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BASIC MATHEMATICS.

TABLES.
UNITS OF LENGTH. UNITS OF AREA,

12 inches t
3 feet = 1

22 yards 1
0 chains = 1

8 furlongs = 1
7.92 inches 1

100 links= 1
80 chains= 1

foot
yard
chain
furlong
mile
link
chain
mile

144 square inches
9 square feet =

484 square yards =
10 square chains =

640 acres =

UNITS OF VOLUME

1 square foot
square yard

1 square chain
1 acre
1 square mile

1728 cubic inches
27 cubic feet

1 cubic foot
1 cubic yard

In addition, the following units of volume are used, especially when dealing with
liquids -

2 pints = 1 quart
4 quarts 1 gallon

UNITS OF WEIGHT. UNITS OF IME.

16 ounces z 1 pound 60 seconds = 1 minute
14 pounds 1 stone 60 minutes 4 hour
2 stones 1 quarter 24 hours = 1 day

28 pounds = 1 quarter 7 days 1 week
56 pounds 1/2 hundred-weight 52 weeks 1 year

4 quarters = 1 hundred-weight
112 pounds = 1 hundred-weight

20 hundred-weights = 1 ton

ABBREVIATIONS.
The following abbreviations are in general use

Units Abbreviation Units Abbreviation

Inch in, or ti Stone sb,
Foot and feet ft, or I Hundredweight cwt,

Yard y, Second. sec%
Square inoh sq in, Minute min,
Square foot sq• ft, Hour hr,
Square yard sq• yr., Week wk»
Cubic inch cub, in, Month mth.
Cubic foot cub. ft, Year yr,
Cubic yard cub" ya, Degrees

!} Used forPini pt, Minutes Angles.,Quart qt. I Seconds
Gallon gal, Degrees Fahrenheit OF} Used for
Ounce oz» Degrees Centigrade °¢ Temperature,
Pound 1.b, I



BASIC MATHEMATICS.

GENERAL INFORMATION.
LENGTH.

Diameter of one half-penny

Twenty-two paces stepped by an average man

11.

1 chain (approx.)

Spacing between telephone poles (sub« route) 55 yds,

2 chains (approx.)

2-1/2 chains (approx.)

Spacing between telephone poles (trunk route) = 44 yds,

100 sq• ft.

VOLUME.

1 square of flooring•

A common brick, with the mortar used for laying it, is about 9" 1ong, 4-1/21 broad,
and 3" deep.

1 pint of liquid

gallon of liquid

cub,ft. of liquid

34-1/2 cub, ins. (approx.)

277-1/4 cub. ins, (approx.)

6-1/4 gallons (approx.)

A bag of cement contains about 1 cub. ft.

WEICHT.

Three new pennies or five new half-pennies weigh 1 oz.

The weight of a common brick is 7 lbs,

pint of water weighs 20 0zs.

gallon of water weighs 10 1bs,

cub, ft. of water weighs 62±1/2 lbs. (approx.)

A bag of cement weighs about 96 lbs.

24 bags of cement weigh about 1 ton•

1 cub. yd, of dry sand weighs about 1 ton,
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BASIC OPERATIONS OF ARITHMETIC.

CONTENTS :

1• INTRODUCTION.

2. WHAT IS ARITHMETIC?

3• ADDITION AND SUBTRACTION.

4• MULTIPLICATION AND DIVISION.

5• BASIC OPERATIONS APPLIED TO DISTANCE, TIME, WEIGHT, EC.

6. TEST QUESTIONS.

1. INTRODUCTION.

1"i In our everyday life we find a practical need for numbers and simple measures,
Mathematics is the science of numbers and an elementary understanding of this sub­
ject is very important for a lineman. [his course is not intended as a full stud.y
of the subject of mathematics but provides sufficient information to enable a line­
man to make calculations of the type met with in simple lines practice,

1.2 For the purpose of this course, mathematics is divided into -

(i) Arithmetic.

(ii) Algebra,

(iii) Geometry and Mensuration.

1+3 Before commencing the course, the student should have an elementary knowledge of the
principles of addition, subtraction, multiplication and division. he student
should also be familiar with the more common symbols used in arithmetic. Symbols
are "shorthand" methods of labelling simple processes such as -

+ for addition,

for subtraction,

x for multiplication,

for division,

for equals sign,

Other symbols and terms used in mathematics are explained in this course,
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FINDING THE HEIGHT
OF A TREE OR POLE

-_·

FINDING QUANTITIES OF L.INE
MATERIAL FOR A JOB

FINDING THE LENGTH
OF CABLE

FINDING LINE OF STAY
AT RIGHT ANGLE TO A ROUTE

FINDING THE VOLUME OF
SOIL EXCAVATED

FINDING THE SIZE OF STAY WIRE
AND STAY ROD REQUIRED»w

«iv.."on

AAv
" j

f"-l--:...._ _
-ls

FINDING DISTANCE ACROSS A RIVER

SOME TYPICAL PROBLEMS WHICH REQUIRE A KNOWLEDGE OP MATHEMATICS.
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2. WHAT IS ARITHMETIC?

PAPER NO, 1.
PACE 3•

2"1 Arithmetic is the most elementary form of mathematics and is the basis of all
mathematics, There are f'our fundamental processes - addition, subtraction,
multiplication and division - and these are applied to the calculation of length,
area, volume, weight, time, money, etc.

If we understand exactly what we are doing as we perform the basic operations of
arithmetic, we will easily understand the principles of algebra, geometry and
mensuration,

2.2 All arithmetic is counting, but there are many ways to count,

The basic counting
method is to use numbers
1, 2, 3, 4, 5, 6, etc,
Referring to Fig« 1 and
using this method, we
find there are 24 in
sulators on the arms»

We could count the insul­
ators on each arm separ­
ately and add them to­
gether, for example -
6 + 8 + 10 = 24%
This is the addition
method of counting,

We could count the in­
sulators in pairs, or
groups of two, and
multiply the number of
groups by the number in
each group, for
example

ILLUSTRATING METHODS OF COUNTING.

FIG. 1,

12 x 2 24%

his is the multiplication method of counting» The number resulting from the
multi plication of two or more numbers is termed the product.

Therefore, whether we count, add or multiply, it is only a different way of doing
the same thing•

2.3 Just as we can count backward, we can also add backward or multiply backward,

Referring to Fig« i, we know there are 24 insulators in all, and there are 10 on
the bottom arm, This leaves 14 on the top and middle arms, for example -

24 - 10 14.
Subtraction is the opposite of addition.,

Again, we know there are 24 insulators in all, and there are two in each group»
Therefore, there are 12 groups of insulators, for example -

24+ 2= 12,
Division is the opposite of multiplication.

2.4 Therefore, counting, adding and multiplying are the only basic processes in
arithmetic. Counting backwards, subtraction and division are merely their
opposites.

/3.



PAPER NO. 1.
PA0E 4•

3. ADDITION AND SUBTRACTION.

BASIC MATHEMATICS.

3"1 Before we can work with an understanding of numbers, we must realise that the
numbers themselves are counters, sums and products.

We have only ten counters, namely, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10. Other
numbers are made up of their sums and products, for example -

We group iwo tens to make twenty, three tens to make thirty, and so on.

57
Product

- 59io
Counter Fifty -seven.

Similarly, we group ten tens to make one hundred , ten hundreds bo make a thousand,
and so on,

384 3 X 10 Xx 10 + 8 x 10 + 4
300 + 80 + 4

Three hundred. and eighty-four,

506 500 + 6

Five hundred an six,

1123 - 1000 + 100 + 20 + 3

One thousand, one hundred and twenty-three.

If we keep this in mind, we will more essily understand what we are doing in
simple arithmetic.

3.2 Simple Addition,
thousands, etc;

When we add or subtract numbers, we use units, tens, hundreds,
for example, consider this simple problem in &dition

Problem. 237 insulators are used on one job and 562 on another, What is tie
total number of insulators used?

Hundreds Tens Units

237} • the { 200 30 7
262} 3° same as 500 60 2+ + + ~
799 700 + 90 + ., 4,• • v

Answer 192 insulators,

When adding numbers, it is often necessary to "carry-over" certair quantities, for
example -

Problem. Add together 237 insulatcrs and 784 insulators,
Thousands Huni red s

200

1000 «-.... 19
1000 + 000

30
+ 80
-y«_-(carry over)

20

Units
7

+ 4

+ +
1021%

7 + 4 = 11 which is the sem~ &s iu + 1. The 1 is entered in the uuiis column
and the 10 is carried over to the tens column.

30 + 80 + 10 = 120 which is the same as 100 + 20. The 20 is entered, in the tens
column and the 100 is cervisa ovsr to the hundreds column,

200 + 700 + 100 = 1000 w:oh is carried over to bhe vhousands column,

In practice, most of this verso::ng is done in ihe head end addition problems are
usually set out thus

237
-784
1021.
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3.3 Simple Subtraction. In the same way, let us see the meaning of borrowing in sub­
traction,

Problem. 537 insulators are held in stock and 265 are withdrawn for use on a
job. How many insulators are left in stock?

g}+ ·{e i- 2s5 }1« +ho aano aej_ 200 - 60 -5
7 - 5 = 2, but 60 cannot be taken from 30% We therefore borrow 10 tens or 100
from the 500, and then subtract, thus -

400
- 200
200 +

130
- 60

70

7
-5

+ 2 272.

In practice, most of this subtraction is done in the head and the problem is
usually set out thus -

537
265
272

Anawor = 272 insulaborg,

3"4 Remeber - When adding or subtracting, we must keep the units, tens, hundreds,
etc., in line, Only similar quantities can be added or subbracted,

35 Checking Methods. We should always check the result of our addition and sub­
braction, no matter how simple the problem.

(i) If we have made a mistake the
first time, we might make the
same mistake again if we add
in the same way to check the
answer» So it is better to add
the column first in one direction
and then check by adding in the
opposite direction,

(1i) Another method of checking is to
add the units, tens, hundreds,
etc•, columns separately,
remembering to check each addition
as previously shown.

ADD

7
9
4
6
->
29

ADD
247
182
349
136
914

CHECK.
29
7
9
4
6
3

CHECK..
247
182
349
136
24 (adding units.)

190 (adding tens.)
700 (adding hundreds.)
214

(iii) A rough check helps to prevent
big mistakes. This is done by
baking a quick glance at the
first column, and guessing about
how big the answer will be
before starting to add.

3872 is about 4000
2106 is about 2000
1194 is about 1000
2985 is about3000
Answer is about 10000

(iv) Subtraction is checked by adding
from the bottom up» he two
lower numbers must add up to
equal the top number,

SUBTRACT
427
198
229

CHECK.s¥198229 .
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4. MULTIPLICATION AND DIVISION.

BASIC MATHEMATICS.

4"1 Multiplioabion» Multiplication is the process by which a number is added to itself
any number of times proposed. For example, 4 + 4 + 4 = 12, therefore three fours
added together equal 12%

In multiplication symbols, this is written -

4 x 3 = 12,
because there are three fours«

The number to be multiplied is called the multiplicand.
The number by which the multiplicand is multiplied is called the multiplier.
The number resulting from the multiplication is called the produot»

Multiplicand x Multiplier Product"

Problem. Consider this simple problem in multiplication -

An aerial line route has 379 poles. On each pole there are 5 arms. Bow many arms
are used?

his problem could be solved by the addition method of counting, for example -

(1) We could write the figure 5 down 379 times and then add all the figures
together, or

(ii) We could write 379 down 5 times, and then add them together.

However, problems of this type, in which a given number is added to itself a
number of times, are more easily solved by the multiplication method of counting»
for example -

Number of arms = 379 x 5.

23} =
Loo

70
29

+ 350

9
•b

+ 45 1895%

In practice, when we multiply, most of this operation is done in the head , and the
problem is set out thus -

3792
1895

Answer 1895 arms,

Problel. When the multiplier contains more than one figure, the first number of
each successive multiplication is placed directly below the number of the
multiplier which we are using, as shown in this slightly harder problem -

An aerial line route has 297 poles• Each pole has 3 arms fitted and on each arm
there are 12 insulators, How many insulators are used?

297 x 3 x12
= 297 x 36.

We first multiply the multiplicand by the units number of the multiplier, which
ds 6, in this case.

Number of insulators

297

5
8919
10692

Answer = 10692 insulators.

We then multiply the multiplicand by the tens
number of the multiplier, which is 3, in this
0as€»

These two products are added together to give
the answer.

/ Remember
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Remember - Always place the first number of each product directly below the number
in the multiplier which we are using» Add the required number of noughts in each
product. When multiplying by the tens number of the multiplier, add one nought;
when multiplying by the hundreds number, add two noughts, and so on,

347
491
2429

138800
141229

4.2 Division,
another"

When there are zeros in the multiplier, bring
down the zero into the product exactly below
the zero in the multiplier,

Division is the process of finding how many times one number contains
For example, 4 + 4 + 4 12, therefore

12 contains 4 three times.

Expressed in symbols

12 % 4 3.•

The number to be divided is called the dividend"
The number that does the dividing is called the divisor,
The number resulting from the division is called the guobient,

Division is indicated in soveral ways -

12 4 = 3 Dividend + Divisor = Quotient.

12 divided by 3 Quotient4 equals 3, ay+% or 4)12 Divisor] Dividend or Divisor) Dividend
3 Quotient.

12 3 Dividend Quotient.
4

= Divisor =
One-fourth of
12 oguals 3. 12/4 = 3 Dividend /Divisor Quotient •=

Problem. Consider this simple problem in division -

A line party is required to orect 252 polos» If the party erects 6 poles per day
how many days will it take to finish the job?

This problem could be solved by the subtraction method of counting,

However, problems of this type, in which wo wish to find how many times one number
contains another, are more easily solved by the division method of counting, for
example

252 poles 6 poles per day

65 z5e is the same as

30 + 10 + 2
6 J o 5 a a

180
$6 + 50

70
60
10+ 2

= 12
12

30 + 10 + 2

65 zoo +5o «Te

42@ye. / InAnswer
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BASIC MATHEMATICS.

In practice, when we divide, most of this operation is done in the head and the
problem is set out thus -

6)
42

Answer

252

24
12

12
= 42 days,

This is an example of working by long division, When the divisor is just one figure,
9 or less, all the multiplying and subtracting can be done in the head and the
problem set out in short division form. Sometimes the quotient is put under the
dividend in short division.

o a% or 6).252
42

Problem, Consider another typical problem, which is an example of long division -

A total length of 10582 yards of copper wire is available at a line depot, and this
length is divided into 26 sections of equal length. What is the length of each
section?

Length of each section = 10582 yards 26 sections.

26)
407

10582
194,

182
182

Answer = A97 yarde per section.

The problem comes out even without leaving a remainder. his means that 26 can be
subtracted from 10582 exactly 407 times. It also means that 26 x 407 10582.

Remember -Division is a quick method of subtracting» In our first step of this
division, we subtracted 26, four hundred times in one operation. This left us with
182. We then subtracted 26 seven more times in one operation,

We often find that division problems do not come out even. 'We still have a remainder
after we have used the last number of the dividend. [his remainder is expressed in
the answer as a fraction» Fractions are discussed in Paper No. 2 of this book,

4.3 Aver@ES• We are familiar with the meaning of average through the medium of the daily
newspapers where, for example, the average number of runs per innings that cricketers
make, is commonly given. When a batsman makes the following scores -

69, 16, 35, 72, 13, 46, 87, 54,

then he has made a total of 392 runs and his average is -

Total number of runs + Number of innings

392 8

42:
The average is the result obtained by adding a group of numbers together and dividing
by the number in the group»

Generally, the average of a set of values is only useful when it indicates a probable
result or when it is used for comparison purposes.

Problem. The total time taken to erect 8 poles is 56 hours, What is the average
time taken for each pole?

Average ime Total time

56 hours 8

7 hours per p9le.

Number of poles

/ 4.4
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4.4 0heckine Nethodg. Problems in multiplication and division should always be
checked for accuracy. For an easy check in multiplication, reverse the
multiplicand and multiplier, for example -

MULTIPLY

347
497
2429

138800
141229

CHECK .

407
347

2849
16280

122100
141229

Multiplication can also be checked by division,

For example, 347 x 407 141229, therefore when checking,

141229 + 347 should equal 407, or
141229 + 407 should equal 347%

In our check, therefore, Product + Multiplicand
Product + Multiplier

Multi plier, or
Multi plicand,

Similarly, problems in division can be checked by multiplication -

Dividend + Divisor
therefore, when checking, Divisor x Quotient

5. BASIC OPERATIONS APPLIED 5O DISTANCE, "TIME, WET0HT, JFO,

5.1 Addition and subtraction, In all addition and subtraction, the quantities added
or subtracted must be the same» For example -

Quotient ,
Dividend ,

yard + 3 yards
1 foot + 3 feet

but 1 yard + 3 Teet

4 yards,
4 feet,
?

Before we can add yards and feet, we must either convert the yards to feet or
the feet to yards"

1 yard
Therefore, 1 yard + 3 feet

or 1 yard + 3 feet

3 feel,
3 feet + 3 feet
1 yard + 1 yard

6 feet,
2 yards,

Similarly, inches and feet cannot be added to or subtracted from one another
although both are measures of distance, Before we can add inches and feet, we
must convert the inches to feet or the feet to inches.

Similar reasoning applies when adding and subtracting all units of distance,
time, weight, money, etc, his is shown in the following problems.

