 6. 6x(4—2)

2. 27+3-27+9 7. (27-20) x 27 +3)
3. 1442x3-28+2 8. (144+2x3—10)=2
4. 6—2x3+10 9. (6—2)x3+10

5. 10x5-3x5 10. (3+5)x {3+(6—4)}

Note: The two rules of precedence apply to vulgar and decimal fractions, as
well as simple numbers.

2



1.2 The three laws of arithmetic

(a) Commutative law
Consider the operations

6+4=4+4+6
and
3x5=5x%3

It does not matter which of the figures is written down first, the answer is the
same. These two results constitute the commutative law, which states that in
the addition or multiplication of two numbers the order in which they are
written down is immaterial.

(b) Associative law

In arithmetic the addition or multiplication of three numbers is independent
of the order in which the operation is carried out. For example, it can easily be
seen that

44+(7+3)=@4+7)+3
that is

4+ 10 = 11 +3
Again

3x(@x5)=0Bx4)x5
since

3x 20 = 12 x5

The two results constitute the associative law.

(c) Distributive law
The following calculation is an example of the distributive law
5x(2+4)=5%x2+5x%x4
The result is readily seen to be true since

5x6= 10 + 20

Again
T7x(9—4)=T%x9-7Tx4

since
7x 5 = 63 — 28



EXERCISE 1.2

Verify the following, and state which law each obeys.

1 5+3=3+5 7. T+(3+2) = (T+3)+2
2 4x7="Tx4 8. 9x(4x5)=(9x4)x5

3. 8+7=7+8 9. 3x(8+2)=3x8+3x2
4. 3x1=1x3 10. 5% (5+6) =5%x5+5x%6
5. 84+4(Q2+3)=(8+2)+3 11. 8x(8—3)=8x8—8x3
6. 4x(6x2) = (4x6)x2 12. 6x(7—5)=6xT—6x5

1.3 Factors and prime factors of numbers

Consider the number 42. The number 6 will divide exactly into it, that is:

6 and 7 are called factors of 42. A factor of any number is any other number

42=6x17

which will divide exactly into it.

Some factors can themselves have factors. For example, 6 has two factors,
3 and 2. Other factors, such as 7 do not have factors. Such factors are called
prime factors. A prime factor cannot be expressed in further factors. In the
example above, 42 has two factors 6 and 7, but its prime factors are 2, 3, and
7. The prime numbers therefore are those numbers which have no factors;

they are:

1,2,3,5 7,11, ..., etc.

The prime factors of any number may be obtained by

(a) dividing repeatedly by 2 until 2 ceases to be a factor,

(b) dividing repeatedly by 3 until 3 ceases to be a factor and so on with 5, 7,

11, etc. The method is shown in Example 1.2.

EXAMPLE 1.2

DWW

Determine the prime factors of 720.

720
50
180
E
| 45 2 ceases to be a factor—try 3
15

| S5 3 ceases to be a factor—try 5
1

divide repeatedly by 2

Therefore the prime factors of 720 are 2x2x2x2x3x3x5.

4



It is worth knowing the following facts when finding prime factors.
(a) A number is exactly divisible by 2 if the last digit on the right is O or an
* *
even number, e.g., 136 or 720.

(b) A number is exactly divisible by 3 if the sum of the digits is divisible by 3;
e.g., 51 is divisible by 3 since 5+ 1 = 6 which is divisible by 3.

(c) A number is exactly divisible by 5 if the last digit on the right is O or 5,
% *
e.g., 420 or 145.

EXERCISE 1.3
1. State whether 2, 3 or 5 is a factor of the following:
(a) 202 (b) 550 (c) 363 (d) 300 (e) 729
2. State which of the following are prime numbers:
3, 4, 5 9, 10, 11, 13, 15, 16, 17
3. Find the prime factors of the following:
(@)48 (b)76 (c) 128 (d) 920 (e) 108 (f) 210 (g) 525
4. Find the prime factors of:
(a) 18816 (b) 111111 (c) 131 313

1.4 Square roots and cube roots using prime factors
(a) Square roots

Consider a number such as 9. Its square root is defined as that number, which
multiplied by itself, gives an answer of 9. Such a number is 3, since 3x3 = 9.
Therefore, the square root of 9 is 3, and is written as

J9=3
Again
25=5x%x5
so that
J25=15

Thus whenever a number can be expressed in terms of a pair of identical
factors, the square root will be one of these factors.

Most numbers do not have exact square roots, numbers such as 2, 5, 7, etc.
Numbers such as 4, 9, 25, 36, which have exact square roots are called
perfect squares.

The square roots of perfect squares can be found using prime factors, as
follows.

Step 1. Express the number in prime factors.



Step 2. Select one from each pair of factors.

Step 3. Multiply out the prime factors selected to obtain the square root.

EXAMPLE 1.3 Find the square root of 400.

Step 1. 400 =2x2x2%x2%x5x%x5
Step 2. 2 2 5
Step 3. J400 =2x2x5=20

A number such as 800 is seen not to be a perfect square if it is expressed in
prime factors.
*
800 =2x2x%x2x%x2%x2x5x%x5

~— —

This can be deduced since there is one factor 2 (shown with an asterisk)
which is not paired. In order to make 800 into a perfect square it must be
multiplied by 2 to make up a pair. Therefore to convert 800 into a perfect
square it must be multiplied by 2.

Perfect square = 800 x 2 = 1600
Square root =2x2x2x5= 40
(b) Cube roots

The cube root of a number may be found using a similar method. If the number
can be expressed as a trio of identical factors the cube root will be one of
these factors, for example,

8§ =2x2x2
N —
then
/8 = 2

A number such as 8 is called a perfect cube. The cube roots of such numbers
can be obtained as follows.

Step 1. Write the numbers in prime factors.
Step 2. Select one from each trio of factors.

Step 3. Multiply out the factors selected to obtain the cube root.

EXAMPLE 1.4 Determine the cube root of 3375

Step 1. Prime factors: 3375=3x3x3x5x5x5
N S SN —

Step 2. Select one from each trio: 3 x5
Step 3. Multiply: /3375 = 15
6