Problem No« 1• What is the length of the arm shown in Fig. 2,

EE 4

WHAT! IS LENGTH OF ARM?
FIG. 2,

The symbol " means inch or inches.
The symbol ' means foot or feet,

As there are 12" in 1', 14"
181

112'
116

/ Length
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Length of arm Inches Feet Inches
3 or 0 3

14 1 2
14 1 2
18 1 6
14 1 2
14 1 2
i 0 b
80' 5r + 201

51 + 12" 3 81

51+ 11 +80
61 + 81

618".

Answer 80" or 618".

BASIC MATHEMATICS.

26'

Problem No» 2« A pole 26' in length is set in
the ground to a depiu of 4'6". A stay wire is
attached 2'3" from the top of the pole. What
is the distance from the ground to the point of
attachment of the stay wire? (See Fig. 3.)

Unknown distance = 26' - 2*3' - 4'6',

___l _

a

}·-zyi]"° + •e *f. 25112"
2' 3'
23* 9"

23191
46"
19*3"

WHAT IS HEIGHT O ATTACHMENT OF
STAY WIRE?

FT0. >•
Anmwer_= 12'>".

Problem No»_J» Three men work the following periods, respectively, to complete a
job -

12 hours 55 minutes; 10 hours 25 minutes; 9 hours 50 minutes.

If the estimated time for the job is 31 hrs. 30 mine•, by what period does the
total time taken for the job exceed the estimated time?

12 hrs. 55 mins.
10 hr8. 25 mine.
2 hrs. 29 mins.

Total time 31 hrs. + 130 mine.

31 hrs. + 2 hrs. 10 mins.

33 hrs. + 10 mins,

Total time exceeds estimated time by 33 hrs. 10 mins. - 31 hrs. 30 mins.

33 hrs. 10 mine.} is the
31 hrs. 30 mins. -. •{3 TI:1%at:· l 1 hr. 40 mins.

Answer = 1 hr. 40 mine•

/ 5.2
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Problem Io«_ 4• Five lengths each 288"1 long are cut from a coil of wire. What
is the total length of wire cut off?

Total length 2818" x 5

28 1 81

2 b
140' + 40

140 + 3'4"

Answer 14314"1.

Problem No»_• A workman works 7 hrs. 21 mins, per day for a five-day week. How
many hours does he work per fortnight?

1 fortnight 5 x 2

10 working days.

Total working hours = 7 hr8. 21 mins. x 10.

70 hrs. + 210 mins,

70 hrs. + 3 hrs. 30 mins.

5.3 Division,

Answer L2lr.,,29 ming.

Problem No, 6. A length of wire 1318" long is cut into 4 equal lengths. What
is the length of each section?

13*81 4 4

3'5u

4) 13181
12
4189

20"

ao"

4 divides into 1318', 3 times, leaving 118' remainder,

Before we can divide 4 into 118" we must convert to
inches. 118* = 12 + 8 = 20'.

4 then divides into 20", 5 times.

Anawor = 22•
Problem Nor {» Four men each work a period of 7 hrs. 30 mins. to erect five
poles. What is the average time taken for each pole?

Total time

Average Time

7 hrs. 30 mins. x 4

30 hrs.

Total Time i Number of poles.

30 hrs. + 5

6 hrs.,297,099-

/ Problem
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Problem No. 8. Seven men spend a total of 60 hrs. 5 mins, to complete a job. If
each man works an equal period of time, for how long does each work?

60 hrs. 5 mins. 7

8 hr9. 32 ming.i eo ts. 5 ins.
26 hra.
4 hrs. 5 mins,
240 mins. + 5 mins.

245 mins,
21
5
35

Answer - 8 hrs.,b2 pins.

Problem No« + The estimated time for a job is 108 hrs. 30 mins. How many men
each working for a day period of 7 hrs. 45 mins. must be put on the job to
complete it in one working day?

108 hrs. 30 mins. • 7 hrs. 45 mins,

A problem of this nature is more easily solved by the use of fractions or decimals
which are covered in Paper No. 2"

6. TEST QUESTIONS.

1. An aerial line route is divided into five sections, Each section requires 176,
288, 192, 204 and 160 insulators respectively. How many insulators are used on
the job?

2. 873 insulators are held in stock, he quantities required for three jobs are 238,
374 and 268, respectively. Can these quantities be supplied from stock?

3. 3 cwt, of copper wire are held in stock, and 178 lbs, are required for a certain
job. What quantity is left in stock?

4. Four coils of 200 lb. H.D.C. wire of equal length weigh a total of 472 pounds.
What is the weight of each coil?

5 What whole numbers will divide into 360 without leaving a remainder?

6. How many inches in a mile?

7. How many yards in 9684 inches?

8" An aerial line route is two miles long. How many poles at intervals of 55 yards
are required?

9 Eight aerial line pairs are to be erected over a distance of '7 miles, he spacing
between poles is 44 yards and each pole has 2 arms, Calculate the quantities of
poles, arms, insulators and length of copper wire required for the job«

END OF PAPER.
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FRACTIONS, DECIMALS AND PERCENTAGE.
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8 TEST QUESTIONS.

1. FRACTIONS.

1,1 o enable us to get exact information about things, we have units of measure­
ment, for example foot, pound, second. However, the things we measure often
do not come out an exact number of units» There is usually a portion of the
unit to take into consideration. [his portion is known as a fraction, It is
an accurate measure for something that is smaller than one complete unit,

lo measure fractions, we divide the unit of measurement into a number of
parts, Then we see how many of these parts the portion of the unit takes,

To help in the understanding of fractions, look at a rule marked in inches.
We find that each inch is, in turn, further subdivided into equal divisions,
There may be 2, 4, 8, 10, 16, etc., subdivisions in eaoh inch. his rule
measures distance in fractions of an inch»

RULE IN INCHES.

FIG. 1,
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T
3"

l
-»I5l%1
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TK. J. SPINDLE */
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12 ------------,

EYEBOLT STRAIGHT
5"x 12"% I

USE OF FRACTIONS TO DESCRIBE TOOLS AND EQUIPMENT USED IN AERIAL LINE CONSTRUCTION.
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+
1"
2

When an inch is divided into
2 equal parts, each part is
called half an inch,

1
I ,,
4

For 4 equal parts, each part
is one fourth (or one quarter)
of an inch.

("e

For 8 equal parts, each part
is one eighth of an inoh.

I II

1O

For 10 equal parts, each part
is one tenth of an inoh«

I "
76

For 16 equal parts, each part
is one sixteenth of an inoh.

FRACTIONS OF AN INCH.

FIG. 2,

Suppose we use a rule marked
in fourths of an inch to
measure, say, the width of a
chisel blade, (see Fig. 3),
and find that the blade covers
three of the small divisions.
We could now say that the
blade is 'three out of four
parts" of an inch wide, For
convenience, we call it three­
fourths or three-quarters of
an inch. In number form we
could show it as '3 4ths".
his last way of writing is
not very clear, When the 3
and 4 are written too close
it looks like 34. To keep
the 3 and 4 apart, a sloping
line is put in like thisy
3/4ths, Usually the "ths" is
omitted and the fraction is
shown as -

3/4 inch or 3/4"

Sometimes the 3 is put over
3"

the 4, thus f •

If the distance measured were
one inch and one-quarter of
an inch, we show it in the
number form as

1-1/4" or

It is important to note that
the line between 1 and 1/4 in
1-1/4 is put simply to separ­
ate the whole number from the
fraction and must not be con­
fused with a minus sign.

When writing a fraction, we
have to ask ourselves two
questions -

(i) How many of the parts are
we using? his gives us the
first (or top) number of the
fraction, and is called jhe
numerator.

(ii) How many parts make up
the unit? This gives us the
second (or bottom) number of
the fraction, and is called
the denominator.

MEASURING FRACTIONS.

FIG. 3•

/1.2
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1.2 Proper and T/proper Fracti0ng. A proper fraction is one in which the numerator is
Le@ mk. th% denominator, such as 7/8. Its value is always less than 1.
An improper fraction is one in which the numerator is greater than the denomin­
ator such as 29/8, Its value is greater than 1 and so, strictly speaking, it is
not a fraction at all, hence the term improper. It actually comprises a whole
number and a proper fraction.

Frequently, the things we measure are greater than one unit of measurement, They
measure "so many units and a little bit more'. Take for example, a measurement
of 3-5/8 inches.

A fractional reading of this type is known as a mixed fraction. [his fraction is
read "three and five-eighths". The word "and! means addition. So this fraction
reads "three plus five-eighths", and is the same as 3 inches + 5/8 inoh,

When using a mixed fraction in a problem, we often convert it to an improper
fraction. o convert a mixed fraction to an improper fraction, multiply the
whole number by the denominator and add it to the numerator»

For example, convert 3-5/8 to an improper fraction -

3-5/8 - 3 + {

-2gt+8
- %+$
- %

similarly, 7-1/4 = E ,
ana, 5-1/10- A..

Improper fractions are not easy to visualise or to measure with. When the
result of a problem is an improper fraction, it is usually better to change it
to a mixed fraction. This is done by dividing the numerator by the denominator»

For example, co~vert !2i to a mixed fraction -

12
8J1o3

8
-e5
16
t,

This is an example of a division problem that does not come out even» A~ter we
have used the last number of the dividend, there is still a remainder of 7
This remainder is the numerator of the fraction, and the divisor is the denomin­
abor» he fraction is then added to the quotient,

193 +al, 1/Therefore, -I = 12# or 12-7/8,

s1mt1ariy, 8? « 16 + or 16-1/4,

ana, HA - 1,} or 1-7/10.
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1.3 Reduction of Fractions. When the numerator and denominator of a fraction are
each multiplied by the same number, the value of the fraction is not altered.

Thus

and

1 2 3 4 and so6 7 or 7 or % ' 01"

3
,,

9 120
and so on•8 g or 2 or

32 '
Similarly, when the numerator and denominator of a fraction are each divided
by the same number, the value of the fraction is not altered,

Thus 18 18 6 3
2, " 24 6 Z

and
90 99 10 - %•406 100 10

A fraction such as 1~66 is clumsy and should be expressed as simply as poss­
ible, thus

975 ±3 17S
1000 + 5 200

172 z9 . 23
200 5 40

7/8 as not capable of further similar treatment, and thus 7/8 represents "*'{
in its simplest form, or, as it is oalled - reduced to its lowest terms'.

Remember- All answers to questions involving frations must always be re­
duced to their lowest terms.

To reduce a fraction to its lowest terms, divide the numerator and denominator
by the highest number that will exactly divide into each of theu, This is
known as the Highest Common Factor abbreviated to HC.F.

For small numbers the H.0.F. is found by inspection, thus -

the HC.F. of 8 and 16 is 8,

the H,C.F. of 12 and 30 is 6,

the H.C.F. of 8, 16, and 20 is 4.

When the K.C.F. is not obvious it is found as described in paragraph 3.2 of
Paper No. 3.

/2.
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2,1 Adding and subtracting fractions is similar to adding and subtracting simple
whole numbers.

In all addition and subtraction, the units must be the same, Unlike quantit­
ies cannot be added or subtracted, In the case of fractions, this means that
only those fractions which have the same denominator can be added or subtracted.

2,2 Addition. To add fractions which have the same denominator, it is simply necess­
ary to add he numerators, and place the result over the common denominator.
The answer must be reduced to its lowest terms. For example -

1 1 1+1 2 1
g+Ag=g=46=g•

1 3 1+3 4 1
3+ i=-Mt=5=5•

1 +1 2
3= 5 •

1A>-• 2g 1
7 •

To add fractions which have different denominators, it is necessary to convert
them so that they have a common denominator, Then add the numerators of these
converted fractions and place the result over the common denominator. For
example

1131
Problem. What is the sum of j and i ?

11Z of sizo i
3
6 3 of size 1

3•

To add these, we must either convert fourths to eighths or eighths to fourths -

1 2 2 f . 1Z" g= or size g

3 3 of size 1
5 3•

1
+ i 5 of size 1

Therefore, 7 8

Answer
51
g•

We could convert the fractions to any size we like, but to simplify calcula-­
bions, we select a size so that each fraction is a whole number of that size.
It is usual, in practice, to select for the common denominator the lowest
number into which each of the individual denominators will divide exactly»
This is known as the Lowest Common Denominator abbreviated to L.C.D.

For small numb:.rs the L.C.D. is found by inspection; thus for denominators

/
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2 and 3, the L.0.D. is 6,

2 and 8, the L,0.D. is 8,

2, 4, 8 and 16, the L.0.D. is 16,

When the L.C.D is not obvious, it is found in the same manner as described
for the Lowest Common Multiple in paragraph 3.3 of Paper No. 3,

Problem, An aerial line route is pegged out in four sections which measure
10, 374, 5/8 and 7/16 mile respectively. Wat is the total length of the
route?

Length in silos - * + j +M+,±.
We first convert into fractions with the same denominator. When we multiply
all the denominators together, we get a common denominator -

2 X 4x8x16= 1024%

But this common denominator is higher than necessary and this causes extra
work, We therefore find the L.0.D, which, by inspection, is 16 in this case,

We then convert each fraction to this common denominator, and add -

1+2R+•2 4 8 16
8 12 10I
g+4g+Ag+4%

• 2]
16

Answer 2 3 kilos,

2,3 Subtracbion, To subtract fractions which have the same denominator, simply sub­
tract the numerators and place the result over the common denominator». The
answer must be reduced to its lowest terms, For example -

3 1 3-1 2 1
t-gag4'
2 1 2-1
35=35
7 3 1 37-g-8-8

To subtract fractions which have different denominators, first converi them so
that they have a common denominator, Then subtract ti numerators of these
converted fractions and place the result over the common denominator
For example -

3 5 7
z*is-7%
8 12 107
g+is- i6- 4%
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2.4 Mixed Fractions, Adding and subtracting mixed fractions is similar to adding
and subtracting proper fractions. Mixed fractions need not be changed to
improper fractions before adding or subtracting» For example -

Problem, An aerial line route consists of two sections which are 3-3/4 and
Z_/8 Ailes respectively. A man on pole inspection covers a distance of
7-1/2 miles, What length of route remains to be inspected?

Length in miles 3 7 1
=37+6*-7$

Remember, there are inferred plus or minus signs between the whole numbers and
the fractions«

In such a problem it makes no difference in what order the additions or sub­
tractions are made«

3 7 1-3+6-7+5+y-j

Add or subtract the whole numbers first and then the Tractions, remembering to
find the L.0,D.

1
2+ 1 g

Answer = 3 i miles.

When subtracting mixed fractions, it is often necessary to subtract a large
fraction from a smaller one, For example -

Problem. An aerial line is 4-1/4 miles long. A fault exists 7/8 mile from the
testing station. How far is the fault from the distant end?

1 7
4i-%

++B-4
4- 3.

Then we borrow 1 from the whole number as in normal subtraction -

Answer

3+ 1 -2
+$- %
3 $ miles,
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3.1 Multiplication. Whenever we see a fraction in a problem we know the numerator is
to be divided by the denominator, for example -

M means 5 + 8.

When we multiply two fractions, we are multiplying two problems in division -

x / moans 5 + 8 x 3 +4,

he quickest way to perform a series of multiplication and division is -

(i) multiply the multipliers,

(ii) multiply the divisors,

(iii) divide the produot of the multipliers by the product of
the divisors,

Therefore, in the multiplication of fractions, the quickest way to perform the
multiplication is to multiply the numerators to find the numerator of the
product, and multiply the denominators to find the denominator of the product

Ra-u
3.2 DiYision. Division is the opposite of multiplication. When we multiply by¾,

we multiply by 3 and divide by 4. To do the opposite, or divide by¾, we
divide by 3 and multiply by 4,

a + j moans 5 + 8 + 3 x4.

Therefore, to divide a fraction by a fraction, turn the second fraction upside
down and multiply,

2:2: mo R 4gr4is ne same as i X7

20
24

36 °

3"3 Whole numbers can be multiplied or divided in the same way• A whole number can
be written as a numerator with a denominator of 1%

( i) 60 2 (4£) 60 . 3
4 %

60 3 60 4
- X7 , x-

3

180 240=4 3

z= 45. 80.

/Similarly



PAPER NO. 2.
PAGE 10.

BASIC MATHEMATICS.

Similarly, a fraction can be multiplied or divided by a whole number.

(1.11) a x 604

- 2 x 60
4 1
180

-4

45.

(iv) } + do

3 1
7*6

3
240
4

Ho •
3%4 Mixed fractions must be changed to improper fractions before they can be used

in multiplication or division,

(o) 161x22
2 4

-. >b x 11
2 4

363- a

4c:; 3
= +2> 7•

(ii) +61±22
2 4

33 11
=64

33 4- 5 X4j

132
= 22

= 6%

35 Multiplication and division of fractions, therefore, are just a series of ordin­
ary multiplications and divisions, When we have many fractions to multiply and
divide, we invert the divisors, and then multiply all numerators and all de­
nominators -

Invert the divisors,
4

Ix Rxfx1x4-z B 5 z 5"

3.6 Cancellation, Fractions that are the result of multiplication may have some
rather large numbers, for example -

320
7.86 •

This may be reduced to its lowest terms (see paragraph 1.3). When bhe numer­
ator and denominator have factors in common, these are cancelled out,

zE vorororo simplsrtos to 5 .
However, there is no need to wait for a complicated result before cancelling»
A multiplication problem is usually cancelled before the multiplication is
done. his saves much unnecessary multiplication and reduction of the result,

/The



BASIC MATHEMATICS.

The product of the denominators of the first two fractions
with the numerator of the third fraction.

PAPER NO. 2.
PAGE 11.

16 which cancels

The numerator of the second fraction cancels with the denominator of the third
fraction.

The denominator of the fourth fraction divides into the numerator of the fifth
fraction twice.

2The problem now simplifies to 5 •

Consider, now, this problem which was introduced in paragraph 5.3 of Paper
No. 1 -

Problem, The estimated time for a job is 108 hrs. 30 mins. How many men, each
working for a day period of 7 hrs, 45 mins. must be put on the job to complete
it in one working day?

Number of men 108 hrs. 30 mins. + 7 hrs. 45 mins,

ro8 $ + 7 A
217. 31
54
217 4

6 *5
7 2

- it4
7 x 2

4. DECIMALS.

Answer 14 men,

4",1 Often we can choose the total number of parts into which a unit is divided, This
is true of all measuring devices. When the total number of parts, that is, the
denominator, is 10, 100, 1000, etc, we can write the fraction in a simpler form.
A fraction which has for its denominator, 10, 100, 1000, etc., is called a deci­
mal fraction, or simply a decimal, All other fractions are, by way of distinc­
tion, called vulgar fractions,

The decimal system of measuring is similar to that used in counting with ordinary
numbers,

In counting, we group things together always by tens• Ten units make ten, ten
tens make a hundred, and so on+ In this way we can measure things much larger
than the unit of measurement«

But decimals are designed for the opposite purpose, that is, for measuring things
smaller than a unit. o measure such things, we do not need to group units
together. We do the opposite, that is, take a unit and break it up into smaller
pieces, This is done by the same rule as for counting - always by tens, First
of all we take a unit and break it up into ten equal parts. Then each of these
parts is further subdivided into ten equal parts, We could go on like this for
as long as we like but usually two or, at the most, three decimal places are
sufficient for most practical purposes,

/Fig. 4.
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'1O0 Cg=f [NC8]pl

Fig• 4 shows a magnifi­
cation of one inch. An
inch is divided into ten
equal parts, B, Each
part B is divided into
ten equal parts, C. One
inch contains 100 0°s»
Each B is, therefore,
1/10 part of an inch or

1 inch, and each C is
1/100 part of an inch or
•01 inch,

FIG. 4. DECIMALS OF AN INCH.

4,2 To save the trouble of writing the denominators of decimal fractions, a method
of notation is used, which is explained by the following examples -

* is denoted by the dot being called the "decimal point" or, more

simply, the "point", he number .1 is read as "point one'.

·:r~ is denoted by • 2, and read as "point two".

,1o6 is der.oted by .01, usually read as "point nought one".

1006 is denoted by .001, usually read as "point nought nought one".

One place decimals are called tenths.
Two place decimals are called hundredths»
Three place decimals are called thousandths.

When there is a number in the numerator for every nought in the denominator,
we simply put a decimal point before the numerator, for example -

- .15

{% - .es
When this is not the case, we insert a nought for every missing number in the
numerator and put a decimal point over the 1, for example

3 03
i06 " 706 = •03

25-925- o21ooo 0o = •
0

25

/Table 1.
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1 . 1 1 . 01 1 . 0017% = 100 = 1000

2 2 . 02 2 . 00216 = . 2 106 100 =

3
• 3

3 • 03 3 • 00346 10 " 1006 =

4 . 4 4 . 04 4 . 00410 100 = 1000 =

2 mo - . 05 250- •5 10oc " •005

6 . 6 6 . 06 6 . 00610 7oo = 1000 =

7 . 7 '1 . 07 'T . 00770 100 1000-

8 . 8 8 . 08 8 . 00846- 10o 1000 "

9 . 9 2 . 09 2 . 00976 100 1000-

TABLE 1. DECIMAL TABLE.

4.3 Noughts added after a decimal do not alter its value, for example -

•7, •70, •700 are all equal,

7 - ...J.
• = 0

•7o - "E
.700 - "% -

1
10

1
10 •

A whole number can be written in decimal form by placing one or more noughts
after the decimal point. For example, 4 can be written 4"0, 4,00, or 4,000,
etc.

A number such as 4-35/100 is written in decimal form as 4,35, and this is
read as 'four point three five",

A decimal is often written with a nought in.front of the decimal point, T'his
nought draws attention to the decimal point, and prevents it from being over­
looked, for example

7 is written 0.7,

/5.
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5,1 Both the fraction and decimal systems are used because each has some advantages -

(i) Simple fractions like 1/2, 1/4, 3/4, eto., are easy to visualise.

(ii) Fractions are used to indicate a division -

v z 4 - 'a.
(i1.) Decimals are often easier to add, subtract, multiply and divide.

They permit us to save one or more steps in our arithmetic.

Because we use both the fraction and the decimal systems, it is often necess­
ary to convert from one to the other«

5.2 Converting Fracbi0nu bo Decimals, {o convert a vulgar fraction to a decimal
expression, reduce the fraction to its lowest terms, and then divide the
denominator into the numerator» [he decimal points go right after the
numerator in the division. The quotient gives the decimal expression
required, for example -
Problem. Convert 9" to a decimal fraction of 1*%

91 - ,% or 1 foot,
{ +~ 3 4)3.9012 - 7 t 0.75

Anewor - 92Ib
Some decimal fractions never come out even, no matter how far we carry out
the division. However, we can still use this method to get as accurate an
answer as we need, for example -

Problem, Convert 51 to a decimal fraction of 1*.

5" = of 1 foot

0.4166*etc,
1255,000o0ooo

4.8
20
12
6o
%,
%.

No matter how far we carry out this division, there will always be a remainder.
However, in practice, there is no need for an answer that is more accurate
than we can actually use» Therefore, we usually limit the answer to two or
three decimal places,

When the third figure is 5 or more, we add 1 to the figure before it, for
example - 0.416 is taken as 0.42,

but 0.414 would be taken as 0"41.
When we require greater accuracy, the answer may be extended to three decimal
places, Then 0.4166 is taken as 0.417"

Answer = 0.4'» Qe42' or Q+417* depending on the degree of aoouraoy required.

/5.3
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5.3 Converting Decimals to Fracbi0ns, Decimals are changed to fractions by using
the decimal number as the numerator« A one is placed in the denominator
directly below the decimal point« A nought is placed in the denominator
below each figure or nought in the decimal.

3 .03
For example - "03 becomes -@g

Then the decimal point and any noughts following immediately to the right of
it are removed from the fraction»

Th. . 3
1s gives us 40•

similarly .875 = ,*! , which reduced to its lowest terms,

equals + (see Paragraph 1.3 ).

5.4 Practical Use of Decimals. It is often necessary to express a given quantity as
a. Tractfon (or ae&fad y of another given quantity of the same kind. Some
typical examples are shown.

(i) In the case of 1'3",

3" 3 1 f 1'in"7or·.
1

Therefore, 1*3" is written as 1 "ft.,

1bub j =0.25,

there..,ore, ·t•311 1·s the same as 1.22"i''.o+s°

(ii) Express 5 days 6 hours as a decimal quantity of a week,

As there are 24 hours in a day,

5 aays 6 hours =5 ", days

= 5.25 days,

and, as there are 7 days in a week,

5 days 6 hours +?P week.

9±2 week.

(iii) When a quantity is given in decimal form, its value is obtained as
shown in the following example -

Find the number of feet and inches in 0.75 yard.

0.75 yard = 0.75x3 feet = 2.25 feel.

0.25 feet

Therefore, 0.75 yard

0,25 x12 inches = 3.0 inches.

2 feet 3 inches»
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6. BASIC OPERATIONS IN ARITHMETIC APPLIED TO DECIMALS.

6.1 Addibi0n, When adding, decimals are set down one under another, with the decimal
points in a vertical line, The figures are then added up in the same manner as
whole numbers.

0,4
0.2
6.g

0. 15
0.65
0. 80

= 0, 8

0.042
95975
1.017

When the decimals to be added differ in the number of figures after the decimal
point, they are arranged as before with their decimal points in a vertical line,
The addition is commenced from the right, care being taken to add only those
figures that are in the same vertical column»

0. 5
9.875
1.375

7.1
0. 55
9.875

- 8.525
Problem. A workman's hours of duty for four working days are as follows -

8 hrs•,
8 hrs, 48 mins•y
7 hrs, 21 mins•, and
7 hrs. 45 mins,

What are the total number of hours worked? Give the answer in decimal form.

8.0 hrs,
8.8 hrs.

8 hrs. 488 hrs, 48 mins, 8 7e hrs.

hrs% 21 mins, 21
7 7 to hrs,

7 hrs. 45 mins, 7 {% w.
Total time worked

7.35 hrs.

1.75 hrs.

31.90 hrs.

31.2 hrs.

6.2 Subtraction, The subtraction of decimals is similar to the subtraction of whole
numbers. The decimals are arranged so that the decimal points are in the same
vertical line,

To subtract 0.35 from 0.47, 0. 47
9-35

- 0, 12
To find the difference between decimals which have different numbers of figures
after the decimal points, the method is to make the number of figures after the
points equal in both cases, by adding noughts to the decimal with the smaller
number of figures.

To subtract 0.375 from 0.5,
0. 500
9.375
0. 125

To subtract 0.5 from 0.75,
0. 75
9. 59

= 0.25 /To
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To subtract a decimal from a whole number, the whole number is written with a
decimal point to the right, and as many noughts added after this decimal point
as there are figures in the decimal to be subtracted,

To subtract 0.375 from 2,
2. 000

P7
To subtract 3,05 from 4,

4. 00
3895

= 0.95

Problem, The estimated time for a job is 83.5 man-hours, If the actual time
taken is 88.375 man-hovrs, by how much does the actual time exceed the esti­
mated time?

88.375

Y4.075
Answer = A,07D mun-hourg,

6.3 Multiplication. When multiplying decimals, we could first convert them into
fractional form, thus -

o.4 x o.6 = ,{ * "{ = ,s - o.24

2 3 6
0.2 x0.3 = ,% *5 = 7o5 = 0.06

1.25xo.3 - Ix,a - M - o.315

Omitting the intermediate steps,

0"4 x 0.6 0.24
0.2 x 0,3 = 0.06

1.25x0,3 0.375

These figures show that the number of figures or places after the decimal point
in the product equals the total number of decimal figures in the multiplicand
and multiplier,

Hence, in multiplication involving decimals, we first find the product as if
there were no decimals, and then fix the decimal point,

Problem, 200 lb, H.D.C. wire has an approximate resistance of 4.4 ohms per
g.egg wire mile, What is the resistance of 13-1/4 miles of wire?

1Total resistance 13 7X 4.4

Answer

13.25 x 4.4

13.2 5
4.4

5300
3300
5 8.3 0 0 ohms.

58. 3 ohms,

In this problem, there are two decimal figures in the multiplicand, and one in
the multiplier, that is a total of three, We therefore place the decimal
point in the product so that there are three figures on the right of the deci­
mal point,
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(i) he process of dividing a decimal expression by a whole number is the
same as for ordinary division, but, in dividing decimals, we have to
decide the position of the decimal point in the quotient, This deci­
mal point must be put directly in line with the point in the divid­
end,

To divide 34.5 by 3,
3)34.5

11.5

(11)
Answer = 12

In cases where the division does not work out evenly and we wish to
carry out the division further, add as many noughts as required to
one figures which come after the decimal point in the dividend,

To divide 34.5 by 4,

Answer

434.509
5, @e5

(iii) Some combinations of numbers will never come out even, no matter how
far we carry out the division, But we can use this method to get as
accurate an answer as we need,

To divide 34.5 by 7,

There is no need for a quotient that is more accurate than we can
actually use,

Therefore, Answer = 4.929, 4+3 or 4.9, depending on the degree of
accuraoy required,

(iv) When the divisor ends in nought, the noughts may be removed, and the
decimal points moved accordingly in the dividend.

7575 30 is the same as 757,5 + 3.

7575 2500 is the same as 75,75 4 25,
(v) When the divisor has a decimal, it is first converted to a whole

number, This is done by shifting the decimal point to the end of
the number, The decimal point in the dividend must also be shifted
an equivalent number of places, We then proceed as for ordinary
division,

7)34. 5000000
4,9285714 •to.

( a) 5.72 + 5.2

5.2)5.%

52.J57.%

1.1
5e)54.4

22
52
32

(b) 3 0,05

0.05)3

5.)300

3)309
60

Answer = 1.1 Answer 60-.
/7.
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7.1 There is another system besides fractions and decimals to indicate a portion
of a total, It is called percentage, Percentage is a fraction with 100
parts in the denominator. For example -

~ means 5 parts in every 100 parts or 5 per cent.

Per cent" is short for the Latin "per centum" which means "out of one
hundred".

This is usually expressed in symbol form as 5%
5% of a total therefore simply means five hundredths of the total.

We mainly use percentage when we want to compare the size of things, It is
often easier to visualise 32% of a total than 8/25 of the total.

Often the percentage will require more than two figures to be accurate, for
example, 32-1/2% or 32.5%,
When we compare a large object with a smaller one, we get a percentage greater
than 100%, When the larger object is 1-1/2 times the size of a smaller one,
it is equivalent to 150%,

Percentage values can also be written as a decimal. Regardless of the size
of the percentage, we find the decimal value by moving the decimal point two
places to the left, for example -

5%=s% = .05

32 A * - z%A - 3es

15o% - {- 1.5

7.2 All problems in percentage have the same three elements -

the %, the part, the whole,

We must always know two of them to find the third, The part and the whole
are related to the % and 100 as follows -

s Part
10o imole.

By cross multiplication (see paragraph 5.1 of Paper No. 3),

% x Whole = Part x 100,

From this equation, we obtain the following -

Part x 100
a.-- (When we divide each side byWhole,

whole).

Vh01e5Z (wen we divide each side by
100 100).

whole Er55 199 (wen we divide each side by % ),
If we remember these relations, we can work any problem in percentage.

/Problem

Part
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Problem, We may wish to compare the size of two units,

What percentage of marks is obtained by a student who obtains 150 out of a
possible 200%

%19
100 - 200

% 150,* 100
200

Prob1en, We may wish to find a certain percentage of a whole unit. What is
5o# gr eo0?

30 Part
106 boo

P t 200x 30
art=- 100

Problem, We may wish to find an unknown number, of which some known number is
a certain percentage«

70 is 35% of what?

357o
100 Whole

Wh 1 70 X 100
o1e = ·- 25

200-8. TEST QUESTIONS.

1. Draw lines 2/3 foot and 3/4 foot in length, which line is the longer? By how
much?

2. Which is the larger 2.3 inches or 2-1/4 inches, andby how much?

3% How many times does i,3 inches go into 10-1/2 inches, and what is left over?
Give your answer in decimals and also in fractions,

4• Add together the following distances and express the answer as a decimal
fraction of a mile -

3 chains, 600 yards, 100 feet, 48 inches.

5% Express the following as percentages of 5000 -

(i) 200, (±i) 350, (1ii) 750, (iv) 4000, (v) 4875.

6. Express { ana 2? as percentages.

7. 100 1b" H.D.C. wire has an approximate resistance of 8,8 ohms per single wire
mile« What is the resistance of 200 yards of wire?

END OF PAPER.
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1. PLANNING A PROBLEM,

1.1 The various problems attempted up to date have shown the basic operations of arith­
metic, and these operations have been applied to problems involving whole numbers
and fractions.

In practice, it is often necessary to apply a number of different operations in
the solution of a problem. The problem then involves the addition, subtraction,
multiplication and division of whole numbers and fractions in different combin­
ations.

In a more complex problem of this nature we must plan the problem carefully before
attempting the working out. This will -

(i) ensure that we do everything that must be done,
(ii) enable us to keep track of the units so that the answer

will have true meaning,

(iii) save many unnecessary op~rations.

Ihe sequence in th~ solution of a problem is -

(i) to read the problem carefully and understand the nature
of the problem,

(ii) to arrengo the information in a logical order so that it
points towards the solution,

(iii) to solve the calculation by the simplest means.

1.2 This paper deals with the solution of more advanced problems in arithmetic. It
introduces a number of time-saving short cuts in the solution of the problems and
explains some further op~rations in arithmetic.
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2.1 Brackets are used to indicate the order of operations in a mathematical problem
involving a number of different operations. Brackets used in mathematics are of
various forms, the most common shapes being "

( [ ]

2.2 No9ossity for bra9kgbs. Consider, for example, this problem which requires the use
of addition, subtraction and multiplication for its solution.

robl&I. Twenty poles are erected on an aerial line route. Five of these poles
have 3 arms each and the remainder 2 arms each. How many arms are used?

5 poles have 3 arms each,

therefore 5 poles have 5 x 3 = 15 arms.

The remainder = 20 - 5 = 15, have 2 arms each,

therefore 15 poles have 15 x 2 = 30 arms.

Total = 15 arms + 30 arms

$2arms.

In arithmetical language, this problem could be written thus -

Number of arms = 5 x 3 + 20 - 5 x 2.

In a series problem of this nature we must be careful of all signs of operation
which differ from tho sign ahoad, to ensure that the operations are done in the
correct order"

For example, unless we refer back to the original problem, it is not apparent
whether we have to add 3 and 20 or subtract 5 from 20, before we multiply. To
eliminate this danger, brackets are used to enclose the smaller problems within
the larger one.

The above problem is then written -

Number of arms = 5 x 3 + (20 - 5) x 2.

Although it is usual to perform multiplication and division before addition and
subtraction, we can avoid any possibility of confusion by also enclosing the
multiplication problems in brackets -

Number of arms -[s *3] • [co - 5) x 2]

- [s> 3] + [+*a]
- 15 + 30

- 45 ACEE·
/ 2.3
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2.3 V6o of brackgUs. When we set out the problem in arithmetic symbols, we can apply
many tim-saving short cuts,

In a series of additions and subtractions, we can -

(i) add all the numbers to be added,

(ii) add ell the numbers to be subtracted,

(iii) from the Lobal of the additions subtract the total of the subtractions.

For example -

16 + 8 - 4+ 2-1 = ?

is the same as (16 + 8 + 2) - (4 + 1)

= 26 - 5

21.

The effect of placing a negative sign before brackets is shown in the following
example -

The expression 2% - 4 - 1 = 21 signifies in mathematical language that when from
2% we subtract 4, and then from the remainder, subtract 1, we have 21 as the
answer "

The expression 2% - (4 + 1) = 21 signifies that when from 2% we subtract the sum
of 4 and 1, we are left with 21 as the answer.

Evidently, the expressions -

2% - 4 - 1 and 2%6 - (4 + 1)

are equal.

This shows tha. whenever a number or fraction is put in a bracket which is preceded
by a negative sign, the sign of the number or fraction must be altered. Similarly,
when a number or fraction is removed from a bracket which is preceded by a negative
sign, the sign of the number or fraction must be altered. For example -

21 - (4 + A) =
4

15 - (9 - 3) - (6 + 1)

15 + 3 - (9 + 6 +1)

21 - 4 - j,
4

15 - 9 + 3-6-1.

15 + 3- 9-6-1.

Similarly, in a series of multiplications and divisions, we can -

(i) multiply all the multipliers together,

(ii) multiply all the divisors together,

(iii) divide the product of the multipliers by the product of the divisors.

/ For
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For example -
16 4 8 x472

BASIC MATHEMATICS .

is the same as (16 x 4)

= 64

(8 x 2)

16

4.

Addition and subtraction are opposite processes. So are multiplication and division.
Ihis is why they can be combined in short-cut methods.

When addition and subtraction are combined with multiplication and division, we must
be more careful. In the absence of brackets, we always do the multiplications and
divisions first, for example -

(i) 6 + 4 x2
= 6 + 8
= 14

(Right) .

(ii) 6 + 4 + 2

= 6 + 2

= 8
(Right).

6 + 4 X 2

= 10 x 2

= 20
(wrong).

6 + 4 2
= 10 2
= 5

(wrong) •

Evon though it is agreed to dc multiplication and division first, a problem of this
type may arise -

36 + 4 x3.

In such cases, the operation to be done first must be indicated by brackets.

(iii) (36 + 4) x 3
= 9 X 3

27 .

(iv) 36
= 36

(4 x3)
12

3.

When there are no brackets, we must refer to the conditions of the problem to find
the order of operations.

2.4 Omission of Multiplication Sign. Frequontly, in problems with brackets, tho multi­
plication sign is omitted for simplicity between a figure and brackets or between
two brackets. For example -

(i) 3 (4+ 3) is the same as 3 x (4 + 3)

z: 3 x 7

21.

(ii) (4+ 2) Ci 3) is the samo as (4 + 2) x (7 T 3)

6"I
1 3

14%

/3.
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3.1 After we get mechanically accurate and fast with the basic operations in arithmetic,
we can start using short cubs. Most short cuts are based on factorising, which is
the process of splitting a number into factors.

The factors of a number are the numbers which, when multiplied together, give the
number as their product. For example, 3 x 7 = 21, therefore 3 and 7 are factors
of 21%

Factorising a number is simplified when the following rules are remembered -

(i) 2 is a factor when the number is even, that is, when the last digit
is divisible by 2,

(ii) 3 is a factor when the sum of the digits is divisible by three,
($.ii) 4 is a factor when the last two digits are divisible by four,
(iv) 5 is a factor when the number ends in 5 or O,
(v) 9 is a factor when the sum of digits is divisible by 9,

(vi) 10 is a factor when the number ends in 0"

3.2 Highest Common Esgtor. Examples of factorising are -

210 =2 x3x5x7 2)210 and 330 = 2 x 3 x 5 x 11
3)105
5)35

7

2)-330
32.165
5)55

11.

It is noted that 2, 3 and 5 are common to both the numbers 210 and 330, and so are
called Common Factors.

The product, 2 x3 x 5 30, is termed the Highest Common Fector, abbreviated to
H,0,F., of 210 and 330.

The H,C "F. of two or more numbers is the highest number that will exactly divide
into each of them.

For small numbers, the H.C"F, my be found by inspection, but when the H.C"F. is
not obvious, the following method is used -

Divide the greater of the two numbers by the lesser, and the divisor by the
remainder, repeating this second step until no remainder is left. The last
divisor is the H.C.F. required.

Problem, Reduce the fraction i'{2 to its lowest terms.
1000

First find the H.C,F. - 375) 1000(2
159
250) 375(1

259
125) 250(2

259

Therefore 125 is the H.0.F. of 375 and 1000.

Then divide the numerator and denominator of the fraction by the H.C.F. -

375315125 . }
1000 1000 125 8

Answer - Mg•
/ 3.3



PAPER NO. 3.
PAGE 6.

BASIC MATHEMATICS.

3.3 Lowes} Gommon Maltipl9. Any one number which is exactly divisible by a second number
is termed a multiple of this second number. Because 12 is exactly divisible by 3, 12
is a multiple of 3.

In cases where several numbers are multiplied together, the product is a common
multiple of each of the numbers multiplied. For example -

2 x 4 x8 x10 640%

Therefore, 640 is a common multiple of 2, 4, 8 and 10.

In problems involving fractions it is often necessary to find the Lowest Common
Multiple, abbreviated to L,CM., of two or more numbers.

The LC"M. of two or more numbers is the lowest number into which these two or more
numbers will divide exactly.

For small numbers, the L.CM, may be found by inspection, but when the answer is not
obvious, the following method is used -

(i) Write down the numbers side by side.
(ii) Determine the lowest number which divides exactly into one or more of the

numbers. Then divide each number by this divisor if it will leave no
remainder. As each number is divided, draw a line through it.

(iii) On the next line, write down side by side the quotients and the numbers
that are not exactly divisible by the divisor. When the divisor does
not divide evenly, bring down those numbers that were not divided.

(iv) Repeat this process until a line of ones remains.
(v) The L.CM. is obtained by multiplying the divisors together.

Problem. Find the L.0,M, of 8, 20 and 30.
a) s, zu, z8
a) 4, id, 1.5
a) z, a 15
3) 1s 5: 1z7-1
5) 1a zs s

1s 1a
L,0,M,

3.4 Short Outs in Multiplication.

2 x2x2x3x5

120.

(i) Any number ending in nought has 10 as a factor.
100 is a factor, and so on -

When it ends in two noughts

5 x 10
2 x 100
8 x 1000

50
200
8000"

So when we have a multiplier ending in one or more noughts, we can multiply by the
first factor. We then multiply by the second factor by simply adding the same
number of noughts to our first product. For example -

757 x 200 = 757 x 2 x 100

1514 x100

=151400%

/ ()
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(ii) When the multiplier is 10, 100, 1000, etc., we can perform the entire
multiplication by simply adding the same number of noughts to the
multiplicand -

659 x 100 = 65900.

(iii) It is often easier to divide by a small number than to multiply by a
large one Many numbers have factors that make this possible -

50
33-1/3
25
12-1/2

= 1/2
1/3

= 1/4
= 1/8

of 100
of 100
of 100
of 100"

To multiply by any of these numbers, multiply by 100 first. Then divide
by the denominator of the fraction -

25 x 274

= 1/4 x 100 x 274
1/4 o£ 27400

-427499
6850.

3.5 Short Cuts in Division.
(i) Sometimes it is easier to factorise the division and do two or more short

divisions instead of one long division. For example -
17451 + 63.

Long Division Short Division

63 ) 17451
126
485
441
441
44.1

(ii) When the divisor and the dividend both end in one or more noughts, we can
simplify the division by first dividing both divisor and dividend by 10,
100 or 1000, etc. For example -

217
7 217451
92.2493

277

7100

7100

7100

20 is the same as 710

200 is the same as 71

2000 is the same as 71
2 .

20 .

(iii) Some numbers have 100 and a fraction as factors. (See Paragraph 3.4 (iii))
When these are used as divisors, it is sometimes easier to divide the
dividend by 100 and multiply by the denominator of the fraction.

6700 # 25.

26 8
25 ) 6700
3
170
159
200
209

6700 + 100 x 4

= 67 x 4

268.

/ 4,
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4.1 In som problems it is necessary to find the square or the square root of a certain
number Typical problems which require a knowledge of squares and square roots
are given in Papers Nos. 5 and 6.

4.2 £9VE9s. When a number is multiplied by itself, the resulting product is called tho
square of the number

2. x 2 = 4, therefore 4 is the square of 2 or, expressed in another way -

2 squared = 4.
To indicate that a number is squared, a smell figure 2 is placed just above the
number on the right of it, thus

2°
2 =4.

Similarly -
3 x 3

20 x 20

99 x 99

9, therefore 9 is the square of 3.

20° = 400, therefore 400 is the square of 20.

9801, therefore 9801 is the square of 99.

A short cut method of squaring a number is shown in the following examples . This
method is given as a miter of interest and is an alternative method to the more
usual process of multiplying the number by itself.

(i) What is the square of 78?

Bring the number to the nearest multiple of 10, and note the number
which must be added to do this

78 + 2 = 80.

Then subtract from the number to be squared the number which was previously
added -

78- 2 = 76.

Multiply the two results -

76 x 80 = 6080.
Then add to this product the square of the number which was added and
subtracted

6080 + 2°

6080 + 4.

herofore 78° = 6084.

(ii.) What is 41 squared?

In this case, we bring to the nearest multiple of 10 by subtracting -

41 40.

hen 41 + 1 42.

Therefore 41° 42 x 40 + 1 *

16 80 + 1

1681. /4.3
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4.3 {guaro {ogle. The square root of a given number is tht number whose square is oqual
bo the given number, for example

2' = 2 x2=4,

therefore 2 is the squsre root of 4%

Similarly, 3 is the square root of 9,
4 is the square root of 16, and so on.

When the sign I/ is placed before a numb~r, for example

it indicates that the square root of the number, 25 in this case, is to be found.

In practice, when dealing with the square root, the index a is usually omitted, for
example -

[25 indicates the square root of 25"

The sign/ for square root is simply an r (for root) that has been distorted,

4.4 Finding tho Square Boot of Numbers, mhe square roots of some numbers can be found
by factorisation, for example -

What is the square root of 225?

225 = 3 x3 x5 x5

= 15 x15

= 15%

Therefore {225 = 15.

Few numbers can be factorised in this mner and a more usual mthod of finding the
square root is by successive approximtion. This mthod is shown in the following
examples -

6) rind /1156.
First_SbeP. Starting from the right hand side, first mrk off the figuros
in pairs as shown -

11*56

The number of groups, in this case two, signifies the number of figures
in the square root, to the left of the deciml point.

Take the first group, 11, and find tho nearest perfect square less than 11"

3 x 3 9.

Three is, therefore, the first figure of the answer. This is the tons figure,

Write this down as follows -

rd
3x3*]2

/ Second
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500on0d Step. Subtract 9 from 11 and bring down the next pair of numbers. Ihen add a
nought to the tens number of the answer already obtained, 3, mking it 30, and double it"

3 x3=
30 + 30 = 60

rr
%

Next determine the largest number, which, when added to 60, and the result multiplied by
this same number, will equal or be smller than 256.

Try 3, then (60 + 3) x 3 = 63 x 3 = 189,

Try 4, then (60 + 4) x 4 = 64 x 4 = 256%

3 x3=
30_+ 30 = 60
(60° + 4) x 4

Q

This problem works out evenly. The second figure of the answer is, therefore, 4. This
is the units figure.

In practice, most of the above reasoning is done in the head

rd
IEE

Therefore/A156 = 34.

When the problem contains more than two groups of figures, additional steps ar necessary.
Each subsequent step is similar to the second stop -

() Bring down the reminder and the next pair of figures to the next line.

(ii) Add a nought to the number already obtained in the root and double it.

(iii) Find the largest number which added to (ii) above and the result multiplied by
the same number is equal to or smller than (i) above. This number is included
as part of the answer,

4.5 sgwre Boots of Decimal Numbers.

Pina +i8.375.

When dealing with deciml numbers the figures are marked off in pairs, starting at tho
decimal point and working left and right -

118.37*50'.

Wen the number of decimal figures is uneven, a nought must be added to mke an even
number of figures on the right of the decimal point.

/3
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0. 8 8
1 118.37'50
l

208 1837
1664

2168 17350
17342

6

Therefore [118.35 = 10.88.

It is important to correctly place the deciml point in the answer. This is placed
directly above the decimal point in the problem.

Remember • The number of groups of figures to the left of the deciml point in the
problem also signifies the number of figures to the left of the deciml point in
the answer.

In some numbers, the process of finding the square root my be carried on in­
definitely, and it will never exactly finish without a reminder. Usually in this
case, two or three decimal places will be sufficiently accurate in the answer. For
example -

rind e:
4 4

2.00*00*00*

1
24 100

96
281 400

281
2824 11900

11.296
604

Therefore "/p= 1,414 approximately.

4.6 9gu@re loots pf Ergbi9mg. To determine the square root of a fraction, it is necessary
to find the square root of the numerator and of the denominator separately.

1
2 •

To find the square root of a mixed fraction, reduce the expression to an improper
fraction and th~n proceed as before"

3 "1 1
2 2

When a fraction cannot be reduced to a square root by this mthod, the fraction is
convertod to a deciml and th6 square root of the deciml number is found,

/ 5.
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5.1 Simple Equations. The student should understand the following before considering
ratio and proportion.

Consider the statement -

4 + 2 = 6.

This is known as an equation. An equation is simply a statement of truth and tho
truth is mintained only when both sides of the equation are treated alike. For
example, when we add a certain number to one side of the equation, we must also add
the same number to the other side of the equation, otherwise the resulting oquation
is not true -

(4+ 2) + 3 =6 +3.
Similarly, when we subtract some number from one side of the equation, or multiply
or divide it by some number, we must do the same operation to the other side bo
maintain the truth of the equation -

(4+ 2) - 3 = 6 - 3.
(4 + 2) x3 =6 x3.
(4+ 2) +3=6 3.

Also, we can square or take the square root of each side of the equation without
upsetting the balance -

(4 + 2)° = 6°.

Av2 =6.
Now consider an equation of the type -

2-94 12 •

Similar reasoning applies in this case. For example, when we multiply both sides
by the two denominators

cancelling,

1

i*4 *u - #
1 1

2 x12 =6x4,

2Y sv
24 = 24.

Note that the cross products of the original equation are oqual.
This is termod gross multiplication.

5.2 Ibi9. A ratio is defined as the relationship which exists between two quantities of
the same kind, and signifies the number of times one is contained in the other. For
example, whon a comparison is mde between two objects and one is said to be twice
as big as the other, it is called a rtio. "Twice as big as" means a ratio of "two
to one".

When we compare the lengths of a 12' pole and a 36' pole, the ratio is 12 to 36,
which is the sam as 1 to 3. This is generally written 1 3%
When we compare the lengths of a 36' pole and a 12° pole, the ratio is 31 1.
A ratio can also be expressed as a fraction.
The 12' pole is 1/3 tims the length of the 36° pole.
The 36' pole is 3/1 times the length of the 12' pole.

When dealing with ratios in this mner, both terms must be of the same kind, In
the above case they are both expressed in ft"

/ Ratios
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Ratios are also used to indicate the composition of mterials, for example -

In the mixing of concrete, the mixture 1 : 2 : 4 indicates the ratio by measurement
of cement, sand and ntal.

Ratios are sometimes expressed in percentage, for example
Tar and tallow compound used for greasing bolts and coach screws is 25% tar 75%
allow.
Sometimes the % sign is omitted, for example -
Wiping solder 35/65 indicates the composition of tin and lead in the solder -

35% tin : 65% lead.
Similarly, solder 50/50 indicates 50% tin : 50% load.

5.3 Br9portion. When two ratios are oqual to one another, the four terms are said to be
in proportion.

Thus 4 : 2 :: 18 : 9 repr~s~nts two ratios 4 ' 2and 18
another. The expression is read as follows -

4 is to 2 as 18 is to 9.

The outer terms, 4 and , are called the extremes.
The inner terms, 2 and 18, are called the means.

Using the fractional mthod, the ratios are written as 4/2 and 18/9,

9 which are equal to one

Since theyare oqual,

Cross-multiplying,

4 18
7- 6.

4 x 9 =18 x 2.

Note that the product of the extremes equals the product of the mans"

The two terms of a ratio must be of the same kind, but it is not necessary that the
bwo ratios of a proportion are of tho samo kind, This is soon in tho following
problems "

5.4 Dirogt gnad Lnyorso Proportion» A knowledge of proportion is necessary for the solution
of many problems. A proportion has four parts, but when we know any three, we can
always find the fourth. The solution is based on the fact that the cross products of
an equation are equal (see paragraph 5,1)"

There are two kinds of proportions - Direct and Inverso.

In a djro0t pr0port10n, as one quantity increases the other increasos. Similarly, as
one quantity decreases the other decreases,
The weight of 1 mile of copper wire is, say, 100 lbs.
The weight of 10 miles of the same wire is, therefore, 100 x 10 = 1000 lbs"

That is,an increase of 10 times in the length gives a corresponding increase of 10
timos in the wight. Ihe wight of the wire is directly proportional to its length,

In an jny9r9proporti9n, as one quantity increases the other decreasos. Similarly,
as one quantity decreases, the other increases.
If 1 man can dig a trench in 12 days, how long will 6 men take?
More men engaged on a given task will finish quicker than a fewer number. An increase
of 6 times in the number of mn reduces the time taken to 1/6 of 12 days = 2 days .
The time taken is inversely proportional to the number of men engaged on the job.

/5.5
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5.5 Problems on Proportion.

Prob]om No» 1. If it takes a group of men 44 hours to pull in 8 lengths of cable,
how long does it take the men to pull in 11 lengths, under the same conditions? It
is assumed that the lengths are all equal,

First determine whether this is an example of direct or inverse proportion. More
lengths of cable require more time to pull in - a direct proportion.
Next, arrange the facts as a proportion. Then cross-multiply and solve for the un­
known quantity.

44 hours : ? hours :: 8 lengths : 11 lengths.

$4-
or "" 11

Cross multiplying, 8 x Answer in hours = 44 x 11%

To get the answer in hours alone on one side of the equation, we now divide each side
of the equation by 8. This does not alter the truth of the equation.

1
? x eyer in hourg

1

Therefore, answer in hours

Answer

= 44 *118
11
44 x11

- sm s
2

121
2

69,=1/2 hours "

Erobl9n lo._. If a certain job takes 9 men 28 days, how long does it take 24 men,
working at the same rate, to do the same job?
There are more men on the job, so it takes less time to do, This is an inverse
proportion"
If this were a direct proportion, we would set the problem thus -

2men 20 deye
24 men ? days,

But we know the ratio is inverse, so we must invert one of the ratios, thus -

2men
24 men ' avg28 days ,

Cross multiplying -

Answer in days x 24 = 9 x 28,

Divide each side of the equation by 24 -

Answer in days = JZ520- 24

3 T- 2z#s
2

212
Answer 29z12 ere· / Problem
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Problem Mo«_ i» In each of the two previous examples, a certain statement was md~, and
the result of altering one term was found. When, at the same time, another variable
factor is introduced, there are now two variables and the proportion is said to be
compound. A compound proportion consists of a series of simple proportions, either
direct or inverse.
If 4 men erect 5 poles in 10 hours, how long does it take 8 men to erect 15 poles?

First, let us see what we are comparing -

First job
Second fob

10 hours
? hours

5 poles
1! polos

4 men
8 men.

The fraction with the unknown in it is placed at the left of the equals sign, because
it is what we are trying to find. We use it just as it appears in the problem -

10
? hours

Now set up the first part of the proportion. This is a direct proportion - more
poles take more time - so the order is the same as in the chart.

19 - z
? hours 15.

Then set up the last part of the proportion. This is an inverse proportion - more
men take less tim - so the figures from the chart are inverted or turned ovor.

19 = a "o
? hours 15 4

1
19 EmaL1m7

3

2

3-
1

Cross multiplying -

Answer in hours x 2 = 10 x 3.
Dividing each side by 2, -

Ans we r 19¥3 39
2 - 2

15 hours.

Thus a compound proportion is the same as a simple proportion with one extra step
of multiplying the ratios to the right of the "equals" sign.

+rob1em No,®. The weight of a coil of 200 lb. H,D.C. wire is 85 lbs. What is its
length ?

200 lb. H.D,C. signifies the weight per mile, that is 200 lbs. per 1760 yards,

Less weight means less length - a direct proportion.
200 lbs. : 85 1bs, . . 1760 yards : ? yards.

200 x Length in yards 85 x 1760

Longth in yurds 85 , 1769
200
17 44

=f " z'tsg1
1

17 x 44

Answe r Zee.Veg· I 6.
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6. TEST 9UESII9AS.

BASIC MATHEMATICS •

1. Twenty poles are erected on an aerial line route, 75% of these poles have 8
insulators each and the remainder have 6 insulators each. How many insulators
are used?

2. Prepare a table showing the squares and square roots of the whole numbers from
1 to 10 inclusive.

3• State briefly what is meant by -

(i) direct proportion

(ii) inverse proportion, and

(iii) compound proportion,

4. One gallon of water weighs '10 lbs. What is the weight of 21/2 pints?

5. What is the weight of 100 yards of 1Q0 lb. H,D., wire?

''

6,

7.

A drum of kerosene is 11" high and holds 4 gallons when full. How much kerosene
is in the drum when the height of the kerosene is 4-1/8'?

The weight of 100 yards of cable P,I.Q.L. 1400 pr. /6-1/2 lb. is 23.7 cwt.
What is the weight of this cable in tons per mile?

END OF PAPER,

I
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8. TEST QUESTIONS,

1. WHAT IS ALGEBRA?

1.1 In arithmetic we deal with numbers. We add, subtract, multiply and divide numbers
which represent so many poles, insulators, arms, days, etc.

For example,"in arithmetic -

I
if

4 arms + 5 arms
8 poles - 2 poles

9 arms.
6 poles.

1.2 Algebra is a more general form of arithmetic. It uses the same fundamental processes
of addition, subtraction, multiplication and division, but instead of applying them
to numbers as in arithmetic, symbols or letters are used, which can represent any
number "

When we rewrite the above equations by using letters to represent arms and poles,
they are said to be expressed algebraically -

\
I

4e + 5a
8p 2p

9a. (In this equation, a signifies
6p. (In this equation, p signifies

arm.)
pole.)

1.3 Algebra is mainly a system of abbreviations. Everyone tends naturally to use
abbreviations, for example, it is more convenient to say -

G.I. Wire, instead of Galvanised Iron Wire, and
P.I.Q.L. Cable, instead of Paper Insulated Quad Local Cable.

It conveys the essential idea and saves a lot of time. The desire to avoid unnecess­
ary writing was one of the reasons which led to algebra in its modern form.
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2 • EQUATIONS.

BASIC MATHEMATICS"

2.1 Problems in algebra are generally solved by the use of equations (see Section 5 of
Paper No. 3) Equations are merely statements of fact. When a sentence states
that -

something {!.:uals } something else,
is the same as

it is an equation,

2.2 Equations can be written in shorthand form, For example, consider the statement -

"The height of the pole is 25 feet."

When we substitute the letter H for the height of the pole, we rewrite the statement
thus -

H 25°.

This is an algebraic equation.

Similarly, the statement -

"The length of the arm is 80 inches" is rewritten as -

L = 80,

where L signifies the length of the arm in inches.

The rewriting of equations in algebraic form saves using a lot o± words, which are
awkward in an equation.

2.3 In algebraic equations, any capital or lower case letter of the alphabet is used to
represent quantities. It is not necessary to always use letters which correspond to
the first letter of the word or phrase they represent. Quite frequently, the letter
x is used to signify an unknown quantity.

2.4 Romenber: When using an equation

(i) Equations always balance.

(ii) We must treat each side of the equation the same way for it
to remain in balance. (See paragraph 5,1 of Paper No. 3.)

3 . B9LUI ION OF SIMPLE PROBLEMS BY AL0zBRA.

3.1 The first step in solving simple problems by algebra is to set up the equation, by
substituting a letter of the alphabet, say x, for the value we want to find.

It is then necessary to get x alone on the left-hand side of the equation before we
can find its value. This is done by applying the various fundamental processes of
arithmetic to both sides of the equation.

/ 3.2
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3.2 Here are two simple problems showing the use of algebra for their solution.

problem Ao._1. 791 insulators are divided between three jobs in the ratio
How many insulators are delivered to each job?

Let x = number of insulators delivered to first job,

then 2x = number of insulators delivered to second job,

2 4.

and 4x number of insulators delivered to third job.

Therefore,x + 2x + 4x 791

7x 791.

Divide each side of the equation by 7 -

x = 113.

Insulators delivered to first job = 113.

Insulators delivered to second job 2x

2 x 113

= 226 .

Insulators delivered to third job = 4x

= 4 x 113

= 452.

Anevor = 11is_226 and {52 insulators.

prop1em A9«_Z. 42 poles are distributed between three jobs. 16 poles are delivered
to job No. 1 and the remainder shared evenly between jobs Nos. 2 and 3. What is the
allocation to each of these jobs

Let x = number of poles delivered to g@ch of the jobs Nos. 2 and 3.

Therefore, 2x = total number of poles delivered to jobs Nos. 2 and 3"

2x + 16 = total number of poles distributed.

2x + 16 = 42.

Subtract 16 from each side of the equation -

2x + 16 - 16

2x

42 - 16

26.

Divide each side of the equation by 2

2x 26
2 2

x= 13.

Answer - [i Poles are delivered to eachof the jobs Nos. 2 and 3.
/ 4.
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4. FORMULAE .

BASIC MATHEMATICS"

4.1 A formula is the statement of a general truth expressed in abbreviated form, usually
by letters. It is a statement thst covers many similar situations.

4.2 Consider, for example, this statement which is known as Ohms Law

"The current in amperes flowing in an electrical circuit is directly
proportional to the electromotive force applied to the circuit and
inversely proportional to the resistance in ohms of the circuit."

In abbreviated form, we could say -

"The current in amperes is directly proportional to the e.m.f. in volts
and inversely proportion to the resistance in ohms""

This could be shortened still further to

current =• «Isis
resistance

and finally to -
E

I= is

where I is the current in amperes,
E is the e.m,f. in volt,
R is the resistance in ohms.

This final equation is the form used in modern algebra and represents the original
statement expressed in algebraic form,

4.3 A rule expressed by letters such as I = ~ is known i.s a formula. The plural of form­
ula is often formulae. Formula is a Latin word, and the Latin plural has become
part of the English language. Some formulae are found by experiment, others purely
by reasoning. The development and proqf of formulae, however, are beyond the scope
of a course of this nature.

4.4 Similarly, the following statement -

The tension in pounds on a stay is directly proportionel to the product
of the length of the stay in fet and the total tension in pounds
(sometimes called the horizontal stress) of the wires on the pole, and
is inversely proportional to the distance in feet from the pole to where
the stay emerges from the ground",

is expressed as a formula, thus -
L x w

T=-,

where T = tension on stay (in lbs.),

L = length of stay (in feet),

W = total tension of wires (in lbs.),

D = distance from pole to point of emergenco
of stay (in feet).

This formula is also written as -
LW

T=5 • / 4.5
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4.5 In a formla, when two letters are put next to each other without a sign, multiplica­
tion is always understood. The reason for-this is that the multiplication sign, X,

looks very much like the letter x, and might be mistaken for it. So, in algebra,
multiplication signs are often left out. Similarly, a letter or figure before a
bracket also signifies multiplication, as in arithmetic, even though the sign is
omitted between the letter or figure and the bracket. (See paragraph 2.4 of Paper
No. 3.)

4.6 The two examples just given show how we can make up our own formula. We must first
understand the method by which a certain type of problem is solved, we then put
that method in the form of a general rule, and then bring in abbreviations. Other
formulae are given in Papers Nos. 5 and 6.

5 . USING FORMULAE,

5.1 Now let us see how to use a formula by taking, for example, the formula given in
paragraph 4.4 =

T -LP1• D •

This formula shows us how to calculate the tension on the stay (T), when we know
the length of the stay (L), the total tension on the arms (W), and the distance
from the pole to the point of emergence of the stay (D).

5.2 In practice, a problem of this type may arise (see Fig. 1.) -

Problem. The total tension on the arms of a terminal pole due to the line wires
5s 256o lbs. A terminal stay 28 feet 3 ins. long is attached to the pole. The
distance from the pole to the point of emergence of the stay is 20 feet. Whet is
the tension on the stay?

POINT OF-
ATTACHMENT -_z,-~

,,§
, ..,

'l,q,

POINT or ' [H

EMEOGEV

ID -2c'_»

CALCULATING TENSION ON STAY .

FIG. 1.
To apply the formula to this problem, we rewrite the formula, substituting numbers
for the corresponding letters, thus -

T - LXyD

ai----}TOTAL TENSION
W=2560LBS.

Write the length of the stay
in feet in this square.

Write the total tension
in lbs. in this square.

c X t
t

Write the distance in feet from the pole to
point of emergence of stay in this square. /This
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BASIC MATHEMATICS.

This disgram shows what the formula really means. It tells us what to write down
and how to begin the problem, The problem is now solved by simple arithmetic -

28 ] x 2560
ff z-«

20
32

a#%
1 w

= 113 x32

= 3616%

113
-32
226

33.99
3616

Answer = jsg39 2pg. tension on the stay.

5.3 Another simple problem in the use of a formula is shown.

Kr0b0I. Convert a temperature of 8% degrees Fahrenheit to the equivalent value on
the Centigrade scale.

Degrees Centigrade (C) are found from degrees Fahrenheit (F) by using the formla -

a - 5(1-32,
9

Substituting the value given sbove for I, in the formula -

c 5(8%, - 32
9

- 5.¥5%- 9

6
- 5¥De- ,

1

= 5 x6

= 30.

Anauor = 30,$25m998 9erjigrsig-

Te prove this answer, substitute 30 for O in the above formula and solve for F.

30 = 5(1' - 32}9 •

(Multiply both sides by 9,) 270 = 5(F - 32)

270 = 5F • 160.

(Add 160 to each side,) 270 + 160 = 5F - 160 + 160

430 = 5F.

(Divide each side by 5,) 86 = F,

which agrees with the original value for F in the problem,
/ 6.
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6 . TRANSFORMATION OF FORMULAE.

6.1 Sometimes, the formula which suits our problem is not given in the most convenient
form.

Ohms law formula (see paragraph 4.2).-I .. f_, shows how to :find the cunent when

we know the em.f. and resistance of the circuit.

But suppose we want to find E instead af I, How can we use this formula? We use
the same rules as for solving equations (see Section 3). We rearrange the formula
so as to put E alone on one side just as we rearranged the equation to place x
alone on one side"

In the formula I =f, Eis being divided by R.

When we do the opposite, that is, multiply each side of the formla by R, we do
not alter the 'truth of the formula -

I xR±A,R
R

1
I xR=A,Jye

1
I x R=E,

Therefore, E = I x R

= IR (omitting the multiplication sign).

Similarly, R = I
I

Any formula can be rearranged to give any one of the letter values.

6.2 As another typical example, consider the formla -

T -aAS (soe paragraph 4.4).D
Suppose we know the tension (T) which the stay withstands, and wish to find the
total tension (W) on the arms which produces this value of stay tension. This case
may arise when we add lin wires to an existing route and want to know whether the
existing stay will carry the additionl tension of the wires.

In this case, we want W alone on one side of the formula. W is being multiplied

by # . Therefore divide each side or' the formula by s , thet is, multiply by ** ,
thus -

Thereforo, W _ Z> D
L

Alternative solution -

Gross multiplying, L xW =T xD.

Divide each side by L,

L X W T xDI=i.

Therefore, W - T > D
L I 7.
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7 . CONVERTIN FORMULAS INTO PICTURES.

BASIC MATHEMATICS .

7"1 To simplify the working of problems, it is convenient in many cases to convert the
formula into a graph from which the answer can be read at a glance, This reduces the
amount of calculations when a number of problems of a similar type are to be solved.

7.2 ConstrugjimK a (raph. To take a simple example, consider the formula -

T b5E (see paragraph 4.4).
D

Assuming fixed values for L and D, it is possible to show by a graph how the value
of T varies according to the value of W,

Suppose the values of L and D are fixed so that the ratio ~ = 1.414. (This ratio
exists when the distance, D, from the pole to the point of emergence of the stay
equals the height of the pole above ground to the point of attachment of the stay.
This height is designated H in Fig. 1.) Then the formula may be rewritten -

T = 1,414 x W,

By substituting different values for W, the corresponding values for T are calculated
from this formula. The results are summarised in table form, thus -

Value of W Value of T
(in lbs.) (in lbs.)

0 0
1000 1414
2000 2828
3000 4242
4000 5656

(Point A on graph.)
(Point B on graph.)
(Point C on graph.)
(Point D on graph.)

This table is continued for as long as we like. From this table, the graph is con­
structed by setting out two lines at right angles, (see Section 4 of Paper No. 5)
as shown in Fig. 2.

On one of these lines (it does not matter which), we set out to a convenient scale,
measurements representing one set of quantities, and on the other line, also to a
convenient scale, measurements representing the other set of quantities,

In the example chosen, we set out values of W on the vertical scale and values of T
on the horizontal scale, On both scales, the values are written as shown in Fig. 2.
No graph is complete unless these figures are given, with information as to what they
represent. The scale chosen in each case is 1" for every 1000 lbs. Other scales
could have been chosen, the choice being one of convenience and suitability. On the
graph shown, horizontal and vertical lines are drawn at these 1" intervals. Each of
these are further subdivided in 10 equal divisions. Each small division, therefore,
represents 100 lbs,

Now from point 1000 on the W scale and point 1414 (just a fraction over 1400) on the
T scale, horizontal and vertical lines are drawn. These meet at point A in Fig. 2.
Similarly, horizontal and vertical lines are drawn from the W and I scales,
respectively, for the other readings given in the table. When a line is drawn
through these points, the result is a graph from which we can find -

(i) the tension on the stay for any value of total tension on the arms
up to about 4000 lbs., and

(ii) the total tension permitted on the arms for a particular value of
tension on the stay. I Fig, 2,
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7.3 From the graph in Fig. 2, find -

(i) the value of T when W

(ii) the value of W when T

2,300 lbs., and

3,800 1bs

Then calculate the values from the appropriate formulao.

It is important to note that the results obtained from the graph do not always agree
exactly with those obtained when we calculate the values. However, the graph
results are usually sufficiently accurate for most practical purposes.

/ 7.4
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7 .4 Fig. 2 applies for one particular value of the ra:t io ~ • The usefulness of the graph
is increased by including on it, graphs for other values of~ as shown in Fig. 3.
These are prepared in a similar manner as described for Fig. 2.
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7.5 From the graphs in Fig. 3, find the value of T -

Ca) When W = 1,500 lbs, a.nd l = 1.3.
D

(1.4.) When W z 2,000 lb8.3 L 26 ft., D = 20 ft.
(iii) When. 1 = 2, 500 lb6,3 L 19 £t. 6 ins •, D = 15 ft •
(av) When W 2,840 lb8., L 28 ft. 3 ins.s D = 20 ft.
(v) When W z 3,300 lbs., L = 29 £t., D = 20 ft.

In the case of (v), there is no gr,.9h fort 1.45. In this case it is necessary to

guess the approximate position of the graph which would be drawn for this ratio.
/7.6
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7.6 Simple graphs of this type are used in practice to select the size of stay rod and
wire for a terminal pole (see Fig. 4).
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9RAPE FOR TERMINAL POLE SAY WIRES AND RODS.

FI0, 4.

These graphs are similar to Fig. 3, but are drawn for values of { and not 4 "
D D

z is tie height of the pole from the ground to the point of attachment of the stay.
Se= rig.



PAPER NO • 4.
PAGE 12.

7.7 The following problem shows the use
of the graph in Fig. 4.

Problem. The total tension of the
wires on a terminal pole is 625 lbs.
The dimension H (see Fig. 5) is 20
feet and the distance D is 20 feet.
What is the size of stay wire and
stay rod required?

It is first necessary to find the

value of ED •

I th• ·t • 20 1 Th"nnis case, it 15 9o I, nis

s» ca1ca to ST ,auto. (onpreaz ratio of 1 is the same as an #*
ratio of 1.414 mentioned in
paragraph 7.2.)

BASIC MATHEMATICS .

E)m

STAY AT TERMINAL POLE,

To use the graph, imagine a horizontal line drawn to correspond to a total tension
of 625 lbs. At the point where this horizontal line cuts the graph corresponding toE = 1, imagine a vertical line. This line indicates from the graph -

(i) the tension on the stay is about 880 lbs",

(ii) one 7/16 stay wire is required, and

(iii) one 5/8 inch stay rod is required.

8. TES7 QUESTIONS.

1% (i) Rearrange the formula C = 50,-32) so as to get F alone on one side.9 '
(ii) When F 50, wh at is the value of c?

(iii) When C 50, whet is the value of F ?

(iv) Construct a graph to show the relationship between C and F for any
value of F up to 212.

2. From Fig. 4, find the sizes of stay wires and rods for total arm tensions of

(a.) 1,400 lbs•,

(ii) 2, 350 lbs., and

(iii) 3,330 lbs., when the height-spread ratio is

3. In the formula A = mr,
in each case,

A 1,386, and

3 1.7
What is the value of r?

4. In the formula L ="/µ? " p2, what is the value of L when both H and D equal 20?

END OF PAPER,
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GE0METRY AND MENSURATION.

1 . INTRODUCTION.

2. LINES AND ANGLES,

3. CIRCLES.

4. MEASUREMENT OF ANGLES.

5. AREAS •

6. CALCULATION OF AREAS.

7. VOLUMES •

8. CALCULATION OF VOLUMES.

9. SURFACE AREAS OF VOLUMES.

10. SAWN TIMBER MEASUREMENTS.

11. TEST QUESTIONS.

1 • INTRODUCTION.

1.1 Geometry is arithmetic - addition, subtraction, multiplication and division - applied
to the shape of objects rather than to numbers. Practically all objects can be re­
solved into shapes based on straight lines and circles, and this study of geometry
is concerned with the shape of simple figures composed of lines and circles.

1.2 Mensuration deals with the calculation of areas of these objects,

2 • LINES AND ANGLES.

2.1 straight Lines. A straight line (see Fig. 1a) is a
line which maintains a certain direction for its
whole length. A tightly stretched rope or wire
forms a straight line,

2.2 Baral]e] Lines. Two lines are parallel to one
another when they are the same distance apart for
their whole length (see Fig. 1b). When two such
lines are continued indefinitely both ways, they
do not meet. The two sides of an ordinary flat
ruler are straight and parallel to one
another.

(a)

(b)

STRAIGHT AND PARALLEL LINS.
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do not
touch.

BASIC MATHEMATICS •

I
(a)

Fig. 2a shows a number of pairs of lines which are not parallel. These lines
meet each other, so it is convenient to make the lines of each longer until they
(See Fig. 2b.) When two lines meet like this, they are said to form an angle.

(b)

FI9,2. ANGLES FORMED BY STRAIGHT LINES.

LINES AND ANGLES.
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The three angles shown in Fig. 2 are quite different in appearance. The first is somo­
thing like the angles formed between a stay wire and tho ground, and between a stay wire
and a pole (see Fig. 3a).

The second which looks like the corner of a book, has a special name. It is called a
right angle. When two lines make a right angle, they are said to be perpendicular to
each other. A right anglo is formed between a pole and the ground when the pole is set
in lovel ground (see Fig. 3a).

The third is something like the angle formed by the line wires on oach side of the arm
when the route changes direction. This angle is called the included angle (see Fig. 3b).

POLE

RIGHT
ANGLE
\

(a) Terming] Stay.

INCLUDED ANGLE
(GREATER THANA
RIGHT ANGLE) ----.

s
g

POLE

ANGLE OF DEVIATION
(LESS THAN A

i<RIGHT ANGLE}
.13saoe_•••.• --- ----

(b) Lino Viros mt Anglo Pole.

FI0,3. ANGLES IN LINE CONSTRUCTION.
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3. CIRCLES,

BASIC MATHEMATICS.

3.1 A circle (see Fig. 4) is a figure enclosed by a line traced out in such a way that
it is always a constant distance from a given point. This point is called the
centre of the circle.

•A CIRCLE THE CENTRE THE CIRCUMFERENCE THE RADIUS
(RIM)

TERMS CONNECTED WITH A CIRCLE.

THE DIAMETER

The line enclosing the circle is called the circumference or rim,

The lino joining any point on the circumference of a circle to the centre is called
the radius.

When the radius is continued through the centre to cut the circumference, this dis­
tance is called th~ diameter of the circle. The length of the diameter is twice tho
length of the radius.

3.2 A circle can be made with two sticks and a length of rope. Fig. 5 shows this being
done"

MARKING OUT A OIRCLS.

A similar arrangement on a smaller scale could be used when drawing on paper, but
usually compasses or dividers are used.

3.3 Many items used in line work are circular in shape, for example -

wooden poles,
bolts,
insulators,
line wires, etc.

/ 3.4
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3.4 Relationship between circumferenoe, Diameter and Radius. The ratio of the length
of the circumference to that of the diameter is always a constant value -

circumference
diameter = constant value.

This is true for any circle. The constant is referred to by the
called Pi,and is equal to 3.1416 correct to four decimal places.

usually approximated to 3 .14 or ~.

greek letter T,
In problems, 7 is

Circumference = m
diameter 3.14 or e.

Therefore, circumference = i x diameter

= 1r x twice radius

= 2m x radius,

Also, diameter circumference
1r

and radius circumference
2m

It is important not to confuse the diameter with the radius, and care should be
taken in problems to check that any value given is either a radius or a diameter,
and to apply the correci formula.

iroblmm. A length of cable is wound on a cable drum 3'6" in diameter, and forms
21 turns (see Fig, 6). What is th~ total longth of cable?

First find the circumferonce of the drum, This gives us the length of one turn,
Then multiply by the number of turns to give the total length of cable.

Length of cable = circumference of drum x number of turns.

= m x diameter of drum x number of turns,

21
1

11 x 21

21
1

3's"

_l
= 231 feet. VAT IS LENGTH OF CABLE?

77 yards.
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4. MEASUREMENT OF ANGLES.

BASIO MATHEMATICS.

4.1 It is necessary to have some simple way of measuring angles. There is no simple way
to measure an angle in terms of length, but angles are related to several other
things that can be moasur~d.

In any circle (see Fig. 7) the lines which form an angle at the centre cut a portion
of the circumference. Any angle can, therefore, be imagined to be at the centre of
a circle.

//--~,
/"b_ /'

/ /

I I
I II \ I lt I

\
\ I \ I '\
'- / " / '-....

----
/

----
_-

ANGLES FORMED AT CENTRE OF CIRCLE.

FIG.TI.

In this case, the length of the circumference which is cut by the lines forming the
angle is proportional to the size of the angle. Therefore, we could measure the
size of the angle by the longth of this portion of the circumference.

This method is not satisfactory,
however, unless we use a stan­
dard circle of specified size.
It is more satisfactory to
measure the angle by the length
of the intercepted circumference,
regardless of the size of the
circle. This is done by dividing
the circumference of the circle
into a number of parts and then
soeing how many of these parts
are enclosed by the lines forming
the anglo,

4.2 D0Er9©5. In practice, tho cir­
cumferenc~ is divided into 360
equal parts called degroes. The
symbol for degreos is °, Thero
are, therefor0, 360° in the com­
plote circle. (Seo Fig. 8.)

The figure 360 was chosen because
it is a number into which many'
other numbers divide without
leaving a remainder. This sim­
plifies calculations wh~n finding
a fractional part of a circle
or argle.

360°. IN A GIROLE.
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4.3 Big Anglos. In geographical measurements, north is always considered zero dogreos
(0°). The 360 degrees are then scaled on the circle in a clockwise direction (gee
Fig. 9).

o°

18.0°

COMPASS •

316, 9.

Whon we start facing north and then turn to the right, we face east. When we turn
to the right again, we face south. Again to the right, we face west once more to
the right, we face north.

We have turned to the right four times for the complete
circle. We therefore say there are four right angles
in a complete circle. (See Fig. 10.)

Each time we turned to the right, we turned through
one right angle.

RIGHT
ANGLE

RIGHT
ANGLE

RIGHT
ANGLE-+RIGHT
ANGLE

One right angle 360°
4

3609 = A RIGHT AN0LBS,

Thus, any angle of 90° can also be called a right angle. Some right angles are
shown in F1g. 11.

= 90°.FIG. 10.

L
RIGHT ANGLES.

FI9,11.

I
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BASIC MATHEMATICS •

Fig. 12 shows a right angle marked off in intervals of five degrees.

° 90°• s s5° 9
70°TT}HEH

+5ij!'
6o°, \

55°

50°
45°

4

3

3

0 _- ___,;a==-

DEGREES IN A RIGHT ANGLE.

F10. 12.

4.4 Typical Anglos. Some typical angles are shown in Fig. 13.

_J
s0°

80°a
TYPICAL ANGLES.

FI9. 13.

Angles less then 90° are called acute angles. Angles between 90° and 180° are
called p~*use angles. When an angle contains two right angles or 180°, the lines
forming it are in a straight line.

/ In
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In some cases angles do not come out an even number of degrees. To meet these cases,
a degree is divided into 60 oqual parts called minutes. The symbol for minutes is '.
Each minute is similarly divided into 60 equal parts called seconds. The symbol for
seconds is ", Therefore, an angle is measured in degrees, minutes and seconds. For
example, an angle of 45 degrees, 20 minutes, 30 seconds is written -

45° 20' 30".

A0Es• The symbols for minutes and seconds in the measurement of angles are the same as
the symbols for feet and inches, respectively, in the measurement of length.

4.5 Imporbnn9o oi Anglos. Angles are important when two things have to be fitted together.
Figs. 14a, 14b and 14¢ show three views of stoppers in openings. In Fig. 14a, the
angle between the opposite sides of the stopper is less than the angle of the opening.
In Fig. 14b, the angle is the same. In Fig. 14c, it is larger. Only the second one
gives a correct fit.

(a) (b) (c)

ANGLES ARE IMPORTANT.

FIG,14.

We can still speak of the angle between the sides of a stopper, although these two
lines do not meet. It makes no difference so far as fitting together is concerned, if
the sides of the stopper were extended until they meet as shown in Fig. 14d.

Sometimes, however, both lengths and angles are important. For example, the various
effects that can be caused by incorrect widths and incorrect angles are shown in
Fig. 15, for a spanner gripping, or failing to grip, a square nut.

0

WIDTH AND ANGLES
BOTH WRONG.

ANGLES RIGHT,
WIDTH WRONG.

WIDTH RIGHT,
ANGLES WRONG.

WIDTH AND ANGLES
BOTH RIGHT.

CORRECT AND INCORRECT WIDTHS AND ANGLES.

FIg, 15.

By means of lengths and angles we can specify exactly any shape made up from straight
lines., Some of these shapes are shown in Fig. 16%

/ 5.
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BASIC MATHEMATIGS.

5.1 We have seen that lengths can be measured in miles, yards, feet, inches, etc., and
fractions or decimals of miles, yards, feet, inches, etc. A different kind of
measure is needed to answer questions, such as -

"How mch ground does this concrete slab cover?", or

"What ground surface must be marked out to dig this excavation?"

Both of these questions require a knowledge of areas.

5.2 Consider the shapes shown in Fig. 16.

Each of these shapes covers the same amount of paper, even though the shapes are
differen. This is expressed by saying that the areas of the shapes are equal.
The names given to these shapes are -

(a) Square.

(b) Rectangle.

(e) Parallelogram.

(a) Triangle.

(There are many other shapes thet
could cover the same area, but those
shown in Fig. 16 are the more common.)

We can always test whether two figur~s
are equal in area by asking "Can I
make this shape by cutting that one
into pieces, and then fitting the
pieces together again?" When this
is possible the areas are equal.

From this we can see how areas are
measured. We start with a standard
piece, for example that shown in
Fig. 16a which is known as a square.
Each side is 1 inch long, and the
area is, therefore, 1 square inch.
This is often abbreviated to 1 sq. in.

Any other shape that can be made by
cutting this square up and fitting the
pieces together again also has an area
of 1 square inch,

The shapes of Figs. 16b, 16c and 16d
are made from the square shown in
Fig. 16a, therefore, each has an area
of 1 square inch. (In Figs. 16b, 160
and 16d, the dotted lines show where
to cut these shapes, to get pieces
which make the original square.)

(a)

(b)

(c)

(d)

THE AREAS OF EACH SHAFE ARE 19UAL.

FI9, 16.
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5.3 Sometimes, we can fill a space with
a number of squares like Fig. 16a.
For example, the shape of Fig. 17
which is 3 inches long and 1 inch
high can be split up into threo
squares. So its area is 3 square
inches.

l
Any shape which is made from]
Fig. 17 by cutting it up and mov- t
ing the piecss around, also has
an area of 3 square inches.

5.4 An example of a shape which intro­
duces fractions is shown in
Fig. 18.

This shape is 2-1/2 inches long
and 1 inch high, Here we can put
two squares in but the shaded
part still remains.

How do we find the area of the
shaded part?

We notice that two pieces, each
exactly like the shaded part of
Fig" 18 can be fitted together to
make a single square (see Fig. 19a)"
Each must, therefore, be 1/2 square
inch, So the shaded part of Fig. 18
is 1/2 square inch. The whole of
Fig. 18, therefore, has an area of
2-1/2 square inches.

5"5 In the same way, we can show other
fractions of a square inch. Figs.
20a and 20b show a square inch
divided into four equal parts. Each
part is, therefore, 1/4 of the whole,
that is 1/4 square inch. So the
shaded part is 3/4 square inch, and
the unshaded part is 1/4 square inch.

5.6 ynits pf Ares. In the previous
examples, the unit of measurement was
taken as a square with 1 inch sides,
giving an area of 1 square inch. In
many cases, this unit is too small ,
and we select, for our unit, a square
which has sides of 1 foot, 1 yard or
even 1 mile, The areas of these
squares are i square foot, 1 square
yard and 1 square mile, respectively.

The following abbreviations are often
used -

: I
I

I I
I I
I t
I I
I I
1 I
I I
A I

3. 89UAR INCHES.

FIG, 17.

l
i

2-1/2 89U,ARE INCHES.

£18, 18.

V*7I77777073- - -

I
I
I
I

• i

ju

25»

(a.) (b)

THE SHADED PO~DEON HAS. AN AREA Or 1/2
E9UABU 2NCH.

FI0.12.

square foot
square yard
square mile

sq" ft.
sq, yd,
sq" mile.

Areas are also expressed in fractions
of e sq. ft., sq. yd., sq. mile, etc,

(a) (b)

THE SHADED POKION HAS AN AREA OE 3/4
$9UARE INCH.

FI0, go.
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BASIC MATHEMATICS.

5.7 Conversion oi [nits. It is often necessary to convert areas from one unit to another,
for exampld t6 convert square yards to square feet, square feet to square inches,

et c"

To find the number of square inches in a square foot we simply square the number of
inches in a foot -

1 foot = 12 inches,

but 1 square foot does ot equal 12 square inches.

1 square foot = 12? = 144 square inches.

This is shown in Fig. 2l, which represents a square, the sides of which are each
1 foot long. Each side is marked off in inches and the opposite sides joined as
shown in Fig. 21b. This process divides the large square into a number of small
squares with 1 inch sides. The total number of 1 inch side squares contained in
the whole square is 144 and, therefore, the area is 144 square inches.

I
12

9

uu
y'

I
C 6

1
z

3

°%14 1' I
(a)

$9UABE, FOOTE 144 89UAR1 INCHES,

FI0. 21.
By similar reasoning (see Fig. 22)

square yard = 3 _ 9 square feet.

YD_w

3 6 9
l.dry]

INCHES

(b)

12

I

1
1YD.

I
(a)

1
I

1B9UAR YA}D -. 9. 89UAR FEEE.

(b)

To convert square inches to square feet, divide by 144 -

36 square inches 36 1i4a " 7 square foot.
/ To
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To convert square feet to square inches, multiply by 144 -

1-1/8 square feet = 4} xlf = 162 square inches.

To con~rt square feet to square yards, divide by 9

1-1/8 square feet = 1 + 9

= A < z = + squaro yard.

To convert square yards to square feet, multiply by 9

1-1,/2 square yards = } x ] = 13 * squaro feet.

5.8 9g}ere.{opt sngd loot Square. Confusion is often caused by the difference between two
square inches and two inches square, three square feet and three feet square, etc,

Two square inches means an area which can be covered by two squares, each containing
1 square inch (see Fig, 23a). Two inches square means a square, each side of which
is 2 inches long. (See Fig. 23b.) This square contains 4 square inches.

-----

1
!

_____m

'I

2" - -- - - - -1-- - -
I

I
I

(a)
2 891A3 INCHES AND, 2 INCHES, 69UAR.

FI9, Z3.

(b)

-I YARD

Similarly, 3 square feet and 3 feet square
sound very similar, but they do not m~an
the same thing. The ares in Fig. 24
represents 3 feet square, being 1 yard
long and 1 yard wide. The shaded area
represents an area of 3 square feet"

)
I YARD

l
3. S9UAR PEET AND, 3 FEET B9UAR,

FIG. 24.
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6 • CALCULATION OF AREAS.

BASIC MATHEMATICS.

6.1 Aro9 of sguare. A square is a surface enclosed by four equal straight lines, the
four angles so formed being right angles.

In Fig. 25 the lines AB, BU, CD and DA are the four sides of a square each 6 inches
long.

The larger square is divided into a number of small squares of 1 inch sides. The
total number of small squares = 6 x 6 = 36, and the area of the large square is 36
square inches"

Therefore, to find the area of a square we
square the length of one side

When a square has the length expressed in
feet, yards, miles, etc., the area is in
square feet, square yards, square miles,
etc"

prob]@I. What is the area of a square
concrete slab with 4'6" sides,

Area (46")2

- G1°
- 3, 22 2

s1
4

D4Li4A*C,
-------6"-------

6"

ARA OF A $9UAR.

9z1(s. se38re£est·
FI0, 25.

6.2 Area_ of Rectangle. A rectangle is a surface enclosed by four straight lines. The
opposite sides are equal and all four angles are right angles,

Fig. 26 shows a rectangle. The sides AB and CD are each equal to 6 inches, and the
sides AD and BC are each equal to 3 inches, On dividing the rectangle into square
inches as was done for the square, it is seen that there are three rows with 6 square
inches in each. The area of the rectangle equals 6 x 3 = 18 square inches.

Therefore, to find the area of a rectangle, reduce the sides to the same units,
inches, feet, yards or miles, etc., and then multiply the length of one side by the
length of the adjacent side. This product is the area of the rectangle in square
inches, square feet, square yards or square miles, etc,

BroblSI. What is the area of a concrete
slab 5'4" by 4'6".

Area = 5'4" x 4'6"

51k413 2

8 3

*1 1
8 x 3
24 sgygre feet.

A*6'-r_g

I
4']la"

l I
#

Dg_Io

AREA OF A RECTANGLE,

FI0, 26.
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6.3 Ar9a.of Bight Anglo Triangle. A triangle is a surface enclosed by three straight sides.
When one of the angles is a right angle, the triangle is termed a right angle triangle,

In Fig. 27, ABCD is a rectangle with diagonal BD
from one corner of the rectangle to the opposite
rectangle into two right angle triangles ABD and
similar, and are, therefore, oqusl in area.

A___________8 A,,Age7

drawn. The diagonal is the line drawn
corner. This diagonal divides the
BCD. The two triangles are exactly

HEIGHT

[jar.4( D

HEIGHT

B

4SASEIc
FI8, 27. A BUE0TANGLE EQUALS TJO RIOT ANGLE TRIANGLES,

The area of the right angle triangle is thus half the area of the rectangle of which it
forms part.

Area of rectangle = length AB x length AD, or

= length CD x length 0B.

Therefore, area of triangle = * (length AB x length AD), or

= 1 (length CD x length CB).
2

Expressed differently, the area of a right angled triangle equals half the base mul­
tiplied by the height, that is -

Area = } (Base x Height).

Problem. What is the area of the right angle triangle shown in Fig. 28?

Area = } (Base x Height)

= , x 6'9" x 2'8°

-1.6} .}
9 1

- 1 y#"87 k %
1 1 1

6' o'_.»

1
2' 8"

l
gquaro feet.

FI0. 28. HIGHT ANLI TRIANGLE,

6.4 Aron of Parallelogram. A parallelogram
is a surface enclosed by four straight
sides. The opposite sides are equal
and parallel, as in a rectangle, but
the four angles are not right angles.
Fig. 29 shows a parallelogram ABCD",

The area of a parallelogram = base x
height. In Fig. 29, the base is
represented by the length of the
sides AB or 0D, and the height is
the length of the dotted line A
which is drawn a' right angles to
CD,

AB
I
I
I

D E

FI0, 29. PARALL@LO0RM,
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6.5

Eroblom. what is the area of the parallelogram in Fig. 29 when the length of the side
iE4s 5i" and the height A is 2'3"?

Area = Base x Height

= 514" x 2'3"

51x243 4
4 3

-Pi
1 1

= 4 x 3
= 12 sguare feet.

Ar999in Gurgle. As the proof of the formulae for the ares of a circle is beyond the
scope of this course, the formlae given below should be memorised.

Area of circle = m x (radius)? Also, area of circle = m x (diamotory
2 2-

11 "a°.44
Problem. What is the area of a circular slab of concrete 1*91 radius?

= ny
- 22 " +8.7

Area = 2f x r2

- 28, (y°7 '4
11 1

-#%.{
1 2

- 11.¥12 x 4

- 7-5/0 square feet. FI0, 39..•AA OF CIRCLE.

I4

The area could also be calculated from the diameter, which is (4'9" x 2) = 3'6".

Area = 11 " a?14

- 11 (y°14 2

1
- 11 "I ,I1$2 2

2
11¥7
2 x2x2

/ 6.6
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6.6 Ar09 oi n Circular Ring. Fig. 31 shows a ring made by cutting a circle of radius r from
one of radius R,

The area of the larger circle = nR,
The area of the smaller circle = mr,

The area of the ring = nu' Mr2

= TT

Also, the area of the ring = m

[i-].

3' -079
- [-4)

CIRCULAR RING.

FI0,31.

5rob±SI• A pole of diameter 12" is set in concrete, which extends for a distance of 9u
all around the pole, (See Fig.32.) What is the surface area of the concrete?

Smaller diamet er (d)

Larger diameter (D)

120 = 1'

91 + 120 + 90

30"

2'6"

= 2 feet.
2

Area of concrete -[° - «]
22 1 ef - @]7 7 *

= 22 X 1 X (49-3- co]7 4

= 22 1 x - j7 4

- 22 1 [-4)7 4

11 3
- 22 X 1 z1

1 4 4
1 2

AREA OF CIRCULAR RING.

FIG, 32.

- 11¥3
- 2 X 4

- 4-1/8 sgy re feet. /7.
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7 . VOLUMES •

BASIC MATHEMATICS.

7.1 In Section 5, dealing with the calculation of areas, the surfaces had two dimensions,
length and breadth.

A solid has three dimensions, length, breadth and depth
a solid is measured by the number of unit volumes which
in the same way as the ares of a surface is measured by
number of unit areas which it contains.

Solids are divided into many groups but only those commonly
met in lines practice are covered in these notes,

(or height). The volume of
are contained in the solid
the .__m,v?

I I

,;:/ :

r7.2 {uke. A cube (see Fig. 33) has its sides and ends all equal
squares. There are then six faces to a cube, each surface
being a square of the same size.

7.3 Units_of Volume. The unit of volume is a cube with sides of
equal lergth. For example, a cubic inch is the volume of a
cube with all sides equal to one inch.

I
I
I
I __ -

/
/

j "--//-//___,,

"

Volumes can be measured in cubic feet or cubic yards, in­
stead of in cubic inches. A cube one foot in length,
breadth and height has a volume of one cubic foot. A cube
one yard in length,breadth and height has a volume of one cubic yard.
for example, sand, gravel, etc., are usually sold by the cubic yard.
abbreviations are often used -. .

cubic inch •••• •••• cub, in,
cubic foot •....... cub. ft.
cubic yard •....... cub. yd.

7.4 Conversion of Units. It is often necessary to convert volumes from one unit to another,
for example, to convert cubic yards to cubic feet, cubic feet to cubic inches, etc.

1" CUBE.

T19. 33.
Many materials,

The following

To find the number of cubic fet in a cubic yard -

yard = 3 feet,

but 1 cubic yard does g9i equal 3 cubic feet.

1 cubic yard = 3 x 3 x 3 = 27 cubic feet.

This is shown in Fig. 34 which represents a cube, ihe sides of which are each 1 yard
long. iach side is marked off in feet and the opposite sides joined as shown in Fig.
34. This process divides the large cube into a number of smaller cubes with 1 foot
sides. The total number of smaller cubes contained in the larger cube is 27 and,
therefore, the volume is 27 cubic feet.

/

I YD.

i
1
3'

j
I

I/.
I

V-!". .2,
1•QUEER .YARD, - 27 QUBIO FEET.

FI. 3£.
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By similar reasoning, (see Fig. 35)

1 cubic foot = 12 x 12 x 12 1728 cubic inches.

I
,'

)
1
12"

j

1 9UBI0 FOCI_= 1728 0UBIG INCHES.

FIG, 35.

To convert cvbic inches to cubic feet, divide by 1728 -

648 3648 cubic inches = 4on " f eubic foot.

- 621691 cubic inches = 47bn = 0.4 cubic foot.

To convert cubic feet to cubic inches, multiply by 1728 -

1/8 cubic foot = 4. " 1120 _- 216 cubic inches.8 1

To convert cubic feet to cubic yards, divide by 27 -

6-3/4 cubic feet = 6 } 3 27

- ZT " - 1 cubic yard.4 27 4

To convert cubic yards to cubic feet, multiply by 27

1-1/3 cubic yards = g ZI _ 36 cubic feet.3 1

7.5 Digyig Measurement of Volumes. Volumes are also measured in pints and gallons. These
units are used for liquids.

A table of liquid measurement is given in the Section of Tables at the beginning of
this book.

/8.
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8. CALCULATION OF VOLUMES.

BASIC MATHEMATICS .

Volume area of end x height

length x breadth x height

3" x 3" x 3"

27 cubic inches.

8.1 Cube. A cube with 3 inch sides is
shown in Fig. 36. The smaller cubes
represent cubic inches. To find the
volume, multiply the area of one
end by the height of the cube.

1 'Or volume = f 1 1'
*A 7

= 1/64 cubic foot.

(Therefore, 64 of these cubes would
fill a volume of 1 cubic foot.)

VOLUME OF A UBE.

FI8, 36.

Volume length x breadth x height

3" x 21 x 4u

= 24 cubic inches,

8.2 Rectangular Prism. The cube shown in
Fig. 36 is also known as a rect­
angular prism, The sides are at right
angles to the ends. Another example
of a rectangular solid is shown in
Fig. 37. This figure is not s cube
because the lengths of the sides are
unequal,

-1' 1' 1'or volume = % *7 *g

1/72 cubic foot.

(Therefore, 72 of these solids would
fill a volume of 1 cubic foot.)

VOLUME OF A RECTANGULAR SOLID.
(OE A CUBE,).
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!rob.I. A trench of the following dimensions has to be excavated -

Length - 50 yards.

Width - 15 inches.

Depth - 2 feet.

What is the volume of the excavation?

Volume = length x width x depth.

(Remember to keep all the dimensions in similar units, for example, inches, feet
or yards. In this case, we select feet")

volumo = (5o x 3) x Hj x 2

- 50 3152=1 Xi ¥42 Xi

25 1 1

# 1*J'1 1 4¢ 1

~
1

= 25 x 15

375 oubio foot.

25
15
125
250
375

8.3 Cylindor. A cylinder is a special type of prism in which the ends are circles,
parallel to on another and equal in aroa.

The volume of the cylinder (see Fig. 38)
equals the area of one end multiplied by
the height •

Ares of end = m x (radius)

Therefore, volume = i x (radius) x height

= m?ne md5nr or 4

Kr9bl9n• A cylindrical kerosene drum is 11"
in diameter and 12" high. Whet volume of
liquid does it contain when full?

Volumo _ md?h
4

- 2 "1k7 4

1
h

j
.

·•·.

,•'

(1y° " 12
1 1

VOLUME, OF_ CYLINDER.

FI0, 38.

3
= 2& x1 xy11 x11 x1£

7 f 1 13
1

- 28 " 3637 1

- 79867
11$1, pupae in0hes. (Approximately.)

363
22
726

7260
7)198%

1140-6/7.
/ 9.



PAPERNO.5.
PA0E 22.
9. SURFACE ABBAS OF VOLUMES,

9.1 Cube. A cube has 6 sides all of equal area.

Total surface area = 6 x area of one side

= 6 x (length of one side),

BASIC MATHEMATICS •

I I---
I I---
I I

I I I I I I I I------ -*---
I I I I I I I II----- --- -
I I I I I I I I

I I---
I I---
I I

FI0, 39. SURFACE AREA OF CUBE.

The surface area of the cube shown in Fig. 39
= 6 x 32

= 6 x 3 x3

- 2 ggwre iehes·

9.2 Rectangular IrisI. The rectangular prism shown in Fig. 40 has three pairs of sides
of unequal areas.

I
_I_

I--
1

I I
"--

I
I I I I I
I I I I I--------
1 I I I I
-__-__...--

1 I I I I
I I1

FI0, 49. SURFACE AREA QE HICIANHULAR PRISM,

The total surface area -

2(length x breadth) + 2(length x height) + 2(breadth x height).

2[( x B) + (t xn) + (B xn)].
/ The
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The surface area of the rectangular prism shown in Fig. 40

- 2[(3 x 2) + (3 x 4) + (~ x a)]

- 2[6 + 12 + 8]

2 x 26

22 s9ur9 nehes

PAPER NO. 5-
PACE_23•

9.3 0ylingder. Suppose a piece of paper is wrapped tightly around the curved surface of
the cylinder shown in Fig. 41, in such a way as just to cover the curved surface
without overlap. When this paper is then opened out flat, the area of the paper
equals the area of the curved surface of the cylinder.

TOP

h

l
l
h

I
SURFACE AREA OF CYLINDER.

r19. 41.

CURVED
SURFACE

BOTTOM

The area of the curved surface of a cylinder, therefore

= the distance around the edge at the upper or lower end x height

= 2nrh.

The total surface area -

= the area of the curved surface + the areas of the two ends

2nr + 2m?

= 2mr (h + r). / Problem.
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krobl0m. Find the total surface area of a cylinder, the diameter of the ends being
14" and the height 12".

Radius Biaobor- 2

- 14
- 2

= 7 inches.

Total area = 2nr(h + r)

- 22 "1,(12+ 7)1 7 1

2 x 22 x 19

= 44 x 19

= 836ggyare inches.

44
-19
396
440
836

TYPICAL LINE DEPOT.
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10. SAWN TIMBER MEASUREMENTS.

PAPER NO. 5.
PAGE 25.

10.1 Timber sawn into boards, battens, etc,, is sold at so much per 100 superficial feet.
The standard. thickness of such timber is 1 inch.

A board 1 foot long, 1 foot wide, and 1 inch thick is taken to be one superficial
foot. The solid contents of such a board is only one-twelfth of a cubic foot (that
is, 1 foot x 1 foot x 1/12 foot).

When, therefore, the volume of a certain quantity of sawn timber is 15 cubic feet,
then, according to the timber trade measurements, it contains 180 superficial feet
(that is, 15 x 12).

The term "superficial feet" is often abbreviated to "super, ft."

Problem No, 1.
are purchased et

When 6 boards, each 8 feet long, 6 inches
a timber yard, how many superficial feet

Volume = 6 x 8 rt. x} r. x7}ft.

2 cubic feet.

wide, and 1 inch thick,
do the boards contain?

To convert to superficial feet, multiply the volume in cubic feet by 12.

2 x 12 superficial feet

= 24 muperficis} feet.

Fr9bi.om N9. Z. Find the number of superficial feet in 20 boards, each 9 feet
long, 8 inches wide, and 1-1/2 inches thick.

Velumo = 20 x 9 ft. x e ft. x% rt.

= 15 cubic feet

= 15 x 12 superficial feet

= 180 superficial feet.

Problem Ao, i• Find the number of superficial feet in 10 pieces of hardwood,
each 12 feet long, 4 inches wide, and 3 inches thick.

1 1
Volume = 10 x 12 ft. x5ft. xfft.

10 cubic feet

10 x 12 superficial feet

120 superficial feet.

Problem Ao, 4. How many superficial feet of timber can be obtained from s
cylindrical log 12 feet long and 11 feet 4 inches in girth (circumference)?

A cylindrical log, after allowing for waste, will cut up to a piece of timber with
square ends, the side of which are equal to the quarter-girth of the log when in the
round. In this case the quarter-girth is 2 feet 10 inches (thet is 1/4 of 11 feet
4 inches). Now, if the boards are to be 1 inch thick, there will be 34 boards each
1 inch thick, 12 feet long, and 2 feet 10 inches wide -

34 x 12 x 2 Z
1J, rgperfi9in}, fggt.

10.2 Floorings, linings and weatherboards are usually sold by linear or running feet}
for example, 12 feet of flooring board 6 inches in width and 1 inch thick = 12 feet
of flooring board.

I 11.
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11 • TEST QUESTIONS.

1. How many degrees in a right angle?

2. What is meant by the terms

(i) included angle, and

(ii) angle of deviation,

BASIC MATHEMATICS •

applied to aerial line construction? Are these angles greater or less than a
right angle?

3. What is the ratio between the circumference and radius of a circle?

4. A length of cable is wound in a coil approximately 1*9" in diameter. There are
18 turns in the coil. What is the approximate length of the cable in yards?

5. How many square yards in 4,050 square inches.

6. What is the volume in cubic yards of a concrete path 12 yards long, 2 feet 3 inches
wide, and 4 inches deep?

7. Five manholes each 5* x 4' x 5' are to be excavated and the excavated soil removed.
A truck with a maximum capacity of 5 cubic yards is available. How many trips
are necessary for this truck to remove the soil?

8. The dimensions of a kerosene tin are 9-1/4" x -1/4" x 13". How many gallons will
this tin hold? (1 gallon = 277-1/4 cubic inches, approximately).

9. It is required to excavate a hole having the following dimensions

2-1/2 yards wide, 3 yards long and 3 yards deep.

Assuming a man can excavate 10 cubic feet in 35 minutes, how long will he take to
excavate the hole? (Give answer to the nearest 1/4 hour.)

10" A trench of the following dimensions has to be excavated -

Length - 40 yards,

Width - 15 inches,
Depth - 18 inches.

If a man can excavate 1 cubic yard in 2-1/2 hours, how long will three men take to
dig the trench. (Give answer to the nearest 1/4 hour.)

END OF PAPER,
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1. INTRODUCTION.

1.1 A knowledge of right angle triangles is essential to the solution of many prob­
lems which arise in normal lines construction. This knowledge enables us to
solve quickly and accurately such problems as -

(i) the line of stay wires on an aerial line route,

(ii) the distance across a river,

(iii) the height of a pole or tree,

(iv) the length of a stay wire,

and many other similar problems,

1,2 A right angle triangle (see Fig. 1) is a figure
with three sides, in which one of the angles
equals 90°, that is, a right angle, The sum

0of the other two angles equals 90°, but each
of them is less than a right angle. The two
sides which enclose the right angle are
called the ~ae and height respectively,
The side opposite the F.mht angle is called
the hypotenuse,

9°

HEIGHT

BASE

RIGHT ANGLE TRIANGLE.

FIG. 1.
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Pythagoras' theorem states that the square on the hypotenuse (c), contains just
enough material to make the square on the base (a), and the square on the height (b).
One way of cutting up the square on c and making the other two squares is shown above.
Another method is explained below.

The square on o is first divided into
three parts, The dotted piece stays
still» The other two pieces are moved.
Then a straight cut along the dotted
line gives the square on a and the
square on b"

FIG. 2. PROOF OF PYTHAGORAS' THEOREM.
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2. PYTHAGORAS! THEOREM.

PAPER NO. 6.
PAGE 3+

2.,1 here is a definite relationship between the three sides of a right angle tri­
angle. Phis relationship is summarised in the following statement, which is
known as Pythagoras' theorem -

"he square on the longest side of a right angle triangle (that is, the
hypotenuse) equals the sum of the squares on the other two sides,'

Expressed as a formula -

(Hypotenuse) " (Base) , (Height),

The illustrations on Page 2 show two simple proofs of this theorem,

2.2 Let us now apply this theorem to finding the length of the hypotenuse of a
right angle triangle when the length of the other two sides are known,

Problem, Calculate the length of the hypotenuse
of the right angle triangle shown in Fig• 3,
when the lengths of the other two sides are 3'
and 4' respectively.

(Hypotenuse) " (Base) , (Height)*

To find the length of the Hypotenuse, take the
square root of both sides of the equation (see
paragraph 5.1 of Paper No. 3)

£»wk "La et"a
?

1rotmu»o -Ga " vet"4e
0

90

-I.
- 157%

- [5
WHAT IS LENGTH OF HYPOTENUSE?

FIG. 3.

2.3 Fig• 3 is, therefore, a right angle triangle in which the lengths of the three
sides are 3', 4' and 5' respectively» When the lengths of the two sides of
the right angle triangle are increased to 6' and 8', the length of the hypo­
tenuse is 10'. When increased to 9' and 12', the hypotenuse is 15'.

From this problem, it is important to note that when the lengths of the three.
sides of a triangle have a ratio 3 t 4 : 5, the triangle is always a right
angle triangle.

here is no very obvious•reason why a ratio 3: 4 : 5 gives a right angle tri­
angle. It is not because 3, 4 and 5 are numbers that follow each other» We
can see this by trying other sets of numbers that follow each other, like 2,
3, 4 or 9, 10, 11. They do not give right angle triangles, On the other
hand, 6, 8, 10 and 5, 12, 13 are not sets of numbers that follow immediately
after each other, but they do give right angle triangles,

2"4 From the above discussion we can make these observations

(i) When the square on the longest side of a triangle equals the sum of
the squares on the other two sides, the triangle is a right angle
triangle. The right angle is always opposite the longest side.

(ii) A right angle triangle can be drawn by constructing a triangle in
which the three sides have a ratio 3 : 4 : 5,

/3.
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3. SETTING OUT A RIGHT ANGLE,

3"1 It is often necessary to set out a line at right angles to another line, for
example, in the case of stays which are placed at right angles to a pole
route, or during the survey of a route (see Section 5). The line at right
angles can be set out by the 3, 4, and 5 method,

3,2 As explained in Section 2, when a triangle is made so that its sides are 3, 4
and 5 feet, or any multiple of these figures, it contains a right angle.
Dimensions of 12', 16' and 20' are commonly used and have been selected for
this explanation.

33 o locate a line at right angles to the line of route, a right angle triangle
is first made with a measuring tape or a suitable cord marked at the required
distances, as shown in Fig• 4%

START

------O~:==-E-G_~_F_T_A_P_E_~.~2.-------_;~P-E_G_B -

481 MAR<
ON TAPE

6'

PEG C

SETTING OU!T A RIGHT ANGLE.

FIG. 4•
Peg A is placed in the ground at the base of the pole and peg B at a point 12'
from the pole and in direct line with the route Phe start and the 48' mark
of a tape are held firmly against peg A, The looped tape is then passed
around peg B, which should show the 12' mark at that point. Peg C is held at
the 32' mark on bhe tape and, when the tape is adjusted so that the tension
between all pegs is equal, the peg is driven into the ground at this point.
A cord held taut between pegs A and C gives a line at right angles to the
route%
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4. FINDING LINE OF SAY.

PAPER NO. 6.
PA08_5•

4.1 When a stay is to be fitted at right angles to the route, its position is found
by the 3, 4, 5 method as shown in Section 3, or by the following method -

I

YI
10'

u
I-
3
0c

IL0
4z
!

LINE OF STAY

FIG» 5• SAY AT RIGHT ANGLES TO ROUTE,

Two pegs A and B are placed in direct line with the route 10' on either side
of the pole as shown in Fig» 5. Two ropes of equal length are attached to
the pegs and stretched out in the approximate direction of the stay. A peg
C is placed at the point where the ropes meet. The line between peg C and
the pole shows the line of the stay.

42 This method is also used to find the line of the stay at an angle pole.
(See Fig. 6,)

LL0
I

LG10'
I
I

I
\
10'
\

et-0oc

B
I

LINE OF STAY

FIG. 6. STAY AT ANGLE POLE.
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5. FINDING DISTANCE ACROSS A RIVER.

BASIC MATHEMATICS.

5.1 During the survey of a route it may be necessary to find the distance across a
river, gully or some other obstruction» A method of measuring this distance
is show in Fig» 7"

RIVER
(OR OTHER SUCH

OBSTRUCTION)

THIS LENGTH GIVES
APPROXIMATE DISTANCE

ACROSS RIVER

H

FIG. 7. MEASURING DISTANCE ACROSS A RIVER.

12'

Select a prominent object A on the opposite bank of the river. Drive a peg B
in the bank as nearly square across the river as possible» Drive peg C into
the ground so that points A, B and C are in a straight line. Form a right
angle at B using the 3', 4', 5' method or any multiple, say 91, 12', 15' as
shown. The line BD is now at right angles to the line AB. From B, measure
any convenient distance through D to point F. Place a stake at E midway bet­
ween points B and F. At point F, set off a line FG at right angles to the
line BF in the same manner as was done at pcint B. Extend this line to a
point at which peg E comes into direct line with the object A. Call this
point H. The distance from peg F to point H equals the distance from peg B
to point A, and so gives the approximate distance across the river.

6. FINDING HEIGHT OF A POLE OR TREE.

6,1 The approximate height of a pole or tree can be found by the "shadow method,"

/
/
/

/

•HEIGHT
OF

STICK

7
/
/

/

/
I
I
I

/
/

I

I
HEIGHT
OF

POLE

LENGTH OF
SHADOW CAST
BY STICK

LENGTH OF
SHADOW CAST

BY POLE

FIG. 8. FINDING HEIGHT OF POLE BY SHADOW METHOD.
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Drive a stick into the ground in a vertical position, Measure the height from
the ground to the top of the stick, A convenient height is about 6'. Measure
the length of the shadow cast by the stick due to the sun, Then measure the
length of the shadow cast by the pole or tree.

The height of the pole is found by direct proportion (see paragraph 5.4 of
Paper No. 3).

Heigh} of role -.,Height_ofptiok
Length of Pole shadow Length 5r Ge1bk shadow '

(Multiply each side of the equation by "Length of Pole Shadow".)

Height of Stiok Length of Pole Shadow
Height or Polo = Ea502 ah seiok snaao * ,

ProbleI, The length of the shadow cast by a stick which is 6' out of the
gound is 4'3". What is the height of a pole which casts a shadow 17' in
length?

Pole Height Stick Hejgjt
Stick Shadow

-, " 1I4 1
4

6
4

6 X 4

24 feet,

Pole Shadow
x

6,2 When no shadow is cast from the sun, the method in Fig, 9 can be used A stick
is set vertically in the ground some distance from the pole, The height of the
stick out of the ground is the same as the height of the man conducting the
measurement.

The observer lies hori­
zontally on the ground
with his feet touching
he stick, and sights
the top of the pole with
the top of the stick.
If these are not in line,
he procedure is repeated
until they are.

The distance along the
ground. from the head of
the observer to the base
of ihe pole equals the
height of the pole

/

/

/
/

HEIGHT
OF POLE

;

male@keyed
·1Ar£
ii -i

FCWDERO JIB GET Oz_POLI DY SrOETINO METHOD.
3«aka4-8T- % el.at/..1.-Tan-= -tr=*=- muse0ma_- n
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7. FINDING LENGTH OF STAY.

7"1 A practical use of Pythagoras' theorem is finding the length of a stay. The
method of doing this is shown in the following problems

Problem, A stay is attached to a pole
20' from the ground, The distance
from the pole to the point where the
stay emerges from the ground is 22'.
What is the approximate length of
the stay wire?

Fig« 10 shows the conditions, and this
figure represents a right angle tri­
angle,

Let L length of stay (in feet),

H height of pole from ground
level to the point of
attachment of the stay
(in feet),

D distance from pole to point
where stay emerges from the
ground (in feet),

Ton 1° H° + 5°.

T~
H=20'L

dD=22'»l

Taking the square root of
both sides -

GT4.,
but the square root of I js L,

J 2 2therefore, L = H"+ D•

WHAT IS LENGTH OF STAY?

FIG. 10.

Substituting the values for H and D in this formula -

- F%a
"A4o+4ta

"/35A

2 9 • 7 3
218+841.00 *00

4
49 78a

441
587 4300

4102
5943 19100

178e9
1271

Therefore, I 29.73 feet

2919" (approximately).

Length of stay is about 2919". /7.2
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7,2 When the dimensions H and D are equal, the dimension L'is found by the
formula

but g?

therefore, I

therefore, L

- D
-7.R
4
-G I

1,414 x H,

L= 1,414 x H.

FIG, 11.

L = 1,414 x H,

The proof of this is as follows -

-.$

- «z x H

but ,2 - 1,414,

Problem, Fig. 11 shows a stay attached to a pole 20' from the ground,
The distance from the pole to the point where the stay emerges from the
ground is also 201

• What is the approximate length of the stay?

L 1.414 x H

1.414 x 20

28. 28

28'3" (approximately).=
8. FINDING POINT OF EMERGENCE OF STAY.

8.1 he point of emergence of the stay is the point on the ground where the stay
emerges from its anchorage, Normally the stay forms an angle of 45° "5th
the pole«

8. 2 Level 0round. To form an angle of 45° on level ground, measure the height (H)
of the pole above ground to the point of attachment of the stay, Then measure
the same distance along the ground from the butt of the pole to find the point
of emergence of the stay. [his is shown in Fig, 12,

POINT OF
ATTACHMENT

H
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8,3 Sloping Ground.. To form an angle of 45 on sloping ground, the following method
can be us~a, (See Figs. 13a and 13b.)

T
r

1 ROPE
-l1_Z/ po!NT OF

EMERGENCE
OF STAY

POINT OF
ATTACHMENT

OF ROPE

<

H=D
L=1-414 XH

(a)

T
H

POINT OF
ATTACHMENT
~STAY

~
<

H=D
L=1-414 XH

POINT OF
ATTACHMENT

OF ROPE

D POINT OF
EMERGENCE
OF STAY

(b)

FIG. 13. OBTAINING A5" AN0LS ON SLOPTNO GROUND:

Attach a length of rope to the pole near the butt or higher if necessary and
draw out in the direction of the point of emergence of the stay» Measure the
height of the pole from the point at which this rope is attached to the point
of attachment of the stay» This is show as dimension H in Fig« 13. Measure
a similar distance along the rope and cut off or mark at this point. Phis is
shown as dimension D"

Another length of rope is secured to the pole at the point of attachment of
the stay and this length is marked at a distance L from the point of attach­
ment which equals 1.414 H (see paragraph 7.2).

The two ropes are held taut and the free ends moved until the marks on each
rope coincide. The rope representing the stay is extended to touch the
ground, This gives the point of emergence of the stay.
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9. TEST QUESTIONS.
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1. The lengths of the two sides wich contain the right angle in a triangle are
5'8 and 4'3'. What is the length of the other side?

2. Explain a method of finding the line of a stay wire at right angles to a route.

3% Draw a sketch showing hx to measure the approximate distance across a river.

4. Explain a method of measuring the approximate height of a pole,

5. Find the approximate length of a stay which is attached to a pole 22' from the
ground, The distance from the pole to the point where the stay emerges from
the ground is 24'

6. Find the length of the stay in the Figure -

SHADOW CAS
BY STICK

/
/

/
/

/
/

A8
\STICK

STAY
POLE
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ANSWERS TO EST QUESTIONS.

PAPER NO. 1. PAPER NO, 4.

1%
2.
3,
4,
5,

6,
7.
8.
9%

1020 insulators.
Stock is 7 short,
158 1bs,
118 1b£,
2, 3, 4, 5, 6, 8, 9, 10, 12,
15, 18, 20, 24, 30, 36, 40,
45, 60, 72, 90, 120, 180%

63,360 ins,
269 yas,
65 poles,
281 poles; 562 arms; 4496
insulators; 112 miles of
copper wire,

1,

2,

Co
(43)

(114)
(a)

(44)

(314)

r =
L =

90
F= fa+32.
C = 10%
F= 122%
One 7/12 stay wire, one 5/81
stay rod.

One 7/10 stay wire, one 3/41
stay rod.

Two 7/12 stay wires, one 11
stay rod.
21.
28.23.

PAPER NO. 2. PAPER NO. 5
1. 3/4 foot; 1 inch 1. 90°
2. 2.3 inches; 0,05 inch, 2. See paragraph 2. 3
3• 8 times; 0,1 inch; 1/10 inch. 3, 44 % 7.
4. 0"4 mile» 4, 33 yds,
5. 4%3 7%; 15%; 80%; 97. 5%. 5, 3-1/8 sq» yds,
6% 20%; 500%, 6, 3 cub» yds,
7% 1 ohm, 7. 4 trips.

8. 4 gallons,
9. 35-1/2 hrs.

10. 7 hrs.

PAPER NO, 3, PAPER NO, 6

1. 150 insulators, 1. 7411%
2, See Table below, 2, See Section 4,
3, See Section 5. 3. See Section 5%
4, 3-1/8 1bs, 4, See Section 6,
5, 5.68 1bs• 5. 3217".
6. 1-1/2 gallons. 6, 27'7".
7. 20.856 tons per mile,

Number Square Square Root

1 1 1. 000
2 4 1.414
3 9 1.732
4 16 2. 000
5 25 2. 236
6 36 2,449
7 49 2.646
8 64 2.828
9 81 3.000

10 100 3.162


